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A PLAN FOR STUDYING THE EXPERIMENTS 
As you know, these Experimental Kits will come to you 

on a definite schedule. When you have completed a certain 
number of Lessons (and have submitted reports on any pre- 
vious experiments), the next Kit will be sent to you. 

This arrangement is such that you will study the necessary 
theory in your regular Lessons before you carry out any corre- 
sponding experiments. This permits you to adopt either of 
the following plans of study: 

1. You may wish to complete one or two experiments in a 
Kit, then do a Lesson, and then return to the Kit for one or 
two more experiments. This plan permits the experiments 
in one Kit to be finished about the time the next Kit is due. 
Thus, the Lessons and experiments run along together, and 
provide you with a varied program of study. 

2. You may prefer to break away from your Lessons and to 
complete all the experiments in a Kit at one time, before 
going back to your Lessons. This plan has the advantage that 
you do not waste any time getting out and putting away ma- 
terials, but it can be followed only if you can leave your equip- 
ment set up long enough to finish. 

Whichever plan you follow, you can begin NOW with the 
experiments in this Kit. Be sure to read the preliminary in- 
formation on pages one through ten before you begin, how- 
ever, so you will know just how the experiments are to be 
carried out. In a similar manner, begin on future Kits as soon 
as you receive them. 

J. A. DowIE. 
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Instructions for Performing Radio 
Experiments I to io 

Bringing Lecture Room 
Demonstrations to Your Home 

MASTERY of an important radio 
or electrical principle which you 

study in your NRI Course becomes 
much easier if you can actually de- 
monstrate that principle for yourself. 
Seeing is believing; when you carry 
out an experiment, you impress in- 
delibly upon your mind the principle 
involved. 

The NRI Course of training in 
radio is a well-balanced combination 
of radio theory and practical instruc- 
tion, supplemented by the practical 
demonstrations given in this and the 
following experimental Manuals. By 
doing these experiments yourself, you 
get actual experience in handling radio 
parts and making radio measurements, 
and you acquire the ability to under- 
stand explanations of more advanced 
circuit actions. This experience is even 
more valuable to you than demonstra- 
tions by an instructor in a lecture 
room. 

These practical NRI radio experi- 
ments will develop confidence in your 
own ability, and will provide exactly 
what you need to develop yourself 
into a practical radio technician-a 
real Radiotrician and Teletrician. 
You will encounter and master techni- 
cal problems, one by one. You will 
learn to connect radio parts together 
in a professional manner. You will 
see for yourself what happens when 
a particular part in a radio circuit is 
removed or made defective. You will 
learn how to detect and correct errors 
in connecting parts together, and how 
to adjust and align practical radio 
circuits. 

Every single experiment is impor- 
tant, so do not pass over any one of 
them hurriedly even though you may 
already know what the results will be. 

Importance of Mastering 
the Art of Soldering 

If you examine the chassis of any 
modern radio receiver or public ad- 
dress amplifier, you will find that the 
parts are connected together by means 
of'soldered connections. These are the 
most reliable connections it is possible 
to make in commercial production; a 
good soldered connection will not de- 
teriorate appreciably during the entire 
life of a piece of radio equipment. 

When repairing a defective receiver, 
you must first locate the defective 
part. But the ability to determine 
what is wrong with a radio device 
is of little value unless you also know 
how to remove the defective part and 
how to solder the connections for the 
new part. Furthermore, it will often 
be necessary to unsolder one or more 
connections in order to make tests 
which will reveal the defective part. 

This first Manual in your Practical 
Demonstration Course is devoted en- 
tirely to soldering. You study the 
fundamentals of radio soldering, then 
learn how to make each of the com- 
mon types of soldered connections 
used in radio work. The soldering 
iron, solder, hook-up wire, and radio 
parts included with this Radio Kit 
for these first ten experiments are all 
standard, just like those you would 
work with when servicing. 

Contents of This Radio Kit 

The parts included in your first 
Radio Kit are illustrated in Fig. 1 
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FIG. 1. The parts included in this Radio Kit are pictured above, and identified in the list below. The 
first numeral in a part number is that of the Kit in which the part is supplied; thus, parts supplied in the 
second Radio Kit will be numbered 2-1, 2-2, etc., and parts supplied in the third Kit will be numbered 
3-1, 3-2, etc. With this system, you can tell at a glance the number of the Kit in which a particular part 
was supplied. 
PART NO. DESCRIPTION 

1.1 One electric soldering iron (not shown above).* 
1.3 One roll of rosin -core solder. 
1.4 One 3 -inch length of plain solder. 
1-7A One 8 -inch length of No. 20 solid tinned push -back wire. 
1.7B One 8 -inch length of No. 20 solid tinned push -back wire. 
r7C One 8 -inch length of No. 20 solid tinned push -back wire. (Parts 1-7A, 1-7B, and 1.7C are 

identical, and are numbered differently merely for convenience.) 
1-7D One 8 -inch length of No. 20 stranded tinned push -back. wire. 
1.7E One 8 -inch length of No. 18 solid untinned insulated wire. 
1-7F One 8 -inch length of No. 20 stranded tinned wire with glazed insulation. 
1.7G One 8 -inch length of No. 18 stranded untinned lamp cord. 
1-7H One 8 -inch length of 7 -strand No. 26 enameled aerial wire. 
1-8A One 13/16 -inch tinned soldering lug. 
1-8B One 13/16 -inch tinned soldering lug. 
1.8C One 13/16 -inch tinned soldering lug. (Parts 1-84, 1.8B, and 1.8C are identical, and are num- 

bered differently merely for convenience.) 
1-8D One 5/8 -inch untinned soldering lug. 
1-8E One 1/2 -inch untinned soldering lug. 
1-8F One 11/16 -inch untinned soldering lug. 
1.9A Eight 1/4 -inch long, 6-32 cadmium -plated binder -head machine screws. 
1-9B Eight cadmium -plated hexagonal nuts for 6-32 screws. 
1.10 One octal -type tube socket with six terminal lugs. (Slots 2, 3, 4, 5, 6, and 7 should have 

lugs, as shown in Figs. 39 and 40. Some lugs may seem loose, but they will tighten auto- 
matically when a tube is plugged into the socket.) 

1-11 One metal chassis bent to shape, with all holes already punched out for future use. 
1-12 One .03-mfd., 400 -volt tubular paper condenser. 
1-13 One .05-mfd., 400 -volt tubular paper condenser. 
1.14 One .24-megohm, 1/2 -watt resistor with 5% tolerance (color -coded red, yellow, yellow gold). 
1.15 One .1-megohm, 1/2 -watt resistor with 5% tolerance (color -coded brown, black, yellow, gold). 
1-16 One 18,000 -ohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, gray, orange, 

silver). 
1.17 - One metal -marking crayon (not shown above). 

* If you have previously notified the Institute that you do not have 115 -volt power available, Part 1-I 
will be missing. In its place you will receive Part 1-1A, a plain soldering iron of the same general con- 
struction as the one illustrated in Fig 6. 
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and listed in the caption underneath. 
Check off on this list the parts which 
you received, to be sure you have all 
of them. Do not destroy any of these 
parts until you have completed your 
NRI Course, for many of the parts 
will be used over and over again in 
later experiments. 

IMPORTANT: If any part in this 
Radio Kit is obviously defective or 
has been damaged during shipment, 
please return the defective part to the 
Institute immediately for replacement. 

Tools Needed 

For the experiments in your Practi- 
cal Demonstration Course, you will 
need the tools which are shown in 
Fig. 2 and listed in the caption under- 
neath. These tools are not supplied 
in this Radio Kit. You undoubtedly 
have at least some of them already 
since they are common home tools. 
Those which you do not have are 
readily obtainable at local hardware 
stores, dime stores, mail-order firms, 
or radio -supply firms. All of the tools 
will be needed for radio servicing work 
and for later experiments in your 
Practical Demonstration Course, so 

they are a really worthwhile invest- 
ment. 

Theory of Soldering 

Any art or technique is easier to 
master if you first study the funda- 
mental principles and theories which 
are involved. For this reason, we will 
consider now what solder actually is, 
why it adheres to certain metals under 
certain conditions, and why solder is 
so essential for permanent connections 
in radio circuits. 

Molecular Attraction. When two 
ordinary solid objects are pressed to- 
gether, nothing happens. Thus, we 
cannot make a block of solder stick to 
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a block of copper merely by pressing 
the two blocks together. 

It is possible to grind two metal 
surfaces so perfectly flat and smooth 
that they will adhere to each other 
when pressed together with a twisting 
force. The Johansson gage blocks 
used by machinists for precision meas- 
urements are an example of this 
phenomenon. When these blocks are 
pressed together hard enough to force 
air out from between the adjoining 
surfaces, the molecules of steel get 
close enough to attract each other with 
tremendous force. Molecular attrac- 
tion thus explains why Johansson gage 
blocks stick together. 

Why Solder Adheres. In soldering, 
it is unnecessary to have perfectly flat 
surfaces on the objects which are to 
be joined together. When both metal 
objects, even though irregular, are 
made perfectly clean (free of foreign 
materials such as chemical oxides, 
grease, and dirt) and are heated to the 
proper temperature, molten solder will 
adhere to the two cleaned surfaces and 
will bridge the gaps between them. 
Now, when the solder has cooled and 
hardened, its surface molecules will be 
just as close to the molecules in the 
adjoining cleaned but irregular sur- 
faces as are the molecules in gage 
blocks. Molecular attraction thus 
makes solder adhere to certain metals. 

Once a metallic surface has been 
tinned by making a layer of solder 
adhere to it, additional solder can 
very easily be fused to that already 
on the metal. (Two pieces of solder 
can be combined or fused simply by 
placing one in contact with the other 
and applying heat.) 

What Solder Is. Solder is a fusible 
metal or alloy of metals which is 
used tß provide a good bond between 
two or more metal objects. Solder 
used for radio work contains only 



FIG. 2. The essential tools which you will need for the experiments in your Practical Demonstration 
Course are pictured here and identified below. Get the best side -cutting pliers and long -nose pliers you 
can afford, for you will use these tools continually throughout your Practical Demonstration Course and 
irn acsual radio work of all kinds. 
A-One pair long -nase pliers (5 to 7 inches long). These may have wire -cutting jaws, but this feature 

is not essentiaL 
B--Cne pair ordinary all-purpose pliers (6 to 7 inches long) ; the thin type is handiest for radio work. 
C-One pair side -cutting pliers (5 to 6 inches long). 
D-One ordinary pocket knife (jack-knife). 
E-One medium -size flat metal -cutting file (about 7 inches long). 
F-One small screwdriver (about 5 inches long). 
G-One medium -size screwdriver (about 7 inches long). 
H-One 12 -inch ruler of any type. 

lead and tin. The ratio of lead to tin 
determines the hardness, strength, and 
melting point of the solder. 

Radio solder will adhere to iron, 
steel, brass, copper, cadmium, and 
phosphor bronze when these metals 
are properly cleaned. Radio men have 
no need for soldering to aluminum, 
which requires a special aluminum 
solder. 

Importance of Heating the Work. 
Solder will not adhere to a metal sur- 
face unless that metal surface is per- 
fectly clean. Furthermore, molten 
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solder will not adhere to a cold sur- 
face. To solder successfully, you 
must heat the work to a temperature 
that will melt the solder into a smooth 
flowing liquid when it is applied di- 
rectly to the work. If you fail to melt 
the solder to a liquid, you will get a 
"cold" joint that will be no good at all. 

It is also essential that you apply 
the heat for a sufficient length of time 
to burn all the rosin flux out of the 
joint. If you fail to do this, you will 
get what radio men call a "rosin 
joint" which introduces unnecessary 
resistance into the circuit. 



Soldering Irons 

All types of soldering irons have a 
pointed tip made of copper or some 
suitable alloy of copper, a handle 
(usually made of wood), and a hollow 
metal tube, or some other suitable 
means of joining the handle and tip. 
The pointed tip is heated and applied 
to the work. Heat is transferred from 
the tip to the work, which quickly 
becomes hot enough to melt the solder. 
Soldering irons differ princirally in 
the methods used to heat the pointed 
tip-some having the tip heated con- 
tinuously by an electric current, others 
requiring an open flame. 

Electric Soldering Irons. Elec- 
trically heated soldering irons like 

those shown in Fig. 3 are used more 
than any other type by the radio in- 
dustry. The various makes differ in 
size and shape, but their essential 
construction is the same. Some have 
the pointed rod completely surrounded 
by the heating element; others have 
the heating element fitted inside the 
soldering tip. 

At the other end of the hollow metal 
tube is a wooden handle. The line 
cord passes through the wooden 
handle and the hollow metal tube, and 
connects to the terminals of the heat- 
ing element. The heating element it- 
self consists of nichrome resistance 
wire (like that used in electric stoves) 
wound into a coil and covered by a 
heat -resistant insulating material. 

FIG. 3. These are the types of electric soldering irons most frequently used in radio work. The solder. 
ing iron (Part 1-1) we supply in this Kit may or may not look like one of these, depending upon what 

we can obtain when we pack the Kit. 
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FIG. 4. This shows how to place your soldering iron on a metal holder. Note that the working tip is 
placed beyond the holder, so that it does not become cooler through contact with the metal which would 

carry off some of its heat. 

Never unscrew the copper tip of the 
NRI electric soldering iron; the heat- 
ing element inside is fragile, and is 
easily damaged when exposed. If 
the copper tip becomes loose during 
normal use, tighten it while the iron 
is cold. Do not drop your soldering 
iron or swing it carelessly against a 
hard object; more important yet, 
never use your soldering iron as a 
hammer, for that will surely damage 
the heating element. 

Electric soldering irons are usually 
built for 115 -volt operation,* and can 
be used with either a.c. or d.c. power. 
For ordinary radio servicing work, the 
heating element should have a wattage 
rating of from 50 to 60 watts. Allow 
about three minutes for the NRI iron 
to heat up after plugging it into a 
power source. 

Purpose of Soldering Iron Holder. 
A heated soldering iron should always 
be returned to its metal holder when 
not in use. Fig. 4 shows a convenient 
holder and how to place the soldering 
iron on it. It is best not to let the hot 
copper portion touch the holder. The 
tip end of the barrel is the hottest 
part of the iron; heat conducted 
from the barrel through the metal 
holder may scorch the workbench or 
other surface on which the holder is 

*Power -line voltages may vary between 110 volts 
and 120 volts. Up to a few years ago, line voltages 
at homes were arotmd 110 volts, but today most 
homes have voltages approaching 120 volts. An 
electric soldering iron built for 115 -volt operation 
can be used on any voltage between 110 volts and 
125 volts. 

resting, and heat conducted away from 
the barrel by the holder will tend to 
cool the tip. 

The soldering iron holder should be 
kept conveniently close to your work, 
but never in a position where you 
might accidentally knock the iron out 
of the holder. A heated soldering iron 
is hot enough to do considerable dam- 
age to your hands, to your clothes, or 
to wooden table tops, so be careful. 

Heat Controls. If the full rated 
voltage is applied to an electric solder- 
ing iron for long periods of time dur- 
ing which the iron is not used, the tip 
will become covered by a hard black 
substance (copper oxide) that will 
make it useless for soldering. The 
reason for this is that copper is a 

,metal that oxidizes rapidly, especially 
when heated to the high temperatures 
required for good soldering. If you 
wish to plug your soldering iron in 
when you start your experimental 
work, and leave the iron plugged in 
until you are through for the day, 
you should form the habit of wiping 
the tip frequently with a cloth or 
piece of steel wool, to keep the oxide 
from forming. 

You may, however, find it more 
convenient to use one of the heat con- 
trols shown in Fig. 5. The control 
shown at A in Fig. 5 is a commercially 
manufactured unit having a thermo- 
stat that can be adjusted for any de- 
sired temperature. As long as the 
soldering iron is kept on this special 
stand, the thermostat in the base of 
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FIG. 5. A commercially manufactured heat con. 
trol of the thermostat type is shown at A; one you 

can build yourself is shown at B. 

the stand maintains the tip of the iron 
at the desired temperature. As soon 
as the iron is removed from the stand, 
full rated voltage is applied to the 
heating element, and the tip quickly 
reaches operating temperature. 

The device shown at B in Fig. 6 is 
a thoroughly practical heat control, 
which you can build yourself. The 
wattage rating of the lamp bulb de- 
pends on the wattage rating of the 
iron, and should be chosen so that 
when the switch is open, the voltage 
applied to the iron will be between 
80 and 90 volts. When the switch is 
open, the lamp and heating element of 
the iron are in series, and the iron 
operates at reduced voltage. This will 
keep the tip from oxidizing so quickly. 
Shortly before the iron is to be used, 
the switch is closed, and full voltage 
is applied to the iron, bringing the tip 
to operating temperature. Note that 
the switch is connected in parallel 

WORKING SURFACES 
/OF TIP 

COPPER ríüûirr TIP 
HOLDER 

with the lamp; 
supply line. 

Plain Soldering Iron. When electric 
power is not available, a plain solder- 
ing iron similar to the one shown in 
Fig. 6 may be used. This type of 
soldering iron is heated by placing the 
copper tip in the flame of an alcohol 
burner or gasoline blow torch. Once 
heated to the proper temperature, a 
plain soldering iron holds its heat long 
enough to make a number of soldered 
joints. It is then reheated for addi- 
tional work. 

In an emergency, you can heat the 
copper tip of any electric soldering 
iron in the flame of an alcohol burner. 
Radiotricians who get occasional calls 
from suburban or rural homes not 
equipped with electricity often carry 

STEEL 
BARREL 

not in series with the 

WOODEN HANDLE 

FIG. 6. This is called a plain soldering iron, as its working tip is heated in a flame. It is used where no electric power is available. A suitable heating device is described in the text. 

7 



along in their tool kit a can of special 
heating fuel called "canned heat," or 
an alcohol burner like that described 
later in this Manual. 

Soldering Flux 

When plain solder is applied to a 
heated piece of uncleaned brass or 
copper, the solder melts but rolls off 

immediately, without adhering. This 
is to be expected, for ordinary un - 
cleaned metal is covered with a film 
of grease, dirt, and metal oxides which 
prevent the molecules of solder from 
getting sufficiently close to the mole- 
cules of brass or copper. Filing the 
surface of the brass or copper makes 
it appear clean, but ordinarily does 
little good because oxides form very 
rapidly on a heated metal surface. The 
oxygen in the air combines with the 
metal to form the oxide film, and heat 
accelerates this combining action. 

If solder is to be applied success- 
fully to a metal, the oxides must be 
removed from the heated metal sur- 
face as fast as they form. This can be 
accomplished by applying, along with 
the solder, an additional material 
called flux. For good radio work, this 
flux is always rosin (an amber -colored 
substance which remains after oil of 
turpentine is distilled out of crude 
turpentine). Sheet metal workers 
generally use an acid flux (usually 
some form of hydrochloric acid) ; this 
is more effective than rosin, but it has 
a corrosive action which makes it un- 
suitable for radio work. 

Flux can be applied either in the 
form of a liquid or a paste, but it is 
more convenient to use a special radio 
solder having a core of the desired 
flux. In this way, both the solder and 
the flux are applied at the same time. 

How Fluxes Work. Acid and rosin 
fluxes act in the same manner in mak- 
ing a lead -tin mixture (solder) adhere 

to another metal. These fluxes dis- 
solve some of the oxides which are 
always present on a metal surface. 
The oxides then flow off the metal in 
liquid form, carrying along dirt, 
grease, and other oxides so as to leave 
a clean metal surface to which solder 
can adhere. 

Disadvantages of Acid Flux. Al- 
though it is a well-known fact that 
acid flux or acid -core solder is easy 
to use, it is unfortunate that some of 
the acid always remains on the work 
and creeps over to unsoldered portions. 
In time, this acid will eat away the 
copper or brass around the joint, caus- 
ing failure of the joint. The slightest 
presence of moisture in the air will 
speed up the creeping movement of 
acid flux. The acid may travel 
through the insulation between radio 
parts, thereby forming leakage paths 
for electric currents and impairing 
the efficiency of the circuit. 

Because of its strongly corrosive 
action, acid flux should never be used 
for radio work. 

Rosin Flux. Rosin is a solidified 
material when at normal room tem- 
peratures, but becomes liquid when 
heated by a soldering iron. Rosin is 
a fairly good insulator and has no cor- 
rosive action on metals. Rosin flux is 
considerably harder to use successfully 
than acid flux, but because of its 
superior insulating and non -corrosive 
qualities, rosin is by far the best flux 
for radio connections. It is generally 
used in the form of rosin -core solder. 

Paste Fluxes. Both rosin and acid 
fluxes are available in the form of 
pastes which can be applied to the 
joint with a knife or a wooden splin- 
ter. A paste flux is fairly easy to use, 
but it is difficult to determine whether 
a particular paste includes corrosive 
ingredients which can ruin a radio 
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connection. Even pastes which are ad- 
vertised as being non -corrosive will 
sometimes cause enough corrosion to 
ruin a delicate radio joint. For this 
reason the use of paste flux should be 
avoided in radio work. 

Making an Alcohol Burner for 
Heating a Plain Soldering Iron 

' If you have a plain soldering iron 
(Part 1-1A) in place of the electric 
soldering iron (Part 1-1), you will 
need a convenient source of heat. A 
small alcohol burner is ideal for this 
purpose, as it is easy to make and safe 
to use. Furthermore, this burner pro- 
vides an alcohol flame which is ideal 
for removing enamel insulation from 
wires. 

Parts Needed. The only parts 
needed for the alcohol burner are a 
plain medium-sized oil can of the type 

DENATURED`; 
ALCOHOL 

FIG. 7. Parts needed for making an alcohol lamp, 
which can be used for heating a plain soldering 
iron, for removing enamel from wires, and for heat- 
ing an electric soldering iron in locations where 

power is not available. 

sold for about ten cents in most dime 
stores and hardware stores, a lamp 
wick of the type used in kerosene 
lamps, and about a pint of denatured 
alcohol, wood alcohol, grain alcohol, 
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Paco Solvent, or an equivalent alcohol 
product. These parts are pictured in 
Fig. 7. 

Unscrew the spout of the oil can. 
With a hacksaw, cut off the spout 
about 3/8 inch above the base, as in- 
dicated by the dotted line in Fig. 7. 
You can clamp the small end of the 
spout in a vise while sawing, for this 
end will be discarded. Use a fine- 
tooth hacksaw blade and take light 
strokes to prevent excessive chatter- 
ing. Smooth the saw cut with your 
file, and scrape off all metal burrs. 

Roll the lamp wick together length- 
wise at one end, and push it through 
the stub of the spout from the bottom. 
Let the wick project about 1/2 inch. 
above the top of the spout. 

Fill the can about half full of alco- 
hol, then replace the spout and tighten 
it. Tip the can upside down for a few 
seconds so the entire wick becomes 
saturated with alcohol, then set the 
can upright and apply a lighted match 
to the wick. The flame should extend 
2 to 4 inches above the wick. The 
color of the flame depends upon the 
type of alcohol used; pure grain alco- 
hol will give an almost invisible blue 
flame, commercial alcohols give a pre- 
dominantly yellow flame, with only a 
small blue portion. 

The height and size of the flame can 
be adjusted by pushing the wick in or 
out of the spout. The more wick there 
is exposed and the more the wick ends 
are spread out, the larger will be the 
flame. If the flame decreases gradu- 
ally in size, or flickers excessively 
when the burner is used for some time, 
loosen the cap about half a turn so 
that air can get in around its threads. 
Even a slight breeze or draft in a room 
will make the flame flicker; if the 
draft cannot be conveniently elimi- 
nated by closing windows and doors,' 
set up boxes or boards around the 



burner to shield it from the air cur- 
rents. 

The flame can be extinguished sim- 
ply by blowing it out, or by placing a 
thimble or small tin can momentarily 
over the flame to cut off its air supply. 

Alcohol evaporates rapidly, so if a 
considerable amount is left in the can 
after work is finished, you can pour it 
back into the bottle or can in which 
the alcohol was sold. Keep your sup- 
ply of alcohol tightly capped or corked 
to minimize evaporation. As an alter- 
native to emptying the burner, you 
can place a small thimble over the 
wick. 

Holder for Plain Soldering Iron. 
.The soldering iron should always be 
placed so that the copper barrel is in 
the upper third portion of the flame. 
Soot will sometimes be deposited by 
the flame, so do not allow the flame 
to touch the copper tip of the iron. 
The iron should be in a horizontal po- 
sition, or the handle should be lower 
than the tip during heating. Heat al- 
ways travels upward; if the handle 
were higher than the tip, heat would 
travel up to the handle and make it 
uncomfortably hot. 

A suitable holder in which the plain 
soldering iron can be placed while 
heating is illustrated in Fig. 8. (This 
holder is used only for heating the 
iron; the ordinary metal holder shown 
in Fig. 6 is used to support the heated 
iron when wires or lugs are being 
tinned.) You can make this yourself 
very easily, using a large tin can, a 
scrap piece of wood, and a few nails, 
or you can design an equivalent holder 
from other materials which you may 
have at hand. Keep in mind that the 
two purposes of the holder are to pre- 
vent the alcohol burner from tipping 
and to hold the copper barrel of the 

soldering iron in the upper third por- 
tion of the flame. 

How to Tell When the Iron Is 
Heated Sufficiently. An alcohol burner 
like that described here will ordinarily 
bring your soldering iron to the cor- 
rect working temperature in from 
three to five minutes. After heating 
for three minutes, apply solder mo- 
mentarily to a flat surface of the tip; 
if the solder melts readily, the iron is 
ready for use. If the solder melts 
slowly, continue heating for a while 
and then repeat the test. Ordinarily, 
it is best to heat the iron for about 
one minute after solder first begins to 
melt on the tip; extra heat is then 

10 

FIG. 8. Completed alcohol burner in use. The 
base is a wooden board of any convenient size. 
Three finishing nails hold the oil can in position on 
the base and prevent accidental tipping. A large 
empty tin can with notches cut in opposite sides can 
be used as a holder for the soldering iron, or you 
can cut a holder out of sheet metal for this purpose. 
The holder can be fastened to the base with two 
wood screws, in a position such that the copper 
barrel will be in the upper third portion of the 

flame. 

stored in the copper barrel and tip, 
and a number of joints can be soldered 
before the iron needs reheating. 

Do not overheat the iron; above all, 
never allow a soldering iron to become 
red hot. Too hot an iron is just as bad 
as top cold an iron insofar as good 
soldering is concerned, and an exces- 
sively hot iron quickly becomes cor- 
roded. 

Starting the Experiments 
Choosing a Place to Work. The 

experiments in your Practical Demon- 
stration Course can be performed on 
almost any type of table or work- 
bench which does not have a metal 
top. Students living in city apart- 



1 II 144. 1- i 

ments will find that an ordinary fold- 
ing card table serves nicely. If you 
will be using the plain soldering iron 
and alcohol burner, choose a location 
well away from curtains and other 
highly inflammable materials. If you 
will be using the electric soldering 
iron, you can either place the table 
near a wall electric outlet, or use an 
extension cord to bring electric power 
to your table. 

Performing the Experiments. De- 
velop the correct experimental habits 
right from the start by following a 
logical procedure for each experiment. 
Whenever you start a new Manual, 
always study first the introductory 
discussions at the beginning of the 
book. After this, perform the experi- 
ments one at a time, in the correct 
order, by observing the following pro- 
cedures: 

1. Read through the instructions and 
discussions for the entire experiment once 
very slowly, and study any parts which are 

not immediately clear to you. Do not touch 
a single tool or radio part until you make 
this preliminary study. 

2. Lay out on your work table the parts 
and tools needed for the experiment which 
is to be performed. 

3. Carry out the experiment, one step at 
a time. Record your results whenever 
spaces are provided in the Manual for this 
purpose. Additional observations and com- 
ments can be written in the margins of the 
pages, for future reference. 

4. Study the discussion at the end of the 
experiment very carefully, and analyze your 
results. After finishing an experiment, you 
should be able to tell in your own words ex- 
actly what you proved and how you did it. 

5. Fill out the Report Statement for the 
experiment just cot pleted. This statement 
is given at the end of each experiment, and 
repeated on the inside of the back cover of 
the Manual, and will be numbered the same 
as the experiment. Check the statement that 
completes the question correctly, and copy 
your answer on the last page of the Manual. 

6. When you have completed all ten ex- 
periments in a Manual and have answered 
all of the Report Statements, cut off the last 
page of the Manual on the dotted line 
according to the instructions on that page, 
and mail the Report Statement to NRI for 
grading. Do not send in the entire Manual. 

IMPORTANT NOTICE: In order to build the NRI Tester with the 
parts furnished in the first two Radio Kits, it is absolutely necessary that 
you perform every step in each of the ten soldering experiments in this 
Manual. There are about twenty-five soldered joints in the NRI 
Tester, and these must be made exactly in accordance with the pro- 
fessional soldering techniques presented in this Manual. Furthermore, 
the ability to make good soldered joints is required in all later experi- 
ments as well as in practical radio work. In checking student troubles, 
NRI has found that poor soldering is more frequently the cause of fail- 
ure to get proper results than all the other causes combined. 

DO NOT SKIP ANY STEPS. 

EXPERIMENT 1 

Purpose: To tin the working tip of 
your soldering iron. 

Step 1. To determine if plain solder 
alone (without flux) can be used for 
tinning a soldering iron, hold the 
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heated iron horizontally in one hand, 
and melt a small amount (about 1/2 

inch) of plain solder (Part 1-4) by 
rubbing it lightly over the flat surface 
of the tip in the manner shown in 
Fig. 9. Wipe off the heated solder 



with quick strokes of a piece of cloth, 
and note whether any of the solder 
clings to the tip. Use several thick- 
nesses of cloth so as not to burn your 
fingers. If you prefer, you can tack 
this cloth to a small board and use it 
like a bruq,h for wiping the iron. 

Now file this heated flat surface 
until it is, uniformly clean, using for 
this purpose the flat* file specified in 
Fig. 2. Usually the Radiotrician will 
rest the tip of the soldering iron 
against a non 'nflammable solid ob - 
j, ct such as brick; or a stove while 
filing. Neve )queeit an electric sol- 
dering iron, tightly in a vise. Note how 
the heated copper surface changes 
color soon after being filed. Apply 
plain solder to the freshlß filed sur- 
face, wipe off with, the cloth, and note 
how much,solder adheres to the tip. 

In the case of a plain soldering iron, 
reheat the soldering iron just before 
filing, and file rapidly. so that the iron 
will still be hot enough to melt solder 
after you have finished filing one 
surface. 

Step 2. To determine if rosin -core 
solder can be used for tinning a solder- 
ing iron, file a different surface from 
that used in Step 1, then rub a small 
amount (about 1/2 inch) of rosin -core 
solder (Part 1-3, marked with printed 
letters) lightly over this entire sur- 
face. Wipe off surplus solder with the 
piece of cloth to see if any solder re- 
mains on the tip. 

Step 3. To complete the tinning of 
your soldering iron, file the remaining 
fiat surfaces of the heated soldering 
iron tip until bright. Rub rosin -core 
solder (Part 1-3) over the surfaces. 
Wipe off surplus solder with a cloth, 
then apply additional rosin -core solder 
to those parts of the surfaces where 
solder did not adhere. Repeat until 
these surfaces are completely tinned, 
then do the same for any other surfaces 
which are not completely tinned. 
Your soldering iron should now be 
completely tinned on all four surfaces 
as shown in Fig. 10. 

Step 4. To learn the radio expert's 
technique for shaking surplus solder 
off the tip of a soldering iron, apply a 
small extra amount (about 1/4 inch) 
of rosin -core solder to the heated tip. 
Now hold the iron firmly by its handle 
and shake it downward over a box, a 
board, or newspapers. Practice this 
several times, until you can flip off 
surplus solder without getting it on 
your clothes or scattering it all over 
the room. Apply more rosin -core sol- 
der to the heated tip, but this time 
wipe it off with quick strokes of a 
cloth. 

Discussion: Plain solder without 
flux will not ordinarily adhere to a 

copper surface. You proved this in 
Step 1 by applying the solder to the 
heated tip of the soldering iron both 
before and after filing the tip. You 
would secure the same results with 

FIG. 9. Correct way to hold the soldering iron while applying solder to one flat surface of the tip for 
tinning purposes. By keeping the flat surface approximately level, the tendency of the molten solder to 

roll off the tip is minimized. 

12 
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copper wire or any other heated cop- 
per surface. 

The change in the color of the cop- 
per surface soon after filing was due 
to the formation of oxides of copper 
on the surface. These oxides, along 
with any other foreign matter which 
may be on the tip, prevent you from 
tinning the soldering iron with plain 
solder. There is no danger of de- 
stroying the temper of the file, for an 
electric soldering iron never gets hot 
enough to affect the hardness of steel. 

In Step 2, you proved that rosin - 
core solder will adhere to a properly 
cleaned and properly heated copper 
surface. Only the surplus solder can 

FIG. 10. Close-up photograph showing a properly 
tinned soldering iron tip. Note that only the flat 

surfaces of the copper tip are tinned. 

be removed with the cloth; the bright 
silvery surface layer of solder adheres 
to the clean copper, and cannot be 
wiped off. In this step, therefore, you 
tinned one of the four working sur- 
faces of the tip. 

Because of its highly corrosive ac- 
tion, acid -core solder should never be 
used on the joints in radio and tele- 
vision equipment. Paste fluxes should 
also be avoided, even though they are 
less corrosive than acid fluxes. If you 
need additional flux, dissolve some 
powdered rosin in a little alcohol. 

Surplus solder often accumulates on 
a soldering iron during radio work. 
Rosin flux evaporates quickly from 
hot solder, so it is usually best to dis - 
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card this solder. When radio men are 
in a hurry, they just give the iron an 
expert flip as described in Step 4, so 
as to shake off the solder. When the 
iron is also a bit corroded, however, 
wiping off the surplus solder with a 
cloth will usually remove the oxides 
too, leaving a clean tinned tip. 

Tinning serves the dual purpose of 
keeping the tip of your soldering iron 
clean and aiding in the transfer of 
heat from the iron to the work. The 
solder fills small irregularities in the 
tip and in the work, thus increasing 
the area of contact between the tip 
and the work. 

A soldering iron which is untinned 
or only partially tinned on its flat 
working surfaces quickly becomes pit- 
ted and covered with crusts of copper 
oxide. An iron in this condition is 
difficult to use, for the oxide has heat - 
insulating characteristics and thus 
hinders the transfer of heat. 

A certain amount of copper oxide 
will form even on a properly tinned 
iron which is used continuously for 
several hours. This can usually be 
removed by wiping the tip frequently 
with a cloth or steel wool as previous- 
ly explained. The tip should be filed 
only when a considerable quantity of 
oxide has formed and cannot be re- 
moved by wiping or retinnirig. 

In filing the tip of your soldering 
iron, always hold the file flat against 
the surface so as not to change the 
angle of the tip too much. The tip of 
your iron has been cut at the angle 
which has proved most satisfactory 
for radio work. 

Instructions for Report Statement 
No. 1. The report question which 
checks your work on this experiment 
is given below, and repeated on the 
last page of this Manual. After you 



have completed the experiment and 
studied the discussion, read Report 
Statement No. 1 carefully. Check the 
correct answer, then copy your results 
on the report statement page at the 
end of this Manual. You are asked 
to specify the type of solder (plain or 
rosin -core) with which it was the most 
difficult to tin your soldering iron. 
Either the observations which you 
made during this experiment or the 
analysis of results in the discussion 
will give you the answer. 

Report Statement No. 1: My un - 
tinned soldering iron was most difficult 
to tin with : plain solder ; rosin -core 
solder . 

EXPERIMENT 2 

Purpose: To recognize when solder 
has hardened, and to see what happens 
when a joint is moved before the solder 
has hardened. 

Step 1. To demonstrate how solder 
changes color as it hardens, hold your 
heated and tinned soldering iron over 
a scrap piece of wood with the tip 
downward, and apply rosin-core sol- 
der just above the point of the tip un- 
til a solder globule about 1/8 inch in 
diameter drips down onto the board 
(the drop is shown in actual size in 
Fig. 11). Watch this globule for about 
a minute, noting the change in color 
as it hardens. 

Drop another globule of solder on 
the. board in this same way, then ap- 
ply the tip of the iron to the globule 
and apply additional solder to the tip 
until this second globule is about twice 
the size of the first. In the same way, 
place on the board a third globule 
which is about three times the size of 
the first one. As each globule cools, 
study the changing colors. 

Step 2. To find whether larger 
amounts of molten solder take longer 
to cool, reheat all three globules of 
solder on the board one after another 
as quickly as you can, by applying 
the heated tip of your soldering iron 
first to the largest globule, then to 
the medium-sized one, and finally to 
the smallest one. Jerk the tip of the 
iron away from each globule as soon 
as the solder takes on a silvery molten 
appearance. While the three globules 
are cooling together, watch them care- 
fully to see which ones harden first. 
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FIG. 11. Method of increasing the size of a molten 
globule of solder by feeding rosin -core solder to the 
soldering iron tip while it is in contact with the 
globule. The three globules used in Experiment 2 
are shown clearly in this view. The darker rings 
on the board around each globule are formed by the 
surplus rosin flux, which is a yellowish liquid when 
heated. If you look closely, you will see your own 
image in the surface of a molten solder globule, 
just as if it were a tiny curved mirror. The image 

vanishes gradually as the solder hardens. 

Step 3. To determine by actual test 
the instant when solder hardens, re- 
heat the largest globule with the sol- 
dering iron, then remove the iron, and 
allow the globule to cool. Take the 
length of stranded enameled aerial 
wire (Part 1-7H) and occasionally 
touch the top of the globule gently 
with it to determine when the solder 
hardens, while watching the changes 
in color. Repeat this test a few times 
if necessary, until you are familiar 
with the color corresponding to com- 
plete hardening of the solder. 

Step 4. To see what happens to 
solder which is disturbed while it is 



cooling, reheat the largest globule with 
the soldering iron, and hold the wire 
in the center of the globule while it 
cools. Just before the globule turns 
white, tilt the wire sideways and twist 
it slightly so as to crack the globule. 

Discussion: Step 1 showed you that 
solder has a bright, silvery color 
(much like mercury) when in a molten 
condition, and changes gradually in 
color as it hardens. This change in 
color serves as a "thermometer" to the 
Radiotrician, for it tells him when 
the solder has melted on a joint being 
unsoldered, and tells him when the 
solder has hardened sufficiently on a 
joint being soldered. 

Step 2 showed clearly that a large 
globule of molten solder takes longer 
to cool than does a small globule. 
Likewise, you found that the larger 
globules took longer to heat up. 

In the first two steps, we assumed 
that the solder was hard when it 
stopped changing color. In Step 3, you 
probe the solder with the wire, and 
you prove for yourself that a globule 
of solder has completely hardened 
when it changes all over to the char- 
acteristic color of hardened solder. 

Step 4 demonstrates conclusively a 
highly important requirement of good 
soldering: A soldered joint should not 
be moved until the solder has com- 
pletely hardened. Premature move- 
ment cracks the solder, for it is very 
brittle at the instant of hardening. 
Solder which is cracked gives very 
poor electrical contact between the 
parts of a joint. Provision for hold- 
ing wires rigid while solder cools is 

an important part of the procedure. 

Instructions for Report Statement 
No. 2. The test question for this ex- 

periment is a simple check of your 
ability to observe how solder changes 
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in color as it hardens. A correct an- 
swer means that you have mastered 
one important requirement of good 
soldering, for these color changes tell 
you when solder has hardened enough 
to withstand movement. 

After you have completed this ex- 
periment and studied the discussion, 
read Report Statement No. 2 care- 
fully, place a check mark in the box 
which folloies the answer you con- 
sider correct and copy your answer 
on the report statement page at the 
end of the Manual. 

Report Statement No. 2: As molten 
solder becomes hard, it changes from 
its bright silvery color to: a bright 
red color ; a dull black color ; a' 
copper color ; a dull white color . 

EXPERIMENT 3 

Purpose: To remove insulation from 
wires and clean the wires preparatory 
to soldering. 

Preliminary Discussion. Although 
there is a great variety in the size and 
general appearance of the conductors 
used to interconnect (hook up) the 
various parts (tube sockets, switches, 
transformers, condensers, etc.) of ra- 
dio and television receivers and trans- 
mitters, there are only two really basic 
types of conductors. One is the single 
strand of solid metal wire familiar to 
everyone. Copper, because of its high 
conductivity and good mechanical 
qualities, is the metal from which the 
wire is drawn. The other type, known 
as stranded wire, consists of several 
strands of copper wire twisted to- 
gether to form a single conductor. 

The principal difference between the 
many varieties of solid hook-up wire 
lies in the diameter of the wire and 
the kind of insulation surrounding it. 
The insulation may be any suitable 



non -conducting material such as silk, 

cotton, rubber, or enamel. Various 
plastics also have suitable insulating 
qualities. The chief purpose of the 
insulation is to prevent the conducting 
wire from touching anything that 
might cause undesirable grounds or 

short circuits. 
Solid wire having no insulation at 

all is also available. Running the wire 
through molten solder during manu- 
facture gives it a bright, shiny appear- 
ance. Such wire is generally known 
as tinned bus wire. The coating of 

solder protects the wire from oxidiza- 
tion and aids in soldering. Tinned, in- 
sulated wire is the most widely used 
hook-up wire for interconnecting the 
various parts of radio and television 
equipment. 

Stranded wire is almost always in- 
sulated, the insulation forming a con- 
venient means of holding the strands 
together. The individual strands may 
or may not be tinned, depending on 
the particular type of wire. Stranded 
aerial wire, a sample of which is in- 
cluded in this first Radio Kit, does 
not have insulation over the entire 
group of wire strands. Instead, each 
individual strand has a coating of a 
protective enamel. 

Insulated wire, both solid and 
stranded, is available in a wide variety 
of colors. The color is used solely for 
the purpose of tracing and identifying 
various wires and circuits. This is 
especially helpful when a number of 
wires are bound together to form a 
cable. The color of the insulation has 
nothing whatsoever to do with the 
characteristics of the insulation, or 
the current rating of the wire itself. 

In radio work, so-called "push - 
back" wire is widely used. This is 
tinned, stranded, or solid wire enclosed 
in a simple cotton wrap, over which is 

the regular insulation. The insulation 
can be slid back when a solder con- 
nection is to be made, and then slid 
toward the connection to form a com- 
plete protection. 

The wire supplied in your first Ra- 
dio Kit is typical of the wire you will 
encounter in radio service work. 
Stranded and solid wire, tinned and 
untinned, are included in the Kit to 
give you experience with the types in 
general use. 

Step 1. To identify the various 
wires supplied in this Kit, first set 
aside the three wires which are iden- 
tical in appearance and construction. 
These are given the identifying part 
numbers 1-7A, 1-7B, and 1-7C, in the 
parts list on page 2. They are 8 -inch 
lengths of No. 20, solid tinned push - 
back hook-up wire. 

The length of aerial wire, Part 
1-7H, is readily identified, since it is 
the only one that does not have cloth - 
like insulation. Each of the seven 
strands of this wire is covered with 
enamel insulation. 

Now identify the lamp cord, Part 
1-7G. .This is the length of wire hav- 
ing the thickest insulation. The wire 
itself is made up of untinned strands; 
the insulation consists of a cotton 
braid over rubber. 

Part 1-7F is the stranded tinned 
wire with the glazed insulation; and 
Part 1-7D is the stranded tinned wire 
with plain cloth insulation. Part 1-7E 
is the solid untinned insulated wire. 
It may be necessary to cut away 
about 1/8 -inch of the insulation on 
these wires to identify them positively. 

When you have identified the wires 
according to the part numbers and de- 
scriptions given above, and in the 
parts list on page 2, place a small piece 
of ordinary adhesive tape around each 
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wire, and mark its part number on the 
tape for easy future identification. 

Step 2. To remove insulation frpm 
push -back insulated hook-up wire, 

grasp in one hand a length of the 
solid tinned push -back insulated wire 
(Part 1-7A) , and push the insulation 
back from the end with the thumb and 
first finger of your other hand, as 
shown in the upper view in Fig. 12. 
Push the insulation back far enough 
to expose about 3/4 inch of wire. To 
show that the insulation can be pushed 
forward again after a joint is made if 
too much wire was originally exposed, 
push the insulation forward until only 
about 1/4 inch of wire is exposed. Push 
back again until the full 3/4 inch is 
exposed. Now push back the insula- 
tion on the other end of this wire the 
same amount (34 inch) ; use long -nose 
pliers this time to hold the end of the 
wire, as illustrated in the lower view 
in Fig. 12. 

Also, push back the insulation for 3/4 

inch from both ends of the stranded, 
tinned, push -back insulated wire (Part 
1-7D). Use long -nose pliers to hold 
the wire, as illustrated in Fig. 12. 

Step 3. To remove insulation from 
ordinary insulated hook-up wire by 
squeezing with long -nose pliers, grasp 
in one hand the length of solid, untin- 
ned, insulated wire (Part 1-7E), and 
use your long -nose pliers to squeeze 
the insulation for a distance of 3/4 inch 
from one end. Figure 1$ illustrates 
how this is done. You will have to 
apply enough pressure with the long - 
nose pliers to split the insulation 
lengthwise, so that you can pull off 
the strips of insulation with the pliers. 
The closer you get to the hinge of the 
pliers, the easier this will be. Loose 
threads of insulation can then be clip- 
ped off with side -cutting pliers or a 
pocket knife. Remove 3/4 inch of in - 
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sulation from the other end of the 
wire in the same way. Scrape the ex- 
posed copper wire lightly with the 
blade of a pocket knife as shown in 
Fig. 15, to remove oxides and dirt. 

In this same manner, remove 3% 

inch of insulation from each end of 
the length of stranded, tinned, No. 20 
wire, insulated with rubber and cot- 
ton braid (Part 1-7F) . 

If you are unable to break the in- 
sulation by squeezing, omit this step 
and apply to this same wire one of 
the alternative methods given in the 
next step. 

FIG. 12. The correct method of pushing back the 
insulation of solid push -back insulated wire with 
the fingers preparatory to soldering is shown in the 
upper view. The same method is used for stranded 
wire of this type. When the insulation cannot 
readily be pushed back far enough with the fingers, 
it will be easier to grasp the bare end of the wire 
with your long -nose pliers, as illustrated in the 
lower view. When holding the wire with pliers in 
this manner, it is a simple matter to push the in- 
sulation back with the fingers as much as desired. 



FIG. 13. This shows how to use a pair of long - 
nose pliers to squeeze the insulation on a piece of 
ordinary insulated wire so it can be removed more 
easily. If your pliers have wire -cutting jaws near 
the pivot, you will have to place the wire closer 
to the end of the pliers. Sometimes it is convenient 
to use a pair of sidecutters to remove insulation. 
This is done by carefully cutting only the insula- 
tion, and then pulling the insulation free by moving 

the sidecutters toward the end of the wire. 

Step 4. To remove insulation from 
ordinary insulated wire with a pocket 
knife, hold the length of No. 18 

stranded lamp cord (Part 1-7G), flat 
upon your workbench or on a block 
of wood. Cut through the insulation 
all around the wire at a point 3/4 inch 

from one end by moving the blade of 

a sharp pocket knife across the insula- 
tion with a sawing motion while ro- 
tating the wire slowly with your 
fingers. This is illustrated in Fig. 16. 

Continue until the outer covering of 

woven cotton thread has been cut 
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through all around, then slide this 
covering off over the end of the wire 
with your fingers or by pulling with 
long -nose pliers. Be careful not to 
cut through the inner rubber layer to 
the copper strands. Once the inner 
rubber insulation is 

, 
partly c u t 

through, peel it off with your fingers 
or a knife. 

Scrape the exposed wire lightly with 
your knife blade if the copper appears 
corroded or dirty; do this several 
times, spreading out the strands each 
time so as to expose a different part 
of each strand to the knife. 

Now take the other end of the lamp 
cord wire, hold it in your hands as 
shown in Fig. 17, and slice off the 
outer braided cotton covering for a 

distance of 3/4 inch from the end. 
Peel away the remaining rubber in- 
sulation with your knife and fingers, 

FIG. 14. These instruments are often used to re- 
move insulation from various types of wire used in 
radio work. The wire strippers shown at A are 
generally used in production work. The bent strip 
of metal shown at B is a very convenient wire 

stripper for general radio service work. 
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FIG 15. Always use the portion of your pocket 
knife blade closest to the handle for scraping oxides 
and dirt from exposed copper wire preparatory to 
soldering. This preserves the main part of the 
blade for purposes where sharpness is required, such 
as when cutting through braided cotton insulation. 

and trim off loose threads. Be care- 
ful not to cut or nick any of the cop- 
per strands. Scrape the strands with 
the knife blade until all are clean and 
shiny. 

Step 5. To remove enamel insula- 
tion from a wire, take the length of 
enameled aerial wire (Part 1-7H) and 
untwist the wires for about 11/2 inches 

at one end. Using your knife blade, 
scrape off the enamel from each of the 
seven strands of wire, one at a time, 
for a distance of 3/4 inch from the 
end. Do this carefully and thoroughly, 
to give clean copper surfaces without 
nicking any of the wires. Leave the 
wires like this for a future experiment. 

If you have an alcohol burner, use 
it to burn off the enamel at the other 
end of the aerial wire. Untwist the 
strands for about 11/2 inches, and 
spread them out just enough so that 
none touch each other. Light the al- 
cohol burner, and hold the spread -out 
strands just within the tip of the in- 
ner cone of flame, as shown in Fig. 
18, until the wires are red hot for 
about 3/4 inch from the end. Now 
immerse the heated wires quickly in 
a little pan of alcohol. Repeat if any 
enamel remains on the ends of the 
wires and can't be rubbed off with a 

cloth. If you do not have an alcohol 
burner, use the scraping technique for 
both ends of this wire. 

FIG. 16. When the insulation on a wire is too tough to 
be broken by squeezing with pliers, the pocket knife tech- 
nique illustrated here is employed by some radio men for 
cutting through the outer braided covering on the wire. 
The knife must be sharp, and must be held lightly so as 
to avoid cutting too far and nicking or breaking the copper 

wire. 
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FIG. 17. This method is employed by 
radio men for cutting away the insula- 
tion from a wire which is anchored at 
its other end. The knife must be sharp, 
and extreme care must be used to avoid 
nicking solid copper wire or cutting 

strands in the case of stranded wire. 



Discussion: Tinned push -back in- 
sulated hook-up wire, either solid or 
stranded, is the type of wire most 
commonly used by radio men. The 
copper wire is tinned during manu- 
facture so that insulation slides along 
it readily, and the insulating cotton 
covering has a special weave which 
permits compressing the insulation. 
Solid push -back hook-up wire is sup- 
plied in your next radio Kit for use 
in hooking up practical radio circuits 
for demonstration purposes, so you 
will get plenty of experience with this 
type of wire. 

Ordinary insulated wire (not of the 
push -back type) is used for the power 
line cords of radio receivers, and is 
occasionally used for receiver wiring 

FIG 18. If enamel -covered wire is held just inside 
the tip of the inner cone of an alcohol burner flame 
as illustrated here, the wire will become red hot and 
the enamel will burn off. The inner cone appears 
darker in color than the outer cone. If the room 
is drafty due to air currents, the flame will flicker 
and make heating difficult; a few boxes or boards 
set up around the flame will prevent this flickering. 
Some experimentation may be necessary to find the 
portion of the inner cone which will heat the wires 
red hot, for other portions of the flame will not re- 

move the enamel and oxides. 

as well. A highly convenient way to 
remove insulation from wire of this 
type is by squeezing with pliers as ex- 
plained in Step 3, but there will be 
times when you will have to cut away 
the insulation with a pocket knife as 
explained in Step 4. Whenever you 
use a knife for removing insulation or 
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scraping wire, however, try to avoid 
cutting or nicking the wire. Even the 
slightest nick will weaken the wire 
enough to cause a break eventually at 
that point, if the wire is subject to 
considerable bending or vibration. 

Scraping with a knife blade as de- 
scribed in Step 5 is the method used 
most often by radio men for removing 
enamel insulation from a wire. Use 
only a small portion of the knife 
blade near the handle for scraping 
wires, as this dulls the blade quickly. 
The main part of the blade should be 
kept as sharp as possible, for cutting 
purposes. 

A small piece of fine sandpaper can 
be used for removing enamel insula- 
tion with no danger of nicking the 
wire. Simply fold the sandpaper over 
the wire, then pull the wire out from 
the sandpaper. Repeat as many times 
as necessary to remove all enamel. A 

few trials will tell you how hard to 
press the sandpaper between your 
fingers while drawing out the wire. 
Stranded enameled wire can be 
cleaned in this same way if the wires 
are spread out and are turned a little 
each time so as to expose all of their 
surfaces to the sandpaper; this is illus- 
trated in Fig. 19. 

Burning off enamel with an alcohol 
burner gives a better job than scrap- 
ping, and eliminates the possibility of 
damaging the copper wire. The tip 
of the inner cone in the flame is hot 
enough to make the wire red hot and 
remove the enamel and oxides. Plung- 
ing the hot wire quickly into alcohol 
prevents the cleaned wire from tar- 
nishing while cooling. The same alco- 
hol used for the burner can serve for 
this purpose; the alcohol can be 
poured back in the bottle after you 
have finished with it. 



FIG. 19. Method of using fine sandpaper (about 
Number 00) to remove enamel insulation from 
stranded wire. Press the folded sandpaper (a piece 
about one inch wide and two inches long) together 
with the wire in between as indicated, then draw 
the wire out. Repeat this procedure until all the 
enamel has been removed from each strand of the 
portion of the wire which is to be tinned or soldered. 

The samples of wire supplied you 
for the experiments in this Manual are 
long enough so that you can cut off an 
inch or so of wire from an end and 
repeat the experiment in case you ac- 
cidentally damage the wire. Do not 
cut the wires any shorter than 5 
inches, however, for you will need 
these wires later for practicing actual 
radio connections. 

Instructions for Report Statement 
4. No. 3. After completing this experi- 

ment and studying the discussion, 
read Report Statement No. 3 care- 
fully. Place a check mark in the box 
following the type of wire which you 
found easiest to prepare for soldering. 
Then copy your answer on the last 
page of this Manual. 

Report Statement No. 3: The wire 
which I found easiest to prepare for 
soldering by pushing back or remov- 
ing insulation was: solid tinned push - 
back wire I; solid untinned insulated 
wire ; stranded untinned lamp 
cord D. 

EXPERIMENT 4 
Purpose: To tin hook-up wire. 

Step 1. To learn how to tin, solid 
wire properly, practice by using the 

solid untinned wire (Part 1-7E) from 
which you have already removed the 
insulation at the ends and cleaned 
the exposed copper. Leave the heated 
soldering iron in its holder with the 
tip facing you. Hold the wire in one 
hand with one end resting on a flat 
surface of the soldering iron tip, then 
apply solder to the wire with the other 
hand, as illustrated in Fig. PLO. Slide 
and rotate the wire slowly between 
the iron and the solder until the wire 
is completely tinned. Shake off sur- 
plus solder from the wire. Tin the 
other end of this wire in the same 
way. 

Step 2. To learn how to tin stranded 
wire properly, untwist the exposed and 
cleaned strands at one end of the lamp 
cord wire (Part 1-7G) so that the 
strands are separated from each other 
for a distance of about 1/2 inch from 
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FIG. 20. Method of holding the solder and wire 
when tinning either solid or stranded wire. The 
heated soldering iron is left in its holder. The 
close-up photo shows a partly tinned wire. Slide 
the wire back and forth between the soldering iron 
tip and the solder until it is completely tinned for 

about half an inch from the end. 



the end, as shown in Fig. 21. Tin this 
wire by applying solder to one side of 

the strands while heating them from 
the other side with the soldering iron, 
just as you did in Step 1. When all 
strands have been tinned for 1/2 inch 
from the ends, shake off surplus solder 
from the strands while the solder is 

still in molten form, or simply tap the 
strands with the heated soldering iron. 
After the wire has cooled, twist the 
strands together again. If you have 
difficulty in getting the strands twisted 
tightly (see Fig. 21G), heat them a 
little with the soldering iron. Stranded 
wire at various stages of this tinning 
process is illustrated in Fig. 21. Tin 
one end of the 7 -strand enameled 
aerial wire (Part 1-7H) in this same 
manner. 

Now tin the untinned end of the 
lamp cord wire (Part 1-7G) with the 
strands twisted together, by following 
the tinning procedure given in Step 1. 
Tin the untinned end of the enameled 
aerial wire (Part 1-7H) in this same 
way (with the strands twisted to- 
gether) . 

Discussion: Solid wire is remark- 
ably easy to tin if clean. New wire 
can usually be tinned without clean- 
ing, but old wire should be scraped 
clean first. It is usually sufficient to 
tin the wire up to about 1/4 inch from 
the insulation; if you go much closer 

than this with the soldering iron, there 
is danger of burning the insulation. 

Untinned stranded wire is often 
difficult to tin properly unless the 
strands are individually cleaned and 
the procedure given in Step 2 is fol- 
lowed completely. If properly done, 
the tinned wire can be twisted to- 
gether again. Difficulty in tinning 
stranded wire means that additional 
careful scraping is necessary. 

With new and fairly clean stranded 
wire, it is possible to tin the wire with- 
out untwisting, just as if it were a 
solid wire. There are two drawbacks 
to this short-cut method. First and 
most important, the inside strands 
may not be thoroughly tinned. Sec- 
ond, after tinning, the wire will be so 
stiff that bending it to form a joint 
may be quite difficult. 

Instructions for Report Statement 
No. 4 After completing this experi- 
ment and studying the discussion, 
read Report Statement No. 4 care- 
fully, then place a check mark in the 
box following the answer which you 
believe tells when you will get more 
thorough tinning of stranded wire. 
Then copy your answer on the last 
page of this Manual. 

Report Statement No. 4: Stranded 
wire can be tinned more thoroughly: 
while the strands are twisted together ; while the strands are untwisted 
and spread out for individual tinning 

FIG. 21. Steps in preparing one end of the lamp cord (Part 1-7G) which has rubber insulation covered 
with cotton braid. A-Original wire; B-Wire with insulation removed from end; C-Strands spread out 
for cleaning; D-Cleaned strands ready to be tinned; E-Completely tinned strands; F-Tinned strands 

after surplus solder has been removed; G-Tinned strands twisted together again. 
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FIG. 22. Bottom view of the metal chassis, Part 1.11. The front edge of the chassis has three holes and 
is bent in the same direction as the sides. The back edge of the chassis has no holes, and is bent in the 
opposite direction from the other three edges. The large letters a, b, c, d, e, and f can be placed along- 

side the holes with a metal -marking crayon, ordinary soft lead pencil, or with pen and ink. 

EXPERIMENT 5 

Purpose: To mount soldering lugs 
on a metal chassis and prepare them 
for soldering. 

Step 1. Mount the three tinned 
soldering lugs (Parts 1-8A, 1-8B, and 
i -8C) in holes d, e, and f respectively 
on the bottom of the metal chassis 
(Part 1-11), in the following manner. 
Place the chassis on your table, bot- 
tom up, locate the six holes which are 
to be used for lugs in this experiment, 
and mark them with a metal -marking 
crayon as indicated in Fig. 22. 
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Now bend a tinned lug (1-8A) at 
an angle of about 45°, using long -nose 
pliers as shown in Fig. 23. Insert a 
machine screw (Part 1-9A) in hole 
d from the top of the chassis, and hold 
the head of the screw in place with a 
finger. Place lug 1-8A over the screw 
from the bottom of the chassis, with 
the bent part of the lug away from the 
chassis, then place a nut (Part 1-9B) 
on the screw and tighten it with your 
fingers. 

Hold the nut and lug with ordinary 
all-purpose pliers in the manner shown 
in Fig. 24A, so that the lug points 
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FIG. 23. Method of bending a soldering lug with 
long -nose pliers. Bending should be done before 
the lug is bolted to the chassis; once a fiat lug is 
bolted to a chassis, it is difficult to pry the lug 

upward to a convenient soldering position. 

toward the back of the chassis, and 
tighten the bolt head from the top 
of the chassis with a medium-sized 
screwdriver as shown in Fig. 24B. 
Now bend the other two tinned lugs 
(1-8B and 1-8C), and fasten them in 
holes e and f respectively, with screws 

and nuts in exactly the same way. 
These three tinned lugs are now ready 
for use. 

Step 2. To get experience in tin- 
ning untinned lugs before they are 
mounted, take untinned lug 1-8D and 
file both sides of the lug at the end 
having the smaller hole, until the cop- 
per shows clean and bright at this end 
of the lug. Scraping the lug with your 
pocket knife blade is an alternative 
cleaning method. Now hold the 
cleaned part of the lug against a flat 
face of the heated soldering iron tip 
with long -nose pliers, and rub a small 
amount (less than 1/4 inch) of rosin - 
core solder over the uppermost cleaned 
surface as shown in Fig. 25. Turn the 
lug over and apply solder to the other 
side. Rub the lug back and forth over 
the iron to spread the solder and make 
it adhere to the cleaned surfaces. 

To remove surplus solder after tin- 
ning, hold the lug with the pliers in 
one hand, heat the lug with the solder- 
ing iron held in the other hand, then 
tap the lug gently against the tip of 

FIG. 24A. One method of using FIG. 24B. Another method of holding a nut with ordinary pliers 
ordinary all-purpose pliers to while tightening a machine screw which is being used for mounting a prevent the soldering nut and lug soldering lug underneath the chassis. The screw should be tightened 
from turning as screw is tightened. enough so that the lug cannot readily be moved with the fingers. 
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FIG. 25. Method of tinning a lug prior to mount- 
ing it on a chassis. This technique is used only 
for untinned lugs, or for tinned tugs which have 

become coated with oxides and dirt. 

the iron to shake off surplus molten 
solder. (Sometimes it is more con- 
venient to wipe off the surplus molten 
solder from the lug with a cloth.) 
Bend the lug approximately at its 
center,- using pliers and fingers as 
shown in Fig. 23, then mount this lug 
in hole a on the bottom of the chassis 
as shown in Fig. 26. 

Using the same methods, clean lug 
1-8E by filing or scraping, then pro- 
ceed to tin the lug and remove surplus 

solder. Bend the lug at a 45° angle 
just as you did for the other lugs, 
then mount this lug in hole b on the 
chassis. 

Step 3. To get experience in tin- 
ning an untinned lug which is already 
mounted on a chassis, bend lug 1-8F 
in its center about half as much as 
you bent the other lugs, then mount 
this lug in hole c on the bottom of 
the chassis. Scrape the exposed upper 
half of the lug with the knife blade 
until clean, then hold the heated sol- 
dering iron against the top of the lug 
for a few seconds. Now slide the 
soldering iron down along the lug far 
enough so you can apply rosin -core 
solder directly to the top of the lug, 
and rub the solder over the lug by 
sliding the iron back and forth. Apply 
additional solder if some parts of the 
lug near the small hole are untinned, 
but use as little solder as possible in 
order to avoid having surplus solder 
roll down the lug to the nut. 

Step 4. To practice removing sur- 
plus solder from a mounted soldering 
lug, use a cloth to wipe as much sur- 
plus solder as possible from the tip of 

LUG 
I -8D 

b c 

LUG LUG 
I -8E I -8F 

LUG 
I -8A 

d e f 

LUG * LUG 
I -8B I -8C 9 

0 

FIG. 26. Upon completion of Experiment 5, you should have six soldering lugs, all tinned, mounted on 
the chassis exactly as shown here, and with the ends of the lugs bent upward as shown in Fig. 23. Note 
that the letters in the part numbers identifying the various lugs do not correspond to the letters identifying 

the chassis holes in which the lugs have been mounted. 
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the heated soldering iron, then apply 
the iron to lug 1-8F so as to pick up 
some of the surplus solder on the lug. 
Wipe this solder from the iron, then 
repeat the process as many times as 
are necessary to get the solder out of 
the small hole in the lug. Sometimes 
solder can be poked out of the hole by 
inserting the cleaned tip of the solder- 
ing iron in the hole. The six lugs 
should now appear as shown in Fig. 
26. 

Discussion: Separate soldering lugs 
like those supplied in this Radio Kit 
are used chiefly for making connec- 
tions to a metal chassis. Wire could 
be soldered directly to the chassis in 
some cases, but chassis metals are 
usually difficult to tin, and require 
more heat than can be supplied by the 
average radio soldering iron. Fur- 
thermore, a soldered connection to a 
flat metal surface is usually messy in 
appearance. Remember that tinned 
soldering lugs similar to those you 
mounted in Step 1, or lugs which you 
have previously tinned, should be 
used for making soldered connections 
to a chassis or any other large metal 
surface. 

It is generally easier to bend sol- 
dering lugs before they are mounted. 
Bending a lug away from the chassis 
makes it easier for you to attach wires 
to the lug. As a general rule, bend a 
lug approximately in its center. Hold 
the small end of the lug with the 
pliers; for you can bend the large end 
more readily with your fingers. 

When using a soldering lug, you 
ordinarily apply solder only to the 
bent -up half of the lug, hence only 
this portion need be cleaned and 
tinned. When the lug is unmounted, it 
is best to clean and tin both sides in 
the vicinity of the smaller hole. When 
a lug is mounted on a chassis, only 
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the uppermost surface is cleaned and 
tinned, for it is difficult to work on 
the underneath surface. 

Some soldering lugs which appear 
to be tinned are actually coated with 
nickel, a metal to which rosin -core 
solder does not readily adhere. With 
lugs like this, scrape or file away the 
nickel surface so as to expose the brass 
or copper underneath. 

The secret of tinning a soldering lug 
properly lies in applying the rosin - 
core solder directly to the lug, a small 
distance away from the soldering iron 
tip. The rosin flux can then act on the 
lug. If the solder rolls off, the lug is 
too hot and should be allowed to cool 
for a few seconds. Insufficient clean- 
ing and tinning is indicated when you 
can wipe off solder completely from 
parts of the lug. Rubbing the solder- 
ing iron tip back and forth over the 
top of the lug helps to make the 
solder adhere. 

When a soldering lug is being 
tinned, the hole in its small end usu- 
ally fills with solder. This hole must 
be opened to permit looping the con- 
necting wire through the hole. Brush- 
ing out the solder is bad practice, for 
it scatters molten solder in all direc- 
tions and may result in short circuits. 
One technique for getting out this sol- 
der is given in Step 4; practice this 
several times by filling the holes again 
with solder after you have cleaned 
them out, and you will soon find your- 
self lifting off surplus solder just as 
speedily as does an experienced serv- 
iceman. Incidentally, some servicemen 
do not bother to remove surplus solder 
from the hole; when ready to make a 
connection, they simply apply the sol- 
dering iron to melt the solder, then 
poke the wire through the hole. Shake 
surplus solder from the iron whenever 
necessary, and wipe the soldering iron 



frequently with a cloth. The less 
solder on the iron, the more solder you 
can pick up. 

Instructions for Report Statement 
No. 5. After completing this experi- 
ment and studying the discussion, 
read Report Statement No. 5 care- 
fully, place a check mark in the box 
following the correct method of con- 
necting a hook-up wire to the metal 
chassis of a radio receiver. Then copy 
your answer onto the last page. 

Report Statement No. 5: When a 
wire is to be connected to the chassis 
of a radio receiver, the wire should be: 
soldered directly to the chassis ; 

soldered to a tinned lug which has 
been bolted to the chassis y; pushed 
into any convenient hole in the chassis 
and soldered E. 

EXPERIMENT 6 

Purpose: To secure practical experi- 
ence in making temporary and perma- 
nent soldered connections to lugs. 

Step 1. To make a temporary hook 
joint to a soldering lug with solid wire, 
bend one end of a length of the solid, 
tinned push -back wire (we will desig- 
nate this as Part 1-7A) into a hook 
by using long -nose pliers, as illustrated 
in Fig. 27. Insert this hook in the 
hole in lug 1-8D, starting from the 
bottom of the lug as shown in Fig. 
28A. Bend the hook a little more after 

FIG. 27. Forming a hook on solid wire with long- 
nose pliers, preparatory to making a soldered hook 

joint. 

inserting, if there is any tendency for 
the wire to fall out, but do not pinch 
the hook together for this temporary 
joint. 

Now apply your heated soldering 
iron to the under side of the lug, and 
apply rosin -core solder directly to the 
wire and to the lug, as in Fig. 28B. 
Apply just enough solder to fill the gap 
between the lug and the upper part 
of the hooked wire, then remove the 
soldering iron. Do not move the wire 
until the solder has hardened. The 
finished temporary hook joint is 
shown in Fig. 28C. 

IMPORTANT. The soldering tip must 
make good contact with both the lug and 
the wire, so as to heat and solder both parts 
of the joint. 

Step 2. To make a temporary hook 
joint to a soldering lug with stranded 
wire, take the stranded push -back 
wire (Part 1-7D), twist the strands 

0 
FIG. 28. Temporary connections to soldering lugs. A-Temporary hook joint to a soldering lug with solid wire, before soldering; B-Method of soldering a hook joint on a soldering lug. Note that the soldering iron is held on top of the lug, on one side of the wire, and solder is applied to the other side of the wire; C-Your temporary hook joint with solid wire should appear like this after soldering; D- Temporary hook joint with stranded wire, before soldering; E-Temporary hook joint with stranded wire, after soldering. 
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o 
FIG. 29. These illustrations show essential features of various soldering lug connections. Note how the 
'solder joins the wire and the lug into a single unit. This is possible only when the work is heated suffi- 
ciently to melt the solder into a liquid. A-Permanent hook joint with solid wire, before soldering; 
B-Permanent hook joint with solid wire, after soldering; C-Permanent hook joint with stranded wire, 
before soldering; D-Two temporary hook joints to a lug with solid wire, after soldering; E-Two per- 

manent hook joints to a lug, after soldering. 

together with your fingers if they 
have become unraveled, bend the end 
into a hook, insert the hook in bug 
1-8E from underneath as shown in 
Fig. 28D, and solder the joint exactly 
as instructed in Step 1. The soldered 
joint should appear as in Fig. 28E, 

Step 3. To make a permanent hook 
joint to a soldering lug with solid wire, 
take another length of solid push - 
back wire (we will designate this as 
Part 1-7C), bend a hook in one end 
with long -nose pliers, and insert the 
hook in lug 1-8F from underneath just 
as you did in Step 1. Squeeze the hook 
together with long -nose pliers so that 
it resembles Fig. 29A, then solder the 
joint according to the instructions in 
Step 1. The final soldered joint is 
shown in Fig. 29B. 

Step 4. To make a permanent hook 
joint to a soldering lug with stranded 
wire, take the stranded hook-up wire 
(Part 1-7F), twist the strands to- 
gether with the fingers if necessary, 
bend the end into a hook, insert the 
hook in lug 1-8A from underneath, 
squeeze the hook together tightly with 
long -nose pliers as illustrated in Fig. 
29C, and solder the joint as instructed 
in Step 1. 

Now take the stranded lamp cord 
wire (Part 1-7G) and make the same 
type of permanent hook joint to lug 
1-8B, using that end of the wire which 

was tinned without untwisting the 
strands. 

Finally, take the stranded enameled 
aerial wire (Part 1-7H) and make a 
permanent hook joint with either end 
of it to lug 1-8C, then solder it. . 

Step 5. To make a temporary hook 
joint to a soldering lug which already 
has one connecting wire, take the re- 
maining length of solid push -back 
wire (this will be designated as Part 
1-7B) and form a hook at one end 
with long -nose .pliers. Apply the 
heated soldering iron to the solder at 
the top of lug 1-8D so as to melt the 
solder, then insert the hook of your 
wire in this hole from underneath 
while holding the soldering iron on the 
top or side of the lug so as to keep the 
solder in a molten state. When both 
wires are hooked through the hole in 
the lug as shown in Fig. 29D, remove 
the soldering iron and allow the joint 
to cool. 

Step 6. To make a permanent hook 
joint around a soldering lug instead 
of through the hole in the lug, take 
the length of solid untinned wire 
(Part 1-7E), form a hook at one end 
with long -nose pliers, loop this hook 
around lug 1-8A just behind the ex- 
isting connection to this lug, as shown 
in . Fig. 29E, squeeze the hook tightly 
over the lug with long -nose pliers, 
then apply rosin -core solder to one 
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side of the hook and to the lug while 
holding the heated soldering iron on 
the other side of the hook. 

Step 7. To secure practice in "dress- 
ing" wires neatly, first compare your 
work carefully with the illustration in 
Fig. 30 to make sure that your wires 
are on the correct lugs (again note 
that letters identifying the chassis 
holes and the solder lugs do not cor- 
respond), then straighten out each 
wire with you fingers and arrange 
them all neatly in the manner shown 
in Fig. 30 so they will be ready for 
the next experiment. 

Now apply the heated soldering 
iron to lug 1-8A so as to melt the 
solder on stranded wire 1-7F, then 
grasp this wire with long -nose pliers 
and hold it rigidly in position at the 
angle shown in Fig. 30, while the 
solder is hardening. Rest either your 
hand or the pliers on the chassis. 

Discussion: Soldered connections 
to soldering lugs are among the most 
common which you will make in your 
radio work. In this experiment, you 
make such a wide variety of connec- 
tions to soldering lugs that you are 
prepared for just about any type of 
soldering lug connection you may re- 
quire in professional radio work. 

A temporary connection is made 
only when you are reasonably sure 
that you will have to remove the wire 
in the near future. A permanent joint 
differs from a temporary joint only in 
the squeezing of the hook prior to 
soldering. A permanent connection is 
always more satisfactory, and should 
be used whenever there is any chance 
at all that the joint may be in use for 
some time. The permanent connection 
possesses mechanical strength as well 
as good electrical, contact; thus, a good 
permanent connection will withstand 
pulling and will serve its electrical 
purpose even before it is soldered. 

To avoid burning the insulation on 
a wire when soldering, it is best to 
bend the hook in such a way that all 
insulation will be at least 1/8 inch 
away from the lug when the wire is 
in soldering position. In the case of 
push -back wire, this insulation can be 
pushed right up to the lug after the 
joint is soldered; with other types of 
wire, the insulation cannot be moved. 

Remember, a joint must not be dis- 
turbed while the solder is hardening. 
If the wire will not remain in position 
by itself during this time, hold it rigid 
with your hand. If you rest your hand 
on the chassis when doing this, you 
will have no difficulty in holding a 
wire without appreciable movement 
for the few seconds required for the 
solder to harden. Joints must often 
be remelted to change the positions of 
wires, so the experience you secure in 
Step 7 is particularly valuable. 

Solder which is on a lug or wire 
hardens far more rapidly than a glob- 
ule of solder on a board, because lugs 
and wires conduct heat away from the 
solder and speed up the cooling. 

Instructions for Report Statement 
No. 6. After completing this experi- 
ment and studying the discussion, 
read Report Statement No. 6 care- 
fully, then place a check mark in the 
box following the correct method of 
making a temporary soldered connec- 
tion to a soldering lug. Copy your 
answer onto the last page of this 
Manual. 

Report Statement No. .6: In a tem- 
porary soldered connection to a solder- 
ing lug, the wire is: threaded twice 
through the hole in the lug ; hooked 
through the hole in the lug and 
squeezed before soldering (K; hooked 
through the hole in the lug but not 
squeezed. 
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FIG. 30. Appearance of bottom of chassis after completion of Experiment 6. The actual soldering, of 
course, is not shown here. Each of the soldering lug connections commonly used by radio men is 

included in this experiment. 
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EXPERIMENT 7 

Purpose: To secure practical experi- 
ence in soldering two wires together 
temporarily and permanently. 

Step 1. To make a temporary hook 
joint between two wires, locate wire 
1-7B and wire 1-7E on the chassis 
(by referring to Fig. 30) and bend a 
hook in the free end of each with long - 
nose pliers. Hook together the free 
ends of the two wires as indicated in 
Fig. 31A. If you first spread out the 

1-7A and wire 1-7C, and push back the 
insulation far enough to expose at 
least 11/2 inches of wire at each free 
end (if the insulation cannot readily 
be pushed back this amount, remove 
the required amount of insulation by 
squeezing with pliers or by cutting 
with a pocket knife). 

Grasp wire I -7A in your left hand, 
grasp wire 1-7C in your right hand, 
and cross them in the manner shown 
in Fig. 32A. The wires and the posi - 

FIG. 31A (above) . Correct way to 'solder a tem- 
porary hook joint. The tip of the iron is held 
under the joint, and the solder is applied to the 

wire from above. 
FIG. 31B (below). Completely soldered tem- 
porary hook joint. Note that the hooks are not 

closed. 

two wires, they will not fall apart 
when hooked together. Hold the 
heated soldering iron on one side of 
the joint for a few seconds, then apply 
rosin -core solder to the wires, starting 
at the soldering iron and then moving 
the solder away from it along the 
wires (see Fig. 31A). Remove the 
solder and the iron, and allow the 
joint to cool without disturbing it. 
The completed joint should resemble 
that shown in Figs. 31B and 37. 

Step 2. To connect together two 
wires by means of a professional 
Western Union splice, locate wire 
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tions of the hands in this illustration 
are exactly as you would see them 
when looking at your work. Observe 
that wire 1-7A is between you and 
wire 1-7C. 

Holding both wires between the 
thumb and forefinger of your right 
hand as shown in Fig. 32B, twist the 
end of wire 1-7C around the other 
wire with the thumb and forefinger of 
your left hand. Leave a little space 
between the turns so solder will flow 
readily between the wires. Continue 
twisting until only about 1/4 inch of 
wire I -7C is left. 



Now grasp the twisted part in your 
left hand and proceed to twist the free 
end of wire 1-7A over the other wire 
in the opposite direction with your 
right hand, as illustrated in Fig. 32C. 
Again allow about 1/4 inch of wire to 

EO 

O 

FIG. 32. Steps in connecting two wires together 
permanently by means of a Western Union sol. 

dered splice. 
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FIG. 33. Steps in making a common twist splice. 
This permanent joint is also known as a Bell splice, 
since it is used extensively by Bell Telephone line- 
men and switchboard men for connecting telephone 
wires together. When making this joint with solid 
wire, remove insulation for about 11/2 inches from 
the end of each wire, twist up to about 1/2 inch 
from the ends, solder the joint securely, then cut 
off the surplus wire with your side -cutting pliers. 

remain untwisted, so that the splice 
appears as shown in Fig. 32D. 

Cut off the projecting ends of the 
wires with your side -cutting pliers, 
and straighten up the splice with the 
fingers so that it appears as shown in 
Fig. 32E. Now hold the heated sol- 
dering iron alongside the splice just 
as you did in Step 1, and apply rosin - 
core solder first between the splice and 
the tip of the iron, then over all parts 
of the splice. Slide both the solder 
and the soldering iron along the splice 
to speed up the process, until the en- 
tire twisted portion of the splice is 
covered with solder. The completed 
splice should appear as shown in Fig. 
32F. 

Step 3. To connect two wires to- 
gether by means of a permanent Bell 
splice, locate stranded wire 1-7F and 
the stranded lamp cord wire 1-7G on 
the chassis, cross the bare end of the 
wires as shown in Fig. 33A, then pro- 
ceed to twist the wires together with 
the fingers so that the result appears 
as shown in Fig. 33B. Cut off about 
1/16 inch from the end of the splice 
with side -cutting pliers to give a neat 
joint, then solder the splice as in- 
structed in Step 1. 



Step 4. To make a permanent T 
type joint to some point on wire 1-7C, 
take your pocket knife and cut 
through the insulation at a point near 
the center of this wire, being careful 
not to change the wire itself. Now 
push the insulation apart at this point 
so as to expose about 1 inch of wire. 
(Do not discard the wire if you ac- 
cidentally nick it, for the soldered 
joint will bridge across the nick in the 
wire.) Take the stranded wire 1-7D, 
shorten it as shown in Fig. 37 by 
winding the wire a few times around 
a pencil, then twist together the 
strands at its free end, and wind this 

ABOUT 
ONE 
INCH 

_ L_ 

I -7C 

FIG. 34. Permanent T 
type joint between two 

insulated wires. 

end around wire 1-7C with your 
fingers. Space the turns apart a small 
amount as shown in Fig. 34. Trim off 
the ends of the strands with side - 
cutting pliers, then solder the joint 
as instructed in Step 1. Now push the 
insulation on wire 1-7C pup to this T 
joint on both sides. 

Step 5. To make a temporary lap 
'joint between one wire and a lug or 
between two wires, take enameled 
wire 1-7H and apply additional sol- 
der to its free end by employing the 
same technique used for tinning solid 
wires. Next, apply a small amount of 
solder to the top of lug 1 -SB, just be- 
hind the joint already on this lug. 
Now hold the free end of the wire 
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over the lug just behind the joint, as 
shown in Fig. 35, press your heated 
soldering iron over rosin -core solder 
so it will pick up some solder on its 
lower face, then apply the soldering 
iron to the top of wire 1-7H so as to 
fuse together the solder on the wire 
and the solder on the lug. Remove 
the soldering iron when fusion occurs, 
but continue holding wire 1-7H rigid 
until the solder has hardened. The 
completed joint is shown in Fig. 37. 

Discussion: Radio servicemen prob- 
ably use the temporary hook joint 
more often than any other joint for 
connecting together two wires. The 

HOOK 

LAMP 
CORO 

ENAMEL 
AERIAL 

FIG. 35. Temporary 
lap joint on top of a 

soldering lug. 

reason is simply that this joint can be 
unsoldered and separated very easily. 
The joint can be made more perma- 
nent, yet still be unsoldered fairly 
easily, by squeezing the two hooks to- 
gether with long -nosed pliers just be- 
fore soldering. 

Ac a general rule, a joint between 
two wires should always be covered 
with friction tape when left perma- 
nently in a radio receiver. Radio men 
prefer to use a special narrow type of 
friction tape, obtainable in 3/8 -inch 
wide rolls at radio supply houses, for 
the standard 3/4 -inch tape is awkward 
to use on small joints. 

When a joint is taped, all exposed 
wires are covered with at least two 



thicknesses of the friction tape, and 
the surrounding insulation is also cov- 
ered with friction tape for about 1/2 
inch on each side of the joint. Typical 
taped joints are shown in Fig. 36. 

Figure 37 is presented for reference 
purposes, to show you how your 
chassis should look after completing 
this experiment. Whenever you are 
in doubt as to the position in which a 
particular joint is to be made, refer 
to this illustration. 

The hook joint is not suitable for 
use where considerable force may be 
applied to the wires. The Western 
Union splice described in Step 2 is 
preferred by radio men when mechan- 
ical strength is required. Telegraph 
lines on poles are joined together by 
means of this splice. 

The Bell splice described in Step 3 

HOOK JOINT 

gym, am» 
WESTERN UNION SPLICE 

BELL SPLICE 

BELL SPLICE,FOLDED 

eye -* 
BELL SPLICE,SPREAO OUT 

: . . . ,.- :...:::: 
FIG. 36. Methods of taping the various types of 
soldered joints taken up in this manual. These 
diagrams are presented for future reference only, 
since you do not have to tape any of the joints 

used in your Practical Demonstration Course. 
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is usually easier to make in a crowded 
radio chassis than is the Western Un- 
ion splice. When made with stranded 
wire, the Bell splice is readily formed 
with the fingers; with solid wire, it 
can either be twisted with the fingers 
up to about 1/4 inch from the end, and 
the surplus wire then cut off, or the 
twisting can be completed with long - 
nosed pliers. Study the illustrations 
carefully, to determine just how much 
of a twist each type of splice should 
have. 

The permanent T joint described in 
Step 4 is occasionally required in ra- 
dio work, for it permits connecting 
one wire to any point along another 
wire. The important factor in this 
joint is the removal of the insulation 
along the wire without damaging the 
wire itself. With push -back wire, only 
a single cut need be made, for the in- 
sulation can then be pushed apart. 
With other types of insulation, how- 
ever, the insulation must be sliced off 
carefully with a knife, or squeezed 
with pliers and then trimmed off. 

The temporary lap joint covered in 
Step 5 is widely used by radio men 
for test purposes. You will use it 
extensively in future experiments in 
your demonstration course. This joint 
can be made just as well to another 
soldered connection or to a wire; it 
was made to a soldering lug in this 
step merely for convenience. The 
secrets of a good lap joint are apply- 
ing the solder to the individual parts 
before placing them together, and 
holding the wire perfectly rigid while 
the solder is hardening. 

In soldering any joint, first make a 
secure mechanical connection, and 
then be sure that the solder flows in 
between the turns or twists of the wire. 
If the wire has previously been tin- 
ned properly, there should be no diffi- 
culty in accomplishing this. 
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FIG. 37. Your chassis should appear like this after you have completed each of the joints called for in 

this experiment. The dotted lines indicate the approximate positions at which cuts should be made to 
remove the splices after completing the experiment. 
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Any connection which depends upon 
solder for adequate mechanical 
strength and electrical conductivity is 
known as a joint. A connection be- 
tween two wires which gives adequate 
mechanical strength and electrical 
conductivity initially without solder 
is known as a splice. Solder is used 
on a true splice chiefly to prevent cor- 
rosion with age from affecting the 
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original electrical conductivity. 
The only two splices which are used 

to any extent in radio work are the 
Western Union splice and the Bell 
splice, both of which you made in this 
experiment. All other radio connec- 
tions can be considered as joints. You 
thus see that the great majority of 
joints made by professional radio men 
require soldering for effectiveness. 



 

Instructions for Report Statement 
No. 7. After completing this experi- 
ment and studying the discussion 
read Report Statement No. 7 care- 
fully, then place a check mark in the 
box following the answer which you 
believe will give the greatest mechani- 
cal strength, when used to connect 
wires together end to end. Copy your 
answer onto the last page of the 
Manual. 

Report Statement No. 7: When con- 
necting two wires together where great 
mechanical strength is required, I 
would use a: lap joint ; Bell splice 

Western Union splice ; hook 
joint D. 

Western Union splice. Finally, cut out 
the T joint by making three cuts with 
your side -cutting pliers as indicated 
by the dotted lines in Fig. 37. 

Step .2. To secure experience in un- 
soldering temporary joints, unsolder 
the temporary hook joint between 
wire 1-7B and wire 1-7E, by applying 
the heated soldering iron to the joint 
and unhooking the wires as soon as 
the solder has melted. Using this same 
procedure of holding the soldering iron 
against a joint to melt the solder, 
proceed to unhook the wires from lugs 
1-8D and 1-8E. Next, unsolder the 
lap joint on lug 1-8B. 

Step 3. To secure experience in un - 

FIG. 38. Method of unsoldering a permanent hook 
joint on a soldered lug. Spread open the hook 
with long -nose pliers while keeping the solder 
molten by holding the soldering iron under the lug. 

EXPERIMENT 8 

Purpose: To secure experience in un- 
soldering the various types of tem- 
porary and permanent connections 
encountered in radio work. 

Step 1. To secure experience in dis- 
connecting splices and permanent 
joints between two wires, try unsol- 
dering the Western Union splice by 
any means you desire. Yes, this joint 
is very difficult to unsolder; in fact, 
radio men never bother unsoldering it. 
Therefore, proceed to cut out this 
joint with your side -cutting pliers as 
indicated by the dotted lines in Fig. 
37. Try also to unsolder the Bell 
splice. It, too, is difficult to unsolder. 
Cut it out of the lead as you did the 
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soldering permanent joints, hold your 
heated soldering iron in one hand and 
apply it to lug 1-8A while pulling 
open the hook at the end of wire 1-7E 
with your long -nose pliers. Slide the 
wire off the lug as soon as the hook 
has opened sufficiently for this pur- 
pose. 

Now open the hook in wire I -7F (on 
this same lug) with long -nose pliers 
while heating with the soldering iron, 
and unhook the wire. Be sure to save 
this wire, because it is a specially in- 
sulated wire which you will need later. 
This professional unsoldering proced- 
ure is illustrated in Fig. 38. 

To practice the technique employed 
by radio men for unsoldering wires 



which are difficult to bend open, melt 
the solder on lug 1-8B with the sol- 
dering iron, then wiggle the 1-7G lamp 
cord vigorously while the wire is cool- 
ing. Spread out the hook as much as 
possible with long -nose pliers after the 
joint has cooled, then repeat the heat- 
ing and wiggling procedure until the 
wire is separated from the lug. 

Use this same wiggling and un- 
bending procedure for enamel wire 
1-7H on lug 1-8C and for wire 1-7C 
on lug 1-8F. 

Finally, lift off surplus solder from 
the lugs on the chassis with the 
cleaned, heated soldering iron, as in- 
structed in Step 4 of Experiment 5. 

When there is a great deal of solder 
on a lug, you can speed up this step 
by holding the soldering. iron tip 
alongside or under the lug so as to 
keep the solder molten, and wiping off 
this solder with quick strokes of a 
cloth. 

Discussion: As you learned by ac- 
tual trial in Step 1, it is very difficult 
to unsolder a properly formed splice. 
In an emergency, you could untwist 
the splice bit by bit with long -nose 
pliers while keeping the solder molten 
with the soldering iron, but this tedi- 
ous procedure is required only when 
the wires must be used again and 
would be too short if cut off. The 
Radiotrician invariably snips off 
splices and T joints with the side -cut- 
ting pliers, just as you did in this step. 

Step 2 demonstrated to you that a 
temporary soldered joint can be dis- 
connected simply by applying the 
heated soldering iron to melt the sol- 
der, then unhooking the joint. Only 
when working in awkward and crowd- 
ed positions is it necessary to spread 
apart the hook in a temporary joint. 
Lap joints are the easiest to unsolder 
of all joints. 

When working on radio receivers, 

most of the joints which you unsolder 
will be of the type you practiced with 
in Step 3. These invariably must be 
spread apart with long -nose pliers be- 
fore the wire can be unhooked from 
the lug. Sometimes it will be neces- 
sary to remove surplus solder from 
the joint before you can grip the end 
of the wire with long -nose pliers. 

During unsoldering, surplus solder 
will accumulate on the soldering iron. 
Shake this off from time to time, but 
remember that a little extra solder on 
the iron will speed up transfer of heat 
to the joint being unsoldered. Sliding 
the soldering iron back and forth a bit 
over the joint also speeds up unsolder- 
ing, for this tends to break through 
the coating of oxide and dirt on old 
solder. 

Instructions for Report Statement 
No. 8. After completing this experi- 
ment and studying the discussion, read 
Report Statement No. 8 carefully, then 
place a check mark in the box follow- 
ing the type of joint which you found 
easiest to unsolder when you unsol- 
dered these three joints in Steps 2 and 
3. Copy your answer onto the last 
page. 

Report Statement No. 8: I found it 
easiest to unsolder a: lap joint gj; 
Bell splice ; Western Union splice ; hook joint . 

EXPERIMENT 9 

Purpose: To secure practical experi- 
ence in connecting actual radio parts 
to soldering lugs by means of tem- 
porary and permanent soldered con- 
nections just as you would do when 
servicing radio receivers. 

Step 1. To mount the tube socket 
(Part 1-10) on the chassis in prepara- 
tion for this experiment, take one ma- 
chine screw (Part 1-9A) and insert it 
in hole h (Fig 39) from the top of the 
chassis. Holding one finger on the 
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head of this screw to keep it in the 
hole,. turn the chassis over and place 
the tube socket in position in the 
manner illustrated in Fig. 39, so that 
the aligning slot in the center hole of 
the socket is next to this screw. After 
pushing the metal mounting flange of 
the socket over the screw, place a hex- 
agonal nut (Part 1-9B) on the screw 
and tighten partially with the fingers. 
Now take another machine screw, in- 
sert it through hole i from the top of 
the chassis and through the other 
mounting hole of the tube socket, then 
place a hexagonal nut on this screw. 
Hold this nut with long -nose pliers, 
then tighten the screw from the other 
side of the chassis with a medium- 
sized screwdriver. Tighten the other 
socket mounting screw in the same 
manner. 

The tube socket has six terminal 

lugs, each identified by a number 
molded into the Bakelite base along- 
side the lug. The numbers are 2, 3, 
4, 5, 6, and 7. To speed up future 
work on this socket, take a crayon or 
pencil and mark the number of each 
lug clearly, directly alongside the lug 
on the bottom of the chassis. The 
portion of the chassis on which you 
will work in this experiment should 
now appear as shown in Fig. 40. 

Step 2. To connect a condenser 
temporarily between two soldering 
lugs, take the .05-mfd. condenser 
(Part 1-13) and bend an open hook in 
the end of each lead with long -nose 
pliers. Bend the condenser leads with 
your fingers approximately to the 
shape shown for Part 1-13 in Fig. 41. 
Now hook the condenser leads into 
the holes in lugs 1-8C and 1-8E from 
the bottom and allow the condenser 
to rest on the chassis, as in Fig. 41. 

FIG. 39. Method of mounting the tube socket on the chassis. The terminal lugs of the socket should 
be underneath the chassis, and the aligning slot should be at the left (near hole h) when the chassis is 
held as shown in this illustration. Hold the machine screw in position with a finger of your left hand. 
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FIG. 40. Your chassis should appear exactly like this after you complete Step 1 in Experiment 9. Note 
that the socket has been fastened to the under side of the chassis. 

Solder each condenser lead by ap- 
plying the heated soldering iron to the 
top of the lug on one side of the wire, 
and applying rosin -core solder to the 
other side of the wire and to the lug. 

IMPORTANT: The soldering iron tip 
must make good contact with both the lug 
and the wire, so as to heat and solder both 
parts of the joint. 

Step 3. To connect a condenser 
permanently between two lugs of a 
tube socket, take the .03 mfd. con- 
denser (Part 1-12), bend an open 
hook in the end of each lead, then 
bend the leads themselves approxi- 
mately to the shapes indicated for 
Part 1-12 in Fig. 41. Hook the con- 
denser leads through the outermost 
holes in lugs 2 and 7 of the tube 
socket, by inserting the ends of the 
leads through the holes in the lugs 
from underneath, and squeeze each 
hook together with long -nose pliers, 
as indicated in Fig. 41. 

Solder the condenser lead which is 
on lug 7 of the tube socket. Leave 
the lead on lug 2 unsoldered, 

Step 4. To connect a resistor tem- 
porarily between two lugs, take the 
.1-megohm resistor (Part 1-15) and 
bend a hook in the end of one lead 
with long -nose pliers. With your fin - 
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gers, bend the leads for this resistor 
approximately as indicated for Part 
1-15 in Fig.. 41, then insert the hook 

into the outermost hole in socket lug 

4 from underneath. Push the other 
resistor lead into the hole in soldering 
lug 1-8B from above, then bend the 
end of the lead up with long -nose 
pliers to form a hook, as shown on lug 
1-8B in Fig. 41. Now solder both of 

the joints for resistor 1-15. 

In the same manner, bend one lead 
of 18,000 -ohm resistor 1-16 into a hook 
and insert it in lug i -8D from under- 
neath as indicated in Fig. 41, then 
bend the other lead (as shown in the 
illustration), push it through the out- 
ermost hole in tube socket lug 6 from 
underneath, then bend the end of the 
lead back with long -nose pliers to 
form a hook. Solder both of the joints 
now for resistor 1-16. 

Step 5. To connect a resistor per- 
manently between two tube socket 
lugs, take .24-megohm resistor 1-14, 
bend its leads approximately as shown 
in Fig. 41, form a hook in the end of 
each lead, then hook the leads through 
the holes in tube socket lugs 2 and 3 

from underneath. This places two 
leads in lug 2. If you have difficulty 
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FIG. 41. The five radio parts which you connect to lugs in Experiment 9 are shown here ready for sol 
dering. If you prefer, you can prepare all the parts in this manner, and then solder all the joints at once 
instead of soldering each part separately as called for in the experiment. WARNING: Bends in resistor 
and condenser leads should be gradual (not sharp), and should begin at least one -quarter inch away from 

the body of the part; otherwise, the leads will break off. 

in inserting the lead in the outermost 
hole of tube socket lug 2 even though 
this lug has not yet been soldered, 
use the other hole in this lug. Squeeze 
the hooks together tightly with long - 
nose pliers, then proceed to solder 
lugs 2 and 3. 

Discussion: With radio parts like 
the condensers and resistors included 
in this radio Kit, the bending of the 
leads to their proper shapes is an im- 
portant part of the connecting process. 
Do not intentionally make sharp - 
cornered bends in leads by means of 
pliers, however, for this may weaken 
the wire. Make the bends with your 
fingers, and use pliers only when 
forming hooks in the ends of wires. 
Bends in leads should always start at 
least 1/4 inch away from a resistor or 
condenser for the same reason. 

Bend each lead carefully, checking 
your work continually by fitting the 
leads to the correct lugs on the chassis. 
Additional bending may be done after 
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the leads have been soldered; in fact, 
the leads should always be bent away 
from the chassis after this is done, to 
minimize the possibility of bare wires 
shorting to the chassis. The leads to 
these condensers and resistors are stiff 
enough to support the parts in air. 

A permanent joint differs from a 
temporary joint only in the squeezing 
of the hook with long -nose pliers prior 
to soldering. The ends of permanent 
hook joints should be cut off after the 
joint has been soldered and allowed 
to cool, so that accidental short-cir- 
cuits and grounds cannot occur. You 
will find that this little extra step 
makes a great deal of difference as 
regards the ease with which a joint 
can be unsoldered. 

In this experiment, you have con- 
nected radio parts exactly as they 
would be connected by professional 
radio servicemen. With the repeated 
practice in soldering which you will 



secure in future experiments, you will 
soon find yourself able to make sol= 
dered connections with professional 
skill, speed, and efficiency. 

Instructions for Report Statement 
No. 9. After completing this experi- 
ment and studying the discussion, 
read Report Statement No. 9 care- 
fully, then place a check mark in the 
box following the splice or joint which 
is mast often used in radio work for 
connecting the leads or radio parts to 
soldering lugs. Then copy your answer 
onto the last page of the Manual. 

Report Statement No. 9: The leads 
of radio parts are usually connected 
to soldering lugs by means of: West- 
ern Union splices ; Bell splices ; 

hook joints 59. 

EXPERIMENT 10 

Purpose: To secure experience in 
unsoldering connections like those en- 
countered in radio receivers, just as 
you would do when removing a defec- 
tive part from a receiver. 

Step 1. To remove .1-megohm. re- 
sistor 1-15 from your chassis, apply 
the heated soldering iron to one side 
of lug 1-8B, unbend the hook with 
long -nose pliers while the solder is 
molten, then pull this lead out of the 
lug by pulling on the lead with long - 
nose pliers. Now apply the soldering 
iron to tube socket lug 4, and unhook 
the other resistor lead from this lug. 

Step 2. To remove 18,000 -ohm re- 
sistor 1-16 from your chassis, use 
your long -nose pliers to open up the 
hook in lug 1-8D while applying the 
soldering iron to this lug so as to melt 
the solder. When the end of the lead 
is straight up and down, pull the wire 
out of the hole in the lug with your 
long -nose pliers while keeping the 
solder molten with the soldering iron. 
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Now apply the soldering iron to lug 
6, and unhook the resistor lead going 
to this lug. 

Step 3. To remove .05-mfd. con- 
denser 1-13 from your chassis, apply 
the soldering iron to lug 1-8E while 
grasping with long -nose pliers the lead 
going to this lug. Unhook the lead 
from this lug. This will undoubtedly 
cause bends in both condenser leads, 
but you can readily straighten these 
out after the part has been removed. 
Now melt the solder on lug 1-8C, and 
unhook the lead from this lug in the 
same manner. 

Step 4. To remove .03-m f d. con- 
denser 1-12 and .24-megohm resistor 
1-14 from your chassis, first apply the 
heated soldering iron to lug 7, and pry 
open the hook in the condenser lead 
going to this lug. Do not expect to 
do this in one trial, for it is usually 
quite difficult to get a good grip upon 
the end of the wire with pliers. Con- 
tinue unbending the hook until you 
can push the wire out of the lug. The 
other lead of this condenser will be 
somewhat more difficult to unsolder, 
since it goes to a lug (2) which has 
two connections; use exactly the same 
technique, however. 

Part 1-14 also has permanent con- 
nections, so unsolder its leads from 
lugs 2 and 3 in the same manner. 

Step 5. Remove surplus solder 
from all six soldering lugs and from 
the lugs on the tube socket, either by 
wiping off the molten solder with a 
cloth or by lifting it off with the clean 
soldering iron. Melt and shake off 
surplus solder from the leads of the 
five radio parts used in this experi- 
ment, then straighten out the leads 
with your fingers as well as you can. 
If the ends of any leads have been 
damaged by the long -nose pliers, cut 
off about 1/4 inch from each end. 



Simply straighten out the hooks in the 
remaining leads if the wires them- 
selves are in good condition, so that 
all parts are clean and ready for use 
again in future experiments. Now re- 
move the six soldering lugs (1-8A, 
1-8B, 1-8C, 1-8D, 1-8E, and 1-8F) 
and the six screws and nuts from the 
chassis with your screwdriver and 
long -nose pliers, then set aside the 
lugs, screws, and nuts for future use. 
Leave the tube socket on the chassis. 

Discussion: In this experiment, you 
demonstrated for yourself the fact 
that hook joints which are not 

that lug with long -nose pliers. You 
will become quite proficient in this 
work, however, by the time you have 
completed your home demonstration 
course. 

Whenever a permanent hook joint 
has been squeezed so tightly that it is 
very difficult to get a grip on the end 
of the wire with long -nose pliers, serv- 
icemen will usually snip off the wire 
as close as possible to the soldering 
lug with side -cutting pliers. The por- 
tion of the wire remaining in the lug 
can either be pushed out with the tip 
of the soldering iron after this is done, 

An example of poor soldering. The lumpy, cracked 
appearance shows too much solder was used and the 

joints were not heated enough. 

squeezed prior to soldering are fairly 
easy to unsolder. You found that 
sometimes the leads can be removed 
from a lug without unbending the 
hook, while in other cases it was nec- 
essary to unbend the hook somewhat 
with long -nose pliers before the lead 
could be pulled away from the lug. 

You also found that permanent sol- 
dered connections can be unsoldered 
fairly easily once you get the knack 
of prying open the hook with long - 
nose pliers. As you undoubtedly real- 
ize now, it is quite a trick to hold a 
heated soldering iron against one part 
of a lug while prying open a wire on 
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or can be cut again with side -cutting 
pliers so it will f all out when the sol- 
dering iron is applied. You may use 
this procedure if you have difficulty 
in unsoldering any of the joints. 

Sometimes the wire will come out 
after only a part of the hook is cut 
off. Then again, it may be possible 
to spread the hook apart with a small 
screwdriver or with the blade of a 
pocket knife. 

Instructions for Report Statement 
No. 10. After completing this experi- 
ment and studying the discussion, read 
Report Statement No. 10 carefully. 
Place a check mark in the box follow- 
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,ing the statement that describes the 
condition of the solder which makes it 
easier to disconnect a permanent hook 
joint. Then copy your answer onto 
the last page of the Manual. 

Report Statement No. 10: When 
disconnecting a permanent soldered 
hook joint, the hook is easier to pry 
open with long -nose pliers while the 
solder is: hard ; moltentgJ. 

Requirements of a 
Good Soldered Joint 

The seven important requirements 
of a good soldered radio joint are re - 

ment.) If the soldering iron is too 
cold, a joint made with it may look 
good but be mechanically and elec- 
trically weak because hardened rosin 
is the chief bonding material. The 
resulting "rosin" joint (one in which 
there is little or no solder connecting 
the two parts together) is unsatisfac- 
tory and can actually be an open con- 
nection. In any event, a rosin joint 
will eventually break apart and cause 
trouble. 

Too hot a soldering iron is equally 
unsatisfactory, for excessive heat will 
evaporate the rosin flux before it has 

Good soldering produces a smooth, even coating of 
solder. The joints have been heated sufficiently to 
melt the solder and just enough solder has been 

used to coat the joint thinly. 

viewed in convenient reference form 
in Fig. 42. If you understand and 
follow each of these requirements, you 
should have no difficulty in making 
professional soldered joints once you 
have practiced as instructed in your 
home demonstration course. 

In the case of plain soldering irons, 
which must be heated by an alcohol 
burner, we have the additional re- 
quirement that the soldering iron be 
at the correct temperature. (This re- 
quirement is taken care of automati- 
cally in an electric soldering iron by 
the original design of the heating ele - 
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a chance to act upon the work, and 
will make the solder flow too rapidly 
away from the joint. Furthermore, 
excessive heat will travel around the 
joint through the copper wire and 
burn insulation or loosen adjacent 
soldered joints. 

Looking Forward 

Having mastered professional sol- 
dering techniques, you are ready to 
set up real radio circuits with soldered 
joints, and demonstrate basic radio 
principles for yourself. In your next 



REQUIREMENTS OF A 

GOOD SOLDERED JOINT 

I. KEEP YOUR SOLDERING IRON CLEAN AND 

WELL TINNED 

2. REMOVE INSULATION FROM WIRES, AND SCRAPE 

OFF EXCESSIVE DIRT. AVOID NICKING THE 

WIRE WITH THE SCRAPING TOOL 

3. USE ONLY ROSIN -CORE SOLDER FOR RADIO 

WORK. 

4. TIN EACH PART SEPARATELY IF ORIGINALLY 
UNTINNED. 

5. MAKE GOOD MECHANICAL CONTACT BETWEEN 
THE PARTS BEING SOLDERED 

6. APPLY THE SOLDER TO THE LUG OR WIRE, 
NOT TO THE SOLDERING IRON. 

7. DO NOT MOVE THE JOINT UNTIL THE SOLDER 
HARDENS. 

FIG. 42. Observance of these seven basic require- 
ments is .the secret of making professional soldered 

joints for radio equipment. 

radio Kit will be another fascinating 
collection of actual rädio parts, in- 
cluding a Iuilliammeter and a vacuum 
tube. With these additional parts you 
will assemble simple electrical and 
radio circuits and trace electron flow 
through them. You will make meas- 
urements of current and voltage in 
these circuits, and see for yourself that 
current, voltage, and resistance in a 
circuit always have values which agree 
with Ohm's Law. 

Finally, after completing Experi- 
ment 20, you will assemble the NRI 
Tester on its attractively designed 
panel and chassis. This is a specially 
designed measuring instrument which 
is equivalent to eighteen separate or- 
dinary meters. You will use the NRI 
Tester a great deal in future experi- 
ments. 

IMPORTANT 
Be sure to save ALL PARTS from this 

Radio Kit, including the soldering lugs, screws, 
and nuts, because you will need them later. Keep 
small parts in individual envelopes or boxes. 
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STUDY SCHEDULE NO. 6 

This schedule will help you to master the sixth part of 
your N.R.I. Course. For each step, read the specified 
pages first at your usual reading speed, then reread 
slowly one or more times. Finish with one quick 
reading, then answer the Lesson Questions specified 
for that step. 

CI 1. Quickly Review Pages 12 to 18 of Lesson 1FR-3. 
Start with "Radio Uses for. Magnetism" on page 12, and read to the bottom of 
page 18 just once. 

i2. Coil Fundamentals Pages 1-6 of this Lesson 
You learn basic facts about magnetic circuits of coils, and find out what deter- 
mines the amount of magnetic flux a coil will produce. Answer Lesson Ques- 
tions 1 and 2. 

3. Using Coils to Produce Motion Pages 6-8 
Three different ways to explain the operation of motion -producing coils are 
studied. You can use them to explain the operation of radio parts like relays, 
headphones, magnetic loudspeakers, electrodynamic loudspeakers, p.m. dynamic 
loudspeakers, and moving -coil meters. Answer Lesson Question 3. 

4. Using Coils to Produce Voltage. Pages 8-14 
Step by step you learn the meaning of the basic coil rule that the induced voltage 
depends upon how fast the flux linkages are changing. Finally, you fix this 
knowledge in your mind by considering three examples of voltage -producing 
coils: Dynamic microphone, magnetic phono pick-up and transformer. Answer 
Lesson Questions 4, 5, 6, and 7. 

5. Basic Idea of Inductance Pages 15-23 
Important principles which govern the behavior of coils in a.c. circuits are taken 
up one by one. You also learn about combinations of coils and about variable 
inductances. Answer Lesson Questions 8 and 9. 

6. Simple Coil -Resistor Circuit Pages 24-28 
Here's where you learn how to combine voltages correctly in a c. circuits con- 
taining a coil. Phase relationships and uses for vectors are explained simply 
from a practical standpoint. Answer Lesson Question 10. 

7. Mail Your Answers for Lesson 6FR-3 to N.R.I. for Grading. 

8. How To Test and Replace Resistors and 
Volume Controls RSM Booklet No. 6 

This is another of the series of Booklets that are to give you practical, how -to -do -it 
training in fixing radios. Read this Booklet now, then keep it handy for future 
reference. The "shop training" you get from these RSM Booklets is going to 
prove valuable to you throughout your service career, so you will want to read 
and review these Booklets many times. NOTE: Some of the Study Schedules 
in future Lessons may refer to "Job Sheets" instead of RSM Booklets. Read 
the correspondingly numbered RSM Booklet in such cases. These Booklets 
are an improved and enlarged version of the older Job Sheets, and are replacing 
them. 

9. Start Studying the Next Lesson, on Condensers. 
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RADIO COILS AND HOW THEY WORK 

Coil Fundamentals 
Radio Uses for Coils. Coils have 

many important jobs in radio 
receivers and transmitters. Working 
alone or in partnership with conden- 
sers and resistors, coils make it pos- 
sible to tune in stations, to remove 
hum from power supply circuits, to 
keep signals in proper paths, to change 
a.c. voltages to higher or lower values, 
to transfer signals from one circuit to 
another without wire connections, and 
to do a host of other equally important 
jobs, all of which we will take up 
in this Course. 

Definition of a Coil. In its sim- 
plest form, a coil is nothing more than 

one or more turns or loops of wire, 
usually wound in a circular or helical 
shape. More often, however, a radio 
coil also has certain accessories, such 
as a coil form, an iron core, or a metal 
housing or shield. 

Basic Action. Coils produce mag- 
netic lines of force, known also as 
magnetic flux. No matter what kind 
of coil we have-large or small, thick 
or thin, wound around air or iron- 
it produces magnetic flux whenever we 
send current through the coil. 

Many different types and sizes of 
coils are used in radio, in order to 
get a particular desired amount of this 

t'ourrrep Wrarein Merino Co. 

in this Western Electric magnetic -tape sound recorder, coils have many important jobs. A coil 
in the dynamic microphone produces the audio signal. An a. f. input transformer inside the cabinet 
transfers the signal to the first ai. amplifier stage. Other transformers transfer the signal to succeed- 
ing amplifier stages to boost its strength, then feed it to a coil which magnetizes a moving steel 
"Ape. Sounds are thus recorded on the long tape. A flip of a switch reverses the process, enabling 
RJR speaker to hear her own voice from the loudspeaker, which has two more coils. Still another. 

coil demagnetizes the tape to erase previous recordings. 



magnetic flux in a particular and defi- 
nite location inside or near the coil. 
This flux makes it possible for a 

coil to offer more opposition to the 

ELECTRON 
FLOW 
THROUGH 
WIRE 

MAGNETIC LINES 
OF FORCE 

AROUND WIRE 

MAGNETIC 
LINES OF 
FORCE ALL /, I ELECTRON 
GO THROUGH I FLOW 

LOOP IN SAME THROUGH 

DIRECTION WIRE 
OF 

FIG. 1. Review of the basic principle apply- 
ing to coils-that magnetic lines of force are 
produced whenever electrons flow through a 

wire or other object. 

flow of alternating current than direct 
current, to transfer energy to another 
circuit without connecting wires, to 
produce mechanical motion, to convert 
mechanical motion into a correspond- 
ingly varying voltage, and do all the 
other jobs which are described in con- 
nection with coils in this and later 
lessons. 

Fundamental Facts About Coils. 
You have already learned that when- 
ever we send current through a straight 
piece of wire, magnetic lines of force 
are produced around the wire. These 
lines of force encircle the wire in much 
the manner shown in Fig. 1A. They 
are distributed along the entire length 
of the wire, because the electrons are 
distributed throughout the wire and 
each electron has its own circular mag- 
netic field. The larger the current 
(the greater the number of electrons) 
we send through the wire, the more 
lines of force there will be-just as 
we might naturally expect. Further- 
more, revereing the direction of the 

current will reverse the direction of 
the magnetic lines of force. 

If we bend the wire into a loop or 
single -turn coil as shown in Fig. 1B, 
the lines of force all pass through the 
center of the loop in the sauce direction 
and give a concentration of magnetic 
flux there. The greater the current, 
the more flux we have passing through 
the coil. 

If we add more turns of wire as in 
Fig. 2, still more flux is concentrated 
inside the coil. Each current -carrying 
turn of wire contributes its share of 
flux to the total amount, so the more 
turns of wire we have in a coil, the 
more flux we get from a given current 

MAGNETIC LINES OF FORCE 

ELECTRON FLOW THROUGH 
T MANY TURNS OF WIRE 

FIG. 2. A coil is simply a device which con- 
centrates in a useful manner the magnetic lines 

of force produced by moving electrons. 

The number of turns is, therefore, 
just as important a factor as current 
in determining how much flux a coil 
will produce. Many of these facts 
you will recognize as a review of what 
you have already studied about mag- 
netic lines of force. 

MAGNETIC CIRCUITS 

The magnetic lines of force which 
are produced by a coil can exist only 
as complete loops having no ends, pass- 
ing through and around the coil turns 
which produced the lines. Thus, the 
linen of force going out of the coil 
at the left and into it at the right 
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in Fig. 2 are each portions of complete 
loops like those shown above and 
below the coil. In many cases, it 
would be impractical to show complete 
loops on diagrams, so for convenience 
we show only those portions of the 
loops in which we are most interested. 

Each coil may have thousands of 
such loop paths, all passing through 
part or all of the coil and going out 
in all directions from the ends of the 
coil. Together, the paths of these mag- 
netic lines of force make up the mag- 
netic circuit of the coil. 

The material inside a coil is called 
the core of the coil. Sometimes the 
core material is continued around the 
outside of the coil, and then forms 
the chief magnetic circuit of the coil. 

When the path for the magnetic 
lines is entirely through air, as it is 
in Fig. 2, we have an air -core coil. 

When a coil of wire is wound or 
placed around an iron or steel ring, as 
shown in Fig. 3, magnetic lines of force 
are produced in this core by the cur- 
rent flow in the coil turns. As we will 
shortly see, the iron core is a better 
magnetic circuit than air, and a greater 
number and concentration of flux lines 
exists. This is called an iron -core 

FIG. 3. A coil wound onan iron ring pro- 
duces more flux and a greater concentration of 
flux than a similar coil having only air for a core. 

coil, and you will often meet it in 
radio work. The iron core will usually 
have some other shape than a ring, 
but there will usually be a continuous 

t/m« in, W e.;., Ie 116.41. e 

The direction -finding loop antenna of this 30 - 
ton Douglas DC -4 transport plane, being in- 
spected here by a United Air Lines communi- 
cation engineer, is nothing more than a coil 
enclosed in a tubular aluminum hoop. It is 
mounted inside the nose of the plane, but the 
magnetic fields of radio waves from beacon 
stations go right through the non-magnetic 
metal covering of the plane and through the 

loop housing. 

path through iron for the magnetic 
lines of force. 

Three Magnetic Terms. The mag- 
netic circuit of a coil is just as im- 
portant to us as the electric circuit in 
which the coil is connected. In fact, 
magnetic circuits are similar to electric 
circuits in many ways, and have terms 
which correspond to the voltage, re- 
sistance and current of an electric cir- 
cuit. The terms are magnetomotive 
force, reluctance and flux, 'tnd they 
have the same relationship to each 
other as that expressed by Ohm's Law 
for voltage, resistance and current in 
an electric circuit. 

1. Magnetomotive Force. Just 
as we have an electromotive force or 
voltage which forces current around 
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an electric circuit, so do we have in 
every current -carrying coil a mag- 
netomotive force which forces the flux 

around the magnetic circuit. 
A true indication of the strength 

of the magnetomotive force of a coil 
can be obtained by multiplying the 
coil current in amperes by the number 
of coil turns, giving the number of 
ampere -turns. The greater the mag- 
netomotive force (ampere -turns), the 
more flux it sends through the mag- 
netic circuit, other things being equal. 
This corresponds to the Ohm's Law 
relationship that increasing the volt- 
age will increase the current. 

A clear understanding of ampere - 
turns can prevent plenty of headaches 
if you ever wind experimental coils 
for electromagnets or relays. For ex- 
ample, adding more turns of the same 
size wire doesn't do any good if you 
still use the same coil voltage, because 
it doesn't change the ampere -turns. 
Here is the explanation: The extra 
wire increases the coil resistance, and 
this reduces the current just enough 
to offset the increase in turns. 

EXAMPLE: A 50 -turn coil carry- 
ing 4 amperes gives 200 ampere -turns. 
Adding 50 more turns of the same wire 
gives 100 turns, but doubles the coil 
resistance. Therefore, if the coil volt- 
age is the same as before, the extra 
turns just about cut the current in 
half, to 2 amperes. Multiplying 2 by 
100 gives 200 ampere -turns, so the 
strength of the magnetic field stays 
the same even though the turns were 
doubled. 

It should be pointed out that many 
radio coils are used in circuits where 
the resistance of the coil is negligibly 
small in comparison to the total re- 
sistance of the circuit. Here the coil 
current stays essentially the same even 
though we double the coil resistance, 
so inoreasing the umber Qi turne in- 

creases the ampere -turns and gives a 
more powerful coil. 

Remember, then, that the magneto - 
motive force (the force which sends 
magnetic flux around the magnetic 
circuit of a coil) depends upon the 
number of ampere -turns in the coil. 
The more ampere -turns we have, the 
more flux we get. 

2. Reluctance. Just as resistance 
limits the amount of current flow in an 

Magneto - 
motive 
Force 

(NxI) 

Reluctance 

Magnetic Flux 

Current 

J. 
Electromotive =- 

Force 
(SOURCE VOLTAGE) T 

FIG. 4. Similarity between magnetic and elec- 
tric circuits. The total reluctance is here the 
reluctance of the air through which the mag- 
netic flux loops flow. Lines of force go out 
of the ends of the coil in all directions, but 
only a few of the lines can be shown in a 

diagram of this nature. 

Resistance 

electric circuit, so does the flux path 
of every magnetic circuit have reluc- 
tance which offers opposition to mag- 
netic flux. This reluctance is distrib- 
uted along the entire path taken by 
the flux, but for study purposes it can 
be considered as concentrated at one 
point like a resistor. The comparison 
between reluctance and resistance is 
shown in Fig. 4. Here the magnetic 
path ie through air. 
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The lower we make the total reluc- 
tance of a magnetic circuit, the more 
flux we will get from a given magneto - 
motive force. This corresponds to the 
Ohm's Law relationship that lowering 
the resistance increases the current. 
On the other hand, increasing the re- 
luctance cuts down the amount of flux. 

From the standpoint of reluctance, 
all materials can be divided into two 
groups: 1. Non-magnetic materials; 
2. Magnetic materials. 

Non -Magnetic Materials. In this 
group, we have air and other non-mag- 
netic materials, like paper, glass, Bake- 
lite, wood, brass, aluminum and cop- 
per. A coil having only non-magnetic 
materials in its core and in the form 
which supports the wire is an air -core 
coil, because the magnetic circuit has 
the high reluctance of air. 

Magnetic Materials. This group 
includes iron, steel, ferrous (iron) al- 
loys, and a few other metals and al- 
loys which give magnetic circuits a 
lower reluctance than air. 

Magnetic materials make it possible 
to secure large amounts of flux with 
only moderate values of magnetomo- 
tive force. A coil having magnetic 
material in its magnetic circuit is 
known as an iron -core coil. 

How Reluctance Affects Flux. You 
can think about reluctance much as 
you do about resistance. Thus, the 
longer the magnetic circuit, the higher 
is its reluctance. (Compare with an 
electric circuit, where increasing the 
length of a wire increases its total 
resistance.) Conversely, shortening 
the path for flux decreases the total 
length of the magnetic circuit and 
thereby decreases the total reluctance. 

The greater the cross-sectional area 
of a magnetic circuit, the lower is its 
reluctance. (In electricity, the thicker 
a wire, the lower is its resistance for 
a given length.) Conversely, reducing 
the cross-sectional area of the mag- 
netic path increases the reluctance. 

The kind of magnetic material used 
has considerable bearing on the total 
circuit reluctance. Some materials are 
better magnetic conductors than 
others; the technician says the ma- 
terial has better permeability, just as 
copper has better conductivity than 
iron and therefore provides a lower - 
resistance path for current. 

Permeability. The radio term which 
most conveniently expresses how much 
more flux we will obtain with a given 
magnetic material than with air is 

Coif -teal/ Continental ltadlo & Teieoieian Corp. 

Coils are wound in many different shapes and 
sizes. In this cut -away view of the rear of a 

table -model Admiral receiver you see a basket - 
weave coil known by the trade name "Aero - 

scope," serving as a built-in loop antenna. 

permeability. In a practical sense, 
permeability expresses how well a ma- 
terial can conduct magnetic flux. (Per- 
meability comes from permeate, which 
means to pass through.) 

The permeability of a core material 
determines what the total reluctance 
of the core will be; when the permea- 
bility goes up, the reluctance goes 
down, and vice versa. 

The permeability of air and all other 
non-magnetic materials is by agree- 
ment given the numerical value of 1. 

Magnetic materials all have higher 
permeability values than 1, with ao- 
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tual values ranging from about 50 all 
the way up to 10,000, or even higher 
for certain special alloys. 

Air Gaps. In electrical circuits, we 
often find paths with different resist- 
ances in series. In magnetic circuits, 
we often find different magnetic ma- 
terials in series, as shown in Fig. 5. 
Here we have a magnetic circuit made 
chiefly of iron having low reluctance, 
but with a high -reluctance air gap at 
one point. 

This is an actual case where most of 
the reluctance is concentrated at one 
point (in the air gap), with the rest 
of the circuit having such low relue - 

LOW -RELUCTANCE IRON CORE 

HIGH -RE- 
LUCTANCE 
AIR GAP 

FIG. 5. The flux produced by this coil travels 
along a magnetic circuit consisting of an iron 
core and a short air gap. The total reluctance is 

but slightly higher than the air gap reluctance. 

tance that it is comparable to the 
conducting wires in the electric cir- 
cuit of Fig. 4. 

3. Magnetic Flux. Finally, cor- 
responding to current in an electric 
circuit we have magnetic flux (mag- 
netic lines of force) in a magnetic cir- 
cuit. Just as current is equal to volt- 
age divided by resistance, so is flux 
equal to magnetomotive force divided 
by reluctance. 

Summary. The Ohm's Law rela- 
tionships for these three magnetic 
characteristics can be summarized as 
follows: 

You can INCREASE the amount 
of flux either by increasing the mag- 
netomotive force or decreasing the 
reluctance. 

You can DECREASE the amount 
of flux either by decreasing the mag- 
netomotive force or increasing the 
reluctance. 

Every change in flux is thus due 
to a change either in magnetomotive 
force or reluctance. This thought is 
well worth keeping in mind during 
the remainder of your study of coils. 

Using Coils to Produce Motion 
There are a great many radio de- 

vices in which we use flux to produce 
motion. Typical examples are meters, 
loudspeakers and automatic switches 
(called relays). 

Three Explanations. There are 
three fundamental ways of explaining 
how current -carrying coils can produce 
motion. Once you clearly understand 
these fundamental explanations, you 
can choose whichever is the most con- 
venient for explaining the action of 
any motion -producing coil you may 
encounter. 

1. Attraction and Repulsion of 
Magnetic Poles. The basic law of 

magnetism which you took up in an 
earlier lesson (like poles repel, and 
unlike poles attract) is highly con- 
venient for explaining the operation of 
many types of coil devices. 

Whenever a magnetic circuit made 
of iron or other magnetic material is 
broken by an air gap, the ends of the 
iron core on each side of the air 
gap will have opposite magnetic po- 
larity due to the flux which flows 
through the iron magnetic circuit. The 
end which magnetic lines of force en- 
ter will be the S pole, and the end 
which lines of force leave will be the 
N pole. In other words, flux snag - 
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FIG. 6. Movement due to the attraction of 
unlike magnetic poles. 

netizes any magnetic material through 
which it passes. 

When you place a nail or other 
piece of iron on the pole of a perma- 
nent magnet, this nail acts like a mag- 
net, and is capable of picking up 
small iron objects. The nail alone 
would not do this, so we say that the 
nail is inductively magnetized by the 
flux from the permanent magnet. 

Since the core ends which are on 
opposite sides of an air gap have op- 
posite polarity, they tend to attract 
each other in accordance with the law 
of magnetism. If a portion of the iron 
magnetic circuit of a coil is movable, 
as is the case in Fig. 6, this attraction 
across the air gap will result in a 
motion which tends to bring the N 
and S poles closer together. 

If an electromagnet is pivoted in 
the air gap between N and S poles in 
the manner shown in Fig. 7A, the re- 
pelling action between like poles will 
cause rotation in a clockwise direction 
as indicated by the arrows. If there 

LIKE N 
POLES 
REPEL 

PIVOTED 
COIL 

1 

UNLIKE Î%J 

POLES C 

ATTRACT 

1 
FIG. 7. Rotation due to repulsion of like poles 

(A) and attraction of unlike poles (B). 

is no retarding force, this coil will 
finally come to rest at the position 
shown in Fig. 7B, in which the unlike 
poles are as close as they can get to 
each other. Magnetic poles thus at- 
tract and repel in the same manner 
regardless of whether they are on per- 
manent magnets, electromagnets or in- 
ductively magnetized pieces of iron. 

2. Position of Maximum Flux. 
In some cases it is more convenient to 
explain the action of a coil device by 
means of the following basic rule: 
Whenever a movable magnetic object 
is in or near a magnetic circuit, this 
object will tend to move to the posi- 
tion which gives maximum flux in the 
magnetic circuit. 

Q MINIMUM 
RELUCTANCE 

PIVOTED 
COIL 

Q MAXIMUM 
FLUX 

FIG. 8. Pivoted objects in magnetic circuits 
take the positions shown here. 

In the case of a movable iron ob- 
ject, this rule means that it will move 
to a position wherein its longest di- 
mension is parallel to the magnetic 
lines of force in its vicinity. The 
movable object is then placing as 
much as possible of its length in the 
magnetic circuit, thereby lowering the 
reluctance of the magnetic circuit and 
giving maximum flux. 

In the case of a movable electro- 
magnet, this coil will take a position 
wherein its flux acts in the same di- 
rection as the original flux. The two 
fluxes then add, so as to give maximum 
flux as specified by the rule. 

Thus, an iron object pivoted in the 
air gap between N and S poles of a 

7 



magnetic circuit will take the position 
shown in Fig. 8A, with its longest 
dimension parallel to the lines of force 
in the air gap. You will shortly learn 
that in this position the magnetic 
circuit also has minimum reluctance. 

A current -carrying coil freely piv- 
oted in the air gap between the N and 
S poles of a magnetic circuit will take 
the position shown in Fig. 8B. Its flux 
is then aiding the air -gap flux, thereby 
giving maximum flux. 

3. Position of Minimum Reluc- 
tance. Last to consider, but equally 
as useful, is the rule which says: A 
movable magnetic object located in or 
near a magnetic circuit will tend to 
take a position which makes the re- 
luctance of the magnetic circuit a 
minimum. 

Minimum reluctance occurs when 
the greatest possible portion of the 
magnetic circuit is through iron or 
some other low -reluctance magnetic 
material. 

The movable piece of iron in Fig. 6 
is moving to the position of minimum 
reluctance, because the reluctance is 
a minimum here when the air gap is 
closed up. Likewise, the pivoted iron 
object in Fig. 8A is in the position of 
minimum reluctance, because it is in 
the position which gives the shortest. 
possible air gaps. 

Since lowering of reluctance makes 
flux increase, the position of minimum 
reluctance is identical with the posi- 
tion of maximum flux. It is simply 
more convenient sometimes to think 
of reluctance rather than flux. Like- 
wise, since opposite poles at an air 
gap attract each other and tend to 
close up the air gap, thereby lowering 
the reluctance and increasing the flux, 
the law of magnetic attraction ex- 
presses exactly the same result as the 
other two ways of explaining the mo- 
tion produced by a current -carrying 
coil. 

Using Coils to Produce Voltage 
Some microphones and some phono- 

graph pick-ups are coil devices which 
use changes in magnetic lines of force 
(flux) to produce a voltage. The 
basic rule is: Whenever the flux link- 
ages of a coil are changed, a voltage 
is induced in the coil. Before going 
into the explanation of this rule, let 
us first see what flux linkages are. 

FLUX LINKAGES 

Let us imagine that we have four 
lines of flux (4 magnetic lines of force) 
passing through a 5 -turn coil, as il- 
lustrated in Fig. 9A. These lines of 
force can be produced by another coil 
or by a permanent magnet. (We will 
let straight lines represent flux, al- 
though we know that each of these 

2 TURNS 

straight lines is actually a portion of 
a complete loop of flux.) The elec- 
trical characteristics of this coil de- 
pend both on the number of turns in 
the coil and on the number of lines 
of flux passing through the coil. For 
convenience, radio men use the term 
flux linkage to describe this combina- 
tion of flux and turns in a coil. 

5 TURNS 

4 
LINES 

FLUX 
er do, 

FIG. 9. Multiplying turns by lines gives flux 
linkages for a coil. 
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There are plenty of coils in this interesting view of the r.f. section of a short-wave transmitter. The 

transmitter coils, without cores and with plastic spacer bars instead of forms, are prominent on top 
of the assembly. The box with a coil projecting from its back is a wavemeter, used to determine 
the approximate frequency at which the transmitter is operating. The bulb on top of the box lights 

up when the transmitter is properly adjusted. 

Definition of Flux Linkage. One 
flux linkage is equal to one line of flux 
passing through (linking with) one 
turn of the coil. Thus, 1 line of flux 
passing through 10 turns gives 10 flux 
linkages. 

When all the flux passes through all 
of the turns of a coil, the total flux 
linkage is obtained by multiplying the 
number of turns in the coil by the 
number of magnetic lines of flux pass- 
ing through all of the turns of the coil. 

As an example, with our 4 lines 
passing through the 5 turns, we would 
have 4 X 5, or 20 flux linkages. 
Clearly, it is much easier to say "20 
flux linkages" than to say "4 lines of 
flux passing through 5 turns." 

We can get the same number of flux 
linkages in a number of different ways, 
all off which will give exactly the same 
result. Thus, we can get 20 flux link- 
ages by having 10 lines of force pass- 

ing through 2 turns as in Fig. 9B, 
because 2 X 10 is 20. We can have 
5 lines of force passing through 4 
turns, because 5 X 4 is also 20. The 
important thing for you to remember 
is that flux (lines) times turns is 
equal to flux linkages. 

Changing Flux Linkages. Now 
imagine that we have the 5 turns 
shown in Fig. 9A, but we increase the 
number of lines of flux from 4 to 8. 

This increases the flux linkages from 
20 to 40, because 5 X 8 is 40. When- 
ever we increase the flux linkages of a 
coil in this manner, a voltage is in- 
duced in the coil, and this voltage is 
known as an induced voltage. 

If we decrease the number of flux 
linkages in a coil, such as by changing 
them from 40 back to 20 or from 40 
all the way down to 0, we will again 
have a voltage induced in the coil. 

The strength of the induced voltage, 
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depends not only upon how much we 
change the flux linkages, but also upon 
how long a time we take to make the 
change. If we change from 20 to 40 
flux linkages in 1 second, we will get 
a certain voltage (the exact value of 
this voltage is not important to us in 
this explanation). If, however, we 
change from 20 to 40 flux linkages in 
only 1/1000 of a second, we will get 
exactly 1000 times as much voltage 
as before. The faster the rate of 
change in flux linkages, the greater 
will be the induced voltage. 

There is no need to figure exact 
values of flux linkage in practical radio 
work, because we are concerned chiefly 
with the effects produced when flux 
linkages change from instant to in- 
stant. The one thing you should 
remember, however, is this simple 
induced voltage rule: 

Whenever the flux linkages of a coil 
are changing, a voltage is induced in 
the coil. 

Lenz's Law for Coils. The in- 
duced voltage in a coil always acts in 
a definite direction. This direction at 
any given instant depends on just two 
things-on the direction of the origi- 
nal flux, and on whether its flux link- 
ages are increasing or decreasing. 

The exact relationship between these 
things is expressed by a famous elec- 
trical law. It is known as Lenz's Law, 
because he was the first to realize 
that the direction in which an induced 
voltage acts can always be predicted 
beforehand. The law in its basic form 
is expressed as follows: 

LENZ'S LAW FOR COILS 

The induced voltage always 
acts in such a direction that 
it tends to oppose the original 
change in flux linkages. j 

FLUX 
- A 

B 4-41iaseac 
DIRECTION OF 

MOTION 

FIG. 10. Diagram illustrating how a conductor 
cutting across a magnetic field changes the flux 

linkages and gives an induced voltage. 

If the flux linkages are increasing, 
the induced voltage will tend to pre- 
vent the flux from increasing. This 
means that the induced voltage will 
be in such a direction that it will 
tend to send through the coil a current 
which produces a magnetic flux which 
opposes the original coil flux. The in- 
duced voltage thus tends to prevent 
the increase in flux linkages. 

On the other hand, if the flux link- 
ages are decreasing, the induced volt- 
age will be in such a direction that 
its current (when the coil circuit is 
complete) will produce a flux which 
aids the original flux, and thus tends 
to prevent the flux from decreasing. 

METHODS OF PRODUCING 

CHANGES IN FLUX LINKAGES 

The three basic methods of pro- 
ducing changes in the flux linkages of 
a coil are: 1. Cutting lines of force; 
2. Changing the reluctance; 3. Chang- 
ing the coil current. Each method will 
now be taken up in turn, after which 
actual radio devices using these 
methods will be studied. 

1. Cutting Linee of Force. 
Imagine a steady magnetic field pro- 
duced by a permanent magnet or elec- 
tromagnet, with a conductor (wire) 
located in this field and connected to 
a voltmeter (V), as shown in Fig. 10. 
When we move this conductor upward 
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through the flux in direction A, we 
induce a voltage into the conductor, 
and the voltmeter will indicate the 
presence of the voltage. 

We get this induced voltage because 
motion of the conductor changes the 
flux linkages of the single -turn coil 
formed by the conductor and the volt- 
meter circuit. Moving the conductor 
upward, for example, increases the 
number of flux lines which are passing 
through the loop, thus increasing the 
flux linkages. 

Sometimes it is easier to visualize 
and explain the production of an in- 
duced voltage by thinking of cutting 
lines of force. Whenever the con- 
ductor is moved through a line of 
force, it is cutting that line of force 

FIG. 11. FIG. 12. FIG. 13. 

The large heavy arrows indicate the direction 
of coil motion. 

momentarily, and this produces an 
induced voltage in the conductor. 

If we move the conductor parallel to 
the lines of force, as indicated by di- 
rection arrow B in Fig. 10, however, 
we do not get an induced voltage. We 
have neither cut lines of force nor 
changed the amount of flux passing 
through the coil, hence we have not 
changed the flux linkages of the coil. 

Exactly the same explanation ap- 
plies to Fig. 11, where an entire coil 
is being moved parallel to lines of 
flux. There is no cutting of lines, 
no change in flux linkages, and hence 
no induced voltage. 

When we move a coil across a mag- 
netic field as in Fig. 12, however, we 
are definitely cutting lines of force 

and changing the flux linkages of the 
coil, so we get an induced voltage. 

Likewise, we cut lines of force and 
get an induced voltage when we rotate 
a coil in a magnetic field, as illustrated 
in Fig. 13. Here we are changing the 
amount of flux which passes through 
the various turns of the coil. 

The faster we cut across lines of 
force with a conductor or coil, the 
faster we will be changing the flux 
linkages and the higher will be the 
induced voltage. 

2. Changing the Reluctance. 
Motion of a movable iron portion of 
the magnetic circuit of a coil will 
change the reluctance. Any change in 
the reluctance of the magnetic circuit 
will change the amount of flux which 
passes through the coil, thus changing 
the flux linkages of the coil and in- 
ducing a voltage. Remember, when- 
ever there is a change in flux linkage, 
a voltage will be induced. 

3. Changing the Coil Current. 
When two coils are arranged as shown 
in Fig. 14, whereby the flux produced 
by current -carrying coil L passes 
through coil L,, we can induce a volt- 
age in coil L, simply by changing the 
current through coil L. By changing 

RHEOSTAT CHANGES 
COIL CURRENT- 

FIG. 14. This diagram shows how a change In 
current in one coil can induce a voltage In 

another coil. 

the current, we change the amount of 
flux produced by L. This changes the 
amount of flux passing through L1, 
thereby changing its flux linkages and 
producing the induced voltage. The 
faster the current is changed, the 
faster the flux linkages will change 
and the greater will be the induced 
voltage. 
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Changes in current are usually se- 
cured in radio coil devices simply by 
sending alternating current through 
the flux -producing coil. An alternat- 
ing current is varying continually in 
value from zero to maximum values 
in either direction, so it makes flux 
linkages change continually. 

The higher the frequency, the more 
cycles of change there are per second 
and the faster is the current changing 
at all times. Therefore, increasing the 
frequency makes current, flux, and flux 
linkages all change faster, giving a 

higher induced voltage. 

EXAMPLES 

The best way to understand (not 
memorize) basic radio principles is by 
seeing how they are app'ied in actual 
radio parts. The following examples 
of voltage -producing devices will 
therefore familiarize you with these 
important principles and at the same 
time make you acquainted with the 

HOW A Dynamic Microphone WORKS 

SOUND WAVE SOUND WAVE 

DIAPHRAGM 
COIL 

PERMANENT © `J 
FIG. 15. Simplified cross-section views of a 

dynamic microphone. 

construction and operation of some 
highly important radio parts. 

Dynamic Microphone. This is 
an example of a voltage -producing 
radio device in which the changes in 
flux linkages are produced by making 
a coil cut magnetic lines of force. 

The general construction of a dy- 
namic microphone is shown in Fig. 

15A. A strong fixed magnetic field is 
produced by a permanent magnet in- 
serted in the central soft iron core. 
Two return paths through iron, with 
an air gap in each one, are provided 
to complete the magnetic circuit of 
the permanent magnet from its lower 
end to its upper end. 

Modern Dynamic Microphones 

The voice coil is attached to a 
flexible metal diaphragm in such a way 
that this coil moves in and out of the 
flux in the air gap whenever the dia- 
phragm is moved up and down by 
sound waves. 

When the voice coil is at the normal 
at -rest position determined by the 
springiness of the diaphragm (Fig. 
15A), only a few turns of the voice 
coil are in the air gap. Only a part 
of the total air gap flux passes through 
these few turns, hence the number of 
flux linkages is quite small. These 
flux linkages are constant when the 
coil is at rest, hence no voltage is 
induced in the coil. 

When sound waves push the dia- 
phragm down, the coil moves farther 
into the air gap, as in Fig. 15B, cut- 
ting magnetic lines of force and thus 
increasing the flux linkages of the 
voice coil. This induces a voltage in 
the voice coil. 

When sound waves pull the dia- 
phragm up, the coil moves out of the 
air gap as in Fig. 15C, cutting those 
lines of force which formerly were 
passing through some of the coil turns. 
Now we are reducing the flux linkages, 
and again we have an induced voltage.. 
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The voice coil thus cuts magnetic 
lines of force and changes its flux 
linkages whenever the coil is in mo- 
tion. As a result, the voltage induced 
in the coil is an a.f. voltage correspond- 
ing to the sound wave which causes 
the movements of the diaphragm and 
voice coil. 

Magnetic Phono Pick-up. Here 
is an example of a unit which depends 
for its action upon a change in reluc- 
tance. The series of diagrams in Fig. 
16 will help you to understand the 
construction and operation of one 
of these units. 

This phono pick-up unit is designed 
for lateral -cut phonograph records, 
where the groove is always the same 
depth but wiggles from side to side in 
accordance with the audio signal. In 
following the wavy path of a groove, 
the phonograph needle moves from side 
to side. This causes the pivoted iron 
armature to rock back and forth be- 
tween the two U-shaped soft iron 
pieces, one of which is on the inside of 
each pole of the horseshoe -shaped per- 
manent magnet. 

When the groove in the phonograph 
record is straight, as during a moment 
of silence in a recording, the pivoted 
armature has the mid -position shown 
in Fig. 16A. Flux now divides about 
equally over the two paths from the 
N poles to the S poles because both 
paths have about the same reluctance, 
and there is essentially no flux travel- 
ing vertically through the armature. 
As a result, there is no flux passing 
through the coil and no flux linkages 
in the coil. 

When the needle tilts the armature 
to one side, as shown in Fig. 16B, the 
lowest -reluctance path is that shown 
by the dotted arrows in this dia- 
gram. The farther the top of the 
armature tilts to the left, the lower 
becomes the reluctance and the more 
flux flows through the armature. This 

changing flux induces a voltage in the 
coil which surrounds the armature. 
The flux is changing continually be- 
cause the phonograph needle is mov- 
ing continually from side to side as 
it rides in the groove. 

When the needle tilts the armature 
the other way, the flux will travel in 
the opposite direction through the 
armature, as indicated in Fig. 16C. 

ti 
HORSESHOE -SHAPED 
PERMANENT MAGNET 

COIL 

U -SHAPED SURROUNDING 

PIECE OF 
ARMATURE 

RUBBER 
SOFT IRON DAMPERS 

A NEEDLE 
PHONOGRAPH 

FLUX FLOWS 
DOWNWARD 

IN ARMATURE 

NEEDLE 
MOVES 
TO RIGHT 

)s- 
PIVOTED SOFT 
IRON ARMATURE 

NEEDLE 
MOVES 
TC LEFT 

FIG. 16. Cross-section views illustrating the 
basic operating principles of a magnetic phono 

pick-up. 

When the needle moves continually 
back and forth between the positions 
of Figs. 16B and 16C during the play- 
ing of a record, the continually vary- 
ing and reversing flux in the armature 
and in the coil keeps the flux linkages 
of the coil changing continually, 
thereby inducing in the coil an a.f. 
voltage corresponding to the sounds 
recorded on the phonograph record. 

Rubber dampers prevent the top of 
the armature from "sticking" in any 
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A.F. TRANSFORMERS POWER TRANSFORMERS 
examples of iron -core transformers you will encounter in radio receivers. 

one position, and also prevent it from 
vibrating too greatly under certain 
conditions. 

Transformer. The best-known 
example of a radio part in which 
changes in flux linkages are secured by 
changing the coil current is the trans- 
former. The basic construction of 
one type of transformer, an iron -core 
unit, is shown in Fig. 17 to illustrate 
the basic principles involved. 

Two coils are wound around the 
central part of the iron core. These 
coils could be placed side by side as 
shown in the diagram. In actual 
units, however, one is usually wound 
over the other, with insulating cloth 
between, because this gives lower man- 
ufacturing costs without affecting 
performance. 

The winding through which we send 
the current from our voltage source is 
called the primary winding, and is 
usually marked PRI. or P. The other 
winding, in which the voltage is in- 
duced, is called the secondary winding 
and is usually marked SEC. or S. A 
transformer will have only one pri- 
mary winding, but can have any 
number of secondary windings. 

When steady direct current is sent 
through the primary winding, this cur- 
-ent produces magnetic lines of force 
which take the paths shown in Fig. 17. 
['his flux passes through the secondary 
winding and gives it a definite num- 

ber of flux linkages. With direct cur- 
rent, however, the number of flux 
linkages does not change, and hence 
no voltage is induced in the secondary 
winding. 

Whenever we change the value of 
the primary current, the flux in the 
iron core changes accordingly, and 
hence the flux linkages of the sec- 
ondary winding change. As a result, 
a voltage is induced in the secondary 
whenever the primary current changes. 

When an alternating current is sent 
through the primary, we have a con- 
tinually varying primary current and 
correspondingly varying flux linkages 
in the secondary winding. The volt- 
age induced in the secondary under 
this condition is an a.c. voltage of the 
same frequency. A transformer thus 
transfers an a.c. voltage from one 
circuit to another without wire con- 
nections. 

FIG. 17. This diagram illustrates the basic 
principles of an iron -core transformer. Arrow 

lines indicate paths taken by magnetic Aux. 
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Basic Idea of Inductance 
Self -Induced Voltage. Up to the 

present time, we have studied what 
happened when coils were placed in 
magnetic fields produced by other de- 
vices. However, a coil can be en- 
tirely by itself, far away from other 
magnetic fields, and still have an in- 
duced voltage. Here is hcw this "self- 
induced" voltage is produced. 

When current is sent through a 
single coil, the coil produces its own 
magnetic field. And when this coil 
current changes, due to a change in 
the applied voltage, the magnetic field 
also changes in strength. Naturally, 
this magnetic field links with the coil, 
so we have changing flux linkages in 
the coil. This means that there is an 
induced voltage in the coil, produced 
by the coil itself and hence called a 
self-induced voltage. Lenz's Law says 
that this self-induced voltage must be 
in such a direction that it opposes the 
original change. 

As an example, when we increase the 
coil current by boosting :he applied 
voltage, we get an induced voltage 
which opposes the applied voltage and 
thus opposes the increase in applied 
voltage. The important thing for you 
to realize is that the induced voltage 
always opposes the change which is 
producing the induced voltage. If we 
didn't have this natural opposition 
to changes-if instead the induced 
voltage aided the change-then the 
induced voltage would build up to 
tremendously high values and destroy 
the coil. 

Inductance. The characteristic 
which determines how much voltage 
will be induced in a coil by a given 
change in current is called inductance. 
Inductance is one factor which de- 
termines how much the self-induced 
voltage will be. More specifically, 

the electrical size or inductance of a 
coil determines how much change in 
flux linkages will be obtained with 
a given change in coil current. The 
higher the inductance, the greater will 
be the change in flux linkages for a 
given current change. 

Units of Inductance. The basic 
unit of inductance is the henry. It is 
named after Professor Joseph Henry, 
an outstanding American scientist who 
announced the results of his coil ex- 
periments in 1832. The henry specifies 
the amount of flux linkages produced 
by an ampere of current. If one am- 
pere produces 100,000,000 flux link- 
ages in an air -core coil, the coil has 
an inductance of one henry. 

All coils, including iron -core coils, 
are said to have an inductance of one 
henry when a current change of one 

(.'',orór'oL (nn, rut /.(ortrer Co. 

Inside the cardboard housing of the "Beam -A - 
Scope" in this General Electric console receiver 
is a large coil which serves as a built -In loop 
antenna. The three cylindrical shield cans on 
top of the chassis contain r.f. and i.f. coils, and 
the two loudspeakers have iron -core coils. 
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ampere in one second produces a self- 
induced voltage of one volt. 

Although some of the iron -core coils 
used in radio have inductance values 
ranging as high as 1000 henrys, air - 
core radio coils have inductance values 
of only a small fraction of a henry. 
For convenience in specifying in- 
ductance values of air -core coils and 
small iron -core coils, we frequently 
use another unit of inductance called 
the millihenry. One millihenry is 
equal to one -thousandth of a henry, 
hence there are 1000 millihenrys in 
one henry. Here are some examples: 
500 millihenrys is equal to .5 henry; 
9000 millihenrys is equal to 9 henrys. 

A still smaller unit of inductance 
occasionally encountered in radio is 
the microhenry. It is equal to one - 
millionth of a henry. It takes one 
thousand microhenrys to make one 
millihenry. 

Factors Affecting Inductance. 
The inductance of a coil is determined 
by the number of turns in the coil, by 
the shape of the coil, and by the ma- 
terial used in the core of the coil. It 
is possible to calculate by means of 
formulas the inductance which will be 
obtained with any combination of 
these factors, but practical radio men 
do not particularly need to know such 
design procedures. 

It is entirely sufficient to know that 
when you increase the number of turns 
in a coil, the inductance will increase 
likewise. If you reduce the number 
of turns, the inductance will go down. 
Furthermore, the change in inductance 
will be somewhat faster than the 
change in turns. 

It should be pointed out that in- 
ductance is not necessarily limited to 
coils. Even a straight wire has in- 
ductance; in fact, straight wires or 
straight pipes are actually used as in- 

ductances in ultra -high -frequency 
equipment. The inductance value is 
too small for the type of radio receiv- 
ers we use in our homes, but becomes 
effective and useful at ultra -high fre- 
quencies. 

A. C. Voltage Drop of a Coil. 
We have learned that whenever the 
flux linkages of a coil are changed in 
any way, a voltage is induced in the 
coil. Therefore, if we send alternating 
current through a single coil, the con- 
tinually changing flux linkages will 
cause an a.c. voltage to be induced in 
the coil itself. 

Coartery 8arber-Calman Co. 

A single coil wound on an iron core provides 
the varying magnetic field which operates this 
small a.c. motor, used to drive the magnetic 
tuning unit of a radio receiver. The "squirrel - 
cage" armature at the upper right fits into the 
hole above the coil, being supported there by 
two bearing assemblies like that shown at the 

lower right. 

Since an induced voltage always 
opposes whatever force is producing 
it, a self-induced a.c. voltage in a 
coil opposes the a.c. source voltage. 
This is why a self-induced voltage is 
sometimes known as a back e.m.f. or 
counter e.m.f. 

The back e.m.f. in a coil is the a.c. 
voltage drop appearing across the coil. 
Just as the voltage drop across a re- 
sistor is due to current flowing through 
the opposition in ohms of a resistor, 
so is the a.c. voltage drop (back e.m.f.) 
of a coil due to the opposition in ohms 
which the coil offers to alternating 
current. This coil opposition is known 

16 



Uourteay Henry L. C owney de Cu., Inc. 

These two molded cup -shaped outer pieces and 
'the cylindrical iron core of pulverized iron 
will, when assembled, form a complete magnetic 
core for the r.f. choke coil, greatly increasing 

its inductance. 

as inductive reactance, and is well 
worth thorough study now because it 
determines how much alternating cur- 
rent will flow through a coil in a par- 
ticular radio circuit. 

Inductive Reactance. The op- 
position in ohms which a coil offers to 
the flow of alternating current varies 
with frequency. This explains why 
the frequency.value is included in the 
following rule for figuring the induc- 
tive reactance of a coil: 

The inductive reactance in ohms of 
a coil is equal to the inductance of the 
coil in henrys multiplied by 6.28 times 
the frequency in cycles. 

By using letter notations for some 
of these terms, we can express this 
relationship more conveniently by an 
equation or formula. The notation 
XL is used to represent inductive re- 
actance. The smaller letter f is used 
to represent frequency. The letter L 
is used in formulas to represent in- 
ductance. With these notations, the 
inductive reactance in ohms of a coil 
can be expressed by means of the fol- 
lowing formula: 

XL = 6.28XfXL 
You will occasionally find this form- 

ula written as XL = 2n f L; n is the 

Greek letter pi (pronounced pie) 
which is commonly used to represent 
the mathematical number 3.14, and 
2n is 2 X 3.14, or 6.28, the number in 
our first formula. 

Example: Suppose we wanted to 
know the inductive reactance of a 30 - 
henry choke coil at 120 cycles. The 
formula is: 

XL 6.28 XfXL 
Substituting 120 for f and 30 for L 
gives 

XL= 6.28X120X80 

Multiplying these three numbers to- 
gether gives 22,608 as the value of XL. 
This coil would therefore have an op- 
position (inductive reactance) of 
about 22,600 ohms in a 120 -cycle 
alternating current circuit. 

Courtesy Henry L. Urortey t (Jo., Iwo. 

Examples of pulverized iron cores used in 
adjustable ri. coils. Each screw is slotted at 
the end for adjusting purposes; rotating the 
screw with a screwdriver moves the core into or 
out of the coil, thereby changing the inductance. 
This method of changing the inductance of 

coil is often called permeability tuning. 

At 60 cycles, the inductive reactance 
of this coil would be 6.28 X 60 X 30, 
or 11,300 ohms, which is exactly half 
the reactance at 120 cycles. At 120,- 
000 cycles, the inductive reactance 
would be 6.28 X 120,000 X 30, or 
22,600,000 ohms. Inductive reactance 
thus varies directly with frequency. 
These examples are given not because 
you will solve such problems as a tech- 
nician, but to show you how reactance 
varies with frequency, and to show 
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that the reactance also varies with the 
inductance of a coil. 

Just as a matter of comparison, we 
might point out that in a direct cur- 
rent circuit, the only opposition this 
30 -henry coil would offer to the flow 
of current would be that due to the re- 
sistance of the copper wire in the 
coil-about 400 ohms for a coil of this 
size. This d.c. resistance will also 
affect alternating current, and will 
produce an a.c. voltage drop. This 
resistance value is negligibly small in 
comparison to the 22,600 -ohm induc- 
tive reactance at 120 cycles, so we 
normally neglect the a.c. voltage drop 
due to the resistance of the coil. 

Ohm's Law for Coils. Ohm's 
Law tells us how much alternating 
current will flow through a particular 
coil under given conditions, just as it 
does for resistors in direct current cir- 
cuits. We need to know only the in- 
ductive reactance of the coil in ohms 
and the effective value of the a.c. volt- 
age applied to the coil. The effective 
alternating current value in amperes 
is then equal to the a.c. voltage in 
volts divided by the reactance in ohms. 
(This assumes that the d.c. resistance 
of the coil is negligibly small in com- 
parison to its reactance.) 

The simple formula is I = E _ XL; 
you will recognize this as being very 
similar to I = E - R, the d.c. version 
of this Ohm's Law formula. 

Example: A coil having a reactance 
of 6000 ohms is to be connected across 
a 120 -volt a.c. power line. What cur- 
rent will flow through the coil? 

Since I is equal to E - XL, we di- 
vide 120 by 6000, and get .02 ampere 
as the a.c. coil current. 

The other two Ohm's Law formulas 
for coils having negligibly small re- 
sistance are E = I X XL (for use 
when you want to figure the a.c. volt- 
age drop across a coil) and XL = 
E - I (for use when you want to 

figure the inductive reactance of a 
coil). 

Mutually Coupled Coils. When 
the two coils of a transformer are 
wound side by side or one over the 
other on a paper or fiber form, with- 
out any magnetic material in the core, 
we have an air -core transformer, and 
the two coils are mutually coupled 
through their magnetic fields. Air - 
core units are usually called r.f. trans- 
formers or i.f. transformers, because 
they are used chiefly in radio fre- 

quency (r. f.) and intermediate fre- 
quency (i.f.) circuits. 

Radio men often speak of r.f. coils 
when they mean r.f. transformers. An 
r.f. transformer does consist of two or 
more r.f. coils, so there is some justi- 
fication for this. Anyway, the terms 
are a part of the radio man's everyday 
language, so we might as well accept 
them. 

In two coils which are mutually 
coupled, the voltage induced in the 
second coil depends on three things: 
1. The frequency of the primary cur - 
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rent; 2. The effective value of the pri- 
mary current; 3. The mutual induc- 
tance of the two coils. Increasing any 
one of these three things will increase 
the induced voltage in the secondary, 
as explained later. 

Effect of Frequency. The higher 
the frequency of the primary current, 
the faster will the flux be changing and 
the greater will be the induced voltage 
in the secondary. 

Effect of Current. The higher the 
value of primary current, the more 
flux it will produce. Since this flux 
varies from a maximum value in one 
direction to zero and then to a maxi- 
mum in the other direction, more flux 
means a greater change in flux per unit 
of time and a higher induced voltage 
in the secondary. 

Mutual Inductance. This is a fac- 
tor which expresses in a practical 
manner the amount of coupling (flux 
linkage) between the primary and 
secondary coils of an air -core trans- 
former. The greater the mutual in- 
ductance value, the greater will be 
the voltage induced in the secondary 
of the transformer by a given change 
in primary current. 

Mutual inductance depends upon 
the sizes of both air -core coils, the 
number of turns on each coil, their 
relative positions and their distances 
apart. 

Mutual inductance is specified in 
henrys just like ordinary inductance, 
and is represented in formulas by the 
letter M. The higher the value of 
mutual inductance, the greater will be 
the induced voltage in the secondary 
coil. 

Sometimes you will find mutual in- 
ductance defined as follows: When a 
change of one ampere per second in 
primary current produces one volt in 
the secondary, the mutual inductance 
is one henry. This applies to any 
mutually -coupled coil. 

1_l L2 L3 
- 

OWHEN COILS ARE IN SERIES, 
THE INDUCTANCE VALUES ADD. 

WHEN COILS ARE IN PARALLEL, 

© THE COMBINED INDUCTANCE IS LESS 
THAN THE SMALLEST INDUCTANCE. 

FIG. 18. Coils combine exactly like resistors 

COILS IN SERIES AND PARALLEL 

It is worth knowing in a general 
manner what happens when coils are 
combined in series or in parallel, the 
coils being far enough apart so that 
their magnetic fields do not affect each 
other, or shields being used to prevent 
interaction of the coils. 

When coils are connected together 
in series, as shown in Fig. 18A, the 
combined inductance is the sum of the 
individual inductances. 

When coils are connected together 
in parallel, as shown in Fig. 18B, the 
combined inductance is less than the 
smallest inductance in the group. 

These rules for combinations of coils 
are exactly the same as for combina - 

Air -core transformers for short-wave transmitters. 
The amount of coupling between the two coils 
is varied in the left-hand unit by rotating a small 
inner coil, and in the right-hand unit by moving 
a link (one or two -turn coil) between the 

two coils. 
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tions of resistors. This fact makes it 
easy for you to remember how coils 
combine. 

Mutually -Coupled Coils in Series. 
When two coils are connected in series 
and are close enough together so that 
mutual inductance exists, we have in- 
teraction between the coils, and the 
combined inductance will be either in- 
creased or decreased by a factor equal 
to twice the value of the mutual in- 
ductance in henrys. Thus, if coil con- 
nections are such that the magnetic 
fields of the two coils aid each other, 
the combined inductance will be equal 
to Li + L2 + 2M. If the connections 
are such that the magnetic fields of 
the two coils oppose each other, the 
combined inductance will be Li + L2 

USEFUL FLUX 

PRIMARY SECONDARY 

FIG. 19. Leakage flux. In the average coil, 
the leakage flux is only a small proportion of 

the total useful flux. 

- M. Reversing the connections to 
one of the coils will reverse the effect 
of the mutual inductance factor. 

Leakage Flux. Flux which is pro- 
duced by the primary winding of a 
transformer but does not produce the 
maximum possible number of flux 
linkages with the secondary winding 
is called leakage flux. Two mutually - 
coupled air -core coils do not give the 
maximum possible transfer of voltage 
from primary to secondary because of 
this leakage flux. 

In a single coil by itself, the flux 
which is produced by some of the 
turns but does not link with all of the 

turns of the coil is called leakage flux. 
This is basically the reason why cer- 
tain shapes and sizes of coils give 
greater inductance for a given length 
of wire. 

The name leakage flux is used be- 
cause this flux "leaks" back around a 
path whereby it does not do its full 
quota of useful work. Examples of 
both types of flux are shown in 
Fig. 19. You will frequently encoun- 
ter the subject of leakage flux as you 
continue your study of radio. 

VARIABLE INDUCTANCES 

In some receiver and transmitter 
circuits, it is necessary to provide 
means for changing the inductance 
value of the coil in a radio circuit. 
Thus, in receivers having more than 
one band, different inductance values 
are needed for each band. This can 
be done in a number of different ways, 
which we will now consider, one at 
a time. 

Changing Entire Coils. One way 
to change quickly from one inductance 
value to another is by means of plug- 
in coils, which fit into sockets in the 
chassis and can be changed just like 
tubes are changed. Plug-in coils are 
used today chiefly in experimental re- 
ceivers, communications receivers and 
transmitters, for band -changing pur- 
poses so as to permit reception or 
transmitter operation in a particular 
band of frequencies. 

A more convenient way of changing 
coils, used in many modern all -wave 

Examples of plug-in coils used in experimental 
short-wave receivers. 
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receivers and communication trans- 
mitters, is by means of a band -chang- 
ing switch which disconnects one set 
of coils completely and connects an- 
other set in its place when the switch 
knob is rotated. Sometimes the coils 
are provided with taps, and the band - 
changing switch makes connections to 
the taps which place the desired num- 
bers of turns in the circuits. 

Variometers. The inductance of 
a coil can be varied gradually be- 
tween two values with a variometer. 
This is simply a variable inductance 
in which one coil is rotated inside a 
larger coil. The two coils are con- 
nected in series. Rotation of the in- 
side coil changes the amount of cou- 
pling between the two coils, changing 
the mutual inductance of the two coils 
and thus changing their combined in - 

Transmitter band -switching arrangement which 
makes it possible to connect any one of three 
coils into the circuit merely by turning the 
switch. Many all -wave receivers have similar 
band -switching arrangements, using smaller coils 

and more compact switches. 

ductance. Variometers were once 
widely used in receivers for tuning 
purposes, and are still to be found in 
some types of radio transmitters. 

Permeability Tuning. The in- 
ductance of a coil can be varied by 
moving a small cylindrical core of 
pulverized iron into or out of the coil. 
This varies the reluctance of the mag- 
netic circuit of the coil, which changes 
the amount of flux the coil can pro- 
duce, and thus varies the inductance. 

This method of varying inductance 

METAL (¡i 
SHIELD 

4 
ADJUSTING 
SCREW 

MOVABLE 
PULVERIZED 
IRON CORE 

SECONDARY 
COIL 

PRIMARY 
COIL 

TERMINAL 
LUG 

R.F. transformer with adjustable pulverized iron 
core. Tightening the adjusting screw raises the 
core out of the primary coil, thereby reducing 
the amount of coupling between the two coils. 

is usually known as permeability tun- 
ing, because as we include more of the 
iron in the magnetic path of the coil, 
we change the permeability of the 
magnetic path. Some modern receiv- 
ers are now using variable inductances 
like this with fixed condensers for 
tuning purposes, in place of variable 
condensers with fixed inductances. 

RESISTANCE OF A COIL 

When a coil is connected to a d.c. 
voltage source, direct current flows 
through the coil. The value of this 
steady direct current depends only on 
the d.c. resistance of the coil, which is 
simply the resistance of the copper 
wire used in constructing the coil. 
(The inductive reactance of the coil 
has no effect whatsoever on the 
amount of direct current which flows 
through the coil, as reactance exists 
and offers opposition only in a.c. 
circuits.) 

Although copper wire has a lower 
resistance per unit length and thick- 
ness than almost any other material 
you encounter in radio, coils are some- 
times made with so much fine copper 
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wire that they have d.c. resistance 
values even higher than 1000 ohms. 
On the other hand, some coils are 
made from only a few turns of large 
wire, so their d.c. resistance is consid- 
erably less than 1 ohm. 

A knowledge of d.c. resistance values 
of coils is extremely useful when hunt- 
ing for trouble in radio equipment. 
Just by comparing the measured d.c. 
resistance of a coil with the value 
specified on the circuit diagram, you 
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FIG. 20. The d.c. resistance values of coils 
are often given on circuit diagrams of radio 

receivers, much in the manner shown here. 

may be able to tell whether or not a 
coil is defective. 

You will often find resistance values 
specified near the coil symbols on cir- 
cuit diagrams, much in the manner 
shown in Fig. 20 for typical coils of 
different types. This information is 
particularly useful when checking re- 
sistance or continuity in a circuit with 
an ohmmeter in order to locate a de- 
fective part, as you will learn when 
you begin mastering radio servicing 
techniques. 

Another practical use for d.c. resist- 
ance values of coils is in identifying 
the coils in the various bands of an 
all -wave receiver. Coils for short- 
wave bands always have less induct- 
ance than broadcast band coils. This 
means that short-wave coils have 
fewer turns, less wire and less resist- 
ance. The tuning coil having the 
lowest resistance can therefore be iden- 
tified as belonging to the lowest short- 
wave band (the highest -frequency 
band). The tuning coil having the 
most resistance will belong to the 
broadcast band. 

Using Ohm's Law. A coil in a 
direct current circuit acts exactly like 
a resistance insofar as the d.c. voltage 
source is concerned. This means you 
can use Ohm's Law to figure voltage, 
current and resistance values for coils 
in d.c. circuits, just as you do for re- 
sistors. For example, to figure the 
amount of direct current which will 
flow through a coil, you divide the d.c. 
voltage applied to the coil by the d.c. 
resistance of the coil (I = E - R). 

Coils Can Get Hot. In the pre- 
vious lesson, you learned that when- 
ever current flows through a resist- 
ance, heat is produced. The copper 
wire in a coil has resistance, and there- 
fore heats up exactly like a resistor. 
If you overload a coil by sending too 
much direct current through it, the 
wire in the coil melts and burns out 
just like an overloaded wire -wound 
resistor. When coils are sealed with 
pitch, as is the case in some output 
transformers and filter chokes, over- 
loading may melt the sealing com- 
pound, causing smoke and a charac- 
teristic burned odor. 

Magnet Wire. Coils are usually 
wound with one or more layers of 
insulated copper wire. You will find 
three types of insulation in common 
use-enamel, cotton and silk, used 
singly or in combinations like silk 
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CHOKE COILS 

UNSHIELDED SH ELDED BAKELITE 
R.F. CHOKE RS CHOKE CASE R.F.C. 

SECTION -WOUND 
R.F. CHOKE 

IRON -CORE 
CHOKE COIL 

Examples of choke coils you will encounter in 
radio receivers and transmitters. Single coils 
by themselves are called choke coils by radio 
men, and are used individually in radio circuits 
to offer opposition to alternating current with- 
out appreciably hindering the flow of direct 
current. Basket -weave windings (like that of 
the unshielded ri. choke) and criss-cross wind- 
ings give low distributed capacity (explained 
later), thereby improving the effectiveness of 

the coil' at high radio frequencies. 

over enamel and cotton over enamel. 
Wire in the sizes and types used for 
coils is popularly known as magnet 
wire, because at one time such wire 
was used chiefly for electromagnets. 

Coils are sometimes baked in a hot 
oven during manufacture to drive off 
moisture, then dipped in insulating 
varnish or molten wax to make them 
moisture -proof and to hold the turns 
of wire in position despite rough han- 
dling. 

NON -INDUCTIVE RESISTORS 

Wire -wound resistors made by wind- 
ing nichrome resistance wire around 
an insulating form are really small 
coils having high resistance. Often- 
times, the coil characteristics of these 
wire -wound resistors are highly un- 
desirable. This is particularly true 

in the high frequency radio circuits 
used in frequency modulation receiv- 
ers and transmitters, in television re- 
ceivers and transmitters, in ultra -high 
frequency police radio equipment, and 
in radio airplane locators. For these 
circuits we must use non -inductive re- 
sistors, which have no coil character- 
istics. 

Carbon and metallized resistors are 
considered as non -inductive resistors, 
for each one is a single straight rod 
without any turns or coils, having 
negligible inductance. 

Special windings are used on wire - 
wound resistors to get non -inductive 
characteristics. One example is the 
so-called "hairpin -type winding" 
shown in Fig. 21A. In this winding, 

c<p) 
CHAIRPIN 

-TYPE 
Non -Inductive Winding 

© SECTION -TYPE 
Non -Inductive Winding 

FIG. 21. Two ways of winding wire -wound re- 
sistors so they have practically no inductive 
characteristics. Arrows indicate directions of 

electron flow. 

the electron flow is in opposite direc- 
tions through any two adjacent wires, 
hence the magnetic fields produced by 
the adjacent wires are in opposite di- 
rections and cancel each other. The 
result is zero inductance. 

Another type of non -inductive wind- 
ing is shown in Fig. 21B. Here the 
resistor is made of an even number 
of sections, connected so current flows 
in opposite directions through adja- 
cent sections. The magnetic fields et 
adjacent sections cancel each other. 
and again we have zero inductance. 
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Simple Coil -Resistor Circuit 
We have already seen that when a 

coil alone is connected to an a.c. volt- 
age source, its reactance determines 
what current will flow. We now come 
to a practical case where a coil is 
used in series with a resistor in an 
a.c. series circuit. 

If we connect a coil and a lamp in 
series to a 115 -volt d.c. source, as in 
Fig. 22A, then connect d.c. voltmeters 
to measure the voltage drops across 
the coil and lamp, we will find that 
these voltages check with Kirchhoff's 
Voltage Law. In other words, the 
voltage drops will add up to 115 volts, 
the source voltage. 

Suppose, however, that we change 
to a 115 -volt a.c. source, as in Fig. 
22.8. With a.c. voltmeters being used 
now to measure the voltage drops, we 
find that the two voltage drops add 
up to 154 volts, which is much higher 
than the source voltage. Clearly, we 
cannot apply Kirchhoff's Voltage Law 
directly to a.c. circuits. 

We know this law must hold true 
because it is a fundamental radio law, 
so let us now see why it doesn't apply 
directly. Let us also investigate the 
special procedure a radio design engi- 
neer might have to use in order to 
make the law apply. This problem 
brings us for the first time to the sub- 
ject of phase. 

Phase. The voltage drops across 
the coil and lamp in Fig. 22B do not 
add up to the a.c. source voltage be- 
cause these a.c. voltage drops do not 
reach corresponding peak values at 
the same instant of time in each cycle. 
In other words, one a.c. voltage may 
be at the zero point in its cycle at the 
instant when the other a.c. voltage is 
at its maximum or peak value. We 
encounter this situation whenever we 
use coils or condensers along with re- 
sistors in radio circuits, and we say 

that there is a phase difference be- 
tween these a.c. voltage drops. 

The only time we can add directly 
the a.c. voltages which a.c. meters 
measure is when these voltages are in 
phase with each other (when all reach 
corresponding peak values in each 
cycle at the same instant of time, and 
all drop to zero together). This oc- 
curs only when all the parts in the 
circuit are identical (all are resistors, 
all are perfect coils or all are con- 
densers). Let us see how phase enters 
into the picture when we use a coil in 
an a.c. circuit. 

First of all, we can definitely say 
that the same value of alternating 
current flows through both the coil 
and the lamp in our a.c. circuit of 

COIL 

I15 -VOLT 
D.C. 

SOURCE 5 VOLTS HO VOLTS 

\/ 
LAMP Yi1- 

WITH D.C., THE VOLTAGE DROPS 
AO ADD UP TO THE SOURCE VOLTAGE - - - 

© BUT LOOK WHAT HAPPENS WITH A.C.! 

FIG. 22. Circuits illustrating the effects of 
phase in a.c. coil circuits. 
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Fig. 22B, because these two parts are 
in series. The curve in Fig. 23A 
shows how this current varies during 
each complete cycle. On diagrams of 
this type, time is always assumed to 
be zero at the extreme left of the 
curve, so the beginning of the cycle 
is at the left on the diagram. Time 
therefore increases to the right, and 
the end of the cycle is at the right. 

A lamp is a resistance, so this cur- 
rent produces across the lamp an a.c. 
voltage drop which is in phase with 
the current. The resistor voltage curve 
is shown in Fig. 23B for the same in- 
terval of time covered by the current 
curve in Fig. 23A. Compare these two 
curves, and you will see that voltage 
and current values for a resistor reach 
corresponding peak values in each 
cycle at exactly the same instant of 
time. 

The a.c. voltage across the coil is 
definitely not in phase with the circuit 
current. Technically speaking, the 
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FIG. 23. These two curves show that voltage 
and current velues for a resistor reach corres- 
ponding values at exactly the same instant of 
time. This means that voltage and current for 
a resistor are IN PHASE with each other. 

current in a perfect coil always lags 
the coil voltage by 90° (one -quarter 
cycle). The reason for this can be 
explained in a few sentences, with the 
aid of the circuit current curve in 
Fig. 2.4A.. 

First of all, we must remember that 
the a.c. voltage drop of a coil depends 
upon how fast the coil current is 
changing. 

Examining the current curve in Fig. 
24A, we see that the current changes 
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FIG. 24. The basic fact that a coil voltage is 

OUT OF PHASE with the coil current is 

shown by these two curves. 

very little-hardly at all-during time 
interval a. The current on this dia- 
gram is represented by the distance a 

point on the curve is from the hori- 
zontal reference line. Since points 1 

and 2 are both almost the same dis- 
tance above this line, the current is 
essentially the same at 2, the end of 
time interval a, as at the beginning 
(I). When the current doesn't change, 
the flux doesn't change, and hence the 
flux linkages do not change. No 
changes in flux linkages mean no in- 
duced voltage to act on an a.c. volt- 
meter connected across the coil, which 
explains why we find the coil voltage 
to be zero when we trace downward 
from point 2 to the coil voltage curve 
in Fig. 24B. 

At time interval b (Fig. 2.4A) , how- 
ever, the current is changing very rap- 
idly (it drops from the value at point 
3 all the way down to zero at point .4). 

The steeper (more vertical) the 
curve, the more change there is in 
current during a given interval of 
time. We therefore expect the Lg.. 
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The number of magnetic lines of force passing 
through a given area can actually be measured 
with this special instrument known as a flux - 
meter. When the exploring search coil (below 
the instrument) is rotated or moved in a mag- 
netic ReId, the resulting change in the flux 
linkage of this coil produces an induced volt- 
age which sends current through the meter. 
The meter scale is calibrated to indicate lines 
of force. (On this instrument, each small 
division on the scale represents a change of 
10,000 lines of force in a single -turn explor- 

ing coil.) 

coil voltage drop to be a maximum at 
the time of point 4, where the curve 
is most nearly vertical, and we find 
this to be true when we trace down- 
ward to the coil voltage curve. 

Continuing in this same way for 
other instants of time, we will find 
that when coil current is represented 
by the curve in Fig. 24A, the coil volt- 
age will vary as shown by the curve 
in Fig. 24B. 

If we carefully compare the two 
curves in Fig. 24, we will find that the 
coil voltage curve reaches its peak 
value exactly one -quarter cycle before 
the current curve reaches a corre- 
sponding peak. For example, at zero 
current the coil voltage is at its upper 
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peak (5), but the current does not 
reach its upper peak (2) until a quar- 
ter -cycle later. This is why we say 
that the coil voltage leads the current 
by one -quarter cycle, which is 90°. 
(One cycle is 360°, so one -quarter 
cycle is 90°, pronounced ninety de- 
grees.) This holds true for all per- 
fect coils. 

Of course, we can express this rela- 
tionship in another way if we prefer: 
The coil current lags 90° behind the 
coil voltage. Saying current lags volt- 
age is exactly the same as saying 
voltage leads current. 

Since the coil voltage is out of phase 
with the current, and the resistor volt- 
age is in phase with the current, we 
arrive at the fact that the coil and 
resistor voltages are out of phase with 
each other. A.C. voltages as read by 
a meter can be added directly only 
when they are in phase with each 
other, and consequently we cannot 
add these two a.c. voltages directly. 

Always remember that a.c. meters 
measure effective values of a current 
or voltage which is continually vary- 
ing. The meters read the same even 
though the current through them is 
varying, because meter coils cannot 
respond to such fast variations in 
current. 

If we had some means of measuring 
the exact values of our a.c. voltages 
all at the same instant, we would find 
that the instantaneous voltage drop 
values would add up to the exact value 
of the source voltage at that instant. 
We have no convenient meters for this, 
however, and there is no practical need 
for measurements of instantaneous a.c. 
values, so let us go on now and learn 
the correct way for combining out - 
of -phase a.c. voltages. 

Vectors. We have found that the 
coil and resistor (lamp) voltages reach 
their peaks at different times in each 
cycle. The simplest way to show the 



phase relationships of all voltages and 
currents in an a.c. circuit is by means 
of a single diagram in which rotating 
arrows represent the a.c. voltages and 
currents. These arrows are called 
vectors. 

The length of each vector indicates 
the amount of voltage or current, and 
the position of the vector with respect 
to the starting or reference line indi- 
cates the phase of the voltage or cur- 
rent with respect to the other voltages 
and currents. 

Each complete revolution of a vee 
tor represents one a.c. cycle. By gen 
eral agreement among radio and elec- 
trical men, vectors are always assumed 
to be rotating counter -clockwise, op - 
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FIG. 25. Vector diagrams like these are easy 
ways of showing how continually varying currents 
and voltages in a.c. circuits are related to 

each other. 

posite to the direction in which the 
hands of a clock move. Furthermore, 
the starting or reference position for 
all vectors is the vector position shown 
in Fig. 25A, which is a line going to 
the right horizontally from the center 
(0) of the vector diagram. 

In a series circuit, we almost always 
use current for our reference vector. 
To make the vector in Fig. 25A rep- 
resent the circuit current, we make the 
length of the vector proportional to 
the effective current value which 
would be indicated by an a.c. am- 
meter. We then put on thé arrow 
head, and label it with the capital 
letter ! to indicate that it represents 
current. 

The voltage drop across the lamp is 
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©SIMPLIFIED VERSION OF FIG. 22B 
REPEATED FOR YOUR CONVENIENCE 

FIG. 26. These simple vector diagrams tell the 
entire story about how the current and voltage 
are related to each other in the a.c. coil 

resistance circuit of Fig. 22B. 

in phase with the current, so the volt- 
age drop vector Vx will have exactly 
the same position as the current vector. 
We therefore draw voltage drop vec- 
tor V1z from 0 along the reference 
line, right over the current vector and 
in a length which is proportional 
to the effective a.c. value of the re- 
sistor voltage drop, just as in Fig. 
25B. Thus, we might let one inch of 
length along the vector line represent 
5 volts, 20 volts or any other value 
which gives a convenient size of vector 
diagram. This simple diagram now 
tells us at a glance that the voltage 
and current for the lamp are in phase 
with each other. Incidentally, a vec- 
tor diagram with overlapping vector 
arrows like this would be obtained for 
any resistor in any a.c. circuit. 

Next comes the coil voltage vector, 
which we know must be 90° ahead of 
the current. One complete vector rev - 
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olution is one cycle or 360°, so 90° 
will be one -quarter of a revolution. 
We must go one -quarter cycle counter- 
clockwise to get ahead 90°, so we draw 
coil voltage vector VL straight up 
from 0, as in Fig. MA. Coil voltage 
and current vectors 90° apart like 
this would be obtained for any perfect 
coil in any a.c. circuit. 

Only one voltage remains to be 
placed on our vector diagram-the 
source voltage. And now we learn 
the secret of making Kirchhoff's Volt- 
age Law apply to our a.c. circuit: If 
we take the vector sum of the voltage 
drops, they will add up to the source 
voltage E. 

To get the vector sum of voltage 
drops VL and VR on our diagram in 
Fig. 26B, we simply draw in dotted 
lines to complete a rectangle, then 
draw the diagonal of this rectangle 
from O. This diagonal line is the 
vector sum of the coil and resistor 
voltage drops, and is also equal to the 
source voltage, so we place an arrow 
on its other end and label it E. Since 
this vector is ahead of current vector 
I (remember that we have assumed 
counter -clockwise rotation), we say 
that source voltage E leads the circuit 
current. If we prefer to express it the 
other way, we would say that the 
current I lags the source voltage. 

If we made the lengths of the voltage 
vectors in Fig. 26B proportional to the 
actual effective a.c. voltage values 
(for instance, if we let each inch of 
length along the vector represent a 
definite amount of voltage), then 
measured the length of voltage vector 
E in Fig. 26B and converted it back 
to volts, we would find that it was 
exactly equal to the source voltage 
value. Kirchhoff's Voltage Law holds 
true for all a.c. circuits if we apply it 

in this way so as to take phase into 
account. 

The vector diagram in Fig. 26B thus 
tells us the complete story about volt- 
age and current relationships in our 
coil -resistor circuit shown in Figs. 
22B and 26B. 

Importance of Phase. A general 
knowledge of phase and vector dia- 
grams will help you to understand the 
actions of coils and condensers in a.c. 
radio circuits, and will make you a 
better -than -average radio man. You 
will understand why you do certain 
things when making adjustments or 
repairs, instead of just blindly follow- 
ing instructions. It is the men who 
know why and how who command the 
highest salaries in the modern world 
of radio. 

Later in your course, you will learn 
that the opposition of a coil can be 
balanced or cancelled by the opposi- 
tion of a condenser because of phase; 
you will find that hum can be balanced 
out of a receiver because of phase; 
pictures are black when they should 
be white in television receivers because 
of phase; radio beacons guide air- 
craft in the skies because the designer 
took account of phase among other 
things; and so the examples pile up. 
Phase, however, is not a subject which 
you can grasp in one lesson; you will 
understand it better and better with 
each succeeding lesson. 

LOOKING AHEAD 

You have now finished your study 
of the basic facts about resistors and 
coils. When you complete a similar 
study of condensers in the next les- 
son, you will have secured a thorough 
basic knowledge of these three impor- 
tant radio parts. 
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Lesson Questions 
Be sure to number your Answer Sheet 6FR-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this lesson immediately after you finish 
them, as instructed in the Study Schedule. This will give you the greatest 
possible benefit from our speedy personal grading service. 

1. What effect does an increase in the number of ampere -turns have on the 
amount of magnetic flux produced by a coil? 

2. Copy the following list on your Answer Sheet, and indicate after each 
material whether it is magnetic or non-magnetic. 

(a) Copper. Examples (do not copy these): 
(b) Sheet steel. 
(e) Plywood. (x) Brass. Non-magnetic. 
(d) Aluminum. (y) Air. Non-magnetic. 
(e) Cast iron. (z) Alnico alloy. Magnetic. 

3. When a pivoted iron object takes the position which gives minimum reluc- 
tance to the magnetic circuit of a coil, will we get maximum flux or mini- 
mum flux? 

4. How many flux linkages do we have when 25,000 magnetic lines of force 
pass through a 3 -turn coil? 

5. Will we get an induced voltage if we suddenly reduce the number of flux 
linkages in a coil? 

6. Is any voltage induced in a coil when the flux linkages are not changing? 

7. Why do we get an induced voltage in a current -carrying coil when we 
change the reluctance of the magnetic circuit of the coil? 

8. If a coil has an inductance of 2 henrys, what is its inductance in millihenrys? 

9. Is the inductive reactance of a coil the same at all frequencies? 

10. How many degrees out of phase with each other are the voltage and current 
in a perfect coil? 



SINCERE APPRECIATION PAYS 
Have you ever watched a dog respond to a friendly 

pat as a reward for obedience? Have you noticed 
how a child glows with joy when praised for good 
behavior? Have you ever felt your own brain cells 
respond with increased effort when you praise them 
by saying, "That's a fine piece of work, even if I did 
do it myself!"? 

Yes, everyone responds to sincere and merited 
praise. It is a tonic to both giver and receiver. It 
brings greater praise and appreciation hack to you. 
It costs nothing more than a smile and a few sincere 
words, but it can truly achieve miracles in happiness 
and success, and put real money in your pocket. 

Here are a few ways in which praise can speed up 
your radio career. Tell the family how much you 
appreciate their thoughtfulness in being quiet and 
not interrupting while you study. Make your radio 
servicing customers feel that you appreciate their 
business. Find ways to praise sincerely the business 
men, club leaders and public officials in your 
community. 

Time spent in figuring how to give sincere and 
deserved praise is well worth while. Let people know 
that you appreciate their fine work, and watch the 
breaks come your way. 

J. E. SMITH 
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STUDY SCHEDULE NO. 7 

For each study step, read the assigned pages first at your 
usual speed. Reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind, then answer the Lesson Questions for that 
step. Study each other step in this same way. 

1. How a Condenser Stores a Charge Pages 1-8 
Here is the fascinating story of how it is possible to cause electrons to redistribute 
themselves on the plates of a condenser and thus make this important part atore 
a charge. The voltage applied and the capacity determine the amount of charge. 
The capacity in turn depends on the physical dimensions of the condenser. 
Answer Lesson Questions 1 and 2. 

E1: 2. Typical Radio Condensers Pages 8-18 
This section is crammed full of practical information. You study the difference 
between types, learn to recognize them and see how the way they are made 
causes them to have certain defects. You'll fmd plenty of use for this informs- 

/ 
tion in your radio work. Answer Lesson Question 3. 

3. Connecting Condensers Together Pages 18-21 
Condensers are frequently connected in series or in parallel to get the proper 
capacity. The effects are exactly opposite to those obtained with coils or re- 
sistors. Also, you are introduced to leakage and its effects on voltage distribu- 
tion. Answer Lesson Question 4. 

9 4. How a Condenser Works with A. C. Pages 21-24 
This short section describes an important but little understood action-how 
a. c. can "flow" through a condenser. Read this several times carefully. An- 
swer Lesson Questions 5 and 6. 

5. A Simple Condenser -Resistor Circuit Pages 24-30 
When a condenser and resistor are connected together, several important actions 
occur. The condenser takes longer to charge and, with a. c., a phase shift 
occurs. Here is more about vectots. Answer Lesson Question 7. 

6. Voltage Division with R, L and C Pages 30-36 
Here is the "heart" of the lesson. You are introduced to some of the basic 
circuits you will find in every radio device and find out how condenser defects 
upset them. You will get more details later, but you should study and restudy 
this section. Answer Lesson Questions 8, 9, and 10. 

7. Mail your Answers For this Lesson to N. R. I. For Grading. 

8. Start Studying the Next Lesson. 
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RADIO CONDENSERS AND HOW THEY WORK 

How a Condenser Stores a Charge 

CONDENSERS 
are one of the four 

corner -stones of radio.. Like coils, 
resistors and tubes, condensers are 
found in every radio-even the tiniest. 
In fact, there are usually more conden- 
sers than there are of any other type 
of part. These condensers (acting in 
combination with other parts) are used 
to tune the set, to furnish the right 
power for operating the various sec- 
tions, to keep the currents in the 
proper paths, and to perform many 
other important tasks which must be 
done for the radio to operate properly. 
You'll- be meeting these useful devices 
all through your N.R.I. Course, but we 
should first study the types and basic 
actions of condensers before we take 
up their uses in combination with other 
parts. You'll want to learn about the 
defects occurring in condensers, as 
they cause more radio breakdowns 
than any other part, except possibly 
tubes. Hence, this lesson gives prac- 
tical facts about condensers and their 
troubles. 

What a Condenser Is. A con- 
denser* is a device for storing elec- 
tricity. Any condenser, no matter 
what type it is, consists essentially of 
two or more conducting surfaces sepa- 
rated by an insulator. The conducting 
surfaces are usually called plates, and 
the insulator is known as a "dielectric" 
(pronounced die -eh -LECK -trick). 

* A condenser does not "condense" any- 
thing. This is just the popular name for the 
part, which is more correctly called a capaci- 
tor by radio engineers. Similarly, capaci- 
tance is more proper than capacity. Hqw- 
ever, radio men have used these terms so 
long that they are accepted as correct. 

As you'll learn in this lesson, there 
are a great many types of condensers. 
They differ in construction, in kinds 
and shapes of plates, and in the dielec- 
trics used, but basically they all work 
the same way to store electricity. So 
before taking up the various types and 
their uses, let's see just how a conden- 
ser works. 

CHARGING A CONDENSER 

Let's first take the simple case of a 
condenser which has absolutely noth- 
ing-a perfect vacuum-between its 
plates. When such a condenser is con- 
nected to a battery, as in Fig. 1, the 
battery voltage makes electrons rush 
from the negative terminal of the bat- 
tery through wire a to plate A. There 
the electrons stop, because they cannot 
flow through the vacuum which sepa- 
rates them from plate B.* 

But although these electrons cannot 
move across the vacuum, their effect 
can. As you learned in an earlier les- 
son, electrons repel one another-that 
is, they try to drive one another away. 
This repelling action occurs even when 
the electrons are a considerable dis- 
tance apart, and are separated by a 
perfect vacuum. 

Thus, the electrons which have col- 
lected on plate A repel an equal num- 
ber of electrons from plate B. The 
electrons from plate B then flow into 

* The electrons normally do not have suffi- 
cient energy to escape from the plate and 
jump the gap. Later you will learn that if 
the voltage is too high, they can jump the 
gap between the plates. 
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wire b, and through the wire to the 
positive terminal of the battery. 

We thus have an electron flow, or 
current, from the battery to plate A, 
and an equal current from plate B to 
the battery but no flow between 
plates A and B. The flow of elec- 
trons onto plate A makes it negative, 
because it has an excess of electrons. 
The flow of electrons away from plate 
B makes this plate positive, because it 
has a scarcity of electrons. Thus, a 
difference in potential, or a voltage, 
exists between plates A and B. 

The electron flow continues until 
plate A is just as negative as the nega- 
tive battery terminal, and plate B is 
just as positive as the positive bat- 
tery terminal. As electrons do not 
flow across the gap, there can be no 
continuous flow of current. The elec- 
trons just flow long enough to make 
the condenser charge up so the con- 
denser voltage equals the battery volt- 
age. 

Notice the polarity of this voltage, 
shown in Fig. 2. As you go around the 
circuit, you find the condenser voltage 
opposes (bucks) the battery voltage. 
Therefore, when the condenser voltage 
is equal to the battery voltage, it can- 
cels the battery voltage and the flow 
of electrons stops. That is, after a 
condenser is charged, it does not act 
like a load-it resembles a source of 
voltage. Hence, we have the effect of 
two sources of voltage connected so 
as to buck each other out, leaving no 
voltage to maintain electron flow. 
When the condenser voltage is equal 
to the voltage of the battery, we say 
the condenser is fully charged. 

The Charged Condenser. Many 
people believe that a charged con- 
denser contains more electrons than an 
uncharged one. But what you have 
just learned shows that this idea is 
not accurate. It is true that the nega- 
tive plate has many more electrons 

than normal on it; however, each of 
these extra electrons has forced an- 
other electron out of the positive plate, 
so the total number of electrons on the 
condenser plates is unchanged. In 
charging a condenser, we increase the 
number on one plate and decrease 
those on the other-the same as if we 
transferred some electrons from one 
plate to the other around the circuit. 
The number of electrons added to the 
negative plate (and, of course, sub- 
tracted from the positive plate) is 
called the "charge" on the condenser. 

You may wonder what good it does 
to charge a condenser, since we don't 
change the total number of electrons 
on it by so doing. Well-suppose we 
disconnect the condenser from the bat- 
tery. The electrons on the negative 
plate must remain there, because they 
have no other place to go. Thus we 
have an unbalanced condition inside 
the condenser, with more electrons 
than normal on one plate and fewer 
than normal on the other. 

As you know, nature always tries to 
correct an unbalance of this sort. If 
we provide a path, the extra electrons 
on the negative plate will rush to the 
positive plate. In other words, if we 
connect the plates of our charged con- 
denser with a wire, a current will flow 
through the wire. (Of course, it will 
flow only for the time necessary for all 
the excess electrons to reach the posi- 
tive plate). 

Thus, you might consider a con- 
denser to be a kind of storage battery, 
or an electrical reservoir. Within 
limits, we can put electricity into a 
condenser whenever we wish, and draw 
it out again whenever we wish. This 
makes a condenser a highly useful de- 
vice in radio circuits. 

Amount of Charge. The charge on 
any particular condenser-which, as 
you just saw, is the number of elec- 
trons moved around the circuit-de- 
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pends on the voltage of the battery 
used to charge it. The higher the 
battery voltage, the more the charge 
will be. However, the voltage alone 
does not determine the amount of 
charge we can store in a condenser. 
The capacity of the condenser is just 
as important as the charging voltage. 
Let's see what is meant by this term 
"capacity." 

CAPACITY 

If we divide the amount of charge 
on any condenser by the voltage neces- 
sary to give it this charge, the result 
shows us the amount of charge that 
can be stored on that condenser by an 
applied voltage of one volt. This is 
called the "capacity" (sometimes 
"capacitance") of the condenser. We 
can express capacity by the equation 
C - Q/V, where C is the capacity of 
the condenser, Q is the charge it takes, 
and V the charging voltage. 

A 8 

EXTRA 
ELECTRONS 

FROM 
BATTERY 

EXTRA ELECTRONS 
ON "A" FORCE 

ELECTRONS OFF"B- 
TO BATTERY 

ELECTRON 

ELECTRON 
FLOW 

FIG. 1. When a condenser is connected to a 

battery, electrons collect on the negative plate, 
driving others off the positive plate as shown 

here. 

The capacity of a condenser is really 
a measure of its ability to store elec- 
tricity. A condenser with high capac- 
ity can store a great deal of electricity 
for a given voltage, while less can be 
stored in a condenser of lower capac- 
ity. For this reason, its capacity is 
usually the first thing a radio man 
wants to know about any condenser he 
uses. 

Units of Capacity. Just as ohms 
are the units of resistance and henrys 
the units of inductance, so farads (pro- 
nounced FAIR -ads) are the units of 
capacity. A condenser which stores 
6.3 million million million more elec- 

B + CHARGED 
CONDENSER + ® BATTERY T 

FIG. 2. No current flows when the condenser 
is charged to a voltage equal to the battery 
voltage. The condenser voltage then acts as a 

"bucking" voltage by being equal and oppo- 
site to the battery voltage as you progress 

around the circuit. 

trons (which is called a "coulomb" of 
charge) on its negative plate than on 
the positive plate when one volt is ap- 
plied to it has a capacity of one farad. 
Of course, a farad is a very large unit, 
so large in fact, that it is not practical 
for radio work. Instead, two smaller 
units are used: 

1. The microfarad, equal to one 
millionth of a farad. It is abbreviated 

mf., or mfd. 
2. The micro-microfarad, equal to 

one millionth of a microfarad. Its ab- 
breviations are µµf ., mm f ., or mmfd. 

All six abbreviations are frequently 
used in radio, so you should learn them 
all. The sign p. is the Greek letter 
"mu" (pronounced MEW). 

Sometimes it will be necessary for 
you to change a value in microfarads 
to its equivalent value in micro- 
microfarads, and vice versa. Learn 
these two simple rules, and you'll find 
it easy to make the change: 

Rule 1. To change mfd. to mmfd., 
move the decimal point six places to 
the right. 

Rule 2. To change mmfd. to mfd., 
move the decimal point six places to 
the left. 
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For example, suppose we have a ca- 
pacity of .001 mfd. and we want to 
know its value in micro-microfarads. 
We can write .001 as .001000. Then, 
moving the decimal point six places 
to the right (Rule 1) gives us 001000 
mmfd., or 1000 mmfd. Similarly, to 
express 250 mmfd. in microfarads, we 
would first write 250 as 000250, then 
move the decimal point six places to 
the left (Rule 2). This gives us 
.000250, or .00025 mfd. 

Incidentally, radio men usually pro- 
nounce .001 mfd. as point double oh 
one microfarad, or as point zero zero 
one microfarad. They would pro- 
nounce .00025 mfd. as point triple oh 
two five microfarad, or as point triple 
zero two five microfarad. 

WHAT DETERMINES CAPACITY 

Many times in your future radio 
work, you will use condensers whose 
capacities can be changed. So you 
will understand how and why such 
condensers work, let's now take up the 
important subject of what determines 
the capacity of a condenser. 

The ability to store a charge de- 
pends on the amount of repelling effect 
we can develop between the condenser 
plates, so we must either increase the 
number of repelling electrons or in- 
crease the repelling effect of the elec- 
trons to store a greater charge. It has 
been found that the capacity of any 
condenser depends on just four things 
-the area of the plates, the number 
of plates, the spacing of (distance be- 
tween) the plates, and the dielectric 
used. Let's see just how each factor 
affects capacity. 

1. Area. Besides acting across 
space to repel electrons from the posi- 
tive plate, the electrons collected on 
the negative plate repel each other. 
For a particular voltage, only a cer- 
tain number can be made to collect 
on a plate of fixed size, because they 

refuse to crowd too closely together. 
Increasing the area of the plates al- 
lows more "standing room" for elec- 
trons on the negative plate, so a 
greater charge is stored for the same 
voltage. If we double the overlapping 
area of the plates of a condenser, we 
double its capacity; if we triple the 
overlapping area, we triple the capac- 
ity; and so on. Notice that it is the 
overlapping area which is important- 
any section of the negative plate of 
a condenser which is not directly over 
a section of the positive plate does not 
greatly affect the capacity. You will 
see the practical use of this fact when 
we come to variable condensers a 
little farther along in this lesson. 

2. Number of Plates. Suppose we 
have three plates instead of two, ar- 

A 

FIG. 3. Adding plates increases capacity. 

ranged as shown in Fig. 3A. There will 
be a certain capacity formed between 
plates Al and B, and another capacity 
between A2 and the other side of B. 
As Al and A2 are the same size and 
connected together, they act like a 
single plate twice the size of either 
alone. Since both sides of plate B are 
used, the effective area is also twice 
that of one side of B. We thus have 
twice the effective plate area by add- 
ing one more plate. As you just 
learned, doubling the area doubles the 
capacity. 

The capacity can be further in- 
creased by adding more plates. In 
Fig. SB, we have capacities between 
Al and B1, B1 and A2, A2 and 132, and 
B2 and A3. Here we have four times 
the capacity that would be formed 
by . one pair of the same size plates. 
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Thus, the total capacity is equal to 
the capacity of one pair of plates, mul- 
tiplied by a number which is one less 
than the number of plates. For ex- 
ample, if a condenser has a capacity of 
10 mmfd. between each pair of plates 
and has 7 plates, the capacity will be 
10 times 6 (7 plates minus one) or 60 
mmfd 

Plate Spacing. The distance 
over which the repelling effect must 
work is important. The smaller the 
distance, the stronger the force be- 
tween the plates. This makes it easier 
to overcome the desire of the electrons 
to remain on the positive plate, so 
more are forced away, permitting more 
to collect on the negative plate. Thus, 
varying the plate spacing will affect 
the amount of charge per volt, and so 
vary the capacity. If we make the 
distance between the plates of a con- 
denser only half what it was, we double 
the capacity; if we make the distance 
a third, we triple the capacity; and so 
on. This fact, too, has a practical use, 
as you will find when we treat trimmer 
condensers in a later section of this 
lesson. 

4. Dielectric. So far, we have been 
talking about a condenser which has a 
perfect vacuum between its plates- 
that is, a condenser which uses a vac- 
uum as a dielectric. If, instead, we 
used mica as a dielectric between the 
plates, we would increase the capacity 
as much as 6 to 8 times. Other sub- 
stances would give different capacity 
increases. 

Since most condensers use some di- 
electric other than a vacuum, and since 
a great many of your service problems 
will be caused by dielectric failures, 
let's see just what effects dielectrics 
have on condensers. 

EFFECTS OF A DIELECTRIC 

You recall that electrons flowing 
onto the negative plate of our vacuum 

dielectric condenser repelled electron» 
from the positive plate and thus' 
allowed the condenser to become 
charged. What happens to this repel- 
ling effect when we put a solid dielec- 
tric between the plates? 

The two pictures in Fig. 4 show the 
answer. A dielectric, as you know, is 
an insulator. Like everything else in 
the world, it is made up of atoms, 
which consist of electrons whirling 
around positive charges. Fig. 4A 
shows an atom which has a positive 
charge at its center and one electron 

A 
DIELECTRIC 

CONDENSER 
PLATES 

BOUND 
ELECTRON 

ATOM 

SWITCH 

ENLARGED 
VIEWS OF 

WIRE, SHOWING 
MOVING FREE 
ELECTRONS 

¡BI 

FIG. 4. Electrons in the dielectric are bound 
to their atoms. They do not "flow"; instead 
their paths are shifted so they come closer to 
the positive plate and thus transfer the effect of 
the extra electrons gathered on the negative 

plate. 

revolving around it in a circle. (Ac- 
tually, all but one of the 93 known 
atoms have more than one whirling 
electron, but for simplicity we'll as- 
sume we are dealing with an atom 
which has only one.) 

As you learned in an earlier lesson, 
a conductor has a large number of free 
electrons, which can move easily when 
even a low voltage is impressed across 
the conductor. But this is not true of 
an insulator. When a voltage is im- 
pressed across an insulator, nearly all 
the electrons within the insulator tend 
to keep whirling around their central 
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positive charges, because they are 
bound tightly within their atoms; 
normally, they will break away only 
when acted on by a very high voltage. 
For this reason, the electrons in an in- 
sulator are called "bound" electrons. 

Now, let's close the switch in the 
circuit shown in Fig. 4B. Electrons 
start to pile up on the negative plate 
of the condenser. These electrons re- 
pel the bound electrons of the dielec- 
tric. Unless this repelling force is ex- 
tremely large, the bound electrons do 
not break away from their atoms; 
however, the force does change their 
paths within their atoms from the cir- 
cle shown in Fig. 4A to the oval shown 
in Fig. 4B. This brings the bound 
electrons closer to the positive plate of 
the condenser; they then exert a repel- 
ling effect of their own on the free elec- 
trons of plate B, driving them out of 
the plate into the battery. 

In this manner, the repelling effect 
of the electrons on the negative con- 
denser plate is relayed right through 
the dielectric. Placing the dielectric 
material between the plates provides 
bound electrons within the space, and 
so provides a better transfer medium. 
This increases the capacity. 

Dielectric Constant. You learned a 
moment ago that any other dielectric 
gives a condenser a higher capacity 
than does a vacuum. However, ex- 
periments show that the increase in 
capacity is very slight when air or 
any other gas under normal pressure is 
used as the dielectric. In fact, the dif- 
ference can be detected only by the 
finest laboratory equipment, so for all 
practical purposes we can say that a 
condenser using air as a dielectric 
has the same capacity it would have 
with a vacuum dielectric. 

If we divide the capacity of a con- 
denser using any given dielectric by 
the capacity of the same condenser 
using air as a dielectric, we get a num- 

ber which shows how much the dielec- 
tric increases capacity. This number 
is called the dielectric constant * of 
the dielectric material. 

You can readily see that condensers 
using dielectrics which have a high 
dielectric constant have a higher ca- 
pacity than condensers using materials 
with a low dielectric constant. The 
dielectric constants of various com- 
mon materials used in condensers are: 
air = 1; paper = 1.5 to 3; paraffin = 
2 to 3; mineral oil = 2.5; rubber = 2 
to 4; mica = 4 to 8; glass = 4 to 10; 
castor oil = 4.7; porcelain = 5 to 7. 
Ceramic materials now coming into 
use have dielectric constants as high 
as 1500. Thus a condenser which has 
a capacity of 10 mmfd. using air as a 
dielectric would have a capacity be- 
tween 40 and 80 mmfd. with a mica 
dielectric, and as much as 15,000 
mmfd. with one of the new ceramic 
dielectrics. 

VOLTAGE RATINGS 

We have shown how increasing the 
voltage applied to a condenser will in- 
crease the charge stored on it. How- 
ever, there are limits to the amount of 
voltage we can safely apply to the 
condenser. For example, when the 
voltage gets too high for the plate 
spacing of an air dielectric condenser, 
a spark will jump between the plates. 
Thus, the amount we can increase the 
capacity of an air condenser by de- 
creasing the distance between its 
plates is limited by the voltage to be 
applied to the condenser. 

The same thing is true for con- 
densers using other dielectrics. If we 
apply too high a voltage, the bound 
electrons of the dielectric escape from 

* Scientists sometimes call the dielectric 
constant the "specific inductive capacity" of 
the material ; both names mean the same 
thing. Don't confuse this term with induc- 
tance, a property of coils, as there is no rela- 
tionship. 
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their atoms and start a flow of cur 
rent through the condenser. This 
burns a hole right through the dielec- 
tric. When this happens, we say the 
condenser "breaks down"; the voltage 
which is just high enough to cause the 
condenser to break down is called the 
"breakdown voltage" rating of the 
condenser. The value of breakdown 
voltage for any given condenser de- 
pends on the dielectric used in it and 
the dielectric thickness. 

Working Voltage. Condenser man- 
ufacturers almost always specify the 
"working voltage" of a condenser. 
This is the maximum voltage that can 
safely be applied to the condenser for 
long periods of time. Working volt- 
age ratings for solid dielectric con- 
densers, such as paper or mica, " are 
always less than half the breakdown 
voltage. That is, over twice the work- 
ing voltage can be applied to solid 
dielectric condensers before they will 
break down. 

This rating does not mean you have 
to apply the working voltage to the 
condenser-this is just the maximum 
that can be applied safely. Thus, you 
can use a 400 -volt condenser in a 10 - 
volt circuit, or in any circuit having 
not more than 400 volts applied to 
it. 

If a condenser is used in a d.c. cir- 
cuit, we can put a voltmeter across it 
to make sure the working voltage is 
not being exceeded. But, as you 
have already learned, an a.c. volt- 
meter used on an a.c. circuit reads 
effective voltage; this meter reading 
must be multiplied by 1.4 (approxi- 
mately) to get the actual peak voltage 
in the circuit. For example, if the 
meter shows that 110 volts a.c. is 
across the condenser, you would mul- 
tiply this value by 1.4 to find the peak 
voltage. Since 1.4 times 110 equals 
154 volts, the condenser would have 
to have a working voltage of at least 

- 154 volts to be used in the circuit. 
Actually, a radio man would use at 
least a 200 -volt condenser, and pos- 
sibly a 400- or 600 -volt type, as these 
are easily obtained standard sizes and 
allow an extra amount of safety factor. 

Some solid dielectric condensers 
also have a "peak voltage" rating. 
This is twice the working voltage; it is 
therefore just under the breakdown 
voltage, and represents the maximum 
voltage the condenser can stand for 
short periods of time. 

Condenser Life. When the con- 
denser has a solid dielectric, like paper 
or mica, a breakdown ruins the con- 
denser, because a conductive "hole" 
has burned through the dielectric. 
Liquid dielectrics are not damaged 
unless the breakdown is too frequent, 
in which case the liquid may carbonize 
and become conductive. 

Even when the safe working voltage 
limits are never exceeded, condens- 
ers using solid dielectrics will not 
last forever. The constant voltage 
stress on the bound electrons in the 
dielectric finally forces them out of 
their atoms and causes breakdown, 
just as constant bending of a bar of 
iron will eventually break the iron. 
Good solid dielectric condensers, used 
at or below their working voltage, 
should last from 10,000 to 20,000 work- 
ing hours-usually much longer than 
a radio receiver will last. 

Condensers must be kept cool to 
have such long service life. Exposing 
the condenser to heat speeds up the 
breakdown process, because bound 
electrons escape much more readily 
from their atoms when heated. For 
this reason, designers usually position 
condensers in radio equipment so they 
will not be exposed to too much heat. 
That brings up a practical hint for 
your service work-if possible, al- 
ways put a replacement condenser in 
the same place the designer put the 



original, or in an equally cool place. 
Air condensers will last almost in- 

definitely. Unlike condensers using 
solid dielectrics, air condensers are 
not particularly harmed by break- 
down, because the air dielectric is 
"self -healing" (that is, more air im- 
mediately rushes in to replace the air 

broken down by the voltage). How- 
ever, they should always be kept dry 
to minimize the number of breakdowns 
suffered because, although the con- 
denser itself is usually not injured by 
breakdown, other parts in the circuit 
may be harmed by the sudden flow of 
excess current. 

Typical Radio Condensers 
So far, we have learned that the 

condenser is basically a means of 
storing electricity; that the condenser 
capacity depends on the area, number 
and spacing of the plates as well as 
the dielectric, and that a condenser can 
withstand just so much voltage before 
breaking down. Now let us learn 
something about the types of con- 
densers used in radio, so you can recog- 
nize them when you meet them in re- 
ceivers. Let's also study their weak- 
nesses, so you can see just how and 
why they become defective, as they 
so often do. 

Condensers whose capacities can- 
not be changed are called "fixed" con- 
densers. They are usually classified 
according to their dielectrics. Thus 
there are paper, mica, oil, gas -filled, 
cellulose acetate, polystyrene, electro- 
lytic (in these a chemical deposit is 
the dielectric), ceramic, rubber and 
even glass fixed condensers. They are 
usually in some kind of case, which 
might be a metal, paper or cardboard 
box or cylinder, or a molded plastic 
covering. 

Radio men also use two types of 
condensers whose capacities can be 
changed - "variable" and "adjust- 
able." Variable condensers-for ex- 
ample, the tuning condenser of a radio 
-almost always use air as a dielectric. 
Their name comes from the fact that 
their capacities can be varied easily, 

usually just by turning a control knob. 
Adjustable condensers are usually 

used to make corrections or minor 
adjustments in the capacity of other 
condensers. For this reason, they are 
often called "trimmer" or "padder" 
condensers. They usually have air, or 
air and some other insulator, as their 
dielectrics. Their capacities are gen- 
erally varied by changing the separa- 
tion of the plates, usually by turning a 
screw. When they have been adjusted 
to the desired capacities, they are or- 
dinarily left alone. 

Let us now go on to some of the 
more common types, to see how they 
are put together and what they look 
like. 

PAPER CONDENSERS 
Fig. 5 shows you the important steps 

in making typical paper condensers. 
When the condenser is in the form 
shown in Fig. 5C, it is thoroughly dried 
in a vacuum to remove air and mois- 
ture, then impregnated with wax to 
keep moisture and air out. Finally, 
the unit is housed in a cover of some 
kind-often a waxed cardboard 
cylinder. Condensers so housed are 
called "cartridge" condensers because 
of their appearance. Many paper con- 
densers, especially the larger ones, are 
housed in metal cases. 

If the condenser leads are merely 
clamped to the foils instead of being 
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FIG. 5. How paper condensers are made. 
Waxed paper sheets separate the plates which 
are tin or aluminum -foil sheets. After the con- 
denser is rolled up, the projecting ends of the 
plates are crimped around the spirals formed by 
the connecting wires. The wires are soldered 
to tin -foil plates but cannot be soldered to alu- 
minum -foil plates. Instead, the wire spiral is 
filled with solder and is pressed tightly into the 
foil. This mechanical joint is held only by wax 
and the container, so frequently comes apart. 

soldered, heating of the condenser 
when in use may make one lead sepa- 
rate from its foil. This will, of course, 
disconnect the condenser from the cir- 
cuit. Such an "open" may occur in- 
termittently or permanently; either 
condition is something you will meet 
quite frequently in your servicing. 
If you service a radio which gives al- 
ternately good and bad reception, re- 
member that an intermittent open in a 
condenser may be the cause. 

Voltage Rating. The voltage a 
paper condenser can withstand de- 
pends on the thickness of the waxed 
paper between the foil sheets. Of 
course- a thicker dielectric gives a 
higher voltage rating but also sepa- 
rates the foil sheets more, giving less 

capacity per unit length of foil. A 
condenser with a higher voltage rating 
but the same capacity as another will 
be larger physically, as longer sheets 
of foil and paper are needed to give the 
same capacity because, for a fixed 
dielectric thickness, the capacity is de- 
termined by the plate area, which de- 
pends on the length and width of the 
foil sheets used. 

Standard radio receiver condensers 
of the paper type have ratings of 200, 
400, 600 and 1000 volts, with capacities 
between .0005 mfd. and 2 mfds. Trans- 
mitting condensers have much higher 
voltage ratings. 

Inductive and Non -Inductive 
Types. The method of rolling up the 
condenser shown in Fig. 5, with all of 
one edge of each foil sheet fastened to 
a lead, is known as a "non -inductive" 
winding. Electrons coming through 
each wire can move almost directly to 
.any point on the corresponding foil 
sheet. 

FIBER 
END 
DISC 

CARDBOARD HOUSING 

WAXED 
PAPER 

This picture shows the details of a paper con- 
denser. 
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Fig. 6 shows an "inductive" wind- 
ing. In this condenser, the leads are 
soft metal ribbons, projecting from 
each foil sheet. When electrons enter 
the condenser through a ribbon, they 
have to flow around and around inside 
the condenser to get to the other end of 
the plate. This makes the condenser 
have an inductive effect like a coil, 
which is often undesirable in high- 
fiequency radio circuits. For this rea- 
son, these condensers are found only 
in power supply and audio circuits, 
and then only where the convenience 
of having both leads come from the 
same end of the condenser is an im- 
portant factor. 

FIG. 6. The "inductive" winding shown here 
is rarely found in radio, as it can be used only 
in power packs and audio amplifiers. The non - 
inductive type shown in Fig. 5 can be used 
throughout radio receivers or transmitters, so is 

more commonly found. 

Condenser Casings. Fig. 7A shows 
the final appearance of the condenser 
constructed as in Fig. 5. It is cased 
in a waxed cardboard tube, with the 
pigtail leads coming out each end 
through eyelets in a round cardboard 
or fiber disc (or through a plug of 
hard wax). 

The condenser may also be cased in 
a square or rectangular metal box like 
those shown in Figs. 7B and 7C. The 
leads extend through the housing but 
are insulated from it. These condens- 
ers are usually provided with mounting 
brackets, so they can be bolted, riveted 
or soldered to the radio chassis. 

High -voltage paper condensers 
which can stand 1000 to 2000 volts 
(and even 50,000 volts in some special 
types) are made by using several strips 

of high-grade waxed linen paper as a 
dielectric between strips of aluminum 
foil. The unit is mounted in a con- 
tainer filled with insulating oil. The 
terminal leads are brought out through 
porcelain stand-off insulators. Such a 
condenser is shown in Fig. 7D. 

MICA CONDENSERS 

Mica is a far better dielectric than 
waxed paper where very high -fre- 
quency currents are involved, as in 
the r.f. signal circuits of receivers and 
transmitters. Mica - condensers are 
considerably bigger than paper con- 
densers of equal capacity, so are usu- 
ally used only where low capacities are 
required. Mica condensers are gener- 
ally made in capacities ranging from 
10 to 10,000 mmfds. Larger units are 
available, but are quite expensive. 

Fig. 8 shows how a fixed mica con- 
denser is assembled. Thin, clear sheets 
of mica (only a few thousandths of an 
inch thick) are stacked in between 
sheets of copper, lead or aluminum 
foil. As in the paper. condenser, these 
sheets of foil form the condenser plates. 
When the desired number of plates 
have been stacked up, a thicker piece 
of mica is placed at top and bottom for 
extra strength, the foil ends are bent 
over at each end, and a combination 
lug and clamp is squeezed over each 
end while the unit is held under pres- 
sure. Bakelite is then molded over 
the unit, leaving only the terminal 
lugs exposed, as shown in the bottom 
picture of Fig. 8. This gives the con- 
denser a neat, water-proof insulated 
housing. Frequently the condenser is 
then impregnated with wax to seal any 
tiny cracks which may have formed in 
the bakelite. 

In this condenser the plate area is 
kept small, but a number of plates are 
used. This method of manufacture 
has the advantage of making all except 
the two outside plates do double duty. 
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hat Practical Condensers Look Like 

FIG. 7. Here are pictured some of the many condensers you will find in radio apparatus. 

A = Tubular paper condenser. 
B and C = Metal housing used for moisture and heat protection. 
D = High -voltage type usec in transmitters. 
E and F = Postage -stamp size mica condensers. 
G = Larger size having higher capacity. 
H = Mounting holes are provided here so condenser can be rigidly fastened. 
I and J = Wet electrolytics; single and triple units. 
K, L, M, N = Typical dry electrolytics, differing only in the number of units and lead 

arrangement. 
O and P = Plug-in dry electrolytics. 
Q, R = Top and bottom views of a typical trimmer. 
S = Dual trimmer unit. 
T U, V = Variable condensers differing in size and number of plates. 
W = A three -gang variable condenser. 
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In the condenser shown in Fig. 8, 
plates 2 and 1 are really one condenser, 
and plates 2 and 3 are another. Since 
plates 1 and 3 project out the same 
side and are connected by the lug 
clamp, this gives the whole condenser 
a capacity equal to twice the capacity 
of each individual condenser. There- 
fore, using only three plates, we have a 
capacity double what we would have 
by using two plates of the same size 
and separation. 

When mica condensers are made 

FIG. 8. Mica condensers are made of alternate 
layers of mica and metal plates, as shown at the 
top. The leads are clamped over the foil pro- 
jections, then the unit is molded in a bakelite 

housing. 

with many plates, all the foils sticking 
out at each end are usually soldered 
together, instead of just being held 
with a clamp. This makes a better 
electrical connection. 

Figs. 7E, F. G and H show some 
typical fixed mica condensers in their 
bakelite housings. The terminals of 
these condensers are strong enough to 
support the condensers without need 

for other mounts. When the con- 
denser is to be bolted to the chassis or 
when several condensers are to be 
bolted together, units like that in Fig. 
7H, with mounting holes molded in the 
bakelite housing, are used. 

Since mica is a very good insulator, 
mica condensers have amazingly high 
working voltages for their size. Re- 
ceiver types are all 500 to 600 volts, 
while transmitters use slightly larger 
sizes rated as high as 2500 volts. 

ELECTROLYTIC CONDENSERS 
The electrolytic condenser shown 

in Fig. 9 consists of an aluminum rod 
placed in a metal container filled with 
a conductive chemical solution. The 
solution is called an "electrolyte" (pro- 
nounced e-LECK-troh-light). The 
rod is called the "anode," which is 
the general term for the positive part 
or terminal of any device. 

To make the condenser, the positive 
terminal of a d.c. voltage source is 
connected to the anode, and the nega- 
tive source terminal to the metal con- 
tainer. In a few hours, electrochemical 
action produces a thin, high -resistance 
film of aluminum oxide on the anode. 

METAL CATHODE 
(CONNECTED TO 

MINUS D C.) 

ALUMINUM 
ANODE 

(CONNECTED TO 
PLUS D.C.) 

CHEMICAL 
SOLUTION 

FIG. 9. Electrolytic condensers depend on the 
formation of an aluminum oxide film on the 
anode as the dielectric, then the anode rod and 
the electrolyte form the "plates" of the con- 
denser. The can is called the cathode, as it is 
the means of making connection to the electro- 

lyte which is the true negative plate. 

The condenser is then said to be 
"formed," and is ready for use. 

The anode is one plate of the fin- 
ished condenser, . the aluminum oxide 
film is the dielectric, and the surface 
of the electrolyte which is in contact 
with the dielectric film is the other 
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plate. The metal container acts only 
as a container and as a lead from the 
outside circuit to the electrolyte; it is 
not a plate of the condenser. (The 
container is usually called the "cath- 
ode," which is the general name for 
the negative part or terminal of an 
electrical device.) 

Using a rod as the anode limits 
the capacity, as the area of the rod 
surface is limited. More modern con - 
FIG. 10. Top and side 
views of a typical wet elec- 

trolytic condenser. 
A = Anode, a plain or 
etched aluminum foil sheet 
folded in a zig - zag or 
crimped manner and riveted 

to a support rod. 
B = Cathode, an aluminum 

can. 
C = Aluminum cover. 
D = Semi - porous gasket 
under cover, which prevents 
leakage of liquid electro- 
lyte yet allows gases to es- 

cape. 
E = Level of electrolyte. 
F = Insulating material, 
which prevents short cir- 
cuits between anode and 

cathode. 
G = Insulating gasket which 
separates anode terminal 
from cathode and seals con- 

tainer at this point. 
H = Connection to anode. 

Courtesy Sprague 
Products Company 

densers obtain greater surface areas. 
A cross-section of a typical electrolytic 
condenser is shown in Fig. 10. Here 
the anode is a sheet iñstead of a rod, 
and is folded back and forth within the 
container. This increases the surface 
area of the anode, and so gives higher 
capacity. In this particular con- 
denser, the anode is "crimped" so it 
will take up as little space as possible; 
in other types, the anode is often 
wound in a spiral for the same reason. 
Frequently the anode is also chemi- 
cally etched so that it has a rough sur- 
face, and therefore more surface area. 

The thin dielectric and large plate 
area allow an electrolytic condenser to 
be physically rather small and yet 
have a very high capacity. In fact, 

electrolytics (as radio men call them) 
can have a much higher capacity for a 
given size than any other kind of con- 
denser, with the possible exception of 
the new ceramic type. (As an example 
of comparative sizes, an electrolytic 
condenser of about the same dimen- 
sions as a 2-mfd. paper condenser 
might Kaye a capacity of around 60 
mfd.) This fact, and their relatively 
low cost, are the chief reasons electro- 
lytics are used so much in radio cir- 
cuits. 

Electrolytics which have a fluid 
electrolyte are often called "wet" elec- 
trolytics to distinguish them from two 
other types-semi-dry and dry electro- 
lytics. Semi -dry electrolytics are like 
wet electrolytics except that a thicken- 
ing material is added to the electro- 
lyte, making it jelly -like and almost 
spill -proof. 

The dry electrolytic condenser is to- 
day taking the place of the semi -dry 
type. Fig. 11 shows how dry electro- 
lytics are made. Here the cathode is 
a sheet of pure aluminum, while the 
anode is a sheet of aluminum which 

FIG. 11. How dry electrolytics are made. 

has been "formed," so that it is covered 
with a thin dielectric film. The two 
electrodes are separated by strips of 
cheesecloth, paper or cellophane, which 
have been filled with an electrolyte 
in paste form. The four strips of ma- 
terial are rolled into a compact cylin- 
der, flexible wire leads are attached to 
each electrode, the unit is mounted in 
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a cardboard or other container, and 
the whole condenser is dipped in hot 
wax several times to make it air -tight. 
Sometimes dry electrolytics are sealed 
in metal cans similar to the containers 
for wet types. 

Capacity of Electrolytics. The 
thickness of the dielectric film of an 
electrolytic depends on the voltage 
used to form it. High forming volt- 
ages give fairly thick dielectric films, 
while low voltages give thinner films. 
As you have already learned, the thin- 
ner the dielectric the closer the plate 
spacing and the higher the capacity 
will be. So, other things being equal, 
the electrolytic formed at a low volt- 
age will have a higher capacity than 
one formed at a high voltage. 

The forming voltage also determines 
the breakdown voltage of the con- 
denser, since a voltage higher than 
that used to form the dielectric film 
cannot be applied to it without break- 
ing the dielectric down. On the other 
hand, the ability of the 'condenser to 
maintain the dielectric film depends 
on the applied d.c. voltage. That is, 
the dielectric film becomes thinner as 
the applied voltage is decreased, so 
the capacity and working voltage 
ratings are not reliable unless the ap- 
plied voltage is near the forming volt- 
age. Hence, the working voltage 
rating of an electrolytic is usually 
about 90% of the forming voltage. 
Notice this means the breakdown 
voltage is only slightly higher than 
the working voltage. The electrolytic 
condenser thus differs from those using 
solid dielectrics in the relationship of 
its voltage ratings. These condensers 
should be used in circuits having volt- 
ages close to their working voltage 
ratings, although they can be used on 
lower voltages if the increased capac- 
ity will not matter. 

The highest standard working volt- 
age for electrolytic condensers is 450 to 

475 volts. These condensers will break 
down if the applied voltage exceeds 
about 525 volts. (One manufacturer 
has produced a condenser with a 
breakdown rating of about 600 volts.) 
Capacities up to 60 mfds. are available 
in the 450 -volt electrolytics, and ca- 
pacities as large as 125 mfds. may be 
found in condensers with working volt- 
ages around 50 volts. 

Service Notes on Electrolytics. 
Unlike all other common forms of con- 
densers, electrolytics must always be 
connected into a circuit with the proper 
polarity. The anode must always be 
connected to the positive terminal of 
the circuit, and the cathode must be 
connected to the negative terminal. 
Now you see why the terminals are so 
named. Condensers with solid dielec- 
trics do not have polarity so the leads 
can be interchanged at will. 

Dry electrolytic condenser leads are 
labeled or colored, so the proper con- 
nections can be made. An identifying 
code or table is stamped on the case of 
most replacement types. Thus, you 
may find a red lead is the anode (-I-) 
and a black lead is the cathode (-) 
connection for a single -section dry con- 
denser. When in a cylindrical con- 
tainer, the case may be marked (+) 
near the positive lead. 

The metal container of wet and 
semi -dry electrolytics is the cathode, 
and so is connected to the negative 
terminal of the circuit. The other con- 
denser terminal (usually in the center 
of the condenser) is the anode, and 
should go to the positive part of the 
circuit. 

If you connect electrolytics into a 
circuit with the wrong polarity, the 
dielectric will break down almost at 
once. This is usually not too harmful 
with wet and semi -dry electrolytics, 
because they are self-healing-that is, 
the dielectric will repair itself within 
a short time after the connections are 
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corrected. But dry electrolytics do not 
have this property; if broken down, 
they are ruined. 

The fact that electrolytics must be 
connected with proper polarity means 
they can be used only on d.c. or on d.c. 
mixed with a.c. In the latter case, the 
d.c. part of the voltage must be larger 
than the a.c. part, so that the polarity 
of the applied voltage will never be re- 
versed by the a.c. variations. For ex- 
ample, it is all right to connect an elec- 
trolytic with a suitable working volt- 
age to a circuit which furnishes 110 
volts d.c. and 40 volts (peak) a.c., pro- 
vided the positive terminal of the con- 
denser is connected to the positive ter- 
minal of the d.c. voltage. Then the 
voltage applied to the positive terminal 
of the condenser will vary from 110 
minus 40 to 110 plus 40, or from plus 
70 to plus 150, but will always be posi- 
tive, so the condenser will not break 
down. If the circuit furnishes 40 volts 
d.c. and 110 volts (peak) a.c., however, 
the voltage on the positive terminal of 
the condenser will vary from 40 plus 
110 to 40 minus 110, or from plus 150 
to minus 70, and the condenser will 
break down when the voltage reverses 
polarity. 

As you will learn a little later, 
electrolytics are often used in circuits 
where d.c. and a.c. are mixed. When 
you use one in such a circuit, you must 
be sure not only that the circuit does 
not reverse polarity, but that the peak 
value of the a.c. added to the value of 
the d.c. does not exceed the working 
voltage of your condenser. Electro- 
lytics break down very quickly when 
the working voltage is exceeded. As 
with breakdowns caused by wrong po- 
larity of connections, a voltage break- 
down does not usually cause perma- 
nent harm to wet or semi -dry electro- 
lytics, but ruins dry electrolytics. 
Servicemen usually play safe when re- 
placing condensers by being sure the 

replacement has a Working voltage 
rating equal to or greater than the 
original part. 

One disadvantage of electrolytics 
is that the aluminum oxide film which 
forms their dielectric is not a true in- 
sulator, so some electrons can flow 
through the condenser. This is called 
a leakage current, as it "leaks" through 
the dielectric. Since the electrolyte 
(through which the leakage current 
must flow) has some resistance, the 
flow of leakage current through it cre- 
ates heat within the condenser. This 
heat drives gas out of the electrolyte. 
Normally, the vent on the top of wet 
and semi -dry electrolytics allows this 
gas to escape; if the vent becomes 
plugged for any reason, the condenser 
may blow up. 

The escaping gas carries a certain 
amount of electrolyte with it. In time, 
this action disturbs the chemical bal- 
ance within the condenser, increasing 
the resistance of the electrolyte; also, 
since the electrolyte forms one plate 
of the condenser, and lowering its level 
is the same thing as decreasing the 
plate area, lowering the electrolyte 
level reduces the condenser capacity. 
The added resistance of the electro- 
lyte increases the heating effect of the 
flow of leakage current, thus speeding 
up the destructive process. Eventu- 
ally, this combination of actions ruins 
the condenser. From 2000 to 10,000 
hours of service can be expected from 
a good wet electrolytic. 

Much the same effect occurs in dry 
and semi -dry electrolytics, in which 
the heat caused by the flow of leakage 
current tends to dry out the paste 
electrolyte. In fact, these types will 
not usually last as long as wet elec- 
trolytics; dry electrolytics are used in 
preference to wet electrolytics in radio 
circuits only because they are usually 
much smaller in size, may be mounted 
in any position, and cost less. 
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Of course, heat from any source is 
as bad for electrolytics as the internal 
heat caused by leakage current. Keep 
electrolytics away from tubes, trans- 
formers and large resistors that may 
radiate considerable heat. 

Identifying Electrolytics. Some- 
times it is hard to tell just what type 
an electrolytic is by looking at it. If 
the condenser is in a metal can with 
water -tight gaskets around the termi- 
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FIG. 12. Two views of a typical trimmer. 

nais, and a rubber nipple through 
which gas can escape, you are usually 
safe in assuming it is a wet or semi- 
dry type. Pick such a condenser up 
and shake it-if you hear a swish, it is 
a wet electrolytic. Dry electrolytics 
usually have flexible leads and are 
cased in cardboard containers or in 
sealed metal cans which have no vent 
to permit gas to escape. 

Figs. 71 and J show two kinds of 
wet electrolytics. (Semi -dry would 
look exactly the same.) A single unit 
is shown in I. The triple unit in J has 
three terminals on the top of the can 
as the positive terminals, while the can 
is the common cathode. 

Eight common types of dry electro- 
lytics are shown in Figs. 7K through 
7P. The terminals of condenser 70 
come out to a plug mounted on the end 
of the condenser. This condenser is 
connected into the circuit by being 
plugged into a receptacle. Type 7P is 
also a plug-in condenser, with flat ter- 

minal pins which fit into the special 
wafer mounting shown beside it. These 
pins are twisted after the condenser is 
plugged in; this both makes a good 
electrical connection and holds the con- 
denser firmly in place. 

TRIMMER CONDENSERS 
A trimmer condenser is used to make 

a small adjustment in the capacity of 
a circuit. A typical trimmer is shown 
in Fig. 12. 

Air and mica are used as dielectrics. 
One plate is riveted to the bakelite 
base of the unit, and the other plate, 
usually made of spring brass or phos- 
phor bronze, is moved close to or away 
from the fixed plate by turning the 
adjusting screw. When the two plates 
are close together, the mica sheet is 
the dielectric, and the capacity is a 
maximum. When the two plates are 
farther apart, both air and mica are 
between them and the capacity is less. 
In some condensers, the adjusting 
screw makes electrical contact with 
the movable plate; in others it is in- 
sulated from the movable plate; it is \ %%%/%//\\\\\\`\\ 

,a a /oi io/ \ %/ O 0 '42): 

FIG. 13. Adjustable condenser symbols used 
in wiring diagrams. The one at A is used for 
trimmer condensers. The other two are used 
for variable tuning condensers usually al- 
though sometimes they are used to indicate 

trimmers too. 

always insulated from the fixed plate. 
When a trimmer with large capacity is 
wanted, several pairs of plates are 
used, with alternate plates connected 
together. 

Trimmer condensers are also called 
"equalizing," "neutralizing," "align- 
ing," "phasing" or "padding" conden- 
sers, depending on how they are used 
in the radio circuit. Fig. 13A shows 
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SHADED AREAS INDICATE ACTIVE SURFACES 

FIG. 14. How a variable air condenser works. 

the symbol used in your N.R.I. Course 
and by many radio manufacturers to 
indicate a trimmer, while 13B and C 
show the ordinary symbols for a vari- 
able condenser, which some authors 
and manufacturers also use for trim- 
mers. 

Typical trimmers are shown in 
Fig. 7Q through 7S. Because these 
trimmers open like a book, they are 
often called "book type" trimmers. 

VARIABLE CONDENSERS 

The series of pictures in Fig. 14 
show the working principle of the vari- 
able air condensers used to tune many 
modern radios. (For clearness, only 
one set of plates is illustrated, but most 
such condensers have several sets, as 
shown in Fig. 15.) The plate at the 
left in A, B, C, D and E is a fixed 
plate, called the "stator." The smaller 
plate is pivoted on a shaft so that it 
may be rotated; this plate is called the 
"rotor." 

When the plates are in the position 
shown in A, the condenser has a mini- 
mum capacity, because, as you learned 
earlier in this lesson, only the over- 
lapping parts of plates have a capacity 
between them. As the rotor is turned 
past the stator, more and more of the 
plates overlap, as shown by the shaded 
areas, and the capacity of the conden- 
ser increases. When the plates reach 
position E, the capacity is a maximum. 
Relatively high -capacity variable con- 
densers are made by using large plates 
or by adding additional rotors and 
stators. When this latter is done, the 

THICKNESS OF 
AIR DIELECTRIC 

rotor plates are connected together 
electrically by the shaft to which they 
are attached, and the stators are elec- 
trically connected by a metal bar built 
into (but insulated from) the con- 
denser frame. 

Several typical variable condensers 
are shown in Figs. 7T through 7W. 
Those pictured in T, U and V are 
similar, differing only in size. Unit W 
is really three separate condensers with 
the rotors mounted on the same shaft, 
so that the capacity of all three con- 
densers is varied at the same time. 
Each condenser stator is insulated 
from the other two, and separate con- 
nections are made from each to the 
radio circuit it is used in. This kind 
of unit, in which the capacities of two 
or more condensers are varied by turn- 
ing one shaft, is called a "gang" con- 
denser. The one pictured in W is a 
three -gang condenser. 

Although the condensers in a gang 

FIG. 15. What a variable condenser looks like. 
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are carefully made, manufacturing 
tolerances result in slight differences 
in capacity. To correct this and make 
the capacities of condensers in the 
gang "line up" with each other and 
with the circuits with which they are 
used, a trimmer condenser is usually 

connected to each condenser. The 
trimmer is adjusted to get exactly the 
right capacities in each section. Thus, 
the trimmer is a "corrector" and once 
adjusted is left alone until some change 
makes it necessary to repeat the ad- 
justment. 

Connecting Condensers Together 
Now that you know what condensers 

are and how they work, let's consider 
a very practical point-what happens 
when condensers are connected to- 
gether. Very frequently, you may 
need a certain capacity and find you 
do not have the right value, but have 
several condensers of other sizes to 
choose from. What is the effect on 
capacity when condensers are con- 
nected in parallel or in series? 

CONDENSERS IN PARALLEL 

Going back to Fig. 3A, you will see 
that the condenser plates Al and A2 

are connected together so that the 
capacity Al -B is in parallel with the 
capacity B -A2. (There is a separate 
path from one terminal to the other 
through each condenser.) This par- 
allel connection increases the capacity 
in this one condenser and would also 
increase the capacity if these were 
separate condensers. So if one con- 
denser doesn't have enough capacity 
for the use to which you want to put it, 
you can connect another condenser to 
it in parallel to get a higher capacity. 
The capacity of a combination of two 
or more condensers connected in par- 
allel is equal to the sum of the capaci- 
ties of the individual condensers. 

Fig. 16 shows why. Since they are 
connected in parallel, each condenser 
has the full line voltage across it. 
Each stores the amount of charge it 
usually does with such a voltage across 

it, so the amount of charge stored is 
the sum of that in all the condensers. 
As the capacity is equal to the charge 
divided by the voltage, this adding of 
charges means the capacity of the 
combination is equal to the capacity 
of all three condensers added together. 
Thus, the capacity of the combination 
in Fig. 16 is 33 mmfd. (10 mmfd. plus 
11 mmfd. plus 12 mmfd. equals 33 
mmfd.) . 

CONDENSERS IN SERIES 

When condensers are connected in 
series, as in Fig. 17, the capacity of 
the combination is less than the capac- 
ity of the smallest condenser in the 
group. Since plates b and c in Fig. 
17A are connected by a wire, the same 
charge must be on each of them; 
similarly plates d and e have equal 
charges. Hence, we can consider the 
series combination to be really one 
condenser with plates a and f and a 
dielectric equal in thickness to the sum 
of the thicknesses of the dielectrics of 
all three condensers (Fig. 17B). Nat- 
urally, the greater dielectric thickness 
makes the capacity of the combination 
less than that of any one of the in- 
dividual condensers. 

From this you can readily see that 
if several condensers having equal ca- 
pacities are connected in series, the 
total capacity of the group equals the 
capacity of one condenser divided by 
the number in the group. For ex - 

18 



ample, if all three condensers in Fig. 
17A are identical, then the equivalent 
condenser shown in Fig. 17B will have 
the same plate area as any one of the 
condensers and three times the dielec- 
tric thickness. Its capacity will there- 
fore be one-third that of any one of 
the condensers (or C/3, where C is the 
capacity of one condenser). The total 
capacity of four identical condensers 
in series would be C/4, of five in series 
C/5, and so on. 

This method of finding the capacity 
of a series combination can be applied 
only to condensers of equal capacity. 
But there is a simple rule for finding 
the capacity of any two condensers 
connected in series, whether they have 
the same capacity or not; just divide 

C2 (3 
IOfmmf IIlmmf 

FIG. 16. Condensers in parallel give more ca- 
pacity. 

the product of the two capacities by 
the sum of the two capacities. Using 
symbols: 

__C1XC2 
C 

C1+C2 

where C is the capacity of the series 
combination, C1 the capacity of one 
condenser, C2 the capacity of the other 
condenser, with all capacities ex- 
pressed in mfd. or all in mmfd. 

If you have more than two un- 
equal condensers connected in series, 
find the combined capacity of two of 
them by this equation. Then treat this 
combined capacity as C1 in the equa- 
tion, take the third condenser as C27 

and again solve for C. You can keep 
this up for as many condensers as you 
have in the series circuit and your 
final answer will be the combined ca- 

pacity of all of them. Notice-the 
combined capacity of condensers in 
series is found in exactly the same way 
that you learned to find the combined 
resistance of resistors in parallel. 

VOLTAGE RATINGS FOR 
CONDENSER COMBINATIONS 

When condensers are connected in 
parallel, each has the source voltage 
across it. Therefore, each condenser 
must have a working voltage at least 
equal to the source voltage. 

While each condenser in a series 
combination has only part of the 
source voltage applied to it, still the 
safest thing is to make sure all of them 
can stand the full source voltage. But 
sometimes you won't be able to get 
condensers with high enough working 
voltages to observe this rule. Let's 
take a practical problem and see the 
simple trick you can use to solve it. 

Suppose you have a d.c. source with 
a voltage of 1000 volts which must be 
used with a 2-mfd. capacity. (This is 
a problem which often comes up in 
transmitters and high -voltage power 
packs.) You have two 4-mfd. paper 
condensers, which will give the 2-mfd. 

o b c d e f a 
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FIG. 17. Condensers in series give less capac- 
ity. 

you want if put in series. But suppose 
the working voltage rating of each con- 
denser is only 500 volts. If you can be sure each condenser 
will get no more than 500 volts across 
it, you'll be safe in using them in series. 
But how can you be sure? 

Leakage Current. A perfect con- 
denser (excluding electrolytics) will 
pass no d.c. However, no solid dielec- 
tric condenser is perfect; there are al - 
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ways some free electrons in even the 
best dielectric and, when a voltage is 
applied across the condenser, these 
electrons will flow through the dielec- 
tric. (Of course, this flow of current 
is much smaller than that necessary 
to cause breakdown.) Further, there 
is always some flow of current between 
the leads across the surface of the case 
of the condenser; in fact, this current 

FIG. 18. A practical condenser acts like a per- 
fect condenser in parallel with a high resistance. 

is usually considerably higher than the 
current through the dielectric. 

The amount of current that flows 
from one terminal of the condenser to 
the other when a d.c. voltage is placed 
across the condenser is known as the 
"leakage current." Condensers having 
impurities in the dielectric, or so made 
that moisture can get in, will have 
much higher leakage currents than 
well -made ones. Condenser manufac- 
turers always test the leakage of their 
solid dielectric condensers; those which 
pass too much current are rejected. 
For most purposes, the leakage current 
is so small it is ignored altogether. 

Where the leakage is important, we 
can take leakage current into account 
by considering a practical condenser 
to be a perfect condenser with a high 
resistance shunted across it, as shown 
in the cutaway section in Fig. 18. This 
way of picturing a practical condenser 
is often very useful. 

The high resistance shunting the 
condenser is called the "leakage resist- 
ance" of the condenser. Naturally, 
a condenser with a high leakage resist- 
ance will pass less d.c. than one with a 
lower leakage resistance. 

Since the perfect condenser won't 
pass d.c., it must be the current passing 

through the leakage resistance which 
determines the I X R drop (or volt- 
age) across the condenser. 

Now if one of the 4-mfd. condensers 
has a leakage of 50 megohms and the 
other has a leakage resistance of 200 
megohms, as shown in Fig. 19A, the 
total resistance is 250 megohms. Using 
Ohm's Law, you could figure the cur- 
rent flow and resulting voltage divi- 
sion. You would find that the line 
voltage will divide according to the 
ratio of the resistances. Thus, the con- 
denser with 50 megohms will get 
50/250 or % the source voltage. This 
puts 200 volts (% of 1000) across this 
condenser and leaves 800 volts across 
the other condenser. Since the 800 
volts across the latter condenser is con- 
siderably more than its safe working 
voltage rating of 500 volts, it will 
break down fairly soon. Then the full 

I l ; ; VZI ; 

50 MEG. 200 MEG. 
200 VOLTS BOO VOLTS 

1000 VOLTS D. C. 

C2 

10 MEG. 
500 VOLTS 

1000 VOLTS D.C. 

FIG. 19. Unequal leakage resistance values 
may cause an improper voltage divis;on, as at A. 
By shunting the condensers with equal resist- 
ances which are much less than the leakage val- 
ues, an equal drop can be obtained, as at B. 

1000 volts will be applied to the other 
condenser, breaking it down almost at 
once. 

If the condensers are used in a cir- 
cuit where a small current flow will not 
matter, you can solve this problem 
very easily by putting a 10-megohm 
resistor across each condenser. These 
added resistors are in parallel with, 
and considerably lower in ohmic value 
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than the leakage resistances of the con- 
densers. As you learned in your lesson 
on resistors, combining two resistors 
of widely different values in parallel 
gives a combined resistance just about 
equal to the smaller of the two. There- 
fore, the total resistance of each con- 
denser -resistor combination will be 
about that of the added resistors, as 
shown in Fig. 19B. Thus the resist- 
ances are made equal, so the voltage 
will divide about evenly across the 
combinations, and each condenser will 
be operating at its working voltage. 

The same trick can be used if your 
condensers are electrolytics, but since 
electrolytics have much lower leakage 

resistances than paper condensers, 
you'll have to use lower shunting re- 
sistors. Between 10,000 ohms and 
50,000 ohms will be satisfactory. (If 
you connect two electrolytics in series, 
remember that the positive terminal of 
one must connect to the negative 
terminal of the other.) 

These extra resistors act as 
"bleeders," drawing or "bleeding" an 
extra current from the source of such 
value that they determine the voltage 
division. Naturally, this method of 
getting an even split of voltage across 
two condensers can be used only if 
this extra current is not objectionable 
in the circuit. 

How a Condenser Works with A. C. 
So far, we have dealt with the charg- 

ing action of a condenser when a d.c. 
voltage is connected across it. You 
have learned that leakage current is 
the only current flow through a con- 
denser when a d.c. source is used, and 
this flow can be ignored in most in- 
stances. Ordinarily, when a d.c. volt- 
age is applied to a fixed condenser, the 
condenser charges up to the source 
voltage value, as long as the voltage 
does not exceed the safe working volt- 
age rating of the condenser. When 
the charge on the condenser has 
reached its maximum, the movement 
of electrons in the circuit stops, so all 
current flow ceases until a different 
voltage is applied or until the con- 
denser is discharged. 

The nature of an alternating cur- 
rent provides a different action, how- 
ever. As you will recall, electrons do 
not flow always in one direction when 
acted on by an a.c. voltage. Instead, 
they move a short distance in one di- 
rection in the wire; then, when the 
voltage reverses, they move in the 
other direction. This back -and -forth 

motion of the electrons in the circuit 
permits us to say that alternating cur- 
rent flows through a condenser. Let's 
examine this action more closely. 

HOW ALTERNATING CURRENT 
FLOWS THROUGH A 

CONDENSER 

When electrons are moving back and 
forth in the circuit due to an a.c. 
source, electrons must flow in and out 
of the plates of the condenser. When 
the electrons flow into one plate, the 
bound electrons in the dielectric are 
forced away from that plate and force 
electrons out of the other condenser 
plate. 

When the a.c. voltage reverses, the 
electrons are forced back into the 
second plate of the condenser. And 
now the electrons on the second plate 
act just the way the electrons on the 
first plate did a moment before-they 
push the bound electrons in the dielec- 
tric away and the movement of the 
bound electrons now push the electrons 
out of the first plate. 
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This action is shown in Fig. 20. At 
A, we start with the electrons at rest 
in the dielectric. Then, as electrons 
are forced into plate 1, the path for 
the bound electrons in the dielectric 
shifts, forcing electrons out of plate 2 
as shown at B. 

This movement of electrons causes 
the condenser charge to reach a maxi- 
mum when the a.c. voltage reaches a 
maximum on this half cycle. Then, as 
the a.c. voltage decreases, the electrons 
redistribute themselves about the cir- 
cuit, allowing the electrons in the die- 
lectric to return to their neutral posi- 
tion as shown in Fig. 20C. As the 
cycle reverses, electrons begin to flow 
into plate 2, forcing a movement in 

the bound electron paths in the dielec- 
tric when acted on by a.c., just as there 
is a back -and -forth movement of free 
electrons in the conductor. Therefore, 
around the complete circuit there is a 
back -and -forth motion of electrons 
and we are perfectly justified in say- 
ing that an alternating current passes 
through a condenser. Scientists call 
this current within the dielectric a 
"displacement current." This new 
name is given the current flow because 
there is no actual electron movement 
from plate to dielectric or from dielec- 
tric to plate. Instead, there is a dis- 
placement of electrons within the di- 
electric which passes on the current 
flow action of the entire circuit. 

FIG. 20. When a.c. is applied, the bound electrons move first one way, then the other, so, in 
effect, an alternating current flows through the condenser. 

the dielectric in the opposite direction 
so that electrons are forced out of plate 
1 as shown at D. This action reaches 
a maximum, charging the condenser in 
this reversed direction. Then the volt- 
age decreases toward zero, allowing 
the bound electrons to return to the 
neutral position shown at A, after 
which the cycle is repeated over and 
over. Fig 21 shows the points on an 
a.c. cycle corresponding to this action. 
The condenser charges between A and 
B, discharges between B and C, 
charges with the opposite polarity be- 
tween C and D, discharges again be- 
tween D and A, and repeats the cycle 
over and over. 

From the foregoing, you can see that 
there is a back -and -forth motion of 

It is important that you get the idea 
clearly that an alternating current is 
just a movement back and forth of 
electrons, and further, this actual 
amount of movement is over an as- 
tonishingly short distance. However, 
when electrons move in the circuit, it is 
not the distance they travel that is im- 
portant, it is the number of electrons 
which actually do move within a given 
period of time which gives us a meas- 
ure of current flow. 

CAPACITIVE REACTANCE 

Although a condenser permits a flow 
of alternating current through the cir- 
cuit, it also restricts the current flow. 
Work must be done to move the bound 
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electrons in the dielectric, so there is 
an opposition to the flow of current. 
Actually, the charge -storing ability 
will limit the current flow. 

Now, the larger the condenser, the 
greater its ability to store a charge. 
As the current flow depends on the 
number of electrons in the charge, we 

FIG. 21. The points on the cycle corresponding 
to the electron path shifts shown in Fig. 20. 

see that the larger the capacity, the 
less the opposition to current flow. 

The opposition of a condenser to an 
alternating current is called reactance, 
just as it is for a coil. This reactance, 
as is that of a coil, is measured in 
ohms. However, notice this impor- 
tant difference-for a condenser, the 
larger the condenser the less the react- 
ance, while for coils, the larger the in- 
ductance the greater the reactance. 

Furthermore, frequency changes 
also have an inverse effect upon con- 
denser reactance. That is, the higher 
the frequency, the less the reactance 
of a condenser, whereas with a coil, 
the higher the frequency the greater 
the reactance. As you will soon see, 
these are very important differences. 

You can figure out the reactance of 
a condenser by this simple method: 

Multiply the frequency of the 
current in cycles per second by 
the capacity of the condenser in 
micro farads, then divide the 
number 159,000 by this result. 

The equation for this is: 

159,000 
`Y° f X C 

Where Xe is the capacitive reactance 
in ohms, f is the frequency in cycles 

per second, and C is the capacity in 
mfd. 

Another way we might express this 
is: 

1 

XO 6.28XfXC 
where C is in farads. (Compare this 
with the equation for inductive react- 
ance you learned in your lesson on 
coils.) 

Let's take a few practical examples, 
to see just what these important equa- 
tions mean. We will use only the first 
equation, since its units are more con- 
venient. .(The second equation, of 
course, is exactly the same as the first 
one; the difference in units is what 
makes them look different.) 

Suppose we have a condenser of 10- 
mfd. capacity fed by a source supply- 
ing 100 -cycle current. Then: 

159,000 159,000 Xe - fxC 100x10 

- 159,000 
159 ohms 

1,000 

so the a.c. reactance of our condenser 
is 159 ohms. (Remember, this a.c. 
reactance has nothing to do with the 
d.c. leakage resistance; a condenser 
has a reactance only when it is used in 
an a.c. circuit.) 

Now if we supply the same con- 
denser from a source which furnishes 
1000 -cycle current: 

159,000 159,000 
XO f X C 1000 X 10 

159,000 
15.9 ohms 

10,000 

so increasing the frequency of the cur- 
rent decreases the reactance of our 
condenser. Notice that the increase 
in frequency causes a proportionately 
equal decrease in reactance; increasing 
the frequency 10 times decreases the 
reactance 10 times. 
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If we keep the frequency at 100 cy- 
cles and increase the capacity of the 
condenser to 100 mfd: 

159000 159000 
XO 

, , 

f X C 100 X 100 

159,000 = 15.9 ohms 
10,000 

so increasing the- capacity of the con- 
denser decreases its reactance. Just as 
the increase in frequency did in the 
previous example, the increase in ca- 
pacity causes a proportionaately equal 
decrease in reactance; increasing the 
capacity 10 times decreases the re- 
actance 10 times. 

Let us sum up what we have just 
learned in one easily remembered rule: 

An increase in frequency or an in- 
crease in capacity will cause a de- 
crease in the reactance of a condenser. 

Of course, the reverse effect is also 
true; a decrease in frequency or ca- 
pacity causes an increase in reactance. 

Since a drop in reactance means it 
is easier for a.c. current to pass 
through the condenser, you can readily 
see that high -frequency currents pass 
through a condenser much more easily 
than do low -frequency currents; also, 
that a current of any frequency flows 
more easily through a condenser of 
high capacity than through one of low 
capacity. You will see how extremely 
important these facts are a little later 
on in this lesson, when we discuss some 
practical condenser circuits. 

A Simple Condenser -Resistor Circuit 
Now we know that a condenser will 

store a charge when a d.c. voltage is 
applied, and that condensers permit 
a.c. current to flow in the circuit, limit- 
ing the current flow by their reactance. 
What happens when we connect other 
parts with condensers? Let's com- 
bine a resistance with a condenser and 
consider the action both for d.c. and 
a.c. sources. We'll start with a d.c. 
source. 

TIME CONSTANT 

With the resistor and condenser con- 
nected to a d.c. source, as shown in Fig. 
22, a very interesting action occurs. 
If the condenser were connected by 
itself directly to the source, the con- 
denser would charge to the full source 
voltage almost immediately. How- 
ever, when we put a resistor in the cir- 
cuit, we find that it takes longer-the 

charging time increases to as much as 
several minutes, if the resistor and 
condenser are large enough. Let's 
learn more about this action. 

The effective voltage in this circuit 
-that is, the voltage which acts to 
cause current flow-is equal at any 
time to the source voltage minus the 
back, or bucking, voltage of the con- 
denser. When the circuit is first 
closed, there is no charge on the con- 
denser and therefore no voltage across 
it, so the effective voltage is equal to 
the full source voltage. The current 
flow in the circuit is then equal to the 
source voltage divided by the value of 
resistor R. As this current flows 
through the circuit, however, the con- 
denser begins to store a charge, and 
voltage builds up across it. This, of 
course, makes the effective (or cur- 
rent -moving) voltage less than the full 
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source voltage, so the current through 
the resistor and circuit must drop. As 
the condenser continues to charge, the 
effective voltage becomes less and less, 
making the circuit current continually 
smaller. Eventually, when the con- 
denser voltage equals the source volt- 
age, there is no effective voltage and 
all current flow stops. 

The effect of the resistor is to in- 
crease the time necessary to charge the 

C R TODC 
_.. SOURCE; 

FIG. 22. The condenser charges through the 
resistor more slowly than it would if the resistor 

were not used. 

condenser. Even a very large con- 
denser will charge almost at once if 
there is a sufficient current flow into 
it, but when, as in this circuit, the cur- 
rent flow is limited to a small initial 
value by the resistor, and then grows 
even smaller, it may take a consider- 
able time for enough electrons to flow 
into the condenser to charge it com- 
pletely. 

The amount of time it takes for the 
condenser to charge up with a resist- 
ance in series with it is an important 
factor in the action of many radio cir- 
cuits. It has been found that multi- 
plying the capacity of the condenser in 
mfd. by the value of the resistor in 
megohms gives a figure equal to the 
time in seconds that it takes the con- 
denser voltage to reach about 63% 
(actually 63.3%) of its final value. 
This time is called the "time constant" 
of the condenser -resistor combination. 
The time it takes a condenser to reach 
its full voltage is many times this 
special value, but comparing time con- 
stants directly is often a useful way to 
compare the action of one radio circuit 
with that of another. 

Fig. 23 is a graph showing how the 

condenser voltage increases with time. 
Notice the rapid rise at first, followed 
by a gradual tapering off until the 
final condenser voltage is reached a 
relatively long time later on. As 
shown, the time constant is the amount 
of time it takes to reach about 63% of 
full charge. 

You will meet time constants fre- 
quently in later lessons, for they have 
much to do with such important things 
as the ability of an amplifier to am- 
plify signals without distortion. For 
the present, just remember that the 
time constant of a condenser -resistor 
combination is the time in seconds re- 
quired to charge the condenser to 
about 63% of the charging voltage. 
Further, this time can be obtained di- 
rectly from the condenser and resistor 
values by multiplying the capacity of 
the condenser in mfd. by the ohmic 

w 0 

> 
te 

_ 
ó 
z 
(U 

H.- TIME 
ICONSTANT 

FIG. 23. This curve is more steep at the begin- 
ning and then gradually flattens out. This shows 
the condenser voltage builds up rapidly at first, 
then more slowly as time passes. The time in 
seconds required for the condenser to reach 
about 63% of its final charge is known as the 

time constant. 

value of the resistor in megohms. 
Thus, a 10-mfd. condenser and a 5- 
megohm resistor have a time constant 
of 10 X 5 or 50 seconds, or almost a 
minute to charge to 63% of the source 
voltage, while a .05-mfd. condenser 
and a .1-meg (100,000 ohms) resistor 
will charge to this same value in 
.05X.1, or .005 second, thus, the larger 
the resistor or the condenser, the longer 
the time constant. 
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RCE VOLTAGE 

WITH D.C., ALL THE 
THÉ CO DENSER 

APPEARS ACROSS 

FIG. 24. How the voltages are divided when 
d.c. is applied at A. The division for a.c. is 

shown at B. 

ACTION WITH A. C. 

You recall that in the lesson on coils, 
we compared the action of a coil and 
a lamp in series on a.c. with their 
action on d.c. Let's make the com- 
parison again, this time substituting a 
condenser for the coil. Of course, the 
lamp represents a resistor, so we have 
the same circuit as Fig. 22. However, 
the lamp shows when current flows by 
lighting. 

Starting first with a d.c. source, as 
shown in Fig. 24A, we find that the 
lamp will not light. This indicates 
that no d.c. flows through the con- 
denser. Actually, there is an initial 
flow of current when the circuit is first 
completed, but this current flows for 
too short a time to light the lamp even 
momentarily. When the condenser is 
charged, the entire d.c. voltage is across 
the condenser and none across the 

lamp. The d.c. voltage drops in the 
circuit check with Kirchhoff's Voltage 
Law, as 115 volts across the condenser 
added to zero lamp volts equal the 
115 -volt source voltage. 

Suppose we now change to a 115 - 
volt a.c. source, as in Fig. 24B. With 
a.c. voltmeters being used now to 
measure the voltage drops, we find 
that the two voltage drops add up to 
158 volts, which is much higher than 
the source voltage. Clearly, we can- 
not apply Kirchhoff's Voltage Law 
directly to this circuit. Once again 
we have met the subject of phase. 

The voltage drops across the con- 
denser and lamp in Fig. 24B do not 
add up to the a.c. source voltage be- 
cause these a.c. voltage drops do not 
reach corresponding peak values at 
the same instant of time in each cycle. 
In other words, one a.c. voltage may 
be at the zero point in its cycle at the 
instant when the other a.c. voltage is 
at its maximum or peak value. We 
encounter this situation whenever we 
use coils or condensers along with re- 
sistors in radio circuits, and radio men 
say that there is a phase difference 
between these a.c. voltage drops. 

The only time we can add directly 
the a.c. voltages which a.c. meters 
measure is when these voltages are in 
phase with each other (when all reach 
corresponding peak values in each 
cycle at the same instant of time, 
and all drop to zero together) . This 
occurs only when all the parts in the 
circuit are identical (all are perfect 
resistors, all are perfect coils or all 
are perfect condensers). 

The a.c. meters do not show the 
instantaneous voltages; they show the 
effective values over a period of time. 
If they could show the instantaneous 
values, we would find they would add 
up properly at all times. Instead, we 
must combine the meter readings in 
a way which will take phase into ac - 
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count in order to see just what goes on. 
Let us now see how phase enters into 
the picture when the a.c. circuit has a 
condenser in it. - 

Phase. You remember that voltage 
and current are always in phase in a 
purely resistive a.c. circuit, and that 
they are always 90° out of phase in a 
purely inductive a.c. circuit, with the 
current lagging behind the voltage. In 
a capacitive a.c. circuit the current and 
voltage are again 90° out of phase, but 
here the voltage lags behind the cur- 
rent-or, to put it another way, the 
current leads the voltage. 

The reason why is easy to see. You 
learned in your study of time constant 
that, when the circuit is closed, the 
maximum current flows at once and the 
voltage across the condenser is zero. 
As current continues to flow, the con- 
denser voltage builds up and, at the 
same time, the current decreases. 
When the condenser is fully charged- 
the voltage across it is a maximum- 
the current is zero. 

When a.c. is applied, this same 
action occurs during one quarter of the 
oycle. Then, as the voltage decreases, 
electrons begin to flow off the con- 
denser plates. By the time the volt- 
age across the condenser reaches zero 
again, the condenser is completely dis- 
charged, and again a maximum current 
flow is taking place, this time in the 
opposite direction from the original 
flow. 

Thus the circuit current and the con- 
denser voltage are 90° out of phase in 
a capacitive circuit fed by a.c.; the 
circuit current is always a maximum 
when the voltage across the condenser 
is zero, and vice versa. Since the cur- 
rent is maximum first, the current 
leads the voltage. 

Vector Diagrams. You remember 
that we had to use voltage vectors to 
combine the voltages across a coil and 
a lamp, because the two voltages were 

out of phase. Since the voltages across 
the condenser and resistor in Fig. 24B 
are also out of phase, we must also use 
voltage vectors and a vector diagram 
to combine these voltages. 

First, we can see that the same al- 
ternating current flows through both 
the condenser and the lamp as these 
parts are in series, so we will use the 
current as a reference value. We 
start by drawing our current refer- 
ence vector, as shown in Fig. 25A. 
Remember-in a vector diagram the 
length of any vector is proportional to 

FIG. 25. The starting or reference position is 
shown at A. Each complete revolution of e 

vector represents one a.c. cycle. By general 
agreement among radio and electrical men, vec- 
tors are always assumed to be rotating counter- 
clockwise, opposite to the direction in which 
the hands of a clock move. Furthermore, the 
starting or reference position for all vectors is 

the vector position shown at A, which is a line 
going to the right horizontally from the center 
(0) of the vector diagram. In a series circuit, 
we almost always use current for our reference 
vector. To make the vector A represent the 
circuit current, we make the length of the vector 
proportional to the effective current value which 
would be indicated by an a.c. ammeter. We 
then put on the arrow head, and label it with 
the capital letter I to indicate that it represents 
current. As the resistor voltage drop is In 
phase with the current, its position will be the 
same as the reference line, so we draw it right 
on top of the current line, as at B. 

the amount of current or voltage the 
vector represents. Further, the posi- 
tion of any current or voltage vector 
with respect to the circuit current ref- 
erence vector we have just drawn 
shows how much the current or volt- 
age is out of phase with the circuit 
current. 

Since the resistor voltage drop is 
in phase with the circuit current, we 
draw the resistance voltage vector VR 

right over the current vector, as shown 
in Fig. 25B. 

We must now draw the vector for 
the condenser voltage drop. We just 
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learned that voltage lags the current in 
a condenser by 90°, so we will have to 
draw the voltage vector Vc 90° behind 
our reference current vector, or 
straight down from the point of origin 
(0), as shown in Fig. 26A. Then we 
complete the rectangle, as shown in 
Fig. 26B, and draw a diagonal line 
from the point 0 to the opposite cor- 
ner of our rectangle. This diagonal, 
vector E, then represents the source 
voltage. Since it is behind the circuit 
current vector I, we know that the 
source voltage lags behind the circuit 
current in a capacitive circuit. 

If we draw VR and V0 to scale so 
that every inch along them represents 
a certain number of volts, the length 
of line E will be equal to the source 
voltage figured on the same scale. 
Thus, Kirchhoff's Voltage Law applies 
to our capacitive a.c. circuit when we 
use a vector diagram to take phase 
into account. 

Impedance. You have learned that 
resistors have resistance, while coils 
and condensers have reactance. Now 
reactance and resistance are somewhat 
alike, in that both act to oppose the 
flow of current. In other words, cur- 
rent flow through either of them pro- 
duces a voltage drop equal to the prod- 
uct of the current multiplied by the 
resistance or reactance. However, as 
you know, the voltage drops produced 
differ in phase from one another. 

Thus, the voltage drop produced by 
current flow through resistance is in 
phase with the current. The drop pro- 
duced by current through an inductive 
reactance leads the current by 90°. 
The drop produced by current through 
a capacitive reactance lags the cur- 
rent by 90°. 

You have already learned how to 
represent these phase differences in 
voltage drops by vector diagrams. In 
each diagram, a voltage vector repre- 
sents the product of the circuit current 

multiplied by the resistance or reac 
ance of the part concerned. Thu 
VR really equals I X R, while 
equals I X X0 and VL equals I X X 
Now, since the current is the same 
each of these voltage drops if the par 
are in series (because the same curre 
flows through each part of a series ci 
cuit), we might just as well ignore i 
and draw our vector diagram to repr 
sent our resistance or reactances onl 

How do we do this? First, we dra 
our resistance vector R horizonta 
making its length in inches propo 
tional to its value in ohms. Then 
draw our capacitive reactance vect 
X0 straight down, also making i 
length in inches proportional, on tie 
same scale, to the ohmic value of t 
capacitive reactance. If we have a cr 1 

in the circuit instead of the condense 
we draw its inductive reactance vect 

o 

o 

VR 

(A--`) 

V 

VR 

FIG. 26. The condenser voltage drop lags on 
quarter of a cycle or 90" behind the current, 
is drawn one -quarter of a revolution clockwi 
from the reference line, as at A. We can n 

complete the rectangle as at B and draw t 

diagonal E, which represents the source vo 
age. This tells the complete story of the vo 
age and current phase relationships in the 

cuit of Fig. 24B. 

XL straight up, again making t 
vector length proportional to the oh 
value of .the reactance. 

Figs. 27A and B show how these ve 
tors look when drawn this way. Noti 
-in each diagram, the rectangle h 
been completed and a diagonal vec 
Z drawn. What does this vector re 
resent? 

You know that, in the similar 
grams drawn for voltages, this di 
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onal vector represented the source 
voltage-the vectorial sum of all the 
voltage drops in the circuit. In these 
resistance -reactance diagrams, the di- 
agonal vector similarly represents the 
vectorial sum of the reactance and the 
resistance in the circuit. It is called 
the "impedance" of the circuit; its 
symbol is "Z"; it is measured in ohms. 

The impedance of a circuit repre- 
sents the combined opposition of all 
the parts of the circuit to the flow of 
a.c. We can't add resistance to react- 
ance directly, we must follow the same 
rules we do for their voltage drops. 
However, when we have the imped- 
ance, the product of the ohmic value 
of the impedance multiplied by the 
value of the circuit current in amperes 
equals the source voltage in volts. 

Since this is true, we substitute im- 
pedance for resistance when we apply 
Ohm's Law to a.c. circuits. The three 
ways of writing the law then are: 

OHM'S LAW FOR A. C. 

I_E 
Z 

Z=E 

E = I Z 

As you will notice, they are exactly 
like the Ohm's Law forms for d.c., ex- 
cept that impedance is substituted for 
resistance. 

Thus, if we know them, we can use 
impedance and the source voltage to 
figure the circuit current, and use this 
current with the resistance and react- 
ance values to find the voltage drops 
across the parts. Or, if we already 
know the voltages across each part, 
we can add them vectorially to find 
the source voltage, as we did in Fig. 
26. Either method will give us the 
right answer, but one will usually be 
more convenient than the other, as 
we shall see later. 

CONDENSER LOSSES 

Losses in the dielectric of a con- 
denser keep it from being 100% effi- 
cient. You have already learned that 
there's a certain amount of leakage 
through the dielectric. This leakage 
provides a discharge path which will 
allow the charge to "leak off" and pre- 
vents the condenser from keeping its 

FIG. 27. Combining resistance with either in- 
ductive or capacitive reactance by means of 
vectors gives the impedance or total opposition 

to alternating current flow. 

charge forever. The better the con- 
denser is, the. lower leakage loss it has. 

You can get some idea of how good 
a fairly large paper condenser is by 
connecting it to a 200- to 400 -volt d.c. 
source long enough to charge it, break- 
ing the connection, waiting two or 
three minutes, then shorting the con- 
denser terminals with a screwdriver. 
If you get a strong spark, you know 
the condenser has low leakage and is 
therefore of good quality. (This test 
is useful only for paper condensers 
larger than .25 mfd.) 

Another dielectric loss is caused by 
the fact that the dielectric absorbs 
some energy from the charging opera- 
tion which it does not give back at 
once upon discharge. The reason is 
that when a condenser is charged, then 
discharged suddenly, all the bound 
electrons do not return at once to their 
normal orbits. If you wait a moment 
or two, then short the condenser again, 
there will be another (smaller) dis- 
charge. This effect is called "absorp- 
tion." In an a.c. circuit, absorption is 
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given the technical name of "dielec- 
tric hysteresis" (di -eh -LECK -trick 
HISS -ter -E -sis) . 

Both leakage loss and hysteresis loss 
can be lumped together and called the 
dielectric loss of the condenser. For 
simplicity, we can consider their com- 
bined effects as either a low resistance 
in series with a perfect condenser, or 

ANY PRACTICAL CONDENSER 

jEOUALS THIS4, 

A PERFECT CONDENSER 

4,OR THIS4, 

A PERFECT CONDENSER 

PLUS A SERIES RESISTOR PLUS A SHUNT RESISTOR 

FIG. 28. Dielectric losses are in series with 
the condenser, while leakage losses are across 
the condenser. One or the other may be ig- 
nored, or both can be lumped together and 

shown by either of these methods. 

as a high resistance in parallel with a 
perfect condenser. Both ways of pic- 
turing losses are shown in Fig. 28. 

The losses in a condenser go up as 
the frequency goes up, so condensers 
do not work as well at higher frequen- 
cies unless carefully made. Certain 

kinds of condensers cannot be used at 
high frequencies, particularly electro- 
lytic condensers, due to the high 
amount of loss in these condensers. 

Power Factor. Another way of ex- 
pressing the losses in a condenser is 
in terms of "power factor." The power 
factor of a condenser shows the per 
cent of applied electrical power that 
is wasted by the resistance of the con- 
denser. It is usually expressed in per 
cent. A perfect condenser would have 
a power factor of zero, while one with 
a high loss would have a fairly high 
power factor. As you can readily see, 
the lower the power factor of a con- 
denser, the more efficient it is. 

Test instruments are available that 
measure the power factor of condensers 
directly. Such instruments are used 
in radio service work, for they are very 
helpful in telling whether a condenser 
has such high resistance in series 
(high power factor) that it should be 
replaced. Usually such a test is neces- 
sary only on electrolytic condensers. 
You'll learn more about these instru- 
ments when you study service equip- 
ment in later lessons. For now, just re- 
member power factor tells how much 
loss there is in a condenser. 

Voltage Division with R, L and C 

We have now reached the point 
where we can combine what we have 
learned about the action of resistors, 
coils and condensers into some of the 
basic circuits which you will meet time 
after time in radio receivers and other 
radio equipment. This section is a 
preview of circuits you will study 
again in later lessons. Several read- 
ings now, and later when you en- 
counter similar circuits are recom- 
mended. 

In radio circuits we may have d.e. 
alone; we may have d.c. mixed with 
an alternating current; we may have 
d.c. with many different a.c. frequen- 
cies, or we may have different a.c. fre- 
quencies together. Regardless of what 
we have, we must have a means of 
combining and separating the different 
a.c. frequencies, as well as combining 
any or all frequencies with d.c., in 
order to obtain the radio actions we 
shall study later. 
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In addition to making the proper 
combination and separation, we must 
consider the necessity of supplying the 
right voltage for the particular reac- 
tion we want to occur. 

Right now, we are going to start off 
with some very simple circuits. How- 
ever, complex radio circuits can be 

FIG. 29. When the source voltage is exactly 
correct for the load, they can be connected 
together as at A. However, a series part may 
be needed as at B, to lower the voltage, sepa- 
rate d.c. from a.c., or to separate different 

a.c. frequencies. 

"boiled down" into simple circuits so 
that the actions in a radio receiver are 
easy to understand. We will leave the 
subject of complete radio circuits for 
later lessons, where you can pick them 
up one by one, analyze them into their 
basic elements, and thus reach a com- 
plete understanding of just what goes 
on in a radio. This thorough under- 
standing of the actions which occur in 
a set will lead you directly into an 
understanding of what might go wrong, 
how it can go wrong, and what is nec- 
essary to clear up trouble when it 
arises. 

Suppose we start with a source and 
"load" connected as shown in Fig. 
29A. (We call the device to which the 
source is connected a "load" because 
it uses the energy from the source.) 
For us to be able to connect a source 
of voltage directly to any radio part 
like this, the source must deliver volt- 
age of exactly the right amount and 
right frequency for that radio part. 

If the source furnishes too much 
voltage or voltages with the wrong 
frequency, this condition is often cor- 

reeted by using the proper part in 
series with the load, as shown in Fig. 
29B. The exact size and kind of series 
part to use depends on the correction 
needed. 

SERIES RESISTANCE 
Let us assume that our load is a 

resistor RL, as shown in Fig. 30, and 
that the voltage source supplies more 
voltage than we want to apply . to RL. 
Now, suppose we put resistor R in 
series with RL. As you have already 
learned, the source voltage will divide, 
part appearing across R, the rest across 
RL. This same division will occur 
whether the source supplies a.c. or d.c., 
and the frequency of the source makes 
no difference. Thus, the effect of re- 
sistor R is to reduce the amount of 
voltage available for the load RL. The 
amount of reduction depends on the 
relative resistance of R and RL. There- 
fore, by adjusting the value of resistor 
R, we can adjust the voltage across RL 
to the desired value. However, resis- 
tor R will affect only the amount of 
voltage. It has no effect on the fre- 

FIG. 30. The series resistor can reduce the 
voltage to the right amount for the load but 

cannot separate frequencies. 

quency of the source voltage, and can- 
not separate frequencies, so the source 
must deliver the correct frequency. 

SERIES INDUCTANCE 
Now, suppose we use an inductance 

L instead of resistor R, as shown in 
Fig. 31. We have again made up a 
voltage -dividing circuit, but one which 
acts in an entirely different manner. 

Suppose the source produces d.c. 
The normal resistance of the -coil is 
relatively low, so there will be very 
little d.c. voltage drop in coil L. Nearly 
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all the d.c. voltage will appear across 
RL. As far as d.c. is concerned, the coil 
L has practically no effect in this cir- 
cuit. 

Now suppose the source furnishes 
a.c. of both low and high frequencies. 
The coil has a low reactance at low 
frequencies, so very little low -fre- 
quency voltage is dropped across it. 
But the reactance of coil L is very 
much greater at high frequencies, so 
most of the high -frequency voltage 
supplied by the source is dropped 
across the coil, and only a little appears 
across RL. Thus, the series coil acts 
as a frequency separator. It passes 
d.c. and low -frequency a.c., but tends 
to exclude high frequencies from the 
load. The larger the reactance, com- 
pared to the value of RL, the greater 
the tendency to exclude high frequen- 
cies. 

As low frequencies find less opposi- 
tion in the coil, this circuit might be 
called a low-pass filter, because it 
passes low frequencies but filters out 
the higher frequencies. 

Again, as in Fig. 30, the division 
of voltage between the load and the 
series coil depends on the relative op - 

FIG. 31. The coil has greater reactance as fre- 
quency is increased, so higher -frequency volt- 
ages are divided so most of the drop is across 
the coil. The coil thus tends to separate fre- 

quencies, excluding the higher ones. 

position each offers to current flow. 
If the ohmic value of the coil reactance 
is high compared with the ohmic value 
of load resistance, more voltage will be 
dropped across the coil than across 
the resistor. And remember, the re- 
actance of the coil depends upon both 
its electrical size and the frequency 
of the source. It is quite possible for 
the reactance of the coil to be much 

smaller than the resistance of the re- 
sistor at low frequencies and much 
higher at high frequencies. The coil 
reactance may be large because of high 
inductance, high source frequency, or 
both. 

SERIES CAPACITY 

Now let's change the circuit to that 
shown in Fig. 32, with a condenser C 
as the series part. 

We know that if the source is a d.c. 
voltage, there will be an initial charg- 

FIG. 32. The condenser blocks d.c. and, as 

its reactance decreases as the frequency is in- 
creased, it passes higher frequencies with less 
opposition, exactly opposite to the action of a 

coil. 

ing current, the duration of which de- 
pends on the time constant of C and 
RL. However, once the condenser is 
charged, there will be no further d.c. 
flow through the circuit (except for a 
tiny leakage current, which is so small 
that we can normally ignore it). 
Therefore, we can say that the con- 
denser blocks the d.c. flow because, as 
soon as the condenser is charged, there 
is no current in the circuit and no d.c. 
voltage across RL. All the voltage 
supplied by the source appears across 
condenser C. 

We have learned that a.c. does flow 
through a condenser, however. Further, 
we know that the higher the frequency, 
the lower the condenser opposition to 
a.c. flow. 

Thus, the action of a series con- 
denser is opposite to the action of a 
series coil. For low -frequency a.c., 
there is a large voltage drop across the 
condenser, leaving less voltage for the 
load resistance. At higher frequencies, 
less and less voltage is dropped across 
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the condenser and more of the source 
voltage appears across the load re- 
sistance. 

Again, the relative opposition of the 
condenser and the load to current flow 
determines the voltage division be- 
tween them. The larger the capacity, 
or the higher the source frequency, the 
lower the condenser reactance-and 
the greater the voltage applied to the 
load. 

Fig. 32 is one of the most common 
radio circuits you will meet later on. 
Condenser C is sometimes called a 
blocking condenser, because it prevents 
d.c. from flowing. As it will pass a.c. 
to the load, it is also called a coupling 
condenser, because it "couples" an a.c. 
voltage from one circuit to another. 
The name used depends upon which 
action is more important in the circuit. 

A Typical Circuit. Fig. 33 is a 
typical radio circuit where a condenser 
is used both as a blocking and a. coup- 
ling condenser. Battery B causes a 
d.c. flow through tube VT, and through 
resistor R1. Condenser C prevents 
direct current flow from battery B 
through resistor R2. However, a.c. 
signals in the circuit of tube VT, are 
passed on to R2 through condenser C, 
where they operate tube VT2. 

Of course, we don't expect you at 
this point to understand all about how 
this circuit works. There are a few 
practical facts you can see, though. If 
condenser C becomes "open" (discon- 
nected by a break where the lead is 
fastened to the foil), no signal energy 
will be passed on to the next tube, 
because the circuit is broken so the 
condenser is effectively not there. This 
may make the receiver dead. 

On the other hand, if condenser C 
becomes leaky or short circuited, d.c. 
will flow through this condenser and 
through resistor R2i where it is not 
wanted. As you will learn in a later 
lesson, this will cause distortion. As you know, there 

Thus, a properly operating conden- through the condenser. 
33 

ser C blocks d.c. and couples the a.c 
signal to the next tube. A defective 
condenser C may prevent the passage 
of signal energy, or may permit the 
passage of d.c. 

Summary. Fig. 34 shows in chart 
form the action of a resistor, coil and 
condenser individually. You will find 
this chart helpful in summarizing the 
information given to you so far. 

Now, having learned how these 
parts will act when in series with the 
load, let us consider a few more basic 
circuits using condensers. 

BY-PASSING AND FILTERING 

Suppose we go back to our resistive 
circuit shown in Fig. 30 for a minute. 
You will recall that the voltage divi- 
sion depends on the relative resistance 
values, but the same division occurs 
regardless of frequency. This circuit 
cannot separate d.c. from a.c., nor can 
it separate alternating currents of dif- 
ferent frequencies. 

There are plenty of cases where we 
want d.c. in the load without a.c., or 

FIG. 33. A typical resistance -capacitance cir- 
cuit utilizing the basic circuit actions of Fig. 32. 

want low -frequency a.c. and no high 
frequencies. We can add a condenser 
in parallel with the load, as in Fig. 35, 
and will again have a frequency -sepa- 
rating circuit-one of the most useful 
in radio. 

is no d.c. path 
If we apply a 
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FIG. 34. This chart summarizes the actions of a resistor coil or condenser when used in the simple 
circuit shown above. (Because a condenser completely blocks the flow of d.c., some engineers 

say that it does control d.c. to this extent.) 

d.c. source, condenser C charges 
through resistor R, after which there 
is no further direct current flow in the 
condenser section of the circuit. Of 
course, the load RL provides a d.c. 
path, so a direct current flows through 
resistors R and RL, and the condenser 
might as well not be there, so far as 
d.c. is concerned. 

When low -frequency a.c. is applied 
to this circuit, the capacitive reactance 
is high, and if it is much higher than 
the resistance of load RL, very little 
a.c. flows through the condenser,. most 
of it going through the load RL. 

As the frequency is increased, how- 
ever, the reactance of the condenser 
decreases. Condenser C and resistor R 
begin to divide the source a.c. voltage, 
with a greater and greater drop occur- 
ring across resistor R as the frequency 
increases. Therefore, less and less a.c. 
voltage is available across C and the 
load RL. This circuit can be considered 
a low-pass filter, because low -fre- 
quency currents flow through RL, 
while higher frequencies do not. 

Notice-this action is exactly oppo- 
site to that of the circuit in Fig. 32. 
The circuit in Fig. 32 permitted only 
higher frequencies to pass, while that 
in Fig. 35 permits only lower frequen- 
cies to pass. Hence, Fig. 35 is acting 
much like the coil circuit of Fig. 31. 

Sometimes we may use a coil as a 
filter, sometimes a condenser. By put- 
ting the coil or condenser in the proper 
place in the circuit, we can get either 
a low-pass or a high-pass action for 
a.c. The condenser has the advantage 
of blocking direct current flow when in 
series, and has no effect on d.c. when 
in parallel, so the condenser is often 
more desirable in circuits where d.c. is 
also present. You will usually find 
coils used more commonly in circuits 
containing only a.c. frequencies. 
b. Notice how the parts work together 
to give the desired actions. Without 
the series R in Fig. 35, an entirely dif- 
ferent action would occur. The con- 
denser would then act just as it does 
alone and would serve only as an ad- 
ditional load on the source. It would 
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not have any control over the RL volt- 
age unless the source contained enough 
impedance to replace the action of the 
series R. Of course, in practice, the 
source will have appreciable imped- 
ance so some a.c. drop will occur. 

By-pass Action. The condenser 
connection shown in Fig. 35 is very fre- 
quently called a "by-pass" because it 
"by-passes" high -frequency currents 
so they do not flow through the resistor 
RL. This action is also called "filter- 
ing," because the effect is one of "filter- 
ing out" certain frequencies. Which 
name we use depends upon the exact 
action required in the circuit, as you 
will learn later. Usually, the term 
"by-passing" is used whenever we 
want to provide an easy path for a.c. 
and at the same time keep this a.c. 
out of another circuit. 

Fig. 36A shows a typical by-passing 
circuit. Battery B causes d.c. to flow 
through the source, through RL and 
through RB. Condenser C has no 
effect on this action. 

The source produces a.c., which we 
may want to keep out of battery B. 
This a.c. flows through RL and conden- 
ser C, rather than through RL, RB and 
the battery, because the opposition to 
a.c. in the path through condenser C is 
very low, causing the a.c. voltage to 
divide between RL and C. Since most 
of this voltage is across RL there is 
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FIG. 35. Another important condenser circuit. 
Here, the condenser acts with resistor R to keep 
the higher frequencies horn affecting the load 

R. 

little voltage across C, and as RB and 
B are in parallel with C, they have the 
same low a.c. voltage across them. 

The practical radio equivalent of 
this filter circuit is shown in Fig. 36B, 
where the tube VT acts as the source 
of the a.c. signal. Again, we include 
this circuit just to show you a prac- 
tical use for one of our simple circuits. 
Much more information will be found 
in later lessons on this subject. 

From what you've already learned, 
however, you can see that if condenser 
C in Fig. 36 becomes leaky, it provides 
a path for d.c. from battery B through 
RB. As the leakage resistance becomes 
lower, there will be a greater drop 
across RB and less voltage will be 
available for the tube and RL. In other 

FIG. 36. This typical by-pass circuit uses the 
basic actions of Fig. 35. 

words, the d.c. path becomes RB -C, 
rather than RB -RL -VT. Thus, a leaky 
condenser can stop the operation of 
the circuit. On the other hand, if 
the condenser becomes disconnected 
(open), the a.c. has no by-passing path 
and must flow through the battery, 
where it can produce undesirable 
effects, as we shall study later. 

COMBINING L AND C 

So far, we have discussed using a 
coil or condenser with a resistor. What 
happens when we combine a coil and 
condenser? 

Let us first consider the circuit 
shown in Fig. 37. We know that the 
coil tries to exclude higher frequencies 
from RL, because it offers a greater 
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opposition to higher frequencies. We 
also know that condenser C has less 
reactance at higher frequencies, and 
so tends to "by-pass" the higher fre- 
quencies. 

Thus, both elements of this combi- 

FIG. 37. Using a coil and condenser together 
this way gives a low-pass filter, which "passes" 
low frequencies to the load but sharply cuts off 

higher frequencies. 

nation try to exclude higher frequen- 
cies from the load, L by offering high 
reactance and C by offering low react- 
ance to the high frequencies. The 
practical result of combining these two 
parts. in this circuit is that the high 
frequencies are cut off quite abruptly, 
instead of dropping off gradually as 
they do when either the coil or the 
condenser is used alone. This is a low- 
pass circuit, since only low frequencies 
reach the load. 

By interchanging the two parts as 
shown in Fig. 38, we produce the oppo- 
site condition. Condenser C offers 
greater opposition to low frequencies, 
and coil L acts as a "by-pass" element. 
Therefore, the circuit in Fig. 38 cuts 
off low frequencies, and is thus a high- 
pass circuit. 

The actual frequency where this 
"cut-off" action occurs depends on the 

values chosen for L and C in both cir- 
cuits. When you take up filtering later 
on, you will find that coil and conden- 
ser combinations of these types are 
quite commonly used where it is neces- 
sary to separate high and low fre- 
quencies abruptly. 

Looking Ahead. In radio, we will 
find circuits which contain resistance 
only. Circuits of this type will act the 
same regardless of the frequency. In 
other circuits, we introduce a coil 
or condenser to discriminate against 
either low or high frequencies. Then 
there are other combinations of coils, 
condensers and resistors which pass 
some frequencies but reject those 
higher or lower. Another group will 
reject a band of frequencies but allows 
higher and lower frequencies to pass. 

FIG. 38. Reversing the coil and condenser 
positions gives a high-pass filter which excludes 

low frequencies from the load. 

Exactly when and how we do this will 
be the subject of many of your future 
lessons. 

In your next lesson you will take 
up the interesting and important sub- 
ject of vacuum tubes and how they 
operate. You will then be ready to 
put together resistors, coils, condensers 
ànd tubes to form actual radio circuits. 

THE N. R. I. COURSE PREPARES YOU TO BECOME A 

RADIOTRICIAN & TELETRICIAN 
(REGISTERED G.O. PATENT DEFIED) (REGISTERED O.O. PATENT OFFICE) 
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Lesson Questions 

Be sure to number your Answer Sheet 7FR-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Name the four factors that determine the capacity of a condenser. 

2. What is meant by the "working voltage" of a condenser? 

3. Is it necessary to consider polarity when connecting electrolytic condensers? 

4. How would you connect two condensers together to get an increased 
capacity? 

5. When the frequency is decreased, does the capacitive reactance: 1, increase; 
2, decrease; or 3, remain the same? 

6. When the capacity is increased, does the capacitive reactance: 1, increase; 
2, decrease; or 3, remain the same? 

7. When a resistor is connected in series with a condenser, does the charging 
time: 1, increase; 2, decrease; or 3, remain the same? 

8. Suppose you want to exclude d.c. from a load. What part would you use 
in series with the load to do this? 

9. Suppose a condenser is in series with a resistive load, as shown in Fig. 32. 
Will a larger -capacity condenser permit more or less a.c. voltage to be 
applied to the load? 

10. Suppose distortion occurs due to a d.c. voltage across resistor R2 of Fig. 33. 
Choose the two following conditions of condenser C which could cause 
this: 1, leaky; 2, open; 3, short-circuited; 4, normal condition. 
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I would like to have you feel, as you read these 
short personal messages, that you are seated right 
alongside my desk. Years of experience with thou- 
sands of ambitious men proved to me that a word 
of advice or cheer can go a long way toward speed- 
ing your progress. As I see it, my responsibility goes 
farther than just giving you the very best training in 
radio-my duty is to help you get the very most out 
of life-to attain real happiness. 

You, in common with all other N.R.I. men, desire 
success. You think that success will bring happiness, 
but this is not necessarily true. I believe that a man 
must train himself for happiness, just as he must 
train himself for success! Many a successful man 
of today is not happy, just because he did not realize 
this important truth. 

The first thing you must understand is this: Happi- 
ness comes from within! There is no guarantee that 
material things-money, success, friends and posses. 
lions-will make you happy, for happiness is a state 
of mind. You must learn to be happy within yourself. 

In these one -minute chats, then, I am going to 
teach you how to get the most happiness out of the 
success which is in store for you. 

J. E. SMITH. 

-,. 
- _-- 
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STUDY SCHEDULE NO. 8 

For each study step, read the assigned pages first at your 
usual speed. Reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind, then answer the Lesson Questions for that 
step. Study each other step in this same way. 

1. The Tube as an Electronic Switch Pages 1-5 
This section gives the ways in which electron emission can be produced, then 
describes thermionic emission in full. After learning this, you are shown how a 

diode tube can be used as a one-way device. This is the basic action of rectifiers 
and detectors-two important radio circuits. Answer Lesson Questions 1, 2, 

3 and 4. 

2. Basic Tube Construction Pages 6-10 
Here are the important facts about the kinds of materials used in making tube 
filaments, cathodes and plates. This is important information, because the 
materials used determine the conditions of tube operation. Answer Lesson 
Questions 5 and 6. 

3. Basic Tube Characteristics Pages 10-15 
The voltages applied to a tube are limited to values within the operating range. 
Here you learn what limits there are. 

4. The Triode Tube Pages 15-25 
This section should be read and studied over and over. The triode is the basis 
for all multi -element tubes and is the basic amplifier tube. Be sure you under- 
stand exactly how the signal on the grid is used as the "pattern" for the tube to 
reproduce another and larger voltage within its plate circuit. Answer Lesson 
Questions 7 and 8. 

5. Multi -Element Tubes Pages 25-28 
A brief introduction to tubes having many elements. You will meet these tubes 
in later lessons. Answer Lesson Question 9. 

[J 6. Special Purpose Tubes Pages 29-30 
Photoelectric cells, gas -filled tubes and cold -cathode types are explained. 

7. Tube Classification Systems Pages 31-36 
Practical information on the identification of tubes and their base pin connec- 
tions. You will use this system constantly in your radio work. Answer Lesson 
Question 10. 

8. Mail Your Answers for this Lesson to N. R. I. for Grading. 

9. Start Studying the Next Lesson. 

COPYRIGHT 1945 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C. 

JD 45M447 1947 Edition Printed in U.S.A. 



HOW RADIO AND ELECTRONIC TUBES WORK 

The Tube as an Electronic Switch 
VACUUM TUBES are the heart of 

modern electronics. They are used 
not only in broadcasting and receiving 
radio entertainment, but also in com- 
mercial radio (aircraft, police, ship- 
board, and radio -telegraph systems), 
telephone repeater systems, diathermy 
equipment, and many other applica- 
tions. In fact, tubes are used in de- 
vices which can see, hear, talk, feel, 
taste, smell, count, sort objects, keep 
time, control machinery, detect in- 
truders, and cure diseases I And they 
range in size from tiny hearing -aid 
tubes scarcely larger than a thumbnail 
up to five-foot tall transmitter giants. 

Let us now learn what kinds of tubes 
there are, how they operate, and what 
they can be made to do. These facts 
will apply to all tubes, whether they 
are used in broadcast, f.m., or tele- 
vision receivers or in transmitters. We 
must also learn something about tube 
weaknesses, since tubes are responsible 
for more radio breakdowns than any 
other part. 

When we have finished our study 
of tubes, we will be ready to put coils 
and condensers together íin practical 
circuits, then to combine them with 
resistors and tubes to form actual 
radio circuits. 

Electron Emission. In ordinary 
electrical circuits, electrons stay with- 
in the circuit wiring, and flow only 
over complete paths. However, in a 
tube, electrons are forced out of the 
surface of a metal cathode, and are 
made to flow across a space. Let's see 
how electrons are made to do these 
things. 

Electrons normally stay within a 
conductor, because an atomic force 

prevents even free electrons from 
escaping through the conductor sur- 
face. An ordinary current flow through 
a conductor is a result of an exchange 
of electrons from atom to atom. There 
is no loss of electrons, because others 
replace those which pass on. How- 
ever, if an electron can gain enough 
energy, it can separate itself from the 
atoms of the conductor and become a 
"free agent" in space. 

There are four ways in which elec- 
trons can gain enough energy to escape 
into space from a metal or metallic 
compound. These are: 1, they can be 
evaporated or driven out by applying 
heat; 2, they can be driven out by 
bombardment with very small high 
speed particles, such as other electrons; 
3, they can be driven out of some ma- 
terials by the energy in light rays 
(which are electromagnetic waves) ; 

and 4, they can be jerked out by a 
very high positive potential. 

All four of these methods are used 
in various types of electronic tubes to 
provide the free electrons on which 
all tubes depend for their operation. 
However, the first method (applying 
heat) is by far the most common, so 
we shall first deal with the thermionic 
tube. (Thermionic is pronounced 
THERM-I-ON-IK: thermo means 
heat, ionic refers to electrons.) 

THERMIONIC EMISSION 

Suppose we start with a tube con- 
sisting of a filament, made of thin re- 
sistance wire, enclosed in a glass or 
metal bulb from which all the air has 
been pumped. If we connect a battery 
to this filament (Fig. 1), the current 
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flowing through the filament will heat 
it, and, when the filament has become 
hot enough, electrons will be emitted 
from it. (A vacuum is necessary in 
the bulb to prevent the filament from 
burning up at the temperature it will 
reach, and to remove the large air 
molecules which would interfere with 
electron emission.) 

Electrons are emitted from the fila- 
ment because the heat produced gives 
them enough energy to escape from 
the surface of the wire. The velocities 
with which they escape depend upon 
the amount of energy they get from 
the heat, and this starting speed 
determines how far they will go. 
Usually, they do not have velocities 
sufficient to take them very far from 
the filament, so a number of electrons 
soon are "hanging around" the fila- 
ment. As this "cloud" of electrons be - 

BULB 

EMITTED 
ELECTRONS 

FILAMENT 

SEAL 

HG. 1. When the filament is heated, elec- 
trons are emitted. Notice the symbols at B 

for the tube filament and for the battery. 

comes thicker, they begin to repel each 
other, tending to force those closest to 
the filament back to the wire. 

You learned in earlier lessons that 
removing electrons from an electrically 
neutral substance makes that sub- 
stance positive. That is what happens 
to our wire filament-it becomes more 
and more positive as electrons are 
driven off from it by heat. This posi- 
tive potential tends to attract elec- 
trons from the cloud back to the fila- 
ment (unlike charges attract). Some 
of them do return, while others are 

prevented from doing so by the repel- 
ling action of the electrons freshly 
emitted from the filament. 

Eventually a state of equilibrium 
will be reached, with a practically con- 
stant number of electrons in the cloud 
about the filament, and with the num- 
ber of electrons leaving the filament 
approximately the same as the number 
returning to it. The electron cloud in 
the space around the filament is called 
the space charge. 

It is important to realize that the 
current from the battery in Fig. I just 
heats the filament. The electrons emit- 
ted by the filament do not come from 
this battery current-they come from 
the atoms of the filament wire itself. 
We could heat the filament by a gas 
flame, or any other heating agent, and 
get the same electron emission for the 
same amount of heat. An electric cur- 
rent is generally used to heat the fila- 
ment because this is the most conven- 
ient way to do it. 

Also-we show batteries only be- 
cause they are a convenient way to in- 
dicate a d.c. voltage supply. This d.c. 
voltage might come from batteries, or 
from a power pack which converts a.c. 
to d.c., or from any other d.c. source. 
Don't think we are covering only bat- 
tery type tubes-you are studying 
basic actions applying to all tubes. 

THE PLATE 
Now that we have a filament sur- 

rounded by a cloud of electrons, let 
us place a metal plate within the tube 
and bring a wire from this element to 
the outside of the tube. Further, let 
us connect a meter M to this wire, then 
connect another battery between the 
meter and the tube filament. This 
will give us the circuit shown pic- 
torially in Fig. 2A, and schematically 
in Fig. 2.8. For identification, we call 
the filament -heating battery an A bat- 
tery, and the new battery the B bat- 
tery, as marked in Fig. 2B. 
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Suppose we first connect the nega- 
tive terminal of the B battery to the 
new element (which we shall call a 
plate), and the positive terminal of 
this battery to the filament, as shown 
in Fig. 2. (The circuit is completed 
from the negative B terminal to the 
plate through the meter.) We will 

FIG. 2. Here the "plate" has been added. 
The meter indicates no current flow because 

the B battery has the wrong polarity. 

find that the meter pointer remains at 
zero, showing that there is no electron 
flow in this "plate" circuit. There are 
two reasons for this. First, there is 
no electrical connection within the 
tube between the plate and the fila- 
ment, so there is no metallic path for 
current (electrons) to follow. Second, 
the plate and the filament assume the 
potentials of the B battery terminals 
to which they are connected: the plate 
therefore becomes negative with re- 
spect to the filament. The negative 
plate will then repel the negative elec- 
trons emitted from the filament, so 
that they will not go to the plate and 
there will be no conduction through 
space in the tube. 

Now, let us turn the B battery 
around (Fig. 3) so that the plate be- 
comes positive with respect to the fila- 
ment. At once, the meter will indicate 
that a current is flowing-because now 
the negatively charged electrons are 
attracted by the positive plate (unlike 
charges attract) and are pumped 
through the circuit by the B battery so 
that they flow through the meter M, 

through the B battery, and back to the 
filament. 

In other words, free electrons in 
space obey the laws of charges-they 
are repelled by a negative plate; and 
are attracted by a positive plate. The 
number of electrons attracted depends 
on the voltage of battery B and on the 
distance between the plate and the fila- 
ment. Increasing the voltage of bat- 
tery B (thus making the plate more 
positive), or decreasing the distance 
from the plate to the filament, or both, 
increases the ability of the plate to at- 
tract electrons. Conversely, decreas- 
ing the voltage or increasing the dis- 
tance decreases the attracting ability 
of the plate. (Of course, the distance 
between the plate and the filament is 

METER SHOWS. 

CURRENT PLOW 

WHEN BATTERY 
CONNECTIONS HAVE 

THIS POLARITY 

FIG. 3. The proper B supply polarity causes 
an electron movement from filament to plate, 
through the meter and the B battery back to the 
filament. (There must be a complete path back 
to the filament for there to be an electron flow. 
The B battery can "take in" at its positive 
terminal only the same number of electrons as 
it "lets out" of its negative terminal. Hence, 
free electrons are given back to the filament in 

exchange for those emitted.) 

always fixed in any particular tube, 
so in a practical case, we generally 
consider that the voltage applied to 
the plate determines the ability of the 
plate to attract electrons.) 

What has happened to our space 
charge? Assuming average conditions, 
the electrons which go to the plate 
come from the space charge, and thus 
reduce the negative charge in the cloud 
around the filament. This, in turn, 
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allows an equal number of electrons 
to leave the filament to make up for 
this deficit in the space charge. Thus, 
there is a transfer action in which elec- 
trons leave the filament and go to the 
space charge, while other electrons 
leave the space charge and go to the 
plate. For most purposes, we can 
ignore this transfer and assume that 
electrons go directly from the filament 
to the plate, when the plate is made 
positive with respect to the filament 
by a B battery. 

This electron movement continues 
through the meter and the battery so 
that an equal number of electrons are 
restored to the filament to make up 
for those emitted. Hence, there is a 
"complete circuit" effect when the 
plate is positive with respect to the 
filament. 
> All vacuum tubes have at least two 
electrodes, a cathode and an anode. 
The cathode is the electron emitter, 
and the anode (or plate) is the elec- 
tron -attracting element. If these are 
the only electrodes in the tube, it is 
called a diode tube. "Diode" is pro- 
nounced DI-OAD (rhymes with 
"load") : "di" means two, and "ode" 
refers to electrodes or elements-hence 
a diode is a two -element tube. 

RECTIFICATION 
So far, we have described how it is 

possible for electrons to flow from the 
cathode to the plate in a tube when the 
plate has the proper polarity. Notice 
-the tube is obviously a "one-way" 
device, in that electrons can move 
only from the cathode to the plate, and 
then only when the plate is positive 
with respect to the cathode. Electrons 
do not normally move from the plate 
to the cathode. 

This one-way action makes a diode 
tube an important device in a.c. sys- 
tems. Suppose we substitute an a.c. 
supply for the B battery, giving us the 
circuit shown in Fig. 4A. As you know, 

an a.c. voltage reverses polarity peri- 
odically; so for one-half of the cycle, 
terminal 1 will be positive with respect 
to terminal 2, while for the other half - 
cycle, terminal 1 will be negative with 
respect to terminal 2. If our supply 
voltage is an a.c. sine wave, like that 
shown in Fig. 4B, we will find that 
plate current flows in pulses like those 
shown in Fig. 4C. In other words, 
plate current flows only for the portion 
of each voltage cycle when terminal 1 

is positive with respect to terminal 2, 
and does not flow for the half of each 
voltage cycle when terminal 1 is nega - 

FIG. 4. A diode tube will permit current 
flow only when the a. c. voltage makes the plate 
positive with respect to the electron emitter. 

tive with respect to terminal 2. In 
fact, we might consider the tube to be 
a kind of "electronic switch" that 
closes the tube circuit (and so permits 
current flow) only when the plate -to - 
cathode voltage has the proper po- 
larity. 

Thus, plate current flows in only one 
direction, and so is a direct current. 
The current is pulsating, varying from 
zero to some peak value which depends 
on the supply voltage, but it never re- 
verses in direction. 
> This is an extremely important 
characteristic of a tube. When we use 
an a.c. voltage supply in the plate cir- 
cuit, the plate current will be a pulsat- 
ing d.c. current. If this d.c. current 
is made to flow through a resistor, it 
must produce a pulsating d.c. voltage 
drop across the resistor. Thus, the 



tube rectifies an a.c. voltage-that is, 
changes it to a d.c. voltage. 

Fig. 5A shows the same circuit given 
in Fig. 4A, except that the meter in 
the latter has been replaced by a 
"load." This load might be a resistor, 
or a coil, or a complex electrical cir- 
cuit. The tube in Fig. 5A acts, as 
you have just learned, as a one-way 
device and permits electron flow only 
in the direction indicated by the ar- 
rows, (and then only when the supply 
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FIG. 5. The load voltage polarity is reversed 
by reversing the tube connections. 

voltage polarity makes the plate posi- 
tive). Hence, the voltage drop across 
the load will be a pulsating d.c. volt- 
age which has the polarity shown. (By 
the use of filter circuits, which you will 
study later, it is possible to "smooth 
out" the variations in the current, so 
that the voltage across the load is 
practically a steady d.c. voltage like 
that delivered by a battery.) 

Should we want the load voltage 
polarity to be reversed from that in 
Fig. 5A, we need only reverse the plate 
and cathode connections as shown in 
Fig. 5B. Electrons still can go only 
from cathode to plate, so this reversal 
of the tube connections changes their 
direction through the circuit. 

Practical Uses. Radio finds a 
number of important uses for the one- 
way action and for the basic circuits 
shown in Fig. 5. For instance, we can 
take power from an a.c. electric line 
and change it into a d.c. voltage which 
we can use to run a radio. This has 
made it possible to eliminate batteries 
when we wish to operate the radio from 
a power line. When a diode tube is 
used for this purpose, it is called a 
rectifier, and the circuit in which it 
is used is known as the "power pack" 
of the radio receiver. 

Diode tubes have many other uses 
in radio which need not concern us 
at the moment. You will meet them 
all in later lessons. 

The one-way action of a tube is of 
great help to servicemen. It is fre- 
quently important to know the polar- 
ity of voltage drops in tube circuits. 
Now that you know electrons can pass 
through the tube only from the cathode 
to the plate, you can determine the di- 
rection of electron flow in any tube 
circuit just by looking at the tube. 
Then you can trace around the circuit 
and determine the polarity of the volt- 
age drop in any device from the rule 
you learned earlier: 

The end of any coil, condenser, or 
resistor which electrons enter is the 
negative end of that device. 

For practice, use this method to find 
the polarity of the voltage drop across 
the load in Figs. 5A and 5B. You 
should arrive at the polarities indi- 
cated in these figures. 
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Basic Tube Construction 
All tubes have a cathode and a plate, 

and all thermionic types have a fila- 
ment. Since these elements are of such 
basic importance, let us take a few 
moments to learn just how they are 
made. This will teach you some im- 
portant facts about the uses to which 
tubes can be put, and also the reasons 
for certain weaknesses which they 
have. 

TUBE FILAMENTS AND 
CATHODES 

The earliest tube filaments were 
made from pure metals. It was neces- 
sary to make these pure metals ex- 
tremely hot before electrons could be 
forced out of the surface of the fila- 
ment. Hence, it was necessary to find 
metals which would emit sufficient 
electrons for electronic tube purposes 
without being melted by the intense 
heat. 

Pure Metals. The pure metal most 
commonly used for tube filaments is 
tungsten. This metal is capable of 
withstanding very high temperatures, 
but is a relatively inefficient electron 
emitter because a considerable amount 
of heat is necessary to get the desired 
degree of emission. This means the 
filament -heating A supply must fur- 
nish a great deal of power. 

Today, pure metal filaments (used 
as electron emitters) of this type are 
found only in high power transmitter 
tubes, where the ability to withstand 
high temperatures and the freedom 
from gas troubles (to be discussed 
later) make such filaments desirable. 

Thoriated Filaments. After the 
development of the tungsten filament, 
it was discovered that certain impuri- 
ties in the metal improved its electron 
emitting properties. Tungsten is a 
hard, brittle metal, and when pure is 
difficult to draw into the form of wire. 

Engineers found that a little thorium 
mixed with the tungsten overcame 
the brittle properties, giving a more 
sturdy filament for light bulbs. Radio 
engineers tried these thoriated tung- 
sten filaments and found them not only 
sturdier, but also much better as elec- 
tron emitters than pure tungsten fila- 
ments. 

The manufacturers subject a thori- 
ated tungsten filament to a process 
called "activating" when the tube is 
constructed. In this process, the fila- 
ment is first subjected momentarily to 
a high voltage overload, and then to a 
small voltage overload for a consider- 
able period of time. The high flashing 
voltage at the beginning causes some 
of the thorium to flow from within the 
filament to the surface, and the baking 
process which follows causes this tho- 
rium to form a layer on the surface 
of the filament wire. This layer (which 
is about one molecule thick) has the 
property of increasing the electron 
emission tremendously. The tempera- 
ture required to produce a desired 
number of electrons from a thoriated 

FIG. 6. Typical filaments. 
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tungsten filament is far lower than the 
temperature required to produce the 
same emission from a pure tungsten 
filament. 

At one time thoriated filaments were 
used in practically all tubes. Today, 
they are found mostly in medium 
power transmitting tubes, having been 
replaced in the lower -power class and 
in receiving tubes by oxide -coated fila- 
ments. 

Oxide -Coated Filaments. The 
oxide -coated filament is made by coat- 
ing a filament wire of nickel or a 
platinum alloy with the oxides of cer- 
tain metals. Oxides of barium, stron- 
tium, and calcium have been used. 

Oxide coatings can be used only in 
tubes where the plate voltage is below 
500 volts, for higher voltages jerk 
away the coating. Also, they can be 
used only in tubes where there is little 
chance of gas trouble. However, they 
are entirely satisfactory for receiving 
tubes and low -power transmitting 
tubes, where both these conditions are 
met. 

Oxide coatings are by far the most 
efficient electron emitters, requiring 
less heat than any other kind of sur- 
face for the desired degree of emission. 
This means that a low -power filament 
source can be used with an oxide - 
coated cathode. In fact, so little heat 
is needed that oxide -coated cathodes 
have been developed which are indi- 
rectly heated. These have proved 
very useful in reducing hum when 
tube filaments are operated from an 
a.c. source. (A.C. power will supply 
heat just as well as d.c. power, but 
hum is caused if the emission varies 
with the a.c. cycle changes. As you 
will learn later, a very heavy fila- 
ment or an indirectly heated cathode is 
necessary to eliminate this hum volt- 
age variation.) 

Now is a good time to clear up the 
meanings of the words "filament" and 

"cathode." The filament is the proper 
name for the resistance wire supplying 
the heat. The electron emitter is called 
the cathode. When the filament does 
the emitting, it is also the cathode. 
Several different filaments, which are 
also cathodes, are shown in Fig. 6. 

In the indirectly heated cathode, 
the filament merely furnishes heat to 
the electron -emitting cathode, which 
is a separate element. The construc- 
tion of several indirectly heated cath- 
odes is shown in Fig. 7. The filament 
is threaded through holes in a ceramic 
insulator, which is placed inside a 
nickel -alloy sleeve or "thimble." This 
metal sleeve has the oxide coating 
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FIG. 7. A separately heated cathode emits 
electrons. 

baked on it. (In some types, the 
filament wire is coated with the ce- 
ramic insulation and is then placed 
inside the sleeve.) The insulation pre- 
vents there being an electrical path 
between the cathode and the filament. 
Since the sole purpose of the filament 
in this construction is to supply heat, 
it is commonly called a heater. A tube 
using an indirectly heated cathode is 
frequently called a "heater type" tube, 
to distinguish it from the "filament 
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type" which uses the filament as the 
cathode. 

Metals stretch when heated, so the 
filaments in all tubes are mounted on 
spring supports which take up the 
"stretch" of the filament wire, thus 
preventing it from sagging and touch- 
ing other elements; yet the springs 
allow it to shrink back to normal when 
the tube is not heated. 

Tube filaments are delicate; a severe 
jar or excessive voltage will cause 
them to break or burn out. The proper 
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FIG. 8. Typical tube structures. 

filament voltage is so important that 
the tube type numbers indicate the 
amount to be used, as we shall see 
later in this lesson. 

VACUUM TUBE PLATES 

The tube plate is subjected to con- 
siderable heat, some radiated from the 
filament and some produced by the 
electrons bombarding the plate itself. 
When electrons strike the plate, they 
give considerable energy to it. If the 
plate becomes hot enough, it too will 
begin to emit electrons. In fact, the 
one-way characteristic of the tube is 

dependent upon whether the plate re- 
mains relatively cool. Nickel, molyb- 
denum, carbon, and pure iron are 
materials that have proved suitable for 
use in constructing plates or anodes. 
The plate is generally given a dull 
black surface, for black surfaces radi- 
ate heat readily and therefore keep 
cooler than polished surfaces. 

The plates of medium power tubes 
are often fitted with fins to improve 

their heat radiation. In high power 
tubes, water cooling or forced air draft 
is necessary to keep the plates at safe 
low temperatures. 

Even with the plate cool, the elec- 
trons striking it can knock other elec- 
trons loose from its surface. This ef- 
fect, wherein speeding electrons knock 
loose other electrons from the surface 
of an element, is called secondary 
emission. If the plate or anode is the 
only positive element in the tube, this 
condition is not serious, as the second- 
ary electrons will go back to the plate. 
In other tubes, special means are 
taken to eliminate the undesirable 
effects of this secondary emission. 
We shall learn what these are a little 
further on in this lesson. 

The plate shape depends somewhat 
on the shape of the cathode and on 
the structure of the other electrodes 
in the tube. In early tubes, it was 
just a flat plate off to one side. Now, 
it always completely surrounds the 
emitting sections of the cathode. If 
the cathode is a vertical wire or is 
indirectly heated, the plate will be a 
cylinder which surrounds the cathode, 
as shown in Figure 8A. 

Where the filament is constructed 
like an inverted V or W (as it is in 
Fig. 6B or 6C), the plate will generally 
be an oblong or oval structure like that 
in Fig. 8B. 

GAS EVACUATION 
The normal tube has a very high de- 

gree of vacuum. If air is permitted 
in the tube, the filament will oxidize 
(burn up) when heated. 

An even more important effect of 
atmospheric gases within a tube is the 
fact that the speeding electrons will 
strike the gas molecules, knocking 
other electrons out of them. This 
changes the molecules into large, 
heavy, positive, gas ions. The cathode 
is negative, so the positive ions will 
travel to the cathode and bombard 
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it. Oxide -coated cathodes are easily 
ruined by such bombardment, for the 
oxide layer is knocked off completely. 
A thoriated filament is similarly de- 
stroyed, although not as easily. A 
pure tungsten filament is the only type 
capable of withstanding much gas ion 
bombardment. 

To eliminate the effects of gas as 
much as possible, vacuum pumps are 
used to draw out air and gases. Dur- 
ing the evacuation process, the ele- 
ments within the tube are heated by 
induction heating apparatus, which 
uses large coils to induce voltages in 
the elements. The resulting heat 
tends to drive out much of the gas. 
We ordinarily think of metals as being 
absolutely solid, but they have pores 
which will hold gas molecules until 
they are driven out by such heating. 

In addition to the heating and evac- 
uation, most tubes employ "getters." 
A getter is a small cup containing 
chemicals. During the induction heat- 
ing process, these chemicals vaporize 
and combine readily with the gas 
molecules, forming metal compounds 
which then are deposited on the cool 
glass envelope of the tube. This is 
what gives the silvery appearance 
many tubes have near the base of the 
bulb. These compounds "hold on" to 
the gas molecules and do not readily 
release them in the tube space. 

> Tubes having oxide -coated fila- 
ments cannot be heated to as high a 
temperature as can those having other 
filaments (the oxide coating will be 
boiled off if too much heat is applied), 
so the gas evacuation is not as good 
in these tubes. As a result, oxide - 
coated cathodes can be used only in 
tubes that are intended for relatively 
low power and low plate voltage. (As 
the plate voltage is increased, the elec- 
tron velocity is speeded up and the 
heating effects are increased, so that 
there is more danger of electrons ioniz- 
ing gas molecules present in the tube 
space and also of knocking out gas 
molecules from the metals.) 

A tube with a pure tungsten fila- 
ment, on the other hand, can be very 
highly evacuated, because tungsten 
is not affected by high temperatures. 
This is one reason why high power 
tubes, particularly transmitting tubes 
operating with plate voltages above 
5000 volts, usually have pure tungsten 
filaments. 
> While every effort is made to elimi- 
nate gases from within vacuum tubes, 
some special "gas -filled" tubes do have 
certain gases deliberately introduced 
in them. We will study these tubes, 
and the reason for putting gas in them, 
later in this lesson. 
> Since the tube must be sealed com- 
pletely, the wire leads going to the ele - 
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FIG. 9. A comparison of the construction of a glass envelope tube and a metal envelope tube. 
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ments must pass through a seal formed 
by a glass press or glass beads before 
emerging from the tube. Consider- 
able research was necessary to find a 
metal to be used for these wire leads 
which had the same rate of expansion 
as the glass, so heating would not 
crack the seal. These wires are spe- 
cial alloys. The supports and con- 
nectors to the elements are welded to 
the wires within the tube. 

Fig. 9 shows the method of sealing 
both a glass -envelope tube and a 
metal -envelope tube. A metal tube 
differs from a glass tube in having 

a metal envelope instead of a glass 
envelope, so a metal tube and a glass 
tube of the same type are electrically 
identical inside their envelopes. 

After the gas is evacuated, the tub- 
ing which goes to the vacuum pump is 
sealed off and cut. The leads emerg- 
ing from the tube are then fastened 
to prongs in a base, so that the tube 
can be plugged into a socket. Circuit 
connections are made to the socket, 
so the tube elements will be connected 
to the tube circuit when the tube is 
plugged into the socket. 

Basic Tube Characteristics 
So far, you have learned how the 

diode tube can be used as a rectifier. 
You have also learned some facts 
about the constructional features of 
these tubes, which also apply to all 
other types of tubes. 

Now, let us learn more about how 
tubes operate. For simplicity, we 
shall use the diode as an example at 
first, then take up other tube types 
when you have mastered the important 
fundamental facts of tube operation. 

FILAMENT VOLTAGE LIMITS 

Suppose we set up the circuit shown 
in Fig. 10 to see just what happens 
as the filament and plate voltages are 
varied. (We have shown an indi- 
rectly -heated cathode type tube in this 
circuit, but might equally well have 
used a filament -cathode tube; the fol- 
lowing explanations apply to either 
type.) 

Let us start out with a relatively 
low plate -to -cathode voltage from bat- 
tery B. (Radiomen shorten this, call- 
ing it just "plate voltage." You know 
voltage exists between two points, so 
the names "plate voltage" or "grid 

voltage" refer to voltages between 
these points and some reference point, 
which is usually the cathode.) 

Let us also set the variable resistor 
R in the filament circuit to a high 
value, so that very little current flows 
in the filament circuit. The tube fila- 
ment and resistor R form a voltage 
divider. When the resistance of R is 
high, most of the voltage is across it 
and meter V shows very little voltage 
across the tube filament. 

With very low filament voltage, the 
filament will not get hot enough to 
cause cathode emission, so the meter I 
will indicate zero plate current. Sup- 
pose we now reduce the resistance of 
rheostat R gradually. This lets more 
and more current flow through the 
filament eircuit, and a greater propor- 
tion of the voltage appears across the 
tube filament. As a result, the fila- 
ment becomes hotter, thus raising the 
temperature of the cathode. Soon 
meter I will indicate that a current 
is flowing in the plate circuit. This 
plate current means, of course, that 
electrons are being emitted by the 
cathode. 

As we continue to decrease the value 
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of resistor R, the filament voltage con- 
tinues to increase and, for a time, so 
does the plate current indicated by 
the meter I. However, we will even- 
tually reach a point where the plate 
current no longer increases, even 
though the filament is made hotter. 

Fig. 11 shows a graph of this action. 
As the filament voltage (Ef) is in- 
creased, the plate current (In) in- 
creases from A to B on the solid curve. 
At point B, the plate current ceases to 
increase much and the curve levels out 
toward C. 

Now suppose we start the experi- 
ment over, this time with a higher 
voltage from battery B in the plate 
circuit. We will again find that the 
plate current follows the curve from 
A to B, but now it goes on up along 
the dotted line to point D, where it 
levels out toward E. The higher plate 
voltage results in a higher plate cur- 
rent (the distance from B to D) before 

FIG. 10. A test circuit like this is used to 
determine the characteristics of diode tubes. 

the curve levels off. Eventually, how- 
ever, the leveling occurs. 

Should we continue this experiment, 
increasing the value of the plate volt- 
age each time, we would find that the 
events repeated themselves. Higher 
plate voltages would result in the curve 
rising higher before it leveled off. 
However, it would always level off at 
some point. 

FIG. 11. How the plate current varies with 
different filament -heating potentials. 

Temperature Saturation. We 
know that as the filament voltage is 
increased, the filament becomes hotter 
and hotter. This means more and 
more electrons are forced out of the 
cathode, so we might expect the plate 
current to continue to increase instead 
of leveling off. But, since the plate 
current finally becomes constant, evi- 
dently a point is reached at which 
only a constant number of the elec- 
trons forced out of the cathode go to 
the plate. Why don't all of them 
do so? 

The answer lies in the space charge 
effect we have already studied. An 
electron newly emitted from the cath- 
ode is subjected to the attracting force 
of the plate (tending to pull it toward 
the plate) and also to the repelling 
effect of the electrons emitted just 
ahead of it (tending to push it back 
toward the cathode) . When emission 
is low,. all the emitted electrons are 
drawn to the plate. But as emission 
increases, the slower moving electrons 
begin to form the space charge. As the 
emission is further increased, electron 
repulsion by the space charge increases 
(because there are more electrons ex- 
erting a repelling force) while the at- 
tracting force of the plate remains con- 
stant. As a result, the net force pull- 
ing newly -emitted electrons to the 
plate decreases; this slows these elec- 
trons down, and they tend to bunch 
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up and join the electron cloud around 
the cathode. 

Eventually, as emission increases, 
this electron cloud becomes so dense 
that we get the space charge transfer 
effect we described earlier. The plate 
pulls a constant number of electrons 
out of the space charge at any given 
instant; this same number of newly - 
emitted electrons can then enter the 
space charge, but any excess of newly - 
emitted electrons over this number is 
forced back to the cathode. The num- 
ber of electrons the plate pulls out of 
the space charge depends upon the 
plate voltage and the distance from 
the plate to the space charge, but not 
on the emission. 

Increasing the voltage on the plate 
will increase the current-because it 
will increase the number of electrons 
the plate can pull out of the space 
charge at any given instant. This 
merely results in a constant plate cur- 
rent of higher value, however, with the 
space charge still forcing excess elec- 
trons back to the cathode, 

This means that for a particular 
plate voltage, there is a definite limit 
to the amount of current which will 
flow in the plate circuit of the tube. 
The only way you can get more cur- 
rent in a diode tube is to increase the 
plate voltage. Making the filament 
hotter will not increase the current 
greatly above the point where the 
curve begins to flatten out. The 
"bend" at point B on the solid curve 
(and at point D on the dotted curve) 
is known as the knee of the curve. 
The flat region of the curve beyond the 
knee is known as the saturation region. 
(A radio tube is saturated when the 
plate can attract no greater number of 
the emitted electrons.) 

This condition, in which increasing 
the filament voltage will not cause a 
further plate current increase, is 
known as filament saturation or tem- 
perature saturation. 

Filament Voltage Rating.. If a 
filament is heated too high it will, of 
course, melt. Hence, we cannot con- 
tinue to increase the filament voltage 
indefinitely. In fact, the tube filament 
is designed to have a resistance such 
that it will reach a desired temperature 
when a particular rated voltage is ap- 
plied to it. (As you will learn in a 
moment, the rated filament voltage is 
different for various tube types.) 

The temperature the filament will 
reach is made high enough so that, for 
any normal plate voltage, there will 
always be more electrons emitted from 
the cathode than can be attracted to 
the plate. This makes the plate cur- 
rent depend only on the plate voltage, 
not on the emission. In other words, 
tubes are usually run well into the 
filament saturation region, so we'll be 
sure to have all the electrons we need. 

What filament voltage values are 
used? The first tubes had to use bat- 
tery power supplies, so filaments were 
designed to operate from 6 -volt storage 
batteries or from groups of dry cells. 
The first storage battery types had 
5 -volt filaments, and a series resistor 
was used with them to drop the voltage 
from a 6 -volt battery. The resistor 
value was reduced as the battery volt- 
age decreased with age-a scheme 
which permitted longer operation be- 
fore the battery had to be recharged. 

The early tungsten filament tubes 
required a high filament current, be- 
cause the filament had to be made 
quite hot before sufficient emission 
was obtained. However, when the 
more efficient thoriated tungsten and 
oxide -coated filaments were developed, 
lower temperatures could be used and 
less current was required for filament 
supply. 

The development of abc. power sup- 
plies freed tube filaments from the 
necessity of operating from battery 
voltage values. Step-up or step-down 
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transformers readily deliver any de- 
sired voltage. Today, we have a.c. 
tubes with filaments rated at 2.5 volts, 
6.3 volts, 12 volts, 25 volts, 35 volts, 
50 volts, and even 117 volts. (The last 
named type can be connected directly 
across a 110 -volt power line.) 

You may wonder how a.c. can be 
used on the filament without causing 
plate current variations as the filament 
voltage varies. The answer is that 
filaments and cathodes are used which 
hold heat for an appreciable period of 
time. Battery tubes will warm up al- 
most instantly, but it takes 30 to 90 
seconds for a.c. tubes to "get going." 
These tubes hold to a practically 
steady temperature during the small 
time space of an a.c. voltage variation, 
so there is practically no emission 
variation. We have to be careful with 
battery tubes, however, to see that a 
steady d.c. is applied to the filament. 
> The numerous filament voltage 
values are the result of design require- 
ments-some were developed for a.c.- 
d.c. receivers; some for auto sets; some 
for other purposes and reasons. Mod- 
ern portable battery -operated receiv- 
ers were made possible by the develop- 
ment of an entirely new line of 1.4- and 
3 -volt tubes, using far more efficient 
oxide -coated filaments than earlier 
types. These tubes have such low - 
current requirements that they can be 
run for a long time on small, light- 
weight batteries. 

Transmitting tubes and other spe- 
cial purpose tubes have a similarly 
wide range of filament voltage ratings, 
so that a suitable tube can be found 
for each application. 

Voltage Tolerances. Modern a. c. 

type tubes will operate over a fairly 
wide range about their rated filament 
voltages. For example, tubes with 
filaments rated at 6.3 volts will oper- 
ate satisfactorily on voltages ranging 
from 5.8 volts to as high as 7 volts. 
With filament voltages below this 
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range, the emission may become too 
low for most uses, and with voltages 
above the range, the tube life may be 
shortened. (Practically all these tubes 
have oxide -coated cathodes from which 
the coating will boil off if the tempera- 
ture gets too high. This will destroy 
a tube just as surely as a complete 
burn -out of the filament.) Naturally, 
if the voltage is too much higher than 
the rating, the filament will actually 
melt. 

Modern 1.4 -volt battery -type tube 
filaments are designed to operate from 
a single dry cell which has a rating of 
1.5 volts, but which actually delivers 
1.65 volts for a short time, then drops 
down to its 1.5 -volt rating. The bat- 
tery voltage gradually decreases to 1.2 
volts; then the battery is supposed to 
be replaced. These tubes thus are in- 
tended to operate in the range from 
1.2 to 1.65 volts. However, some cir- 
cuits may cease functioning if the volt- 
age drops below the 1.4 -volt filament 
rating. A check of the filament volt- 
age should be made in receivers using 
these tubes when they fail to work. 

PLATE VOLTAGE LIMITS 

Suppose we return to our circuit of 
Fig. 10 and this time apply the rated 
filament voltage so that the tube is 
operating in the temperature satura- 
tion region. Let us now start with zero 
plate voltage by moving tap 2 on plate 
battery B up to point 1. This means 
that none of the battery B will be in 
the circuit. 

Under this condition, we will find 
that the meter I indicates zero plate 
current. Now, let us move the tap 2 
down battery B a step at a time. As 
we gradually increase the voltage dif- 
ference between the plate and cathode, 
we will find that the plate current 
increases slowly at first, then more 
rapidly and steadily as the plate volt- 
age is increased. Finally, the plate 



current increase begins to taper off. 
A plot of these results (Fig. 12) will 
give us a curve which is very similar 
to that shown in Fig. 11. This curve 
shows that for a fixed filament vóltage, 
increasing the plate voltage above a 
certain value no longer gives propor- 
tional increases in plate current. 

Voltage Saturation. As the plate 
voltage is increased, more and more 

FIG. 12. How the plate current varies with 
the plate voltage. 

electrons are drawn from the electron 
cloud. As we continue to increase the 
plate voltage, the space charge be- 
comes less and less, thus losing its 
repelling effect on the electrons coming 
from the cathode. As a result, we will 
eventually reach the point where every 
electron the cathode can emit (at that 
temperature) is being drawn at once 
to the plate, and the space charge no 
longer exists. When this occurs, there 
is no way to increase the plate current 
further, except by making the filament 
hotter. We then have what is known 
as voltage saturation (increases in 
plate voltage do not produce propor- 
tional increases in plate current). 

If we keep the filament temperature 
fixed, then voltage saturation places a 
limit on the plate current. However, 
with many tubes it is impossible to 
reach saturation without damage to 
the tube-because as the voltage is in- 
creased, the plate current becomes so 

high that the electrons bombarding the 
plate can heat it to the melting point. 
> Another factor which limits the 
allowable plate voltage is the spacing 
between the plate and other elements, 
and the spacing between the leads com- 
ing through the glass press or seal at 
the tube base. If the plate voltage 
becomes too high, it is possible for an 
arc (or electric spark) to jump be- 
tween the elements. Should this arc 
jump between the leads in the seal, 
the tube will be destroyed. 

The maximum plate -to -cathode 
voltage is always specified for each 
type of tube. Then, various sets of 
"operating voltage" values are given, 
which are equal to or lower than this 
maximum. 

This rating limits the a.c. voltage 
we can apply in the circuit shown in 
Fig. 5. It also limits the d.c. voltage 
we can apply, as we shall learn when 
we take up tubes requiring d.c. plate 
voltages. Incidentally, since the early 
tubes were intended to operate from 
batteries, and the standard B battery 
is a 221/2 or 45 -volt battery, d.c. oper- 
ating plate voltages were given in mul- 
tiples of these values. Thus, 45, 671/2, 
90, 135, and 180 volts were common 
operating voltages for many tubes in 
the early days of radio. With the ad- 
vent of a.c. power supplies, which can 
furnish any desired d.c. voltage, tubes 
were free of the necessity of operating 
from battery voltage values. Today, 
the most common receiving tube plate 
voltage rating is 250 volts, while trans- 
mitting tube ratings Ange up to 10,000 
volts. Tubes intended for both bat- 
tery and a.c. power pack operation are 
still rated at plate voltages easily 
obtainable from batteries. 

PRACTICAL FACTS 
From what you have learned, you 

can see that there are limits to the 
plate and filament voltages that can be 
used with any particular tube. Should 
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a tube be needed for a particular appli- 
cation, it is important to choose one 
having the proper ratings. This need 
for tubes designed for special purposes 
has led to the development of over 500 
receiving type tubes alone. 

Fortunately it is not necessary to 
learn the values of the characteristics 
of all these tubes. You need to know 

only what these characteristics mean 
and the limits they place on tube oper- 
ation. Then, like all radiomen, you 
can refer to a tube characteristics 
chart and can look up the values for 
any tube in which you are interested. 
We will go into this more thoroughly 
later, after we have learned more about 
some of the other types of tubes. 

The Triode Tube 
The triode (TRY-OAD) or three - 

element tube is perhaps the most im- 
portant development in radio's history. 
The additional element used in the 
triode makes amplification possible. 
Also, this tube started the development 
of other multi -element tubes which 
have made possible circuits undreamed 
of in the early days of radio. 

You learned in earlier lessons that 
a radio wave, after it is picked up by 
an antenna, reaches the receiver in the 
form of an a.c. voltage. This voltage 
is called a "signal" voltage. It is 
usually very small, and must be ampli- 
fied many times before it can be used 
to operate a loudspeaker and give us 
sound. In all radios except the very 
simplest crystal sets, this amplification 
of the signal voltage is furnished by 
tubes. The signal is fed into a tube, 
and an amplified signal is developed 
across a load in the tube plate circuit. 

Can we use a diode tc amplify an 
a.c. signal? Going back to the diode 
circuit shown in Fig. 5, you can see 
that the load voltage could never ex- 
ceed the a.c. source value. (Kirchoff's 
Voltage Law: The voltage rises equal 
the voltage drops.) In fact, since 
there is always some loss in the tube 
itself (it acts with the load as a volt- 
age divider), you actually get less volt- 
age across the load than is furnished 
by the source. Therefore a diode can- 

not be used to amplify an a.c. signal, 
for the voltage developed across the 
load will always be smaller than the 
signal itself. 

The triode, however, can be used to 
amplify a signal. With this tube, the 
signal is used to CONTROL the volt- 
age furnished to a load by a separate 
power source, and even a very small 
signal can be made to control a con- 
siderable voltage. This action is ob- 
tained by applying the signal voltage 
between the cathode and an additional 
element within the tube. 

HOW THE GRID WORKS 
This new element is called a grid, 

and, as its name implies, is of open 
construction. This grid may be a 
spiral wire with large spaces between 
the turns, or it may be a wire mesh 
something like a window screen. Sev- 
eral typical grid constructions are 
shown in Fig. 13. Since the grid is an 
alternate "wire and space" affair, the 
grid symbol on a schematic diagram is 
usually like that shown in 13D, al- 
though some engineers use the 13E 
symbol. 

The grid is positioned closer to the 
cathode than it is to the plate. (This 
spacing is not shown on schematic 
diagrams because the same symbol is 
used for all triodes, regardless of the 
actual spacing.) Before studying how 
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amplification is obtained, let us see 
how the grid can control the plate cur- 
rent. We will apply different voltages 
to this grid and see what happens. 

Zero Grid Voltage. Suppose we 
first connect the grid to the cathode 
as shown in Fig. 14. Connected di- 
rectly by a wire this way, these two 
elements have no voltage between 
them. 

If we apply a normal plate voltage 
from battery B between the plate and 
cathode, we will get an electron flow, 

and this new element will have very 
little to do with it. The electrons are 
pulled along by the positive plate 
potential and only those moving di - 

FIG. 13. Different grid structures and the 
symbols used to represent the grid element. 

rectly toward a grid wire will strike 
it and either be deflected or captured. 
Those electrons traveling toward the 
spaces between the grid wires will go 

right through these spaces and on to 
the plate. 

Positive Grid Voltage. Suppose 
we now put a small battery in the grid 
circuit, between the grid and cathode, 
as shown in Fig. 15. You will recall 
that the attracting power of the plate 
on an electron depends both on the 
plate voltage and on the distance be- 
tween the plate and the electron, and 
this attracting power is greater the 

closer together the plate and electron 
are. Exactly the same thing is true of 
the grid; it, too, has a greater attract- 
ing power on an electron the closer it 
is to the electron. Since the grid is so 
much closer to the source of electrons 
(the cathode) than the plate is, natur- 
ally the grid has far more effect on 
electrons emitted from the cathode 
than the plate has if we apply equal 
voltages to both the grid and plate. 
As a matter of fact, the difference in 
effect is so great that we can apply a 
far larger voltage to the plate than to 
the grid, and still the grid will have 
more influence over the emitted elec- 
trons. Thus, the grid in Fig. 15 will 
attract a great many electrons from 
the cathode-many more than the 
plate does. 

If the grid were a solid plate, it 
would capture all of the electrons it 
attracts toward itself and there would 
be a large current in the grid -cathode 
circuit. However, the open grid con- 
struction prevents this; again, only 
those electrons which happen to strike 
the grid wires are captured. The others 
tend to go in straight lines at high 
speed right through the spaces between 
the grid wires. Once well past the 
grid, they come under the influence of 
the plate, which then collects them. 

This means that when the grid is 
made slightly positive, it increases the 
number of electrons which go to the 
plate. 

As the grid is made more and more 
positive, the plate current increases 
further. However, as the grid becomes 
increasingly more positive, it attracts 
more and more electrons to itself. 
Eventually, it would begin to rob the 
plate of electrons, so there is a limit to 
the amount of increase in plate current 
which we can get by making the grid 
positive. 

Negative Grid Voltage. Now sup- 
pose we reverse the potential on the 
grid, making it negative (see Fig. 16). 
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The grid will now repel electrons. If 
the negative voltage is high enough, 
all electron movement between the 
cathode and plate will be stopped; or, 
if the grid is made only slightly nega- 
tive, the plate current will be de- 
creased. 

You can see, then, that a voltage 
applied to the grid element will control 
or vary the plate current. If the grid 
is made negative, the current de- 
creases, while a positive grid causes a 
current increase. Should we apply an 
a.c. signal voltage between the grid 
and cathode, the alternate positive and 
negative half -cycles will produce up- 
and-down variations in the plate cur - 

FIG. 14. With no grid bias, an average num- 
ber of electrons flow to the plate, while the 
rest form the space charge between the cathode 

and the grid. 

rent-up when the grid is positive, 
down when it is negative. 

However, we're not looking for 
plate current variations: what we want 
is an amplified signal voltage. And we 
can get it very simply just by connect- 
ing a "load" RL in the plate circuit, 
as shown in Fig. 17. The varying plate 
current then flows through resistor RL, 
and the resulting voltage drop across 
RL of course varies in exactly the same 
way as does current-which, in turn, 
varies in exactly the same way as does 
signal voltage on the grid. Thus, each 
variation in the grid signal voltage 

FIG. 15. Making the grid positive greatly 
increases the number of electrons movirg to 

the plate. 

causes a similar variation in the volt- 
age drop across RL. In other words, 
the signal voltage fed to the grid is 

reproduced as a similar signal voltage 
across RL. 

Notice-only a reproduction of the 
grid voltage, not the grid voltage itself, 
appears across RL. Always keep this 
point firmly in mind. The grid voltage 
merely changes the plate current-it 
is the changing plate current which 
causes the signal voltage to be repro- 
duced across plate load RL. 

The source of the plate current is, of 
course, the B supply-either a B bat- 
tery or an a.c. operated power pack. 
None of the plate current comes from 
the signal source. All that the grid 

FIG. 16. A negative grid bias reduces the 
plate current. 
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signal does is control the flow of cur- 
rent from the B supply through the 
tube. You may find it easier to re- 
member this action if you consider 
the grid to be a kind of "electrical 
valve" which controls the flow of plate 
current, but has nothing to do with 
supplying the plate current. (In fact, 
British technicians call tubes "valves" 
precisely because of this action.) 

Now, is this signal voltage de- 
veloped across RL the voltage we 
want? Remember, we started out with 
the idea of somehow using a tube to 
amplify a small signal voltage-that 
is, we wanted to produce a voltage 
which would have the same general 
form as our signal voltage, but would 
be considerably greater in size. 

We know that the voltage across RL 
has the same form as the signal volt- 
age fed to the grid-it goes up when 
the grid voltage goes up, down when 
the grid voltage goes down. The 
only question is whether the voltage 
across RL is bigger than the signal 
voltage. As you know from Ohm's 
Law, the voltage drop across RL is 
equal to the current flowing through 
it (the plate current) times its re- 
sistance, or E = I X RL. This equa- 
tion shows us that if RL is large, even 
a fairly small plate current through 
it will produce a large voltage drop 
across it. And, by the same token, 
a fairly small change in plate current 
will produce a large change in the volt- 
age drop across RL. 

Now, you learned a little earlier 
that the grid voltage is very effective 
in controlling the plate current: in 
other words, even a small change in 
grid voltage will produce a consid- 
erable change in plate current. And 
from what we said in the preceding 
paragraph, this change in plate cur- 
rent will produce a large voltage 
change across RL (provided the resist- 
ance of RL is large). Thus, a small 

signal voltage change fed to the grid 
will produce a large signal voltage 
change across RL-so we have the am- 
plified signal voltage we want. 

Where does this amplified signal 
voltage come from? Obviously, it is 
supplied by the only voltage source 

FIG. 17. The positive and negative alterna- 
tions of the a. c. signal cause the plate current 
to vary up and down, producing a similar 

variation in the voltage across RL. 

in the plate circuit-the B supply 
voltage. The grid voltage therefore 
controls the amount of the B supply 
voltage which is developed across load 
resistor RL. This means that the 
maximum signal voltage variation we 
can get across RL is equal to the total 
voltage furnished by the B supply. 
(Actually, we can never get this much 
of a variation, since a considerable 
amount of the B supply voltage is 
dropped across the tube itself.) 

THE Eg-Ip CURVE 
There are limits which must be 

placed on the operation of triode tubes. 
For one thing, the amount of signal 
which can be applied to the grid is 
limited; if too much is applied, the 
resulting changes in the plate current 
will not be exact "carbon copies" of 
the applied signal. We then say 
that the tube is "distorting" the signal. 
Of course, we do not have to worry 
about this when handling small sig- 
nals, but, after several stages of ampli- 
fication, the signal is built up to such 
proportions that tubes capable of 
handling large grid voltage variations 
must be used. 

To understand these limits better, 
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let us study a curve showing the re- 
lationships between the grid voltage 
and the plate current. This curve is 
called the grid voltage -plate current 
curve or the "grid -plate characteristic" 
curve. Radiomen generally abbrevi- 
ate these terms to Eg Ip curve or Eg Ip characteristic. 

The typical Eg Ip curve shown in 
Fig. 18 has a shape similar to that 
of the other curves we have studied. 
However, we have both positive and 
negative values of grid voltage, so 
we must insert the vertical line o -x, 
representing zero grid voltage (the 
grid connected to the cathode with no 
voltage between these elements). 
Then, the distance along the horizon- 
tal line to the left of line o -x repre- 
sents increasingly negative grid volt- 
age values, while the distance to the 
right represents positive values. 

Let us start with a highly negative 
grid voltage, applied in the manner 
shown in Fig. 16. We represent this 
voltage by the distance from the o -x 
line to point A in Fig. 18. With this 
grid voltage, there is no plate current 
flowing. 

Now, suppose we gradually reduce 
this negative voltage. When we get 
to the value represented by point B 
plate current will begin to flow (in- 
dicated by the fact that the curve be- 
gins here). Point B is known as the 
cut-off point, because it represents the 
negative grid voltage which cancels the 
effects of the plate voltage at the cath- 
ode. Any grid voltage more negative 
than this will cut off the plate current. 

As we reduce the negative voltage 
further, the plate current increases. 
After getting past the bend or "knee" 
of the curve at point C, the plate 
current increases almost in step with 
the grid voltage change, causing the 
curve to be nearly a straight line be- 
tween C and D. Then, when we pass 
the zero grid bias line o -x and make 

the grid increasingly more positive, 
we find the curve begins to flatten out 
toward E. 

At the same time, as the grid is 
made increasingly more positive, grid 
current has begun to flow (shown by 
the dotted line). The positive grid is 
attracting electrons to itself. The 
grid current increases as the grid is 
made more positive; in effect, the grid 
robs the electron stream and thus re- 
duces the number of electrons which 
we might expect to go to the plate. 

Usually we do not desire grid cur- 
rent flow at all and do not desire to 
have the tube operate on any curved 
part of its characteristic when we are 
trying to amplify. (As we shall learn 
later, a curved tube characteristic will 
cause distortion.) 

Grid Bias. To avoid grid current, 
the grid is kept negative at all times 
by a d.c. voltage connected between 
the grid and cathode in the manner 
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FIG. 18. This Eg-Ip curve is very important. 
It shows how the plate current varies with differ- 

ent grid voltage values. 

shown in Fig. 19. (This voltage, com- 
monly called a C voltage, is shown 
being furnished by a battery C in this 
figure, but other sources-which you 
will learn about later-are often used.) 
The value of this C voltage is chosen 
so that it causes the tube to operate 
somewhere near the middle of the 
straight portion of its Ee I char- 
acteristic (point F in Fig. 20). This 
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fixed grid voltage is called a bias volt- 
age, a name which comes from the 
fact that it influences or controls the 
initial operating plate current. For 
example, a bias voltage which makes 
the tube operate at point F on the 
characteristic in Fig. 20 sets the ini- 
tial plate current at the value M. 

After the point at which the tube 
operates on its characteristic has been 
set by applying a bias voltage, we can 
then apply an a.c. signal voltage to 
the grid. This a.c. voltage alternately 
adds to, and subtracts from, the grid 
bias voltage-that is, instead -of the 
grid swinging negative and positive, 
it becomes alternately more negative 
and less negative. 

For example, if the bias voltage is 
-10 volts, and we apply an a.c. signal 
having a peak value of 5 volts, then 
the grid voltage will change alter - 

FIG. 19. Grid current flow is prevented by a 

negative bias. 

nately from -5 to -15 volts. The 
grid voltage will be a pulsating d.c. 
voltage, since it will be a mixture of 
d.c. and a.c. 

As Fig. 21 shows, these changes in 
grid voltage cause alternate increases 
and decreases in the plate current, 
just as any a.c. signal would. In this 
figure, point F represents the operating 
point of the tube as set by the bias 
voltage. When the grid voltage is 
varied by the a.c. signal represented 
by 1-2-3-4-5-6, the operating point 
must follow the instantaneous grid 

voltage up and down the operating 
curve between points F, C and D. 
Thus, when the grid bias is reduced 
by the signal swing from I to 2, the 
grid is made less negative, so that the 
operating point moves F to D, per- 
mitting an increase in plate current 
from 7 to 8. Similarly, during the 
swing from 2 to 3, the grid is made 

FIG. 20. Point F is the operating point, 
which is fixed by the bias voltage. 

more negative, so that the operating 
point moves from D to C, resulting in 
the plate current falling from 8 to 9. 
Similarly, as the signal voltage moves 
from 3 to 4 to 5 to 6, the plate cur- 
rent varies from 9 to 10 to 11 to 12. 
Hence, the a.c. grid voltage 1-2-3- 
4-5-6 produces the plate current varia- 
tion 7-8-9-10-11-12.* 

Should the bias voltage change dur- 
ing operation, then the plate current 
would be forced to follow this change, 
producing variations which are not 
caused by the original signal. The 
bias supply must therefore furnish a 
steady d.c. voltage so that variations 
in the plate current will be caused only 
by the signal voltage. 

*A special data sheet on graphs will come 
to you with your graded answers for this les- 
son. This extra information was prepared as 
a part of the NRI Consultation Service, and 
there is no charge for it. This data sheet 
should be read carefully, as we feel its infor- 
mation will be particularly helpful with fu- 
ture lessons. However, remember that you 
don't have to draw graphs; you are expected 
only to be able to read them. 
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 Furthermore, the signal must not 
exceed the bias, because if it does, it 
can force the grid to become positive 
or can force the tube to operate over 
a curved section of its characteristic. 
Also, the bias must place the operat- 
ing point properly on the straight por- 
tion of the characteristic curve. 

As long as the tube operates along 
the straight-line portion of its char- 
acteristic curve, and as long as the a.c. 
voltage applied to the grid is not large 
enough to make the grid positive at 
any time, the plate current variation 
will be exactly like the grid voltage 
variation and will therefore produce 
voltage across the load resistor which 
is similar in form to the grid signal 
voltage. However, too high a signal 
voltage or operation over a curved por- 
tion of the characteristic will result 
in distortion. For example, in Fig. 22, 
the grid bias is too highly negative, 
so the operating point M is too near 
the lower bend of the curve. The 
curvature of the tube characteristic 
causes the bottoms of the plate current 
pulses to be chopped off, so the curve 
A -B -C -D -E -F -G is distorted (that is, 
it is not the same shape as the grid 

FIG. 21. The manner in which the grid signal 
variations increase and decrease the plate cur- 

rent is shown here. 

FIG. 22. If the operating point moves too 
far down on the curve, the plate current varia- 

tions do not duplicate the entire signal. 

signal). For perfect reproduction of 
the grid signal, the plate current pulses 
would have to follow the curve 
A -B -H -D -I -F -J. 

THE TUBE AS A RESISTANCE 

From what we've said about triodes, 
you can see that the kind of voltage 
we apply to a grid makes a vast dif- 
ference in the performance and use- 
fulness of a tube. If we apply only 
d.c. voltage (that is, bias voltage) to 
the grid, then the tube merely allows 
a d.c. plate current to pass through its 
plate circuit. A tube used under such 
conditions is nothing more than a 
resistor which limits the amount of 
d.c. flow from the B supply. When 
no a.c. signal is involved, we call the 
tube resistance its d.c. resistance. If 
we put a load resistor in the plate 
circuit, part of the voltage developed 
by the B supply will be dropped 
across the tube, the rest will be 
dropped across the load resistor. We 
can change the amount of current flow 
through the tube by changing the 
value of the bias voltage. The rela- 
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tive amounts of the battery voltage 
which are dropped across the tube and 
across the load resistor will change 
then. 

If we increase the plate current, 
there will be a larger IR drop across 
the load resistor, and therefore a 
smaller drop across the tube. If we 
decrease the plate current, the IR drop 

FIG. 23. Inserting an a. c. voltage in the 
plate circuit causes an a. c. variation in the 
plate current. The meter M measures only 

the a. c. portion of the current here. 

across the load resistor will also de- 
crease, and more of the B supply 
voltage will be dropped across the 
tube. In effect, a triode tube acts like 
a variable resistor, whose resistance 
we can change by changing the grid 
voltage. This is one way of looking 
at a tube-considering it as a vari- 
able resistor in series with a load re- 
sistor and a B supply. The resistance 
varies according to the signal varia- 
tions, thus reproducing similar varia- 
tions in the load voltage. 

Unfortunately, such a picture of 
tube operation leads into difficulties 
when we try to calculate the amount 
of resistance variation, as this is a 
quite different value from the d.c. 
plate resistance. For this reason, we 
use another method of representing 
the a.c. operation of a tube, which can 
be used to compute the amount of 
a.c. voltage produced across a plate 
load resistor. This representation is 
called the "equivalent tube circuit." 
But before we go into it, we must learn 
the meaning of two useful new terms 

-a.c. plate resistance and ampli fica- 
tion factor-which are always part 
of any discussion of the a.c. operation 
of a tube. 

A.C. Plate Resistance. The a.c. 
plate resistance is the opposition which 
a tube offers to the passage of a.c. 
through it. It can be measured with 
a circuit like that shown in Fig. 23. 
In this circuit, we first apply normal 
voltages to the filament, grid, and 
plate of the tube, then add a known 
a.c. voltage to the d.c. voltage which 
is already applied to the plate. The 
addition of the a.c. to the d.c. plate 
voltage makes the total voltage ap- 
plied to the plate alternately larger 
and smaller, which in turn makes the 
plate current alternately larger and 
smaller. The plate current, in other 
words, becomes a pulsating direct cur- 
rent-which, as you know, is a steady 
direct current to which an alternating 
current has been added. We can 
measure the a.c. part of the plate cur- 
rent with the a.c. meter M. 

Next, we divide the amount of a.c. 
voltage applied to the plate by the 
amount of a.c. plate current produced. 
This gives us the a.c. plate resistance 
of the tube-the opposition which the 
tube offers to the flow of a.c. through 
it. (This is NOT the same value as 
the d.c. plate resistance of a tube, 
which is what we would get if we di- 
vided the d.c. voltage applied to the 
plate by the d.c. plate current. D.C. 
plate resistance is very seldom men- 
tioned in radio work.) 

Whenever you see the term "plate 
resistance" or the symbol r (some- 
times RF) used-in a tube chart, for 
example-you can be sure that a.c. 
plate resistance is meant. 

This a.c. resistance will change if 
the filament voltage, the d.c. grid volt- 
age, or the d.c. plate voltage is varied, 
so each of these voltages must be 
specified when we state the a.c. plate 
resistance of a tube. This is done in 
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listings of tube characteristics in tube 
charts. The values of voltages given 
in these listings are generally those 
which would be used in some typical 
application of the tube concerned. 

Amplification Factor. We have 
just seen that an a.c. voltage intro- 
duced in the plate circuit will cause 
an a.c. plate current, and we learned 
earlier in this lesson that an a.c. grid 
voltage will likewise cause an a.c. 
plate current. (In each case, of 
course, the a.c. plate current produced 
is mixed with the d.c. plate current 
which the B supply and the d.c. bias 
cause to flow, so the total plate cur- 
rent flow is a pulsating d.c.) 

One thing further we have learned: 
A grid voltage is more effective in 
controlling the flow of plate current 
than is an equal plate voltage. But- 
we still have not learned any way 
of telling how much more effective the 
grid voltage is. That is what the am- 
plification factor of a tube tells us. 

We could find the amplification fac- 
tor of a tube with a circuit like that 

FIG. 24. The amplifying ability of the tube 
can be determined with this circuit. 

in Fig. 24. First, we would turn off 
the a.c. source in the plate circuit, then 
apply a known a.c. voltage to the 
grid and measure (with a.c. meter M) 
the a.c plate current produced. Next, 
we would turn off the a.c source in 
the grid circuit, and would turn on 
the a.c. source in the plate circuit. 
We would adjust this a.c. plate volt- 
age until we got the same a.c. plate 

current as the grid produced. Finally, 
we would divide the value of this a.c. 
plate voltage by the value of the a.c. 
grid voltage we used. The answer 
would be the amplification factor of 
the tube. 

Thus, we can define the amplifica- 
tion factor of a tube as the ratio of 
the a.c. plate voltage to the a.c grid 
voltage necessary to produce the same 
a.c. plate current. This gives the rela- 
tive effectiveness of the plate and grid 
voltages. For example, if we find that 
an a.c. voltage of 10 volts in the plate 
circuit is needed to produce as much 
a.c. plate current as an a.c. voltage of 
1 volt in the grid circuit will produce, 
the amplification factor of . the tube 

is 10 ( 

- = 10). In other words, 

the grid voltage is ten times as effec- 
tive as the plate voltage in controlling 
the plate current. (The amplification 
factor is assigned the symbol "µ," 
the Greek letter "mu," pronounced 
"mew.") 

The amplification factor of a tube 
depends upon the physical structure 
of the tube-the relative spacing of 
the grid to cathode, compared to the. 
plate -to -cathode spacing, and the ac- 
tual grid structure. It is therefore 
relatively constant as long as the tube 
is not damaged in any way that would 
jar the elements from their proper 
positions. 

Equivalent Tube Circuit. Now 
that we know what a.c. plate resist- 
ance (Re) and amplification factor 
(µ) mean, we are ready to take up the 
equivalent tube circuit which is so 
helpful when we want to learn what 
a.c. output to expect from a tube. This 
circuit is shown in Fig. 25. It is called 
an equivalent circuit because, as far as 
a.c. is concerned, it behaves just like 
a tube connected to a load. In other 
words, we transfer to the plate circuit 
an a.c. signal equivalent to an ampli - 
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fled grid voltage, then consider only 
the a.c. resistance of the tube. 

Notice-in this circuit we replace 
the tube by an a.c. generator and a 
series resistor, and connect these two 
across the load RL. The generator has 
a voltage output equal to 1.1 times eg 

(eg is the a.c. grid signal voltage) and 
the series resistor has the value Rp. 
The fact that these two elements are 
the equivalent of a tube (as far as a.c. 

is concerned) illustrates two impor- 
tant things: 1, that the total a.c. signal 
voltage produced in the plate circuit 
is equal to the grid signal voltage mul- 
tiplied by the amplification factor of 

the tube; and 2, that part of this plate 
circuit signal voltage is always 
dropped within the tube across the 
a.c. plate resistance of the tube. 

You can see at once why it is im- 
portant to know the !R. and Rp of an 
amplifier tube. The amplification 
factor µ tells us immediately how 
much the tube amplifies the grid sig- 
nal. If a tube has a µ of 10, then 
the total signal voltage produced in 

the plate circuit will be 10 times the 
signal voltage fed to the grid. 

The a.c. plate resistance Rp lets 
us determine how much of this ampli- 
fied signal we can actually use. As 

you see from Fig. 25, Rp and the load 
resistance RL form a voltage divider. 
Part of the amplified signal voltage 
is dropped within the tube, across Rp; 
the rest of it is dropped outside the 
tube, across RL. Naturally, the only 
part of the signal voltage that is use - 
till to us is the part dropped across 
UL, because this is the only voltage 
we can feed into another circuit. The 
signal voltage dropped inside the tube 
(across Rp) is wasted; the power it 
develops is dissipated in heating the 
plate. 

Naturally, then, the value of load 
resistor RL is very important in de- 
ciding how much useful amplification 

of the signal voltage we will get. If 
RL is zero, we will get no useful ampli- 
fication at all; if it is very much 
larger than Rp, we will get a useful 
amplification almost as large as the 
µ of the tube. To distinguish between 
the useful signal amplification we get 
out of a tube circuit and the total 
signal amplification (µ), we call the 
former the stage gain. The stage gain 

EQUIVALENT TUBE CIRCUIT 

FIG. 25. The tube plate resistance and the 
load divide the a. c. voltage according to 

their values. 

is always, of course, less than the µ 

of the tube: in fact, it is equal to µ 

times the ratio of the plate load to the 
sum of the plate load and the a.c. 
plate resistance. Or, in equation 
form, 

Stage gain = µ X RL 
RL }-Rp 

This equation again shows us that 
the larger RL is with respect to Rp, 
the greater the useful signal voltage 
amplification we can get out of the 
tube circuit. However, there are prac- 
tical limits to the value of RL; a value 
five to ten times the plate resistance 
gives about all the voltage gain pos- 
sible under normal conditions. We 
will study this problem more when we 
take up amplifying stages. 

While on this subject, we might 
mention that sometimes maximum 
voltage gain may not be as desirable 
as maximum power output. For ex - 
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ample, it takes power to operate a 
loudspeaker; transmitters depend on 
power increases from stage to stage, 
etc. As we shall learn in a later les- 
son, power requirements affect the 
value of the load chosen and the tube 
design. 

Remember-this equivalent tube 
circuit applies only to the a.c. signal - 
amplifying operation of the tube. It 

has nothing to do with the d.c. volt- 
ages as applied to the tube (except 
that these voltages partially determine 
the Rp-and, in some special tubes, 
the p.- of the tube). You will meet 
the equivalent tube circuit many times 
more, both in your N.R.I. Course and 
in the literature of the Radio profes- 
sion, because it is the most direct way 
to determine stage gain. 

Multi -Element Tubes 
We could make up any radio cir- 

cuit with only the diode and triode 
tubes we have so far discussed. It 
would be impractical to do so, how- 
ever, because many other types of 
tubes have been developed which are 
far more efficient for some radio uses 
than are diodes and triodes. We'll de- 
scribe these other types briefly now, 
to give you an idea of their operations 
and uses; you'll learn all about them in 
later lessons of your Course. 

SCREEN GRID TUBES 

One important drawback of a triode, 
when used for radio frequency ampli- 
fication, is the capacity between the 
grid and plate elements of the tube. 
These elements are conductors, sepa- 
rated by a dielectric (the vacuum), so 
that they make up a capacity (see 
Fig. 26). As you will learn in a later 
lesson, an undesirable feedback of 
energy occurs through this capacitive 
path, which causes r.f. amplifiers to 
become useless unless special circuits 
are used to cancel the effects of the 
feedback. 

Tube manufacturers decided to im- 
prove the tube itself to eliminate this 
effect as much as possible. They 
brought out the screen grid or tetrode 
(four -element) tube, which has an- 
other grid located between the origi- 

nal grid and the plate, as shown in 
Fig. 27. To distinguish between these 
grids, the original triode grid is now 
called the control grid, while the sec- 
ond is called the screen grid. In 
structure, the two grids are somewhat 
similar. 

The addition of the screen grid 
causes an enormous decrease in the 
capacity between the control grid and 
the plate, and so almost eliminates 
the undesirable feedback. (Later les- 
sons will explain how this is accom- 
plished.) 

A positive voltage (with respect to 
the cathode) is always placed on the 
screen grid; this voltage is usually 
somewhere between half and full plate 
voltage. Since the screen is consider- 
ably closer to the cathode than the 
plate is, its voltage has far more effect 
on the electron stream than the plate 
voltage has. In other words, the 
screen grid voltage and the control 
grid voltage are the important factors 
which determine how many electrons 
pass through the tube. The plate 
voltage acts principally to collect the 
electrons pulled through the tube by 
the screen grid voltage, and does not 
have a great deal of effect on the num- 
ber of electrons pulled through. In 
fact, if we keep the control grid and 
screen grid voltages steady, we can 
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vary the plate voltage considerably 
without changing the plate current 
tnuch. 

Amplification. You will recall 
that the amplification factor of a tube 
is the ratio of the effectiveness of the 
grid voltage to the effectiveness of the 
plate voltage in controlling the plate 
current. In a screen grid tube, the 
control grid voltage is just about as 
effective in controlling the plate cur- 
rent as it is in a triode, but, as we 
have just seen, the effectiveness of 
the plate voltage is considerably re- 
duced. This means, therefore, that 
the amplification factor of a screen 
grid tube is much larger than the am- 
plification factor of a triode. Actu- 
ally, the screen grid tube may have 
a p. between 100 and 600-while most 
triodes have a p. of 10 or less. 

However, as you learned in your 
study of the equivalent tube circuit, 
the amplified signal (µeg) is divided 
between the tube a.c. plate resistance 
and the load resistance. The screen 
grid tube, unfortunately, has an ex - 

A 
CAPACITY 

EXISTS 
BETWEEN 

GRID 
AND 

PLATE 

FIG. 26. The grid -to -plate capacity is trouble- 
some in many applications. 

tremely high plate resistance. In fact, 
it is not usually possible to bring 
the load resistance anywhere near the 
plate resistance value, so the useful 
amplification (stage gain) of a tetrode 
is considerably less than its amplifica- 
tion factor. Even so, a stage gain of 
100 is not impossible, which is cer- 
tainly a much higher stage gain than 
any triode can give. 

PENTODE TUBES 

The screen grid tube has the im- 
portant advantages over a triode of 
having negligible grid -to -plate capac- 
ity and far higher gain. However, 
it has disadvantages when handling 
large signals. 

Because the screen grid (which ac- 
celerates or speeds up the electrons 

THE SCREEN GRID TUBE 

TUBE 
ENVELOPE 

PLATE 
SCREEN GRID 

CONTROL GRID 

CATHODE 

A ARRANGEMENT 
OF ELEMENTS SCHEMATIC 

FIG. 27. The screen grid reduces the grid - 
to -plate capacity. 

in their journey toward the plate) is 
fairly close to the cathode and has a 
high voltage, electrons travel much 
faster in a tetrode than they do 
in a triode. As a result, when they 
strike the plate, there is a much 
greater tendency for these speeding 
electrons to knock other electrons loose 
from the plate. This effect is known 
as secondary emission. 

These secondary emission electrons 
fly off the plate. Many are attracted 
right back to the plate by its highly 
positive potential, but some go from 
the plate to the screen grid, which is 
also positive. This produces an unde- 
sirable current flow within the tube, 
and produces serious distortion if left 
unchecked. The effect is particularly 
noticeable as larger signals are being 
handled. 

The pentode (five -element) tube 
shown in Fig. 28 solves this problem 
neatly. This tube has a third grid 
(a relatively coarse one, with only a 
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few turns of wire) inserted between 
the screen grid and the plate. This 
new grid is usually connected directly 
to the cathode, and is at the cathode 
potential-that is, it is negative with 
respect to the screen grid and the plate. 
This new grid is called a suppressor 
grid (or sometimes a cathode grid, 
because it is connected to the cathode) . 

The operation of the tube is some- 
what similar to that of the screen grid 
tube, in that the screen grid speeds 
up the electrons toward the plate. 
However, the suppressor grid, which is 
at cathode potential, slows down the 
electrons somewhat when they have 
passed the screen grid; it also reduces 
the velocity with which they hit the 
plate. (Because the suppressor is so 
coarse in structure, it does not inter- 
fere with the number of electrons pass- 
ing through the screen to the plate.) 
Even so, some electrons strike the 
plate with sufficient velocity to knock 

THE PENTODE TUBE 
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CONTROL GRID 
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FIG. 28. The extra grid in the pentode tube 
reduces the effects of secondary emission. 

out others, which then move into the 
space between the suppressor grid and 
plate. There they are subjected to 
two forces-the repelling force of the 
negative (cathode potential) suppres- 
sor grid and the attracting force of 
the positive plate. This double force 
makes practically all of them return 
at once to the plate. 

BEAM TUBES 

The beam power tube is another 
ingenious solution to this problem of 
secondary emission electrons. In ef- 
fect, the electrons are made to act as 
their own suppressor grid. As Fig. 29 
shows, a beam power tube has two 
small additional plates between the 
screen grid and plate. These small 
plates are connected to the cathode 

BEAM -FORMING 
PLATE 

CATHODE 
GRID 

SCREEN 

PLATE 

Courtesy R.C.A. Mfg. Co., Inc. 

FIG. 29. The electron "beam" provides its 
own suppression, forcing secondary emission 

electrons back to the plate. 

just like a suppressor grid, and so repel 
electrons. This forces the electrons to 
"bunch up" in the space between these 
plates and flow in two concentrated 
streams or "beams" between the cath- 
ode and the true plate. 

This concentrated electron flow pre- 
vents secondary emission electrons 
from reaching the screen grid, because 
any secondary electrons emitted from 
the plate immediately encounter the 
electron beams and are repelled back 
to the plate. 

SPECIAL TUBES 

The pentagrid converter (shown 
schematically in Fig. 30) is an ex- 
ample of a tube designed for a special 
purpose. The tube gets its name from 
the fact that it has five grids (penta 
means five), and is used as a fre- 
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quency converter tube. We'll go into 
details of its use in later lessons. Ob- 
viously, however, with all these grids 
we can get many different controlling 
actions on the plate current. 

In the early days of radio, the 
amplification of a single tube was 
quite limited, so the only way of get - 
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FIG. 30. A pentagrid converter tube. 

ting more amplification was to have 
more tubes. As a hang -over from 
those early days, many people still 
believe that the more tubes, the bet- 
ter the radio. This has resulted in 
radio manufacturers at times using 
separate tubes, when they could have 
lowered costs somewhat by using one 
or more of the dual tubes available. 
> For example, there are many ap- 
plications which require the use of 
two diode tubes in the same circuit. 

FIG. 31. Dual diodes. 

It is logical to place both these diodes 
in a single bulb. Naturally, since a 
dual tube of this kind needs only a 

single bulb and a single base, it is 

somewhat cheaper than two single 
tubes and permits the use of a smaller 
chassis. 

The schematic symbols for typical 
dual diodes (double diodes) are shown 
in Fig. 31. Some applications require 
separate cathodes as shown in Fig. 
31A, while others permit combining 
the cathodes as shown in Fig. 51B. 

Another popular combination is 
that of the diode and triode tubes. 
The detector in most modern radios 
is a diode tube. Its output feeds into 
an audio tube, which is usually a tri- 
ode. Another diode is desirable at 
the same point in the circuit for con- 
trol purposes, so very often all three 
are combined in modern radios into 
one dual diode -triode tube. Fig. S 

FIG. 32. Two diodes and a triode in a single 
envelope. 

shows the schematic symbol for this 
tube. The same cathode is used for 
the triode and for the two diodes. 

Other similar combinations have 
been made. You will sometimes find 
together two triodes, a triode and pent- 
ode, two diodes and a pentode, and 
other similar combinations. Although 
these combination tubes are mounted 
in the same envelope, each section is 
generally independent of the others 
(except that they sometimes use the 
same cathode). You can always con- 
sider them to be separate tubes as far 
as circuit operation is concerned. 
We'll take up all these special tube 
types as we come to their uses in later 
lessons. 
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Special Purpose Tubes 

There are other tubes designed for 
special purposes. Let's treat them 
briefly here, so you'll be familiar with 
their construction. 

GAS FILLED TUBES 

So far, we have been speaking en- 
tirely of vacuum tubes, which have as 
much air and gases removed as is eco- 
nomically possible or desirable. In a 
vacuum type tube, we do not want any 
gas ions to interfere with the electron 
movement. However, there is a special 
class of tubes, particularly diodes and 
triodes, in which a certain amount of 
gas is deliberately introduced. 

These tubes are manufactured and 
the gases are evacuated in the same 
way as the'brdinary vacuum tubes. 
Then, a definite, controlled amount 
of some particular gas is introduced 
in the tube to get some special action. 

One result of this introduction of 
gas is a remarkable reduction in the 
plate resistance of the tube. When 
electrons move from the cathode to 
plate, they strike many of the rela- 
tively large gas molecules which are 
between the cathode and plate. The 
speed of the electrons is sufficient to 
knock other electrons out of these 
molecules. These extra electrons travel 
onward to the plate, along with the 
original electrons. 

The heavy gas ions that remain are 
now positively charged (they have lost 
electrons). As a result, they move 
toward the cathode. When these posi- 
tive ions get near the cathode, they 
combine with an equal number of the 
electrons in the electron cloud. If just 
the right amount of gas is used, prac- 
tically all the electrons in the electron 
cloud will thus be removed from the 
cloud. In fact, the cloud will no longer 
exist, so all of the electrons leaving the 

cathode will go directly to the plate. 
This means a high plate current will 
be developed for a relatively low plate 
voltage. 

Gas type diodes are found mostly in 
power supply systems, where their low 
plate resistance results in a smaller loss 
of power within the tube. The supply 
must be carefully designed to prevent 
the plate current from rising above a 
certain critical value, however, or too 
many heavy ions will be formed, with 
the result that the cathode surface will 
be bombarded by the heavy particles 
and the oxide coating knocked off. 

Gas type triodes find special uses 
in industrial control equipment. These 
tubes are designed so that the grid 
merely acts as a trigger, starting the 
plate current flow at a certain prede- 
termined value of grid voltage and 
then losing all control of it. This 
particular action is very desirable for 
certain control purposes, making it 
possible for a low -power circuit to 
turn on a high -power circuit. 

PHOTO -ELECTRIC CELLS 

In the beginning of this lesson, we 
mentioned that the thermionic (heat- 
ing) method was only one of the ways 
in which electrons could be released 
from a cathode. Another method is 
used in one type of photo -electric cell. 

Certain rare earth metals have the 
property of releasing electrons from 
their surface when light falls on the 
surface. (This is called the "photo- 
elect'ric effect.") If we use one of these 
metals as a tube cathode and expose it 
to light, electrons will escape from it. 
Then, if a positive element is nearby, 
we will get an electron flow from this 
photo -electric cathode to the positive 
element, just as in our thermionic 
diode tube. The amount of current 
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depends on the number of electrons re- 
leased, which in turn depends on the 
amount of light. 

A typical photo -cell is shown in Fig. 
33. The large "plate" is actually the 
cathode, as it is the surface on which 
light falls. As electrons are emitted 
from this surface, they travel to the 
thin wire, which is positively charged 
with respect to the cathode. 

The photo -electric principle finds 
many uses in industrial control equip - 
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FIG. 33. A typical photoelectric cell. 

ment. For example: Moving objects 
can interrupt a light beam shining on 
a photo -electric cell, thus momentarily 
cutting off the current through the cell 
and causing counting devices to oper- 
ate. 

The television camera tube, used to 
pick up the image at the transmitter, 
is also a photo -electric device. There 
are many types of these tubes. One 
type is really a combination of thou- 
sands of miniature photo -electric cells 

mounted together on a plate. When 
exposed to a scene, the various photo- 
electric cells emit electrons according 
to the light values of the tiny segment 
of the scene to which each is exposed. 
It is possible to pick up these small 
charges with a scanning device and 
transmit them as elements of a tele- 
vision scene. 

COLD -CATHODE TUBES 

There have been several types of 
dual diodes (known as "cold -cathode" 
tubes because their cathodes are not 
heated) developed for power packs. 

These tubes are gas -filled. When 
the plate element is sufficiently posi- 
tive with respect to the cathode, the 
gas will ionize, as electrons will be 
pulled out of the gas molecules toward 
the plate. Then, the heavy positive 
ions will bombard the cathode surface 
and knock electrons loose to replace 
those taken from the gas by the plate. 
The gas molecules thus re-form (be- 
come un -ionized) and the action re- 
peats itself continuously as long as the 
proper potentials are maintained be- 
tween the plate and cathode. 

This action is reversible, since re- 
versing the applied voltage would 
cause the plate and cathode to be in- 
terchanged. If it is desired to use 
such a tube as a rectifier (in which 
current flows only one way), one sur- 
face can be treated to release electrons 
more readily than the other, or the 
element intended to be the cathode 
can have a far larger surface area than 
the plate. This makes the tube con- 
duct better one way than the other. 
Rectification is not perfect, as some 
current can still flow in the reverse 
direction, but it is satisfactory for 
some applications. 
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Tube Classification Systems 
There are hundreds of different 

vacuum tubes, so it is absolutely neces- 
sary to have some means of telling 
them apart. Of course, one obvious 
difference between tubes is the number 
of elements in the tube. Hence, we 
have diodes, triodes, tetrodes, pent- 
odes, and others. However, these 
classifications are too broad to be very 
useful in telling tubes apart, for there 
are many tubes of each of these types 
which differ in voltage requirements 
and other characteristics. 

Thus, we have triode tubes with low - 
amplification factors and triode tubes 
with high amplification factors. There 
are kinds of low -amplification tubes 
which differ greatly in plate resistance 
and in the voltages required on the 
filaments and other elements. Simi- 
larly, high amplification triodes are 
made in models requiring many differ- 
ent filament, grid, and plate voltages. 
Some of these tubes are intended to 
operate only from battery supplies, 
while others will operate with a.c. on 
the filament. 

Furthermore, tubes vary greatly in 
size. There are tiny tubes for hearing 
aids and super -portable receivers, 
medium size tubes for ordinary small 
receivers, and full size tubes for stand- 
ard radio receivers. Naturally, the 
basic operation of the tube is not af- 
fected by its size. However, it fre- 
quently happens that a regular size 
tube will not fit into a radio designed 
to use small tubes. 

Filament Voltages. Thermionic 
tubes may be classified according to 
the filament voltage which they are 
designed to use. Plate (Sr grid voltages 
may be abnormal for a particular tube 
without immediate or great damage, 
but if the filament voltage is too high, 
the filament will burn out. It is im- 

portant that the filament voltage re- 
quirements be met. However, many 
tubes use the same filament voltages, 
so classification by filament voltage is 
(like classification by number of ele- 
ments) too broad to be very useful. 

Use Classification. Tubes may be 
classified according to their use, or 
rather, according to the use for which 
they were originally designed. Thus 
we have rectifiers, detectors, mixers, 
oscillators, r.f. and a.f. amplifiers, and 
power amplifiers. Often, however, it 
is possible to use one tube for several 
different purposes, so a given tube may 
have two or more usage classifications. 

Some time ago it was decided that 
the simplest identification system was 
to assign each tube type a number and 
to list tubes by their numbers in charts 
or tables of tube characteristics. We 
shall go into this system shortly-but 
first, let's learn something about how 
tubes differ in outside appearance. 

TUBE BASES AND SOCKETS 
Unlike other devices used in radio 

and electronic apparatus, the radio 
tube is a delicate part giving limited 
hours of service. Most manufacturers 
of radio tubes guarantee their products 
for one thousand hours. While tubes 
in general give much longer service 
than this, it is not impossible for a tube 
filament to burn out during the first 
few hours of its use. For this very 
practical reason, tubes must be built 
in such a way that they can easily be 
removed for testing and replacing. 
Hence, radio receiving tubes have 
bases with prongs or pins which serve 
as the terminals of the tube elements. 
These bases plug into sockets having 
spring contacts which bear against the 
prongs when the tube is in the socket. 
The circuit wiring is connected to the 
socket contacts, and thus to the tube 
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elements when a tube is plugged in. 
It is, of course, necessary to make 

sure that a tube will fit into its socket 
in only one way, so that the socket 
contacts will always bear against the 
proper prongs. In older tubes, prongs 
of different sizes or different prong 
spacing arrangements were used to 
make the tubes fit just one way in 
sockets. Of course, this system means 

BOTTOM VIEW OF OCTAL BATE 

FIG. 34. The pin arrangement of an octal - 
based tube, which also corresponds to the 

bottom socket connections. 

a different socket is necessary for each 
tube base type. 
> Most modern tubes have "octal" 
bases which will fit a universal octal 
socket. All prongs on this base are 
the same size and are equally spaced. 
An aligning key in the center of the 
tube base fits a slot in the socket in 
only one way, thus assuring insertion 
of the tube in only one way. 

Fig. 34 shows the prong arrange- 
ment of an octal base. This same base 
is used on diodes, triodes, pentodes, 
etc.; if any prong is unnecessary for a 
particular tube, it is simply left off. 

This does not affect the positions of 
the other prongs; if prong 6 in Fig. 
34 is omitted, all other prongs will 
still remain in the same positions and 
will still be designated by the same 
numbers. 

Fig. 36 shows typical tube bases of 
both the old and the octal types. 

Certain sets need tubes which will 
not easily loosen in their sockets. 
(Auto sets and portables are exam- 
ples.) The "'octal" base is the an- 
swer to this. It is similar to the octal 
base except that the centering key has 
a ridge, shown in Fig. 36, which snaps 

into a ring in the socket made of 
spring material and locks the tube in 
the socket. It is necessary to push 
a loctal-based tube sideways to re- 
lease the key from the spring before 
it can be pulled out of the socket. 

The prongs are exceptionally small 
on these tubes-really just projec- 
tions of the connecting wires which 
come through the glass seal at the 
bottom of the tube. This eliminates 
the necessity for a tube base, as the 
glass seal positions the pins and the 
centering key is molded into the seal. 
These tubes offer advantages at ultra- 
high frequencies in that the elimina- 
tion of the base reduces the amount 
of leakage at these frequencies. 

Courtesy Emerson Radio & Phonograph Corp. 

The relative size of miniature tubes is shown 
here-four are held in the palm of a hand. 

(Many materials are good insulators 
at low frequencies but become poor 
insulators at the frequencies used for 
television and f.m. broadcasting.) 
> Hearing aids and the extremely 
small portables use miniature tubes, 
only 3/4 inch in diameter and less than 
two inches high. Actually, these 
tubes have no true base; the glass - 
bulb bottom is flattened and has a 
ring of holes. The prongs (really just 
connecting wires, like those of a loctal 
tube) come through these holes, which 
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are placed at the proper points to fit 
the socket. 

Top Caps. The first tubes had 
all connections made at the base. 
However, when the need for reduced 
grid -to -plate capacity was recognized, 
tubes were developed with a terminal 
in the form of a metal cap at the top 
of the glass or metal envelope, in ad- 
dition to the prongs or pins. Connect- 

pacity, so many tubes are now made 
with the control grid lead going to 
one of the prongs in the base. This 
is now possible because a special type 
of base construction is used to shield 
the electrode leads and prongs from 
each other and so reduce lead capaci- 
ties. These tubes (called single -ended 
tubes because all connections are at 
the same end) permit all connections 

FIG. 35. Representative tube bases, showing standard prong arrangements 
A-a 4 -prong base; B-a 5 -prong base; C-a 6 -prong base; D-a large 7 -prong 
base; E-a small 7 -prong base; F-an octal base having only 5 -prongs, G-an 

octal base having all 8 prongs. 

ing the grid to the cap makes pos- 
sible a maximum spacing (and there- 
fore a minimum capacity) between 
the grid and plate leads. Connections 
are made to this cap (usually called 
the top cap or grid cap) by a top - 
cap clip. A flexible wire lead connects 
this clip directly to some part in the 
chassis of the radio apparatus; the 
clip must naturally be removed before 
the tube can be removed from its 
socket. 

Single -Ended Tubes. The top cap 
connection is not too desirable from 
a mechanical standpoint, as loose con- 
nections frequently develop. Tube 
manufacturers discovered a means of 
eliminating the top cap without a 
great increase in the grid -plate ca- 

to be made underneath the chassis, 
simplifying the wiring and eliminating 
long leads through the chassis to the 
top cap. These tubes have either 
octal or loctal bases, so that they fit 
the corresponding socket. 

PRONG IDENTIFICATION 
After base types and sizes of tubes 

were standardized, it became possible 
to number the prongs and socket clips 

LOCKING GROOVE ~LOCATING KEY 

FIG. 36. The locking groove on a "loctal" 
base. 
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FIG. 37. These schematic symbols not only 
show which elements go to which prongs- 
they also show the relative positions of the 
prongs. Notice that the octal bases may not 
have s full set of 8 prongs but when prongs 
are missing, the others maintain their original 
spacing and numbers. These connections are 
correct when viewing the BOTTOM of the 
base or tube socket but are proper just for 

TUBES. Always consult a tube 
ch rt to determine the connections on tubes. 

so as to identify the element connec- 
tions. A standard system was devel- 
oped by the Radio Manufacturers As- 
sociation (R. M. A.) for this purpose. 
Looking at the bottom of the socket, 
the numbers progress clockwise around 
the socket. Examples showing the 
element connections for several tube 
types are shown in Fig. 37. These 
numbers are in order when you look 
at the bottom of the socket, because 
this is the normal position for radio 
servicing. 

Locating Filament Prongs. In 4, 
6, and 7 -prong tube standard bases, 
those two prongs having the highest 
and lowest numbers are made larger 
than the others, to insure that the 
tube is always inserted in its socket in 
the correct position. For example, 
pins 1 and 4 of a 4 -prong tube would 
be larger than the others; these thicker 
prongs are always connected to the 
filament. In the standard 5 -prong 
tube, all pins are of the same diam- 
eter but are so arranged that there 
is only one way of inserting the tube; 
pins 1 and 5, the filament prongs, are 
always close together and directly 
opposite a single pin. The positions 
of the filament prongs in octal tubes 
vary with different tubes, so it is 
generally necessary to refer to a tube 
chart for accurate information. 

Locating Prong No. 1. You can 
locate any prong by remembering that 
the R. M. A. numbering system al- 
ways progresses clockwise when you 
look at the bottom of the tube socket. 
In octal tubes, prong 1 is always in 
the clockwise direction from the align- 
ing slot as you look at the bottom of 
the octal tube socket. Notice the ex- 
amples given in Fig. 37. 

TUBE TYPE NUMBERS 

Since it is clearly impractical for 
busy radiomen to describe a certain 
tube completely when speaking of it, 
each tube has been assigned a num- 
ber. In the early days of radio, when 
only a few different types of radio 
tubes existed, there was little confu- 
sion even though numbers were as- 
signed to new tubes in haphazard fash- 
ion; tubes such as the OlA, 12, 26, 
71A, 56, 58, and 24 are examples. No- 
tice that these numbers give no indica- 
tion of the characteristics of the tubes. 
As the number of different types of 
radio tubes increased, it became in- 
creasingly more difficult to recognize 
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A (above). The assembly of a typical all -metal tube, 
the type 6A8 pentagrid converter, can be traced in 
the above photograph. Metal exhaust tubing and 
Fernico metal eyelets are welded to metal header 
shown at upper left, then glass beads with wire 
leads are threaded through eyelets and fused to 
them. Electrodes are welded to projecting leads, 
metal envelope is welded to header, tube is evacu- 
ated and sealed off, octal bakelite base and top cap 
are crimped into pomition and tube is sprayed, com 
pleting job. A completed tube with half of envelope 

cut away is also shown. 

B (at right). This unusual drawing, giving a cut- 
away view of an all -metal tube, shows how connec- 
tions are made to electrodes and how electrodes 

are mounted inside. 

C (at left). Cut -away 
view showing arrange- 
ment of electrodes inside 
a 6Q7 all -metal duplex 

diode triode. 

D (below). Cut -away 
view of 6116 all -metal 
twin dinde, a radio 

midget. 
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tubes. The following code, which is 
now standard for all new tubes, was 
developed by the R. M. A. to eliminate 
some of this confusion, as this code 
gives at least some clue to the tube 
type. 

R.M.A. TUBE NUMBERING CODE 

Each tube designation shall consist 
of a number (or digit), followed by a 
letter, which is in turn followed by 
another digit. 

(a) The first numeral (or group of 
numerals) shall indicate the filament 
voltage in steps of 1 volt, using i to 
mean any voltage below 2.1; 2 to 
mean 2.1 to 2.9 volts; 3 to mean 3.0 
to 3.9 volts; 4 to mean 4.0 to 4.9 volts; 
117 to mean 117.0 to 117.9 volts, etc. 

(b) The last numeral shall desig- 
nate the number of useful elements 
(filament, cathodes, grids, plates, etc.) 
which are connected by wire leads to 
prongs or the tube cap. The filament 
is here counted as one element, and 
the envelope of a metal tube (or a 
shield within a glass tube) is consid- 
ered as one element. 

(c,) The letter between the numerals 
shall be a serial designation which will 
serve to distinguish between tubes 
having the same number of useful 
elements and the same filament volt- 
age. Rectifiers will start with Z and 
work backward through the alphabet, 
while all other tubes start with A and 
work up through V of the alphabet. 
When all 26 letters of the alphabet 
have been used for a given combina- 

tion of first and last numbers, the next 
26 new tubes with these numerals will 
have the letter A ahead of the serial 
designation letter; succeeding groups 
of 26 tubes will have B, C, D, etc., 
ahead of the serial designation let- 
ter. Examples: 6AB5; 6AF6. 

(d) The letter S ahead of the serial 
designation letter (following the first 
numerals) indicates a ' single -ended 
tube. Example: 6SK7. The letter G 
following the last numeral indicates 
an octal -base tube having a standard 
glass envelope instead of a metal en- 
velope. Example: 6Q7G. The letters 
GT following the last numeral indicate 
an octal base tube having an extra - 
small glass envelope instead of a metal 
envelope. Example: 6Q7GT. 
> The foregoing system is prima- 
rily intended to be a logical system 
of assigning tube numbers in such 
a way that some useful information 
can be conveyed to the user. How- 
ever, a tube chart must be used to 
find the filament current, plate, and 
grid voltages, plate current, ampli- 
fication factor, prong connections, 
etc. Tubes are listed in such charts 
by their numbers, so you need merely 
look up the number of the tube in 
which you are interested to find its 
characteristics and recommended uses. 
Furthermore, tube charts give the 
tube base connections, so it is pos- 
sible to find from them which prong is 
connected to which element. We will 
give more information about tube 
charts elsewhere in your Course. 

THE N. R. I. COURSE PREPARES YOU TO BECOME A 

RADIOTRICIAN & TELETRICIAN 
IPEGISTERFO U.S. PATENT Di TICE, IR[GISTERED U.S. PATENT DFFICFI 
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Lesson Questions 

Be sure to number your Answer Sheet 8FR-4. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you 
the greatest possible benefit from our speedy personal grading service. 

1. What two electrodes must every electronic tube have? 

2. Will electrons flow through an electronic tube when the anode is negatively 
charged with respect to the hot cathode? 

3. Does the A battery furnish the electrons that are emitted by a heated 
filament? 

4. Suppose an a.c. voltage source is connected between the plate and the 
cathode of a diode thermionic tube. Will the resulting plate current be: 
1, a.c.; 2, pure d.c.; or 3, pulsating d.c.? 

5. Is a tube which has an indirectly heated cathode called a heater type tube 
or a filament type tube? 

6. What is secondary emission? 

7. What is the purpose of the control grid which is placed between the cathode 
and the anode of an electronic tube? 

8. Does the plate current: 1. remain constant; 2, decrease; or 3, increase; as 
the C bias voltage is made more negative? 

9. How many elements are there in a pentode tube? 
S 

10. What does the first numeral (or group of numerals) in the R.M.A. Tube 
Numbering Code indicate? 
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When you enrolled as a student member of the 
National Radio Institute, you took the first step on 
your road to success and happiness. You now have 
a goal for yourself-you háve an aim in life-you 
are looking forward to the sort of work you like, the 
sort of income you want, and the respect and admira- 
tion of your friends. 

Keep your goal in mind. Never forget it for a 
moment. Of course you will have your moments of 
discouragement-we all have. But if you make a 
thorough search for the cause of your discourage- 
ment, you will most likely find that you ate some- 
thing which did not agree with you, or were kept 
awake last night by the neighbor's dog. Realizing 
this, you will put your lessons aside for the time 
being, and tackle them the next day with renewed 
vigor and a renewed determination to succeed. 

Whenever you are tempted to neglect your studies, 
say to yourself : "I have a goal to reach and I'm going 
to reach it." Think how unhappy you would be if 
you did not have this goal. There is nothing as 
pathetic as a rudderless ship or a man without an 

and happiness-your goal. 
J. E. SMITH. 
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ICHASSIS 
CONNECTION 

WIRING SIDE OF OCTAL 
TUBE SOCKET SHOWING 
LOCATIONS OF PINS. 

RESET 
LOCK SCREW C 

TUNING 
CONTROL 

6A8 

vf 
R3 

oxiCS 7,C6 

2 VOLUME CONTROL 
8 OFF ON SWITCH 

Fig. 9. Front view of Truetone Model D-746 
receiver, showing automatic tuning levers. Lock- 
ing screw "C" will lock in place all the stations 
you have selected on the automatic tuner levers. 
If you should desire to change any station you 
selected to another, loosen the locking screw 
"C" one or two turns, and select the new station 
as explained. Be sure to retighten the locking 
screw, otherwise the stations you have selected 

will not stay adjusted to the levers. 

6K7 

RS 

C8 

200V 

INTERMEDIATE 
FREQUENCY 
465 K C. 

Fig. 8. Schematic circuit diagram of Truetone 
Model D-746 five -tube auto radio receiver. The 
parts list for this set is given below. Voltage 
values on the diagram represent d.c. voltages 
to chassis. All condenser values are assumed to 
be in microfarads. Percentages after values in- 
dicate the percent of tolerance which is permis- 
sible in the values of replacement resistors or 
condensers. The abbreviation w. stands for 

"watts." 

RESISTORS 

RI 250M ohm-I/10 w. 20% 
R2 50M ohm -1/10 w. 20% 
R3 30M ohm-I/2 w. 20% 
R4 25M ohm -1 watt 10% 

R5 3 megohm--I/10 w. 20% 
R6 I megohm volume control 
R7 50 ohm -1/3 w. 10% 

R8 30 ohm-I/3 w. 10% 

R9 2 megohm-I/3 w. 20% 
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the same trouble, and it is checked In the 
same manner as 07. 

If excessive hum is heard, we should be 
on the lookout for cathode -to -heater leakage 
in some of the tubes, and for drying up of 
electrolytic filter condensers C11 and 015. 
These two condensers should be checked by 
substitution, being sure to observe the po- 
larity markings of the test condensers by 
connecting their positive leads to the 61f5 
cathode. 

Motorboating or noise originating in the 
a.f. section of the set (check on this by re- 
moving the 6K7 type tube to see if the noise 
is still present) would cause us to suspect 
an open in condensers C14 and 016, the a.f. 
decoupling capacitors. They should be 
checked for an open by substitution. Hum 
might also result if these condensers are 
open. 

Distortion and audio oscillation may be 
due to an open in condenser C18. 

Excessive noise may be caused by worn 
vibrator contacts. In cases where it is not 
practical to remove the vibrator housing to 
see if sparking occurs at the contacts, a new 
vibrator should be tried, after checking con- 
denser 017 by replacement and measuring 
the value of R15. One terminal of this re- 
sistor must be disconnected when checking 
it with an ohmmeter, so that a misleading 
reading will not be obtained through the 
power transformer primary. 

The spark plate condensers seldom if ever 
give trouble, although some vibrator hash 
may get into the receiver if C19 is open. 

Weak signals coupled with distortion 
would lead you to believe that the loud- 
speaker field was open. This wouldn't affect 
the application of correct voltages to the 
tube electrodes. A quick check may be made 
on the field by holding a screwdriver near 
the metal pole piece. If the field is ener- 
gized there will be a pull on the screwdriver. 
If it is not, the field should be disconnected 
and checked with an ohmmeter. 

If the receiver is dead and a circuit dis- 
turbance test shows all stages to be alive, you 
would immediately suspect failure of the 
oscillator. This would most probably be due 
to lack of plate voltage on the oscillator 
anode grid, pin 6 in the diagram. 

Immediately you would suspect a short or 
leak in condenser C5, with perhaps opening 
up of resistor RS. If these points proved to 
be in good condition, you would check the 
5.5 -ohm winding of the oscillator coil to see 
if it was open. 

Trouble sometimes is experienced with this 
type oscillator if the oscillator grid resistor 
changes in value. A value lower than 50,000 
ohms for R2 will frequently cause the oscil- 
lator to be dead at the low -frequency end of 

the dial. Sometimes a value as high as 75,000 
ohms may be used. If the resistor is made 
too high in value, the oscillator will inter- 
mittently block, particularly at the high - 
frequency end of the dial. 

High -resistance connections in the oscil- 
lator circuit will cause the oscillator output 
to be poor at the low frequencies. If the os- 
cillator stops functioning at the high fre- 
quencies, the oscillator coil probably has ab- 
sorbed moisture, and it would be best to in- 
stall another. When another cannot easily 
he obtained, the oscillator coil can be baked 
in an oven to drive off the moisture. 

Tracking failure of the oscillator and pre - 
selector, if not due to incorrect adjustment 
or a defect in condenser CS, is probably due 
to the i.f. being aligned at the wrong fre- 
quency. 

Blasting and distortion on strong local 
stations would indicate lack of a.v.c. voltage, 
and this in turn would probably be due to a 
short In a.v.c. filter 08 or to a short between 
diode plate 4 and the cathode of the 6Q7 type 
tube. 

Automatic Tuning Set -Up. This receiver 
has a mechanical automatic tuning system. 
There are five levers on the dial by means 
of which five stations may be selected, as in- 
dicated in Fig. 9. The procedure for setting 
these automatic tuning levers is as follows : 

Make a list of local stations you tune in 
regularly; any number up to and including 
five. . 

Any order of grouping can be used, either 
by assigning call letters for the levers alpha- 
betically or arranging them to correspond 
with the calibration on the dial scale. 

Loosen the special locking screw ("O" in 
Fig. 9) which is located on the left side of 
the tuner dial assembly. 

Press DOWN ALL THE WAY any one of 
the automatic tuner levers. Holding it down 
FIRMLY, tune in by means of the tuning 
knob (No. 1) the station you have assigned 
to this lever. Turn the tuning knob very 
slowly back and forth (while Atill holding 
lever in downward position) until the signal 
is clearest. The station will then be ac- 
curately tuned in. Release the lever. 

Press down another automatic tuner lever. 
Holding it down FIRMLY, carefully tune in 
the station assigned to this lever. Release 
this lever. 

Follow this procedure until you have se- 
lected all of your favorite stations. 

Now rotate the tuning knob (No. 1) to 
the right (clockwise) as far as it will turn, 
and tighten the special locking screw ("C"). 

It is VERY IMPORTANT that this lock- 
ing screw is turned until it is ABSOLUTELY 
TIGHT. 
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The A.P.C. tiaa Gate. Yon will note that 
diode plate 4 of the 6Q7 tube connects to the 
grid return to the 6K7 tube at the junction 
of resistor R5 and condenser C8. This ar- 
rangement is known as a gas gate. If the 
6K7 tube happens to become gassy, electrons 
will flow up through resistors R6 and R5 to 
the control grid of the 6K7 tube. This tends 
to make the grid of the tube positive by an 
amount equal to 4,000,000 ohms (R5 + R6) 
multiplied by the gas current in amperes. 

When diode plate 4 becomes positive due 
to gas in the 61(7, current will flow from 
the 6Q7 cathode to this diode plate, lower- 
ing the effective resistance of R5 and R6 and 
therefore lowering the voltage drop pro- 
duced across them by the gas current. 

Tracing Supply Circuits. In this, or in 
any other auto receiver, we only have the 
6 -volt storage battery in the car as a source 
of power. We can feed the tube filaments 
and loudspeaker field directly from the bat- 
tery since they are designed for 6 -volt op- 
eration. We must also feed the tube elec- 
trodes with the correct d.c. voltages, which 
in some cases will he as much as 200 volts. 

P.O., as you know, cannot be stepped up. 
Therefore, we use a non -synchronous vibra- 
tor to interrupt the d.c. from the battery, 
thus changing it for all practical purposes 
to a.c. This a.e. may he stepped up by a 
power transformer, rectified by a high -vac- 
uum rectifier tube, and the pulsating d.c. 
from the rectifier filtered just as in an a.c. 
set. The rectified and filtered d.c. Is then 
ready to he applied to the various tube elec- 
trodes. 

The diagram shows that the vibrator is 
used solely to interrupt the d.c. flowing 
through the primary of power transformer 
7'5. It causes the supply current to flow first 
through one section of the primary and then 
through the other, giving the same effect as 
an a.c. current. 

The hot (ungrounded) A lead connects to 
the center tap on the primary of the power 
transformer through switch S1 and choke 
1.1. Norma?ly, the vibrator armature con- 
nects to terminal 2, being held in place by 
spring tension. 

When the set is turned on, current will 
flow through the armature coil of the vibra- 
tor, connected to terminals 2 and 4. The cur- 
rent flow is through the coil to vibrator ter- 
minal 2, and through the armature in con- 
tact with terminal 2 to the chassis. This will 
pull up the armature, causing it to make con- 
tact to terminal 3, and breaking the contact 
of the armature coil to ground through ter- 
minal 2 and the grounded armature. Then 
the current flowing to the center tap on the 
primary passes through the upper section of 
the primary to terminal 3, and through the 
armature contact to terminal 1, which con- 
nects to the other side of the storage battery. 

The breaking of the circuit through the 
armature coil allows the spring to return the 
armature to terminal 2 on the vibrator. The 
current then flows through the lower half of 
the power transformer primary through the 
contact at 2 and to the other side of the 
storage battery. The armature coil is also 
re -energized to pull the armature over again 
for another round trip. This action occuré 
a4 long as the receiver is turned on, and we 
have current flowing first through one half 
of the primary and then through the other 
half. 

As a result of feeding the primary with 
alternating current, a large voltage is de- 
veloped across the secondary of T5 and is 
applied to terminals 3 and 5 of the rectifier 
tube. 

Since B- is the center tap on the sec- 
ondary of T5, the B supply electron path is 
from the center tap through bias resistors 
R11, R8, R.7 to the 6A8, 6K7 and 61(6 cath- 
odes (in the case of the 6Q7 cathode, the 
path is through R11 and R8), then through 
the tubes to the plates and other positive 
electrodes, back to the rectifier cathode and 
across to rectifier plate 3 or 5-whichever 
one is positive. 

Resistor R15 is used to prevent excess 
voltage from being developed across the pri- 
mary. Condenser 017 is a smoothing or buf- 
fer condenser and helps to remove any ir- 
regularities in the peaks of the secondary 
voltage. It is also important to use the right 
size of condenser at this point, so that the 
vibrator will work smoothly and with a 
minimum of sparking. 

The cathode currents of all tubes flow 
through resistors R7, R8 and RI1 (with the 
exception of the 6Q7, which skips R7), and 
develop a voltage across these resistors. The 
end connected to the power transformer sec- 
ondary center tap is negative, while the end 
connected to the chassis is positive, thus 
forming the bias voltages. 

Filter Circuits. Yon will note from the 
diagram that the vibrator coil and the heater 
of the rectifier tube are fed through choke 
Li. To avoid vibrator interference, the fila- 
ments of all but the rectifier tube are fed in 
parallel directly from the ON-OFF switch, 
as is the pilot lamp. The loudspeaker field 
is also fed from this point, and these parts 
are isolated from the interference produced 
by the vibrator by the filter consisting of con- 
denser 019 and choke Li. 

Condenser 019 serves to prevent any low - 
frequency interfering vibrator signal from 
feeding back through choke L1. The two 
condensers marked SP are called spark 
plate condensers and are essentially similar 
in construction to condenser Cl in the an- 
tenna circuit. Since they do not have any 
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nal 18 new applied across R13 through con- 
densers 015 at the grid end and through 
011, R7 and 016 at the other end. 

Power Output Stage. The signal voltage 
across R13 is applied to the control grid - 
cathode of the 6K6 tube, the cathode con- 
nection being through C16. 

The 6K6 tube then amplifies the signal 
voltage across R13, and we now have a very 
large signal current flowing through the pri- 
mary of output transformer T6. The turns 
ratio of the transformer matches the voice 
coil impedance to the tube plate impedance. 
The voltage induced into the secondary and 
the resultant current flow through the voice 
coil causes the voice coil and attached cone 
to move in and out in step with the audio 
signal, and in this way the cone produces 
sound waves. 

Signal Circuit Features. We will now con- 
sider some of the signal circuit features iW 
this set. First, from the diagram we see that 
the oscillator is not equipped with a low - 
frequency padder condenser. We may there- 
fore assume that the oscillator tuning con- 
denser has specially cut plates in order to 
obtain tracking over the entire band. In ad- 
dition, and this is peculiar only to some auto 
receivers, condenser C'3 serves as an r.f. pad - 
der condenser and has the duty of helping 
make the preselector track or follow the os- 
cillator by the 1.f. frequency difference. 

Condenser Cl has a capacity of only .00002 
mfd. and consists only of two flat metal 
plates separated by mica. A condenser of 
this construction will maintain its capacity 
even at the high frequencies produced by the 
auto ignition system-in other words, it is 
an excellent by-pass. Condenser C2 is of the 
usual wound wax paper type. Because of 
its construction, it actually becomes a coil 
at ultra -high frequencies. 

Ignitioº interference is modulated on 
ultra -high frequencies. When it enters the 
input circuit, C2 acting as a coil with rela- 
tively high reactance forces this signal to 
take the 01 path to ground. Broadcast sig- 
nals will be by-passed by Cl to some extent, 
but will mainly be capacitively coupled 
through C2 to the resonant circuit by con- 
denser 03. At broadcast frequencies C2 and 
C3 form the low -reactance path. 

Condenser 04 serves to couple the oscil- 
lator tank circuit to the oscillator control 
grid, and also serves (together with con- 
denser C in the oscillator circuit) as a by- 
pass across resistor RS, thus smoothing out 
the ri. across this resistor. 

Resistor R3 is used to cut down on the 
voltage to the oscillator anode, and con- 
denser C5 is an r.f. by-pass condenser. Con- 
densers 05, CO and resistor RS also serve to 
keep any variations in the power supply cir- 

cuit from being applied to the oscillator 
anode, as this might result in hum modula- 
tion. 

Condenser 06, which has a capacity of .05 
mfd., is also the plate supply by-pass con- 
denser for the 6A8 and 0K7 tubes. Condenser 
07, having a capacity of .1 mfd., is the screen 
by-pass condenser for the first detector and 
i.f. tube. Resistor R4 serves to reduce the 
plate supply voltage to the correct amount 
for the screens of these two tubes. 

Condenser C13, besides acting as an i.f. 
by-pass in the plate of the 6Q7 tube, also re- 
duces the high -frequency audio response of 
the receiver, thus raising the bass response. 

Condenser 018, connected between the 
plate and cathode of the output tube, pre- 
vents parasitic oscillations in the output 
stage. The plate load, because of this con- 
denser, is essentially capacitive at the high 
audio frequencies at which such oscillation 
would normally occur. 

The A.V.O. System. There is nothing un- 
usual about the a.v.c. circuit. The mixture 
of d.c. and audio voltage developed across 
resistor R6 is filtered by resistor R5 and 
condenser C8 for application of d.c. voltage 
only to the control grid of the 6K7 1.f. tube. 
Further filtration is afforded by resistor RI 
and condenser 03 for the control grid of 
the first detector tube. The minimum bias 
for these tubes is 2.2 volts and is obtained 
across resistor R7, in the main power sup- 
ply system. 

When no signal is tuned in, no voltage 
exists across Ií1, R5 and R6, and the con- 
trol grids and cathodes of these tubes are 
essentially connected across R7. Naturally, 
when a signal is tuned in, the a.v.c. voltage 
appears across R6 and, being in series with 
R7, determines the new operating bias. 

When the incoming signal increases in 
strength, the 1.f. voltage applied to the cath- 
ode and diode plate 5 of the 6Q7 tube In- 
creases. This results in increased diode cur- 
rent and a greater voltage across R6. This 
in turn increases the negative bias of the 
6A8 and 6K7 tubes, and reduces the receiver 
sensitivity. 

When the strength of the incoming signal 
decreases, the rectified voltage across R6 de- 
creases. Since this reduces the negative bias 
of the 6A8 and 6K7 tubes, the receiver sensi- 
tivity increases, thus enabling us to have an 
automatic control of the volume. 

No a.v.c. system is 100% efficient, and a 
change in the incoming signal strength will 
result in some change in the output sound 
level from the loudspeaker. For slight 
changes in signal strength, the sound level 
will not change perceptibly. Even for large 
changes in signal strength, the output level 
changes far less than if a.v.c. were not used. 
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the 1-megohm screen supply resistor to burn 
out, since its value is so high that even the 
full voltage of the power pack could not 
cause a great deal of current to flow through 
it. However, if the condenser is not shorted, 
resistor 18 should be checked with an ohm- 
meter. The resistor may be open. 

Lack of plate voltage on 'the second de- 
tector would lead you to suspect resistors 
19 and 22 and the .001-mfd. plate by-pass 
condenser marked 20. Regeneration control 
condenser 17 might also be shorted. 

Screen voltage on the output tube but no 
plate voltage would be due either to a short 
in plate by-pass condenser 24 or to an open 
in the primary of the output transformer. 
If by-pass condenser 24 breaks down to the 
point where it has no resistance, the power 
pack may be damaged or the output trans- 
former primary may burn out. Power pack 
damage would be limited to the rectifier 
tube and the power transformer. 

Lack of d.c. voltages at any point, when 
the rectifier, power transformer and filter 
condensers are in good condition, would be 
due either to an open in the loudspeaker 
field or an open in C bias resistor 30. 

Continuity Tests. In your study of pre- 
vious diagrams, you have learned that all 
tube electrodes at a positive potential should 
trace back to the rectifier filament, while 
those at a negative potential should trace 
back to either plate of the rectifier. 

Here is how you can secure valuable prac- 
tice: On each receiving tube, trace all screens 
and plates back to the rectifier filament, and 
all control grids, cathodes and suppressor 
grids back to one plate of the rectifier. 

Expected Performance. The performance 
of this type of receiver is remarkable con- 
sidering the number of tubes employed. Its 
good sensitivity and selectivity may be at- 
tributed to regeneration in the first and 
second detectors. Lack of a.v.e. makes it im- 
practical to listen to distant stations whose 
carriers fade in and out. 

Since the receiver is placed in a small 
cabinet, the loudspeaker is necessarily of 
the midget type, which cannot give good 
reproduction of the low audio frequencies. 
Regeneration with consequent side -band 
cutting reduces the high -frequency audio re- 
sponse. To sum up, you may expect sets of 
this type to give acceptable rendition of 
programs on local and semi -distant stations. 
Tone quality is passable but cannot be com- 
pared to that expected from a console type 
receiver. 

Common Causes of Typical Troubles. The 
common troubles encountered in receivers 
of this type are low operating voltages due 
to defective filter condensers, and intermit- 
tent reception due to a change in value of 
the volume control (disconnect the slider and 

Q f DET.OSCILLATOR j 6J7G 

check the volume control with an ohmmeter). 
Oscillation is generally due to excess capac- 
ity (caused by incorrect adjustment) in re- 
generation condenser 17, although screen 
bleeder 8 sometimes opens up, as does the 
detector -oscillator screen by-pass condenser. 

A more than average amount of trouble 
is encountered in oscillator circuits of this 
type. Frequently, the oscillator refuses to 
function at the low -frequency end of the dial. 
The first thing to do is to try a new detector - 
oscillator tube or interchange this one with 
the second detector which is of the same type. 
When the gain of the tube falls off due to 
loss in cathode emission, It is harder for the 
oscillator to work at the low -frequency end 
of the dial. 

When a new tube does not clear up the 
trouble, excessively high bias is indicated. 
This can be corrected by reducing the value 
of cathode bias resistor 6 to approximately 
4000 ohms. The rule here is to use a replace- 
ment resistor having about one-third less re- 
sistance than the original. 

If continued trouble is experienced, go 
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mounted on the chassis rather than in the 
Li. transformer shield cans. 

If an output meter is used, it may be con- 
nected across the voice coil of the receiver. 
All adjustments are to be made for maximum 
output. First, trimmer condenser 15 is ad- 
justed for maximum output. Next, condenser 
11 is adjusted. 

Regeneration control 17 should then be 
turned clockwise (increase its capacity) to a 

point where a squeal is heard. Now back off 
the control by turning it counter -clockwise 
about 3á turn until the oscillation (squeal) 
disappears. 

Repeat trimmer condenser adjustments 11 

and 15. If regeneration results, again back 
off control 17. 
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socket layout in Fig. 6. While the factors 
manual states that these voltages are to be 
measured from the tube contacts to the chas- 
sis, you can see that in the case of the rec- 
tifier heater voltage, you should connect the 
test probes to the two heater socket ter- 
minals. This is necessary since the rectifier 
filament is at a very high potential with re- 
spect to the chassis. 

All of the d.c. voltages are to be measured 
from the points indicated to the chassis. 

With the exception of the heaters, all 
measurements were taken with a d.c. volt- 
meter having a sensitivity of 1000 ohms per 
volt. The majority of muitimeters now in 
use have a sensitivity greater than this ; 

therefore, somewhat higher voltages are to 
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Fig. 6. Bottom -of -chassis diagram of Philco 
Model 37-84 receiver, showing tube socket volt- 
ages as measured from tube contacts to chassis 

with a 1,000 -ohm -per -volt voltmeter. 

Go over these adjustments two or three 
times to secure maximum sensitivity and 
selectivity. After this don't touch the adjust- 
ments again. 

Tune the receiver to the high -frequency 
end of the dial, which is the position giving 
minimum capacity of the gang tuning con- 
denser (plates out of mesh). 

Reset the signal generator frequency to 
1700 kc. and adjust oscillator trimmer 13, 
mounted on the condenser gang, for maxi- 
mum output. Then tune the signal generator 
to 1400 Ire. and tune the receiver to the same 
point for maximum output. The antenna 
trimmer marked 5 in the diagram should 
then be adjusted for greatest reading on the. 
output meter. 

This completes the alignment, as no oscil- 
lator low -frequency padder is used. Track- 
ing is obtained by means of specially cut 
plates. Incorrect tracking is an indication 
that the i.f. is aligned at the wrong fre- 
quency. 

Voltage Measurements. In checking the 
operating voltages, be guided by the tube 

be expected when checking circuits contain- 
ing a high value of resistance, such as the 
plate and screen of the second detector tube. 

Your voltage measurements, if properly 
interpreted, can often lead you directly to 
the source of the trouble. For example, if 
all the d.c. voltages are abnormally low, you 
would suspect defective electrolytic conden- 
sers, particularly the 8-mfd. input filter con- 
denser. 

Lack of voltage òn the screen of the first 
detector -oscillator tube would be due, in all 
probability, to a short in the .09-mfd. screen 
by-pass condenser and perhaps to an open 
in the 16,000 -ohm screen supply resistor 
marked 18. 

Abnormally high voltage on the screen, 
coupled with the complaint of squealing, 
would be due to an open in the 13,000 -ohm 
bleeder marked 8 in the diagram. 

Lack of voltage on the'screen of the second 
detector could be due to a breakdown in the 
screen by-pass. A breakdown in this by-pass 
condenser wouldn't, in all probability, cause 
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PHILCO 37-84 Four -Tube A. C. Superheterodyne 

SO you can see the diagram in Fig. 7 while 
studying. this receiver, proceed as fol- 

lows: Turn this page so pages 19, 20, 21 and 
22 are in view. Now fold page 19 so that it 
covers page 20. 

General Description. The Philco model 
37-84 is a four -tube a.c.-operated superheter- 
odyne receiver. It uses a type 6J7G as the 
oscillator -mixer -first detector, another 6J7G 
as the second detector, a 6F6G output tube 
and a 5Y40 rectifier. 

In the receiver, r.f. voltage gain is obtained 
by resonant step-up in the tuned secondary 
of the antenna coil and regeneration, while 
most of the 1.f. gain is the result of con- 
version gain in the detector -oscillator and 
regeneration in the second detector. A.F. 
gain is dne to amplification of the audio 
signal in the second detector and the ampli- 
fication afforded by the 6F6G output tube. 

An examination of the schematic shows 
this receiver to be unique in that it does not 
use a stage of intermediate frequency ampli- 
fication. This circuit is typical of a great 
number of midget superheterodyne receivers. 
The output of the first detector feeds through 
an 1.f. transformer into the input of the sec- 
ond detector. Both the first and second de- 
tectors are regenerative, which tends to make 
up for the loss in sensitivity due to omission 
of the usual 11. stage. 

Signal Circuits. Signals picked up by the 
antenna cause a current to flow through the 
20,000 -ohm volume control, marked 1 in the 
diagram. By adjusting the position of the 
slider on the control, any amount of the sig- 
nal voltage may be taken off and fed to the 
primary of the antenna transformer marked 
2 in the diagram. 

By mutual induction a voltage will be in- 
duced into the secondary transformer, and 
only the signal tuned in will undergo res- 
onant step-up. The resonant circuit consists 
of the secondary coil, the tuning condenser, 
and trimmer condenser 5 shunting it. The 
signal is applied to the grid and cathode of 
the DET.-OSCILLATOR tube, the cathode 
connection being through oscillator feed-back 
coil 10 and through by-pass condenser 7. 

Regeneration is obtained by means of con- 
denser 3, with the feed-back path being from 
terminal 4 of the oscillator pick-up coil 
through condensers 7 and 3 to the primary 
of antenna coil 2. 

All 1.2. oscillator and r.f. signals between 
terminals 4 and 1 of coil 10 are fed back 
to the primary of cell 2 through condensers 
7 and 3. These signals are induced into the 
secondary, but the secondary is tuned only 
to the r.f. signal. Other signals do not under- 

go resonant step-up, and hence effective feed- 
back occurs only at r.f. values. 

Condenser 3 is known to radio men as a 
"gimmick," as it consists simply of two insu- 
lated wires twisted together. 

Advancing the volume control for greatest 
volume has the effect of producing mare re- 
generation. 

The oscillator is of the tuned plate type. 
The oscillator energy is fed to the tank coil 
through i.f. trimmer condenser 11. The tank 
(coil winding 2-1 of 10, the tuning condenser 
and trimmer 13) is coupled to the cathode 
circuit by mutual induction through pick-up 
coil 4-1 of coil 10. The voltage induced into 
this coil causes the grid -cathode bias of the 
tube to vary at the oscillator frequency. In 
this way, oscillation is maintained. 

The incoming signal and the local oscil- 
lator signal are mixed inside the tube. As 
a result, we also have the intermediate fre- 
quency of 470 ke. existing in the plate circuit. 
Since the primary of 1.f. transformer 14 with 
its associated trimmer 11 offers a high im- 
pedance at the intermediate frequency, we 
have a large i.f. voltage existing across the 
primary. 

At the intermediate frequency, the oscil- 
lator tuning coil acts as a low -reactance path. 
The connection between i.f. primary trim- 
mer condenser 11 and the white lead of the 
1.2. primary is through oscillator tuning coil 
10 to chassis and then through condensers 28 
and 29. 

An i.f. voltage is induced into the second- 
ary of i.f. transformer 14. Note that the i.f. 
transformer secondary (having a BROWN 
lead and a BLACK & WHITE TRACER 
lead) is tuned to resonance by trimmer con- 
denser 15. 

The signal is now applied between the 
grid and cathode of the second detector, the 
grid connection being through the 4-megohm 
grid resistor marked 16. The gimmick shown 
connected to the grid of the second detector 
forms a capacity across resistor 16, thus 
more effectively coupling the resonated sig- 
nal to the grid, and at the same time making 
the 6J7G an ordinary grid leak -condenser 
type detector. 

The second detector tube will amplify the 
1.f. signal applied to its input. Resistor 19 
acts as the 1.1. plate load, the end connected 
to a.f. plate load 22 being at chassis potential 
as far as 1.f. signals are concerned because 
of .001-mfd. condenser 20. This has low re- 
actance at i.f. values and high reactance at 
a.f. values. 

The 1.2. signal across resistor 19 is fed 
back through regeneration control conden- 
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Fig. 4. Bottom -of -chassis diagram for RCA Model T5-2 receiver, showing trimmer locations and 

tube socket voltages (measured at a line voltage of 115 volts a.c., with volume control at maximum 
and no incoming signal.) 

Continuity Tests. Should you wish to 
check continuity in any of the electrode 
circuits, bear in mind these rules : 

1. All positive electrodes should have a 
conductive path to the filament (or cath- 
ode) of the rectifier tube. 

2. All negative electrodes should have a 
conductive path to a plate of the rectifier 
tube. 

Let's prove this by tracing a few circuits. 

Starting with the plate of the 6A7 tube, 
trace through L-9 and L-14 to the filament 
of the 80 tube. Starting with the second grid 
of the 6A7, trace through L-6 and R-5 to the 
cathode of the 80 tube. Starting with the 
second grid of the 6D6 tube, trace to the 
junction of R-18 and R-19 and then through 
R-18 and L-14 to the filament of the 80 tube. 

Turning now to a negative electrode, for 
example the control grid of the .6D6 tube, 
trace through L-10, R-6, R-9 and R-12 to 
chassis, to the center terminal of the high - 
voltage secondary of the power transformer, 
then to either plate of the 80 rectifier tube. 
Another example : Starting with the control 
grid of the 41 tube, trace through R-14 and 
R-16 to chassis and through the high -voltage 
secondary to either plate. 

Expected Performance. This is an aver- 
age receiver with respect to sensitivity and 

volume. Reasonably good fidelity is to be ex- 
pected. An antenna 50 to 75 feet long is ad- 
visable in rural areas, but a short antenna 
should do in metropolitan districts. Noise - 
reducing doublet antennas may be advan- 
tageously utilized when electrical noise is a 
problem. 

When switch S-2 is closed, the input cir- 
cuit of the first detector circuit is tuned to 
the police band. The oscillator frequency is 
not changed, but the second harmonic of the 
oscillator beats with the signals resonated by 
L-2 and C-6 to produce the desired 1.1. value. 

Servicing Hints. Since this receiver is 
quite conventional in design, most of the de- 
fects are isolated by basic methods discussed 
in the regular course. A few hints may prove 
helpful. 

It is possible for the receiver to develop 
hum modulation without a defect in the 
main power pack filter. Should C-16 open or 
lose its capacity, filter R-5 and C-16 will no 
longer remove a.c. ripple in the supply to the 
oscillator, and hum will be beard when a sta- 
tion is tuned in. 

Leakage in C-28 will bias the 41 tube ab- 
normally positive and cause distortion. Leak- 
age in C-29, which connects to the -I- B sup- 
ply terminal and the 41 tube cathode, drives 
the grid more negative and will cause seri- 
ous distortion, more noticeable on weak 
stations. 
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Lt. current returns to cathode through the 
parallel path formed by C-38 and C-36, 
through the chassis, and then through C-10. 

I.F. Amplifier and Second Detector. In a 
parellel resonant circuit, a large current 
flows in the coil -condenser circuit, hence in 
L-9 a large i.f. current induces in L-10 a cor- 
responding i.f. signal voltage. 

L-10 and C-18 form a resonant circuit 
which boosts this induced voltage, and a 
larger voltage appears across C-18 than that 
induced into L-10. However, the voltage 
across L-10 is slightly less than that across 
L-9, as some energy is lost in the primary 
and secondary resonant circuits. 

The voltage across C-18 is applied to the 
input of the 6D6 tube through a direct con- 
nection to the grid of the 6D6 tube and a 
cathode connection through C-19 and C-20. 

As the 6D6 is a high -gain amplifier, a large 
i.f. voltage is developed across the plate 
parallel resonant circuit, L-11 and C-48. The 
return 1.f. path to cathode for this resonant 
circuit is through C-38, C-36 and C-20. 

The i.f. current in L-11 induces an i.f. volt- 
age in L-12. By tuning C-49 to resonance, a 
large 1.f. voltage appears across C-49; this 
is less than the voltage across L-11 but many 
times greater than the voltage across L-10. 

Because of the voltage step-ups in the pre - 
selector, frequency converter and i.f. stage, 
the voltage across C-49 is high enough for 
demodulation. This voltage is rectified by 
one of the diodes in the 6B7 tube. The other 
diode is not used, and is connected directly 
to the chassis. 

Trace from the lower diode plate through 
L-12, R-8 and R-9 to the cathode of the 6B7 
tube. Because of rectification a pulsating d.c. 
current flows through this circuit, with its 
amplitude following the original modulation. 
In the detector circuit, R-9 is the diode load 
across which the a.f. voltage is produced. 
Condenser C-23, resistor R-8 and the capaci- 
tor formed by the shield over the lead which 
connects R-8 and R-9 all act together as an 
1.f. filter. Only the desired a.f. voltage and 
a d.c. voltage appear across R-9. 

Audio Amplifier. Because of the d.c. volt- 
age drop across R-9, a direct connection to 
the input of the first a.f. amplifier cannot be 
made, and a d.c. blocking condenser is there- 
fore required. Note that the movable contact 
of R-9 connects to the grid of the pentode 
section of the 6B7 tube through d.c. blocking 
condenser C-25. The grid also is connected 
to the chassis through resistor R-11. 

For all audio frequencies except the very 
lowest, very little of the a.f. voltage is 
dropped in C-25. Most of this a.f. voltage is 
developed across R-11 and is hence available 
for audio amplification. Varying the position 
of the movable contact of R-9 controls the 
amount of a.f. voltage fed to the audio ampli- 

fier, and therefore serves as the volume con- 
trol. 

The connecting lead from C-25 to the grid 
is shielded so that stray electric field pick- 
up will be kept out of the audio amplifier. 
The signal at this point is at a very low 
level, so stray a.f. signals entering at this 
point will give the greatest interference. 

From the grid of the 6B7 tube, trace 
through R-11 to chassis and from chassis 
through R-12 to the cathode, thus establish- 
ing the grid to cathode path. Actually, how- 
ever, a.f. signals will take the C-26 path 
from chassis to cathode instead of going 
through R-12. 

A pulsating d.c. current (a.f. on d.c.) will 
flow in the plate of the 6B7 tube. The d.e. 
current will be forced to take the path 
through R-13 and R-15 to the +B supply, as 
all other paths are blocked by condensers. 
A.F. currents will flow through R-13, C-29 
and R-17 to chassis, and from this point 
through C-26 to the cathode of the 6B7 tube. 
R-13 has a high ohmic value, which means 
that a large a.f. voltage will appear across 
this resistor due to the a.f. current flowing 
through it. Since the a.f. reactances of C-28, 
C-29 and C-30 are negligible, resistor R-14 
is essentially in parallel with R-13 and most 
of the a.f. voltage across R-13 is also across 
R-14. It is the a.f. voltage developed across 
R-14 that excites the grid and cathode of 
the 41 tube. 

Any 1.2. signals getting into the plate of 
the 6B7 are by-passed from the plate load 
circuit by condenser C-27. 

In the plate circuit of the 41 pentode out- 
put tube we find output transformer T-2 
coupling the pentode tube to the loudspeaker. 
Condenser C-32 is shunted across the primary 
to prevent parasitic oscillation in the output 
stage, by making the plate load substantially 
capacitive for high frequencies. The con- 
denser reduces the high -frequency response, 
but when more bass emphasis is desired C-31 
is shunted into the circuit by switch S-6, thus 
giving the output a boomy or bass response. 
S-6 is hence a one-step tone control. 

Now let us trace the a.f. signal path from 
the primary of T-2 to the cathode of the 41 
tube. Follow the lead connecting T-2, C-32 
and the screen grid to C-38 and C-36 in the 
power pack, go through the filter condensera 
and go from the chassis through R-17 to the 
cathode of the 41 tube. 

Power Supply Circuit. A full -wave type 
80 rectifier is used in the power pack. Power 
transformer T-1 may he designed either for 
60 or 25 cycles, but not for both. 

Note that the 25 -cycle transformer has 
higher primary and secondary resistance, 
this being the result of more turns in each 
section. Because of the low frequency, more 
core flux must be obtained with more turns 
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are involved, the grid return of L-2 and the 
rotor of C-6 are at r.f. ground potential. 

At resonance the voltage in L-2 is stepped 
up, presenting to the grid -cathode of the first 
tube an r.f. voltage substantially greater 
than the voltage across L-1 in the antenna 
circuit. Voltage gains of 10 times may reason- 
ably be expected. 

Frequency Converter. A pentagrid tube 
(one with five grids, penta meaning five) 
is used as an oscillator -mixer -first detector 
-the frequency converter of a superhetero- 
dyne receiver. Its first grid connects through 
condenser C-8 to coil L-4 and to chassis (or 
r.f. ground) through C-11 in shunt with C-40. 

Coil L-4, C-11 and C-40 are shunted by 
tuning condenser C-9 and its associated trim- 
mer C-44 to form a resonant circuit in the 
oscillator circuit. This arrangement is widely 
used in superhet receivers in order to make 
the oscillator frequency, always 460 ke. (the 
i.f. value) , different from the preselector 
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Fig. 3. Schematic circuit diagram of RCA Model 
T5-2 five -tube a.c. superheterodyne receiver. 
When switch S-2 is closed, the preselector is 
tuned to the 1600 kc.-3500 kc. Police Band. 
The second harmonic of the oscillator then beats 
with the incoming Police Band signals to produce 

the i.f. value of 460 ke. 

frequency (the incoming signal frequency). 
To illustrate the action of the frequency 

converter, let us assume that the receiver 
is tuned to a 1000-kc. broadcast station. Tun- 
ing condenser sections C-6 and C-9 are ganged 
together, so that when C-6 tunes preselector 
resonant circuit L-2 and C-6 to 1000 kc., C-9 
will cause the oscillator to generate a 1460- 
kc. signal. The oscillator frequency is thus 
460 kc. higher than the incoming signal fre- 
quency, and this relationship exists at all 
settings of the tuning dial. 

At the very high broadcast band frequen- 
cies, C-44 is adjusted during alignment to 
give the desired frequency difference and is 
called the high -frequency trimmer. At low 
broadcast band frequencies, C-40 is adjusted 
and is called the low -frequency trimmer or 
pa dder. 

From the second grid, trace through L-6, 
then through 8-5 to the voltage supply (con- 
sidered later) and through C-16 to ground. 
Coil L-6 inductively links to L-4 and thus 
produces feed-back from the second grid to 
the first grid circuit. 

If you consider that the second grid of the 
6A7 tube is an anode, or oscillator plate, you 
will see that we have a tuned grid, tickler 
type feed-back oscillator circuit. The intensi- 
ty of oscillation is automatically controlled 
by the grid bias produced by grid current 
flow in R-3. Condenser 0-8 serves as the filter 
condenser for the grid resistor and helps to 
reduce the r.f. ripples of the grid bias voltage. 

The cathode, the first grid and the second 
grid, with their associated circuit compon- 
ents, set up beyond the second grid an elec- 
tron cloud that is varying in intensity in ac- 
cordance with the oscillator frequency. Tech- 
nicians call this cloud the "virtual" cathode 
for the remaining tube elements, because 
the electrons flowing to these remaining ele- 
ments come from this cloud. 

The electrons which leave the virtual cath- 
ode are speeded toward the plate by the third 
and fifth grids (connected together internal- 
ly to form the screen grid), since these elec- 
trodes are at a positive potential with re- 
spect to the virtual cathode. At the same 
time, the signal from the preselector is `in- 
jected" into the tube by the fourth grid, and 
introduces a new variation in the electrons 
flowing from cathode to plate. 

Thus, both the preselector and local oscil- 
lator signals are mixed in the 6A7 tube. De- 
tection takes place in the mixer section be- 
cause the tube is operated as a detector and 
a strong beat signal (the i.f. signal) appears 
in the plate circuit. 

Coil L-9 and adjustable condenser C-17 
form a parallel resonant circuit in the plate 
circuit, absorbing power at its resonant fre- 
quency and acting as a low -reactance path 
for all other frequencies. The plate r.f. and 
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prong d of the ballast tube, through one re- 
sistance section to prong 8, through the other 
resistance section to prong 7, then through 
the filaments of the 25Z5, 25L6, 6D6 and 606 
tubes in series. One filament lead of the 606 
tube is grounded to the chassis, and switch 
6W completes the filament circuit from the 
chassis to the other side of the power line. 

The total voltage required for the fila- 
ments is 25 + 25 + 6 -E- 6, or 82 volts. The 
ballast drops the difference between 115 and 
62, or 53 volts. Since the tube filaments and 
the ballast are self-regulating to a reason- 
able degree, increases and decreases in line 
voltage have little effect on the cathode emis- 
sion of the tubes. 

The pilot lamp shunts that portion of the 
ballast resistor between prongs 7 and 8. The 
resistance of this portion is so chosen that 
the lamp normally gets 4 volts; a 6.3 -volt 
Mazda lamp is used, hence it will burn dimly. 
When the power is first turned on, however, 
the tube filaments have low resistance until 
they heat up; this causes a large current to 
flow, but it is partially "cushioned" by the 
ballast. 

During the heating -up period, the voltage 
across the pilot lamp will be high, and the 
lamp will burn brightly. A 6.3 lamp normally 
operating at 4 volts thus provides a degree 
of safety from burn -out. In receivers which 
use this arrangement, you can expect the 
pilot lamp to glow brightly initially, and then 
dim down to a subnormal glow. 

Checking Continuity in A.0-D.C. Re- 
ceivers. Bear in mind that continuity tests 
are made with an ohmmeter while the re- 
ceiver is turned off. In fact, with a universal 
a.c.-d.c. receiver be sure to pull the power 
plug out of the wail socket. Ohmmeter tests 
can then be made from tube terminals or 
socket prong clips, for the tubes are not con- 
ductive when power is off. 

In checking this receiver you will find that 
all positive tube electrodes, such as the 
screen grid and the plate, trace to the cath- 
ode of the rectifier. This rule applies to a.c.- 
d.c. as well as a.c. receivers. To prove this 
basic servicing rule, select one tube, the 606 
detector; trace from the plate through R6 
and 011 to the cathode of the 2576. 

All negative tube electrodes, such as the 
control grid, suppressor grid and cathode, 
should trace to the receiver side of the on - 
off switch. 

Another important reference point is the 
cathode of the tube in the stage under test. 
You can place one prod of the ohmmeter on 
the cathode of the 6D6, the other prod on the 
control grid, and expect continuity. You 
should find continuity between other points 
in the grid circuit and the cathode; for ex- 
ample, from the movable contact of R1 or 
from the junction of RI and R2. 

To cheek for continuity in the filament 
supply circuit, connect the ohmmeter to the 
two power plug prongs and turn the switch 
to the ON position. A resistance much lower 
than 300 ohms (approximately the hot re- 
sistance of this circuit) will usually be 
measured. 

Servicing Problems in A.C.-D.C. Re- 
reivers. Quite often electrolytic condensers 
012 and 01S dry out, lose their normal 
capacitance and acquire a higher power 
factor ; that is, they act as if a large resist- 
ance is in series with the capacity. When this 
occurs, the filter loses its ability to remove 
ripple, and hum is quite evident. 

Reduction of input capacity lowers the 
over-all output d.c. voltage, end low volume 
may exist along with hum. When hum and 
low volume exist, try new electrolytic con- 
densers. A short or excessive leakage in an 
electrolytic condenser gives the same effect, 
hum and low volume, and may lower the 
emission of the rectifier tube. Try a new 
rectifier tube, but before inserting it test the 
electrolytic condensers for resistance (each 
one should be substantially above 50.000 
ohms when not shunted by any other part 
such as the field of a dynamic loudspeaker). 

When you encounter distortion in an a.c.- 
d.c. receiver, cheek the filter condensers, par- 
ticularly the output filter condenser, then 
look for gas in the output tube and for a 
leaky coupling condenser just ahead of the 
output tube (09 in this circuit). In either 
case, current will flow through the grid re- 
turn resistor (R7), placing a positive bias 
voltage on the control grid of the output tube, 
and linear (distortioniess) operation will no 
longer exist. 

The test for gas or a leaky coupling con- 
denser is easily made with a vacuum tube 
voltmeter or a high -resistance voltmeter. 
Connect the meter across the grid resistor, 
with the positive prod on the grid end. There 
should be no reading. if a reading is ob- 
tained, unsolder the coupling condenser. A 
reading now indicates a gassy output tube, 
and no reading now indicates a leaky coup- 
ling condenser. (In an a.c.-d.c. receiver it is 
necessary to unsolder the coupling condenser, 
because removal of the output tube would 
interrupt filament current and make the en- 
tire receiver inactive.) 

When a tube is operated with an a.c. po- 
tential between filament and cathode, leak- 
age resistance between the cathode and fila- 
ment can give rise to serious hum. When 
operated from a 110 -volt a.c. wall outlet, all 
tubes in this receiver circuit will have an a.c. 
voltage between cathode and filament (nor- 
mally the capacity between these two elec- 
trodes introduces negligible ripple current). 

Imagine, however, that the cathode of the 
606 tube is leaking to the filament. One side 
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The 25Z5 tube is a twin rectifier tube used 
as a single diode by connecting correspond- 
ing electrodes together. Electrons will flow 
only from the cathodes to the plates through 
this tube. For a d.c. outlet the plug must 
be inserted in a wall outlet so that the plug 
prong marked + is in the ..- terminal of the 
wall outlet. The other prong is then - , as 
indicated. 

Note that during d.c. operation the chassis 
is connected through switch SW to the nega- 
tive terminal of the source, and the plate of 
the rectifier tube is connected to the -{- 

terminal. All circuit terminals will thus be 
positive with respect to the chassis. 

Some voltage is dropped in rectifier tube 
and in choke CH, but most is dropped in the 
receiver circuit itself, which may be consid- 
ered a load connected to 1 and 2. 

Terminal 1, being nearer the + terminal 
of the source, is the -I- terminal of the power 
pack. As you trace from 1 through the re- 
ceiver (for example, through R6, through 
the plate -cathode of the 6C6 tube, and 
through R4 to the chassis), the positive po- 
tential with respect to the chassis diminishes. 
Point 3 is therefore positive with respect to 
point 4. a condition essential for operation 
of the 6C6 tube.. 

If you insert the plug incorrectly into the 
outlet of a d.e. source, 5 will be negative 
with respect to chassis, hence 5 will be nega- 
tive with respect to 6, and electrons will not 
flow through the rectifier tube. The pilot 
lamp and tubes glow but the receiver will be 
"dead" ; reversing the plug remedies the 
condition. 

With an a.c. power source, 5 is alternately 
positive and negative with respect to the 
chassis. During the half cycle that 5 is posi- 
tive, the 25Z5 tube is conductive and is fur- 
nishing the receiver with a high d.c. voltage. 
During the other half cycle, the tube is not 
conductive. 

Most of the ripple in the resulting rectified 
current is eliminated by filter choke CH and 
filter condensers C12 and 013. Note that the 
filter choke is also the field coil of the dy- 
namic loudspeaker. 

Starting with the first tube, let us trace 
the d.c. supply circuit through the tubes. 
Imagine, of course, that the tubes are op- 
erating, hence conducting. 

Assuming that the negative prod of a d.c. 
voltmeter is on chassis, you can place the 
positive prod on the cathode of the 6D6 tube, 
the plate, and terminals 1 and 6 in rotation, 
and get a voltmeter reading each time. As 
you progress in this order the reading will 
become higher. 

When you place the d.c. voltmeter be- 

tween the cathode of the 8D6 tube and the 
chassis, you will find that the voltage varies 
as you adjust R1; in fact, as the receiver 
volume decreases this voltage increases. Here 
we have a volume control using variable C 
bias as the means of controL The grid gets 
this C bias from a chassis connection through 
coil M. 

Note that section b of R1 shunts L1, for 
one end of L1 and the movable contact of 
RI are connected to each other through the 
chassis. RI provides a shunt path for part 
of the signal current which would otherwise 
flow through coil L1. As RI is turned so the 
resistance in section a increases, the resist- 
ance in section b decreases. 

Both sections of RI thus contribute to a 
reduction in volume, for increasing the re- 
sistance in section a increases the C bias volt- 
age, and decreasing the resistance in section 
b increases the shunting effect across Ti., 

Condenser C6 always shunts R2 and section 
a in R1, and prevents degeneration in the 
r.f. stage. 

In the 606 tube stage, terminal 4, ter- 
minal 3 and the junction point of R5 and 
R6 are increasingly more positive with re- 
spect to the chassis. The plate -cathode volt- 
age is equal to the main supply voltage (be- 
tween 1 and 2) less the drop in R6 and R4. 

The drop in R4 serves as the C bias volt- 
age; note that the chassis end of R4 goes 
to the grid through L4. 

The screen grid voltage is obtained from 
the main d.c. supply but is reduced by the 
drop in R5; only the screen grid current 
flows through R5 to produce this drop. R.F. 
screen grid current returns to the cathode 
through C8 and cathode by-pass condenser 
C7. 

A technician would recognize the 6C6 as 
a detector by the R6 -09-R7 coupler in the 
plate circuit and by resonant circuit L4-02 
in the input ; this is a typical r.f. to a.f. 
coupling arrangement. Furthermore. RG is 
500,000 ohms, R5 is 2 megohms and R4 is 
25,000 ohms, indicating low plate and screen 
grid voltages and a high C bias voltage, all 
of which are essential for operation as a 
detector. 

In the output stage, the plate supply dr 
cuit starts with chassis, continues through 
R.8, then goes from cathode to plate, 
through the primary of 7'3 and from 1 

through the power pack to 2 and chassis. 

The filaments are connected in series to 
the 115 -volt supply, and will function with 
either a.c. or d.c. power. Let us trace this 
filament circuit by starting at the + terminal 
of the power cord plug. From here we go te 
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out, bearing In mind the following two lm 
portant rules for an a.c. receiver: 

Ï. There should be continuity between all 
positive tube electrodes, such as plate and 
screen grid, and the cathode of the rectifier 
tube. 

i'. There should be continuity between all 
negative tube electrodes (such as the cathode 
and control grids) and either of the plates 
of the rectifier tube. 

Having located the defective supply cir- 
cuits by means of voltage measurements, you 
start a continuity test by attaching one ohm- 
meter lead to the common power pack ter- 
minal (the plate or the cathode of the 
rectifier tube). 

Now place the other ohmmeter Iead on the 
tube electrode terminal. (A reading will not 
be obtained because the circuit is defective 
(open) at some point or part between the 
ohmmeter leads.) Move this ohmmeter lead 
step by step toward the rectifier tube until 
the break is located. This is indicated when 
you get a reading. The circuit path which 
was Just eliminated by moving the probe 
toward the rectifier tube is open. 

Expected Performance. With only one 
r.f. stage, we should not expect great sensi- 
tivity or loud volume on distant stations. 

Reception of distant stations can be im- proved by using a long antenna, but with 
only two tuning circuits in the receiver, the 
selectivity will he poor (there may be inter- 
ference between several stations when tuned 
to one of them). 

The quality of reception can be reasonably 
good with a receiver of this type. The larger 
the receiver cabinet and the better the loud- 
speaker, the better will be the quality. 

Servicing Hints. Hum. If this receiver 
has a loud hum, you naturally suspect the filter system of the power pack first. Check electrolytic filter condensers Clo and C31 by 
placing other condensers of about the same 
size across each of them in turn. If this does 
not change the hum, you know that the ex- 
isting condensers are all right. You then 
check the 57 tube in a tube tester for cath- 
ode -to -heater leakage, and check for an open 
in the control grid return circuit of either 
the 57 or 47 tube. 

Squealing. After making sure that tube 
shields are in place, check screen condenser 
Cs by shunting it with a condenser of similar 
value. 

Check the screen grid voltage of the 57 
and 58 tubes next, because excess screen grid 
voltage could cause squealing. If the screen 
grid voltage is excessively high, R2 may be 
open, so check it with an ohmmeter. 

VOLTAGES 
Chassis frame to 

RED 240 
BLUE 230 
YELLOW 140 
GREEN 16 

57 PL. 105 

58 S,G. 110 

58 CA. 2 

LINE 115 

Hot Resistor. Suppose resistor R7 is hot 
and smoking-what would you do? First you 
would examine the diagram to see what 
could cause excessive current to flow 
through R7. A short in C11 could not do this. 
hut a short in 07 could. 

You wouldn't have to unsolder C7 to make 
an ohmmeter check-simply measure the re- 
sistance between the rectifier filament and 
chassis. This resistance should be about 
equal to R2 plus Rs (volume control all the 
way on and the set disconnected from the 
power line). If you obtain a reading much 
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Neither filament voltages nor complete 
filament circuits are shown on the diagram, 
but if we look up the 58, 57 and 47 tubes on 
a tube chart, we find that they all have rated 
filament voltages of 2.5 volts. This means 
the filaments of these tubes could be con- 
nected in parallel, and the XX markings on 
the filament leads and on secondary winding 
S8 indicate that parallel connections are 
used. 

According to tube charts, a type 80 recti- 
fier tube requires a filament voltage of 5 
volts. A special secondary winding Si is 
provided for the filament of the 80 tube. 

The output terminals of the power pack 
are 1 (+) and 2 (-). From terminal 1, we 
trace electron flow to the filament of the 80 
tube, from there to whichever plate is posi- 
tive at the time, through one half of sec- 
ondary 22 to the center tap, then through 
choke coil CH (also serving as the loud- 
speaker field coil) to point 2. Resistor R7 
and the various tube circuits complete the 
path for electron flow from 2 to 1. 

For the plate supply circuit of the 58 tube, 
electrons flow from 2 (the negative output 
terminal) through R7 to the chassis, through 
the chassis to the grounded movable contact 
of Ri, through one section of R1 to the cath- 
ode of the 58 tube, from the cathode to the 
plate, and from the plate through L3 to 1 

(the positive output terminal). 
Note that resistors R7, R1, R2 and R3 are 

all in series between 1 and 2, thus forming 
a voltage divider. The voltage across R2 is 
the screen grid voltage for the 58 tube, as the 
cathode and screen grid are connected to 

' opposite ends of this resistor. 
For the plate supply circuit of the 57 tube, 

electrons flow from 2 through R7 to the 
chassis, through the chassis to the lower end 
of cathode resistor R4, through R4 to the 
cathode of the 57 tube, from the cathode to 
the plate, then through plate load resistor 
R, to terminal 1. 

For the screen grid supply circuit, elec- 
trons flow from 2 through R7 to the chassis, 
through R4 to the cathode, then to the screen 
grid and back through R8 to 1. 

For the plate supply circuit of the 47 tube, 
electrons flow from 2 through R7 to the 
chassis, through the chassis to the center tap 
of 28, through the filament leads to the fila- 
ment of the 47 tube, then to the plate and 
through the primary of output transformer 
T1 to 1. The screen grid supply circuit is 
the same as the plate supply circuit of this 
tube, except that the screen grid current does 
not go through the output transformer. 

Voltage Measurements. In the table of 
voltages alongside the circuit diagram, all 
d.c. values are to be measured between the 
specified point and the chassis, with the 
black (negative) lead of the d.c. voltmeter 

going to the chassis. Measured values which 
are about 10% above or below the specified 
values can usually be considered satis- 
factory. 

The first value in the table, 240 volts be- 
tween the RED lead and chassis, is the 
power pack d.c. output voltage (between 1 

and 2) less the small voltage drop across 
R7. Ten per cent of 240 is 24, so a measured 
value 24 volts above or below the normal 
value of 240 volts does not indicate trouble. 

Moving to the BLUE plate lead of the 47 
output tube, we measure its plate voltage and 
should get 230 volts, because there is a d.c. 
voltage drop of about 10 volts across the 
500 -ohm resistance of the primary of output 
transformer Ti. 

The value of 140 volts between the.YEL- 
LOW lead and the chassis represents the 
d.c. voltage drop across R7 and choke CH. 

The 16 -volt value between the OREWW% 

lead and the chassis is the voltage drop 
across R7, which provides the C bias voltage 
for the 47 output tube. For the last two mea- 
surements, the voltmeter test probes must be 
reversed, with the positive probe going to 
the chassis. 

When measuring between the plate of the 
57 tube and the chassis, an ordinary d.c. 
voltmeter (having a sensitivity of 1000 ohms 
per volt) will read only 105 volts. A higher - 
resistance voltmeter would read a much 
higher d.c. voltage, higher than the screen 
grid voltage but still less than the power 
pack output voltage because of the drop in 
plate load resistor R5. 

The screen grid -to -chassis voltage of 110 
volts for the 58 tube also applies to the 57 
tube. This screen grid voltage is established 
by voltage divider network R1 -R2 -R3. Since 
lit is a part of this network and since it is 
variable, all voltage measurements should be 
made with R1 fully advanced (for greatest 
sensitivity and hence greatest volume). Un- 
der this condition, Ri has a minimum re- 
sistance of about 250 ohms, which is neces- 
sary to prevent the C bias voltage of the 58 
tube from becoming zero. 

No value is given for the plate voltage of 
the 58 tube, since it is essentially the same 
as the voltage between terminal 1 and the 
chassis (240 volts). The d.c. voltage drop 
across La is negligibly small. 

A measurement between the cathode of 
the 58 tube and chassis indicates 2 volts ; 
this is the minimum negative bias provided 
by R1. As the volume control setting is re- 
duced, this bias voltage is increased cor- 
respondingly. 

Continuity Tests. When lack of expected 
voltage indicates absence of continuity, the 
radio technician makes continuity tests with 
an ohmmeter while the power cord plug is 
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TYPICAL RECEIVER DIAGRAMS 

AND HOW TO ANALYZE THEM 

SCHEMATIC circuit diagrams of radio re- 
ceivers can tell you many highly practical 

facts once you learn how to analyze these 
diagrams. The complete story of a radio re- 
ceiver is condensed into its circuit diagram, 
with every path for signal currents and sup- 
ply currents clearly shown. One glance at a 
diagram is enough to tell you how many 
tubes there are in the receiver. With a bit 
more study, you can find out how many other 
parts there are and what the electrical size 
of each part is. 

Practice Makes Perfect. There are only 
two simple requirements for acquiring the 
ability to analyze circuit diagrams. The first 
is a clear understanding of common radio 
circuits, and this you are rapidly acquiring 
as you master the lessons in the Funda- 
mental Course. The second requirement is 
practice in analyzing these diagrams, and 
the purpose of this reference book is to give 
you exactly that practice which you need. 

In regular N.R.I. lessons you have studied 
a large number of different individual radio 
circuits. Now you will see how these cir- 
cuits work together in radio receivers. 

That ancient Greek philosopher, Diogenes, 
had the right idea 2300 years ago when he 
said, "Practice makes perfect." The more 
circuits you analyze, the easier will it be for 
you to analyze each new circuit. 

Don't Let Big Diagrams Scare You. First 
impressions don't mean a thing when it 
comes to circuit diagrams. No matter how 
complicated a diagram may seem the first 
time you look at it, you will generally find 
upon careful study that it is simply a com- 
bination of simple and familiar basic radio 
circuits. 

In practical radio work, men rarely if ever 
attempt to analyze a complete circuit dia- 
gram at one time. Such a procedure is en- 
tirely unnecessary, because radio men are 
invariably interested only in one small sec- 
tion of the receiver-the section in which 
trouble has developed. They use the circuit 
diagram merely as a rapid means of finding 
out what is in the suspected section, and as 
a guide for locating various parts in that 
section. 

It is the ability to read a complete dia- 
gram, however, which makes it possible to 
concentrate on one section, stage or circuit 
of a receiver and still appreciate its relation- 
ship to the rest of the receiver. 

You Get Concentrated Experience. In 
this reference book, typical receiver circuit 
diagrams are shown and analyzed complete- 
ly. Since each diagram contains at least a 
dozen individual signal and supply circuits, 
this one book gives you practical experience 
equivalent to that normally obtained by us- 
ing circuit diagrams for repairing a large 
number of radio receivers. With so much 
practice, obtained in such an interesting 
manner, you cannot help but develop skill in 
analyzing receiver diagrams. 

What Diagrams Tell You. Each part in 
a receiver is represented on the diagram by 
a small be familiar and easily recognizable 
symbol, and electrical connections between 
the parts are represented by lines. Notations 
alongside the symbols either give electrical 
values of parts directly or refer to parts lists 
containing these values. These notations 
will give you a general idea of what resistor 
and condenser values you can expect in each - 
type of circuit. 

One important fact to recognize is that 
schematic circuit diagrams give electrical 
connections without showing actual positions 
of wires. Two parts which are close together 
on a schematic diagram may actually be at 
opposite ends of a receiver chassis, even 
though the electrical connections on the 
chassis are exactly the same as those on the 
diagram. 

Although a schematic diagram is drawn 
without regard for actual positions of parts 
on a chassis, it enables you to find any part 
on a chassis because it indicates easily - 
located parts or terminals to which the leads 
of the desired part are connected. With the 
practice which you will get from studying 
the diagrams in this book, you should quick- 
ly learn how to find any desired part on an 
actual chassis. 

A knowledge of what stages are in a par- 
ticular receiver and how these stages oper- 
ate is oftentimes highly important in the 

COPYRIGHT 1942 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C. 
FM 15M248 1948 Edition Printed in U.S.A. 

1 



speedy servicing of the receiver. This means 
that while you are developing your ability to 
analyze circuit diagrams through the study 
of this reference book, you are also develop- 
ing your ability to service radio equipment 
speedily. Actually, this reference book 
teaches you how to make schematic circuit 
diagrams become one of your most valuable 
servicing tools. 

How The Diagrams Were Chosen. In 
choosing the diagrams for this book from 
the N.R.I. file of over 12,000 different radio 
receiver diagrams, both old and new circuits 
were carefully considered. Each diagram 
finally chosen for detailed analysis is typical 
of one group of receivers encountered in 
radio work. This means that by studying 
the few carefully selected circuits, you will 
actually become familiar with the general 
features of hundreds of different receivers. 

The diagrams in this book are arranged so 
that you progress logically from simple cir- 
cuits to more advanced circuits. You start 
with a simple t.r.f. circuit which was ex- 
tremely popular some years ago and is still 
used in some midget table model receivers, 
but you soon get to the modern superhetero- 
dyne circuits which are the leaders in 
popularity today. 

Diagram Styles. Each receiver manufac- 
turer has his own style of drawing radio 
symbols and circuit diagrams. In order to 
make you familiar with these different 
styles, the diagrams in this book are pre- 
sented almost exactly as they appear in the 
service manuals of the respective manufac- 
turers. For this reason, many of the sym- 
bols in this book will look quite different 
from the symbols you have become so 
familiar with in regular N.A.I. lessons. 

Curiously enough, you will find that no 
matter how the various radio symbols are 
drawn, you will be able to recognize them al- 
most instantly. Sometimes their positions 
with respect to other parts will identify new 
symbols even though they appear entirely 
different from standard symbols. A compari- 
son of the different ways in which tube sym- 
bols are drawn is itself a fascinating study. 

General Outline. The analysis of the 
first receiver circuit in this book is divided 
into the following seven sections. The same 
general treatment is followed for the other 
circuits in the book, except that sometimes 
one or more of the sections are omitted to 
avoid repetition of basic facts which have 
already been covered. 

I. Identifying Tubes. Identification of 
each tube stage by noting its position in the 
diagram with respect to the antenna, the 
loudspeaker, the power pack and other parts, 
followed by identification of the general type 
of receiver. 

2. Tracing Signal Circuits. Study of the 
signals in each circuit, starting from the an- 
tenna and working to the loudspeaker. You 
deal with signal flow, signal voltages and 
signal currents now, without considering 
electrons and the direction of electron flow 
at all. 

3. Tracing Supply Circuits. Tracing cir- 
cuits to see how each tube electrode gets its 
d.c. operating voltage. You are concerned 
with the direction of electron flow only when 
it is necessary to determine the correct 
polarity for d.c. measurements. 

4. Voltage Measurements. Explanation of 
voltage values given by the manufacturer. 

5. Continuity Tests. Suggestions for find- 
ing breaks in circuits. 

6. Expected Performance. What can be 
expected in the way of tone quality, volume, 
distant -station reception, and ability to 
separate stations. 

7. Servicing Hints. Common defects 
which can occur in the receiver circuits. 
with clues for recognizing them and sugges 
tions for clearing up the trouble. 

Plan To Review Later. In your study of 
this reference book, you will occasionally 
encounter circuits and technical phrases 
which have not yet been taken up in your 
regular lesson texts. In such cases, simply 
pass over the things you cannot understand, 
with the thought that you will review this 
reference book after you have completed 
your FR Course and mastered all of the 
fundamental radio principles and basic 
radio circuits. Such a review will more than 
double the value of this reference book to 
you. 

Rather than attempt to study this entire 
reference book at one time, it is suggested 
that you spread the study of this hook out 
over several lessons. In other words, study 
only one diagram after a lesson. In this way, 
your mind can concentrate upon the essen- 
tial information in one receiver diagram 
without mixing it up with other circuits. 
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BELMONT Series 40A Four -Tube T. R. F. Receiver 

IDENTIFYING Tubes. We recognize the 
type 80 tube as the rectifier tube, for it is 

connected directly. to T, the power trans- 
former. 

We next locate the tuning circuits which 
are controlled by the gang tuning condenser. 
There are only two : L2-01 and L4 -C2, so the 
type 58 tube which is between these tuning 
circuits is an r.f. amplifier tube. 

The output tube always connects to the 
loudspeaker through an iron -core output 
transformer, so the type 47 tube must be the 
audio output tube. 

Now there is only one tube left to identify. 
\Ve know that it receives an r.f. signal from 
the second tuning circuit (L4 -C2), and that 
It must deliver an a.f. signal to the type 47 
audio output tube, so we naturally conclude 
that the type 57 tube is the detector. 

We thus have one r.f. amplifier stage, a 
detector, an audio output stage and a recti- 
fier. There being no oscillator tube and no 
If. amplifier stages, we can say definitely 
that this Belmont receiver is of the tuned 
radio frequency type. 

Tracing Signal Circuits. Instead of an- 
tenna and ground terminals, a short length 
of tan wire serves for the antenna lead-in 
connection, and a similar length of black 
wire serves for the ground wire connection. 

When a modulated r.f. signal current is 
picked up by the receiving antenna, it flows 
through primary winding L1 to ground, in- 
ducing a corresponding modulated r.f. volt- 
age in secondary L2. 

At the same time, some modulated r.f. cur- 
rent will flow directly from the antenna to 
coil L2 through capacity CA. This capacity 
is provided by a short length of insulated 
wire connected to the "hot" end of L1 (the 
end farthest from ground), and wound part- 
ly around L2 to give capacitive link coupling. 
More uniform transfer of r.f. signals over the 
entire tuning range is obtained by using both 
inductive and capacitive coupling in this 
way. 

Tuning in a station (by turning the tuning 
knob) makes sections Cl and 02 of the gang 
tuning condenser have the correct values to 
bring both tuning circuits (L2 -C1 and L4 -C2) 
to resonance. The tuning circuits thus pro- 
vide 'resonant step-up of the desired signal 
voltage and provide rejection of undesired 
signals. 

The modulated r.f. signal voltage existing 
across L2 and Cl is applied between the con- 
trol grid and cathode of the 58 r.f. amplifier 
tube. with the path to the cathode being 

completed through the chassis and r.f. by- 
pass condenser 02. 

This voltage causes the plate current of 
this tube to vary above and below its normal 
direct current value at an r.f. rate. This 
r.f. plate current flows through coil L3, 
which is weakly coupled inductively with 
coil L4 In the second tuning circuit. The 
flow of r.f. plate current through L3 induces 
the modulated r.f. signal voltage in L4, and 
this undergoes resonant step-up in the second 
tuning circuit. 

There is also some transfer of signals to 
tuning circuit L4 -C2 through coupling con- 
denser Cs, in such a way as to make the per- 
formance of the receiver more nearly uni- 
form over the entire broadcast band. 

The modulated r.f. voltage across L4 and 
02 Is applied between the control grid and 
cathode of the 57 tube, with Ce and the chas- 
sis completing the path from cathode to 02. 

Bias resistor R4 has a value of 25,000 
ohms, which is high enough to make the 57 
tube act as a detector. C4 provides a shunt 
path to the cathode for r.f. signals in the 
plate circuit, so that the energy of the r.f. 
signal is dissipated in the tube, and only the 
desired audio signals flow through plate load 
resistor R5. 

The a.f. voltage across R5 is applied to re- 
sistor Re through coupling condenser Ce and 
power pack filter condenser On. Both have 
low reactance at audio frequencies. 

The a.f. voltage across Re is applied be- 
tween the control grid and filament (acting 
also as cathode) of the 47 output tube, with 
the path from R5 to the filament completed 
through R7, the chassis and the filament 
wires which run from terminals XX on Se 
to filament terminals XX of the 47 tube. 

The 47 output tube is a power tube, in that 
it converts normal grid voltage variations 
into large variations in the plate current. 
This a.f. grid voltage causes a large a.f. plate 
current to flow through the primary of out- 
put transformer T1 on its way back to the 
filament through Cil, R7, the chassis, Se, 
and the filament leads of the 47 tube. 

The induced voltage in the secondary of 
this step-down transformer T1 sends a large 
a.f. current through the voice coil of the 
loudspeaker. 

Tracing Supply Circuits. Since our re- 
ceiver has a power transformer, it is an a.c. 
receiver. The table of VOLTAGES specifies 
115 volts for the LINE voltage, but a receiver 
like this will work satisfactorily on line volt- 
ages anywhere between about 105 volts and 
125 volts a.c. 
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lower than the 50,000 -ohm normal value, you 
would test C7 thoroughly. 

Conclusion. These examples show you how 
radio servicemen use circuit diagrams to aid 
in locating trouble and making repairs in 
radio receivers. You are not expected to be 
able to make an analysis of this nature for 
a long time yet. but as you become familiar 
with the various circuits in common use and 
as you secure practice in reading and 
analyzing circuit diagrams, you will event- 
ually find yourself able to get equally as 
much information from a circuit diagram. 

Fig. I. Schematic circuit diagram of Belmont 
Series 40A t.r.f. receiver. Numbers alongside re- 
sistors represent resistance in ohms: thus, R7 is 

350 ohms, and R3 is 25,000 ohms. (The letter (v1 

after a resistance value represents "thousand.") 
Numbers alongside condensers represent capac- 
ity in microfarads; thus C4 is .001 mfd., and Cto 
is 8.0 mfd. Solid black dots represent connec- 
tions or terminals; no dots at cross-overs of 
lines mean no connections. An antenna 50 to 75 
feet long will probably give best results in rural 
locations, but in cities a short antenna is usually 

best. 
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EMERSON BA -199 FIVE -TUBE A.C.-D.C. T.R.F. RECEIVER 

THIS Emerson model BA -199 receiver con- 
sists of one r.f. amplifier stage using two 

tuned circuits, a detector and an audio out- 
put stage, all receiving d.c. operating volt- 
ages from a half -wave rectifier. 

Tracing Signal Circuits. This receiver is 
referred to in the diagram as a 5 -tube a.c.- 
d.c. receiver, on the basis that ballast tube 
R3 is a tube. Calling a ballast a tube was 
once considered proper, but today only tubes 
in signal and supply circuits, operating by 
virtue of electron emission, are considered as 
tubes. Actually, this is a 4 -tube radio 
receiver. 

This receiver is a midget of the portable 
type and can be taken from room to room or 
to any location where 115 -volt a.c. or d.c. 
power is available. A flexible insulated wire, 
permanently connected to the receiver, serves 
as the antenna. This wire can be bung 
around the room or connected to a heating 
radiator or some metal object in the room. 
This is information not given in the dia- 
gram, but worth knowing when you run 
across a.c.-d.c. receivers. 

This antenna connects to primary winding 
Li of antenna transformer T1 through con- 
denser C3. The other end of LI is grounded 
to the receiver chassis, which i turn con- 
nects to one end of the power line through 
switch SW. The power line is used as the 
ground. As a rule, one of the power line 
wires is grounded somewhere in the house; 
even if It were not, its long length and its 
proximity to the earth would make It highly 
suitable for a ground. 

We now realize that the chassis is con- 
nected to the power line. This means that 
to avoid a possible serious shock, you must 
keep your bards off the chassis whenever the 
receiver is in operation. 

Condenser C3 prevents winding LI from 
burning out if the antenna wire touches some 
grounded object. Without this condenser, 
the line plug might be inserted into the wall 
outlet in such a way that the chassis con- 
nects to the ungrounded side of the line. 
Then Li would be directly across the power 
line and would be burned out. 

The r.f. current in Ll Induces an r.f. volt- 
age in Lß. The voltage across L2 is stepped 
up due to resonance when Cl is tuned. 
(Condensers C4 and C5 are trimmer con- 
densers.) Capacitive link 015 helps equalize 
gain over the tuning range. 

The 6D6 tube amplifies the r.f. signal, so 
that the r.f. current in the plate circuit is 
greater than the r.f. current in L2 -C1. This 
r.f. current Is stepped up by the second r.f. 
transformer, and the r.f. voltage across C2 
is greater than across 01. 

As a detector, the type 6C6 tube demodu- 
lates the modulated r.f. signal, producing an 
audio voltage across R6. Radio frequency 
signals resulting from detection are kept out 
of R6 by by-pass condenser C1á. 

Observe that one end of R6 goes to the 
chassis through condenser 013, a 16-mfd. 
electrolytic condenser. Resistor R7 termi- 
nates at the chassis, with its other end going 
to the grid of the 25L8 pentode output tube 
and to the plate of the 6C6 tube through 
condenser C9. Thus, at all but low audio 
frequencies R7 shunts R6. 

The audio voltage across R7 is fed to the 
25L6 output tube. The cathode of the 25L6 
tube goes to the chassis through R8, thus 
completing the grid circuit. 

Audio current flowing In the plate circuit 
of the output tube passes through the pri- 
mary of output transformer T3, flows to the 
chassis through C13, and returns to the 
cathode through R8. Transformer T3 
couples the loudspeaker to the output tube, 
and is designed to furnish the loudspeaker 
with maximum possible undistorted power. 

Beam power output tubes have high plate 
resistance, which makes them unstable when 
the load (the loudspeaker) is subject to a 
great range in load conditions. Leakage in- 
ductance, which is especially high in an in- 
expensive output transformer, will cause 
feed-back and produce undesirable oscilla- 
tion, often inaudible. 

Condenser C10 is used between the plate 
and cathode of the 25L6 beam power output 
tube to by-pass higher audio frequencies. 
This suppresses oscillation and prevents un- 
stable operation, since the plate load is made 
capacitive at those frequencies at which os- 
cillation might occur. 

Undesired signals getting into the plate 
circuit produce across R8 a voltage which, 
being out of phase with the grid signal volt- 
age, cuts down the undesired signals by de- 
generation. The desired signal is also par- 
tially weakened, but its original strength is 
sufficient to permit degeneration. Distortion 
is greatly reduced by degeneration, for un- 
desired harmonics of the signal are at- 
tenuated. 

Noise signals coming over the line are by- 
passed by C11, and do net get into the power 
supply and the receiver output. 

Tracing Supply Circuits. All items in the 
lower part of the diagram are in the power 
pack. In this power supply, terminals 1 and 
2 serve as the high -voltage d.c. source for 
all positive tube electrodes in the main re- 
ceiver circuit. 
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of the filament will be grounded, so ii it 
leaks little hum results; should the other 
side of the filament leak to the cathode, then 
the 6 volts across the 6C6 filament will be 
across R4, and an a.c. voltage gets into the 
grid and plate circuits. 

Note that one end of the filament circuit 
is grounded, hence those tubes which are 
connected farthest away from the ground 
end will introduce a greater a.c. voltage. The 
detector tube is most affected by cathode 
leakage, hence its filament is connected near- 
est to ground. 

The output stage will give the least anmpli- 
fication of a.c. leakage voltage so its filament 
is placed third from the ground. Tubes 
should be checked In a tube tester for cathode 
-filament leakage when you encounter hum 
troubles. 

Should squeals or oscillations exist, shunt 
013 with a condenser of similar value to see 
if this cures the trouble. If it does, the orig- 
inal 018 is open and should be replaced. Be 
sure the full length of the antenna is used 
because a short pickup will not sufficiently 
load the input circuit, and the least amount 
of feed-back will cause oscillation. Also, be 
sure to check C8 and 014 by substitution or 
by shunting with equivalent capacities. 

HEATER 
CIRCUIT 

OUTPUT 
TRANSFORMER 
ON SPEAKER 

CH 
SPEAKER FIELD + 

0000'--+1 

C12 
450 OHMS 

2 

C13 
T i T 

SCHEMATIC DIAGRAM 

5 TUBE AZ. -QC. RECEIVER 

Fig. 2. Schematic circuit diagram of Emerson 
Model BA -199 five -tube universal a.c: d.c. re- 
ceiver. The parts list for this set is given below, 
essentially as it appears in the manufacturer's 
service sheet. Note that this manufacturer uses 
the abbreviation mf. for microfarads, in place 

of mfd. 

TI Broadcast antenna coil 
T2 Broadcast detector coil 
T3 Output transformer 
RI Volume control -75,000 ohms, with 

line switch SW 
R2 240 -ohm, I/2 -watt wire -wound resistor 
R3 Plug-in ballast tube 
R4 25,000 -ohm, I/4 -watt carbon resistor 
R5 8-megohm, I/4 -watt carbon resistor 
126, R7 500,000 -ohm, 1/4 -watt carbon resistor 
R8 110 -ohm, I/2 -watt wire -wound resistor 
CI, C2 Two -gang variable condenser 
C3 .001-mf., 600 -volt tubular condenser 
C4, C5 Trimmers, part of variable condenser 
C6, C8 .I-mf., 200 -volt tubular condenser 
C7 .25-mf., 200 -volt tubular condenser 
C9 .02-mf., 400 -volt tubular condenser 
C10 .05-mf., 400 -volt tubular condenser 
CII .1-mf., 400 -volt tubular condenser 
C12, C13 Dual 16-mf., 100 -volt dry electrolytic 

condenser 
C14 .002-mf., 600 -volt tubular condenser 
CI 5, C16 Gimmicks 
LS Loudspeaker (electrodynamic) 
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RCA T5-2 Five -Tube A.C. Superheterodyne 

GENERAL Description. This is an a.c.- 
powered superheterodyne receiver em- 

ploying five tubes: an 80 rectifier, a 6A7 fre- 
quency converter, a 6D6 i.f. amplifier, a 6B7 
second detector-a.v.c. and audio amplifier, 
and a 41 power output amplifier. The circuit 
is conventional in most respects. 

Tracing Signal Circuits. In analyzing 
this receiver we will trace the essential sec- 
tions of a superheterodyne, namely, the pre - 
selector, frequency converter, i.f. amplifier, 
second detector and audio amplifier. 

Preselector. A simple input circuit is used, 
consisting of a tuned transformer and an 
L.f. wave trap. The antenna signal sets up a 
current in primary coil L-1. Should inter- 
ference at the i.f. value of 460 kc. be present, 
the wave trap consisting of L-15 and C-47 

L-15 
30n 

C-47 
75-225 
--MMFD. 

C-6 
16- 410 
MMFD. 

L - L-2 
30n 5n 

1---y 
2 

C-5 
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IST DET. 
AND OSC. 

6A7 

C-45 
3-25 

MMFD. 

R- 3 --- 
60,000n 

R-4 
600n, 

will present a high resistance and thereby 
reduce the interference current in L-1. 

The r.f. current flowing in L-1 induces a 
voltage in coil L-2. Trimmer condenser C-45 
in shunt with tuning condenser C-6 is con- 
nected to coil L-2 through condenser C-5. 
C-45 has a capacity of 3-25 mmfd. and hence 
is a trimmer, while C-6 has a capacity of 
16-410 mmfd.; the arrow indicates it is a 
tuning condenser. C-5 has a capacity of .05 
mfd. (50,000 mmfd.), more than 100 times 
that of C-6. For this reason we may say that 
the reactance of C-5 Is negligible with re- 
spect to C-6, and L-2 and C-6 with trimmer 
C-45 form the basic tuning circuit. 

As we shall see later, the grid return of 
L-2 is not directly grounded, in order that 
the a.v.c. voltage can feed through it to the 
grid of the 6A7 tube. As far as ri. currents 
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to provide normal induced voltage. The 25 - 
cycle transformer is larger and heavier than 
a 60 -cycle transformer with the same volt- 
age rating. 

One low -voltage secondary supplies power 
to the filament of the 80 rectifier, and the 
other low -voltage secondary feeds all other 
tube filaments in parallel. Note the usual 
method of leaving out the filament connec- 
tions, but indicating connections by ending 
short leads in arrows. 

Note also that the left-hand filament lead 
of the 6A7 tube does not terminate in an 
arrow, but goes to ground. Though there is 
nothing to show it, this lead connects to the 
low -voltage winding just as do the others. 
You can assume this because every filament 
circuit in a receiver must be complete. The 
ground symbol is not a mistake, however, 
for one side of the filament is grounded to 
prevent r.f. pick-up. 

The ends of the high -voltage secondary go 
to the plates of the 80 rectifier tube, while 
the center tap is connected to the chassis. 

Choke coil L-14 (the field of the loudspeak- 
er), and condensers C-35 and C-36 are the 
power pack filter which terminates in the 
voltage divider, consisting of R-18, R-19 and 
R-20. 

Note that condenser C-36, an electrolytic 
condenser, is shunted by C-38, a .25-mfd. ca- 
pacitor which is a paper condenser. (The 
capacity values are the clue to the condenser 
type.) Electrolytic condensers lose effective- 
ness as the frequency goes up. At high audio 
and radio frequencies, C-36 may not be a 
good capacitive shunt on the voltage divider. 
Including a paper condenser insures low 
reactance at these frequencies. 

The voltage divider serves to furnish the 
lower electrode voltages, but the plate -chas- 
sis voltage supply for all tubes terminates 
across the total voltage divider (terminals 
1 and 2). 

Tracing Supply Circuits. Let us trace 
the d.c. supply voltages to terminals 1 and 2 
for each stage in turn. 

6A7 Converter. Starting with the plate, 
trace through L-9 to point 1 in the power 
pack output. From point 2, the chassis, con- 
tinue through resistor R-4 in the cathode cir- 
cuit of the 6A7 to the cathode of this tube. 

The voltage drop across R-4 is used to 
bias the detector section of the 6A7 tube. 
The grid connection is made from the chas- 
sis end of R-4 through R-12, R-9, R-10, R-2 
and L-2 to the fourth grid of the 6A7 tube. 

The a.v.c. voltage across R-9 is added to 
the normal C bias voltage developed across 
R-4. The voltage across R-12, serving as C 
bias for the 6B7 pentode section, is included 
in this circuit and has an opposite polarity, 
hence the voltage across R-4 must be made 

great enough to compensate for It and give 
the fourth grid a net negative bias with re- 
spect to its cathode even when the a.v.c. is 
not working. 

Grid 2 is the anode for the oscillator sec- 
tion of the 6A7 tube. Trace through L-6 and 
R-5 to point 3 in the power pack. At point 
3 the voltage Is positive with respect to the 
chassis, and higher than point 1 by the drop 
in coil L-14. Considerable ripple exists at 3, 
but is eliminated by filter R-5 and C-16. R-5 
also reduces the oscillator anode voltage to 
the desired value. 

Grid d.c. voltage is secured by self -recti- 
fication of grid current, with the current 
building up the d.c. voltage across R-3. Rip- 
ple is filtered out by C-8, which connects back 
to the cathode end of R-3 through L-4, C-11 
and C-10. In this way the grid -cathode of 
the oscillator section receives its O bias. Since 
there is no conductive path for the voltage 
developed across R-4 (it is blocked by C-8 
and the low -frequency padder), this voltage 
in no way influences the operation of the 
oscillator. 

6D6 I.F. Amplifier. Here the plate connects 
directly to point 1 through coil L-11. Point 2 
connects to the cathode through resistor R-7, 
which supplies the minimum C bias for the 
Li. amplifier. The grid return is through 
L-10, R-6, R-9 end R-12. Again the bias estab- 
lished by R-7 must be large enough to over- 
come the opposing voltage across R-12. 

Since the screen grid voltage should be 
less than the plate 'voltage, It is connected 
directly to a tap on the voltage divider, at 
the junction of R-18 and R-19. (The screen 
grid of the 6A7 tube is likewise connected to 
this point in the voltage divider.) C-34 serves 
as the screen by-pass, and also prevents any 
power pack ripple voltage from being applied 
to the screen grids. 

6B7 A.V.C. Detector and First A.F. From 
the pentode plate, trace through resistors 
R-13 and R-15 to point 1 of the power pack. 
With 260,000 ohms in the plate circuit, the 
net plate -cathode voltage is lower than the 
power pack d.c. voltage. Resistor R-12 in the 
cathode circuit furnishes the C bias for the 
pentode section of the tube. The grid return 
is through R-11. 

Screen voltage for the 6B7 is obtained by 
a connection to the junction of R-19 and R-20 
in the voltage divider. Note the lack of a 
screen by-pass condenser. Normally one 
would be used, but since the circuit Is stable 
it has been omitted. 

41 Power Output Tube. The plate connects 
to point 1 through the primary of the output 
transformer T-2. The screen grid connects 
directly to point 1. Resistor R-17 develops 
the C bias voltage as the result of screen and 
plate current flowing through it ; its nega - 
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five potential with respect to cathode Is ap- 
plied to the control grid through resistors 
k-16 and R-14. 

Alignment. The equipment required Is a 
serviceman's signal generator (oscillator) 
and some type of output indicator. 

To align the receiver, first connect the 
output indicator. The connection will vary 
with the type used. A low -range (0-7.5 voltsl 
copper -oxide rectifier type a.c. voltmeter 
would he connected across the voice coil. A 
high -range (0-75 volts) a.c. voltmeter with 
a series blocking condenser would be con- 
nected from the plate of the 41 tube to chas- 
sis. A high -resistance d.c. voltmeter or a 
vacuum tube voltmeter would be connected 
across the volume control, which is the diode 
load. The negative lead of the d.c. meter 
would be connected to the junction of R-10 
and R-9. All adjustments except the wave 
trap are to be made for maximum output. 

For all adjustments, the ground lead of 
the signal generator is to be connected to 
the receiver chassis, which may or may not 
have a direct connection to ground via a 
cold water pipe or whatever you use for a 
ground in your shop. 

The i.f. amplifier is to be adjusted first. 
so the ungrounded (hot) lead of the signal 
generator is clipped to the top cap of the 
6A7 tube. The signal generator is tuned to 
the 1.f. value of 460 kc. Trimmer locations 
and aligning frequencies are given in Fig. 4. 

Tune the receiver to the low -frequency end 
of the dial. If squealing is noted, due to a 
station beating with the signal generator, 
change the tuning dial setting slightly so 
only the modulated tone of the signal gen- 
erator is heard. 

The volume control (attenuator) of the 
signal generator is adjusted to give a notice- 
able deflection on the output indicator, and 
the receiver volume control is turned on full. 
(The receiver volume control setting won't 
affect the vacuum tube voltmeter or high - 
resistance d.c. voltmeter readings, and can be 
turned down if you don't want to hear the 
modulated tone of the signal generator dur- 
ing alignment.) 

Everything is now ready for i.f. alignment, 
and you simply adjust the i.f. trimmers in 
turn for greatest output indication. If the 
output meter tends to read off scale, use a 
higher range or reduce the output of the 
signal generator. While the order of trimmer 
adjustments isn't of real importance, the 
usual procedure is to work from the second 
detector back to the first detector, adjusting 
C-49, C-48, C-18 and C-17 In the order named. 
Their locations are shown in Fig. 4. This 
completes the I.f. amplifier alignment. 

The hot signal generator lead is now 
shifted to the aerial post of the receiver. The 
dial is set to the lowest broadcast band fre- 

quency, and switch se is opened. The signal 
generator is still producing 460 ke. Trimmer 
C-47 is now adjusted for minimum output 
as shown on the output indicator. Now any 
i.f. interference picked up will not produce 
appreciable output. 

Leave the signal generator connections as 
they are, and tune both signal generator and 
receiver to 1720 kc. (at the high -frequency 
end of the broadcast band). Oscillator trim- 
mer C-44 is adjusted so greatest output is 
obtained when the receiver is tuned exactly 
to the same dial marking as the signal gen- 
erator. Preselector trimmer C-45 is then ad- 
justed for maximum output. This completes 
the preselector and oscillator high -frequency 
adjustments. 

The signal generator and receiver are next 
tuned to 600 kc. (at the low -frequency end 
of the broadcast band). Padder condenser 
C-40 is then adjusted for maximum output. 
The receiver dial setting is moved slightly 
above and below 600 ke., C-40 being read- 
justed at each setting. The setting giving 
greatest output is finally chosen, even though 
it may not be exactly 600 kc., as perfect align- 
ment is not always obtained in a home re- 
ceiver. The high -frequency adjustment of 
C-44 only is repeated, followed by any neces- 
sary readjustment of C-40 at 600 ke. This 
completes the alignment, since no police band 
trimmers are provided. 

Voltage Measurements. It is a simple 
matter to check the operating voltages with 
the aid of Fig. 4. The arrows show in each 
case where to place the two voltmeter test 
probes. The indicated voltages enable you 
to choose a voltmeter range which will not 
he overloaded by the particular voltage you 
intend to measure. 

An a.c. voltmeter is used to measure all 
heater voltages and the a.c. plate voltages 
of the rectifier. All other measurements are 
made with a d.c. voltmeter. 

If your d.c. voltmeter has a sensitivity of 
5000 ohms per volt or better, the plate volt- 
age of the 6B7 pentode, marked in Fig. 4 
with an asterisk (*), can be measured. With 
a low -sensitivity d.c. meter of 1000 ohms per 
volt the reading will be considerably less, 
as the current drawn by the meter will re- 
duce the plate voltage while the meter is 
connected. This is due to the increased volt- 
age drop across resistors R-13 and R-15 in 
the plate supply circuit. 

The important thing is to know what to 
expect with the meter you employ. When 
using the d.c. voltmeter, you will connect 
its leads so the meter will read up -scale. 
You should by now know whether a tube 
electrode is positive or negative with regard 
to some other point. If you make a mistake 
and the meter reads down -scale, nothing will 
be damaged-simply reverse the meter test 
probes. 
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ser 17 and the lower tapped portion of the 
1.f. secondary. The phase of the feed-back 
voltage induced into the tuned secondary 
is such that it aids the original signal. This 
greatly strengthens the signal applied to the 
grid -cathode input of the second detector. In 
other words, we have regeneration of the 1.f. 
signal. 

Condenser 17 is adjustable, so we can feed 
back into the grid circuit more or less of the 
energy developed across resistor 19. Increas- 
ing the capacity of 17 results in more feed- 
back and increased regenerative effects. Too 
great an increase will cause oscillation and 
receiver squealing, however. 

With the strengthened i.f. signal applied 
to the Input of the second detector, satisfac- 
tory rectification will take place in the grid 
circuit. When the signal makes the grid posi- 
tive, electrons flow from the cathode to the 
control grid. through the 4-megohm resistor 
and back through the secondary of the i.f. 
transformer to the chassis and cathode. As a 
result, we will have audio signal voltage ap- 
pearing across the 4-megohm resistor. I.F. 
variations are by-passed across the resistor 
by means of the gimmick condenser. 

This audio voltage, as you can see, is in 
the grid input circuit of the second detector. 
The tube amplifies the audio signal, and 
large variations occur in the plate current 
at an audio rate. 

The amplified audio signal voltage appears 
across plate load resistors 19 and 22, and all 
1.2. variations are by-passed around load 22 
by the .001-mfd. condenser marked 20. The 
audio signal voltage across 19 is not trans- 
ferred to the 6F6G tube, and hence is wasted 
or lost. Resistor 22 is 24 times larger than 19, 
hence will have 24 times as much a.f. across 
it. The a.f. loss in resistor 19 is thus relative- 
ly small and can be neglected. 

The audio signal across plate load resistor 
22 appears across the 6F60 grid resistor, 
marked 23 in the diagram. The signal is ap- 
plied across this resistor through .015-mfd. 
audio coupling condenser 20 and through the 
4 -mid. output filter condenser marked 29. 
The voltage across resistor 23 is applied di- 
rectly to the 6F6G grid and cathode through 
by-pass condenser 28. 

Variation in the grid voltage of the 6F6G 
output tube canses a large variation in plate 
current through the primary of output trans- 
former 25. This transformer has the correct 
turns ratio to match the loudspeaker voice 
coil impedance to the plate resistance of the 
output tube. The voltage induced into the 
secondary causes a large current flow 
through the voice coil and, as a result, the 
voice coil and attached cone moves in and 
out, producing sound. 

Condenser 24. connected to the plate of 
the output tube, by-passes around the plate 

load high audio frequencies which otherwise 
might feed back into the control grid circuit 
and cause audio oscillation. Condenser 28 
completes the connection between condenser 
24 and the cathode. 

Traeing Supply Circuits. The bias volt- 
age for the first detector -oscillator tube is 
obtained by means of a drop occurring across 
cathode bias resistor 6. The end of the resis- 
tor connected to terminal 4 of the oscillator 
pick-up coil Is at d.c. chassis potential, and 
is negative with respect to the end connected 
to the cathode. Therefore, the control grid 
of the tube, which is at d.c. chassis potential, 
is negative with respect to the cathode. 

When we say a part or point is at d.c. 
chassis potential we mean that there is no 
d.c. voltage beteen that point and chassis. 
In other words, a d.c. voltmeter connected 
between the point in question and the chassis 
would read zero d.c. volts. 

The screen voltage for the detector oscilla- 
tor tube is obtained from a voltage divider 
which consists of resistors I2 and 8. The 
screen of the tube is kept at r.f. ground po- 
tential by means of screen by-pass condenser 
9 because this condenser acts as a short cir- 
cuit as far as r.f. and í.f. are concerned. 

The plate of the tube is supplied from the 
output of the power pack through the pri- 
mary of 1.2. transformer 14. 

Self -bias, due to grid current flow, is em- 
ployed in the second detector circuit. When 
no signal is tuned in, the control grid of the 
second detector receives an intial negative 
bias due to convection current caused by 
electrons striking the grid and flowing 
through the grid circuit instead of passing 
on to the plate. 

These electrons then flow through resistor 
16, producing a voltage drop across it. The 
number of these electrons is few but the high 
value of resistor 16 makes the result appre- 
ciable. 

When an 1.1. signal is applied to the tuhe 
input, the grid draws current whenever the 
signal makes the grid positive with respect 
to the cathode. The grid current will vary 
with the strength of the signal. The greater 
the grid current flow, the more negative the 
grid -cathode voltage becomes. This current 
and the voltage produced by It will have an 
average value, and this determines the grid 
voltage and the operating point of the tube. 

The screen grid of the second detector tube 
is supplied through resistor 18. The screen 
is kept at r.f. ground potential by means of 
the .09-mfd. condenser which. like the first 
detector screen by-pass. Is marked 9. Thus 
we know that the two .09-mfd. screen by-pass 
condensers for the first and second detectors 
are in the same container, since they have 
the same identifying number. 
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The plate of the second detector is sup- 
plied through resistors 19 and 22, with 19 
acting as an 1.f. load resistor and 22 as the 
plate a.f. load. 

The grid bias for the 6F6G output tube is 
obtained by means of the voltage drop occur- 
ring across the 325 -ohm bleeder resistor 
marked 30. The polarity of this voltage is 
indicated on the diagram. The cathode cur- 
rents of all tubes and the bleeder current 
through resistors 12 and 8 flow through re- 
sistor 30. The ungrounded end of the resistor 
is negative with respect to chassis. 

Since the grid return of the 6F6G tube is 
connected to the ungrounded end of resistor 
30 and the cathode is connected to the 

6F6G 

"Oct 
1"Alelo. 
bllG 

5 4G 0 PILL 470NC. 6JTG SENSITIVITY 
Dn.: 05C. IT CONTROL 

Fig. 5. Top -of -chassis diagram of Philco Model 
37-84 receiver, showing locations of compensat- 

ing condensers. 

grounded end, the voltage across resistor 30 
is applied to the grid -cathode of the 6F6G 
tube, through resistor 23. 

The screen of the output tube is supplied 
directly from the positive side of the power 
pack (B+). From B- (ground) theelectrons 
flow through the various receiving tubes and 
bleeder resistors and back to B+. The elec- 
trons then flow through the speaker field 
(marked 27 in the diagram) to the rectifier 
filament. From there they go to whichever 
plate is positive with respect to the rectifier 
tube filament. 

The Power Pack Filter. The loudspeaker 
field is used as the filter choke. In conjunc- 
tion with the electrolytic condensers marked 
29, it serves to reduce the 120 -cycle ripple at 
the output of the power unit. 

Considerable ripple current flows through 
the field, however, and results in a 120 -cycle 
variation in the magnetic flux. Ordinarily 
this would cause the voice coil to move the 
cone back and forth and give rise to hum. 

You will note from the diagram that there 
is a coil directly in series with the voice 

coil, shown to be wound in an opposite direc- 
tion. This is known as the hum -bucking coil 
and is wound over a section of the speaker 
field. Therefore, we will have hum voltage 
induced both into the hum -bucking coil and 
into the voice coil. Since these coils are 
wound in opposite directions, the voltages 
induced into them will be of opposite polar- 
ity. As a result, no hum current flows through 
the circuit, since the voltages are not only 
opposite but are also equal. 

Since na current due to the loudspeaker 
field flux variation flows through the voice 
coil at the 120 -cycle frequency, there will 
not be any tendency for the cone to move 
back and forth and no hum is produced by 
this hum source. In this way the hum -buck- 
ing coil actually bucks out any hum voltage 
induced into the voice coil from the loud- 
speaker field. 

Condenser 28, connected from the primary 
of the power transformer to the chassis. 
serves to prevent any r.f. signals which may 
be in the power line from getting into the 
receiver. 

You will note that one side of each receiv- 
ing tube filament is directly grounded, as is 
terminal 4 on the power transformer filament 
winding. The other leads, each terminating 
in an arrow, connect to terminal 3 on the 
filament winding, as does the ungrounded 
lead of the pilot lamp. 

By grounding one side of the filament cir- 
cuit in this manner, coupling between the dif- 
ferent stages is eliminated, since a high r.f. 
or a.f. potential cannot build up between thF 
ungrounded side of the filament circuit and 
chassis. This is due to the fact that the re- 
sistance between the ungrounded side of the 
filament and the chassis is quite low. 

Any small hum or r.f. currents getting into 
the filament circuit will build up voltages 
which are very small, since voltage equals 
current multiplied by resistance. If we fail 
to ground one side of the filament circuit, the 
resistance from the filament to chassis will 
be many megohms and a small undesired cur- 
rent will build up a fairly large voltage. 

Receiver Alignment. The alignment of 
this receiver is quite simple. First the i.f. 
amplifier is aligned. This is done by tuning 
the signal generator to 470 kc. (Fig. 5 shows 
this to be the 1.f. frequency), and feeding 
the output into the aerial and ground posts of 
the receiver. The dial of the receiver should 
be turned to the lowest frequency (tuning 
condensers fully meshed), as this will result 
in least reduction of the signal voltage from 
the signal generator. The modulated tone of 
the signal generator will then he heard in 
the loudspeaker. 

The actual locations of the trimmers on 
the chassis are shown in Fig. 5. As in many 
Philco receivers, the 11. trimmers are 
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over all connections in the oscillator circuit 
with a hot soldering iron. Where bolts are 
used to hold the stators of the tuning con- 
densers in place, loosen and tighten these 
bolts one at a time, as a high -resistance 
joint sometimes occurs at this point and 
movement of the bolts will eliminate the 
corrosion which caused the high resistance. 

If the oscillator refuses to function at the 
high -frequency end of the dial, this in prac- 
tically every case indicates moisture absorp- 
tion by the oscillator coil. The remedy is to 
install a new oscillator coil. . 

It is a good idea to draw a picture diagram 
showing the connections to an old coil. This 
will prevent you from making a mistake 
when installing the new coil. 

A loud audio squealing heard In the re - 
receiver loudspeaker may be due to opening 
up of the 6F6G plate by-pass marked 24 or 
the C bias by-pass condenser marked 28, con- 
nected across bias resistor 30. 

Distortion in this receiver is often due to 
leakage in the a.f. coupling condenser marked 

Fig. 7. Schematic circuit diagram of Philco 
Model 37-84 four -tube a.c. superheterodyne re 
ceiver. Note the use of the Greek letter "mu" 
following condenser values. This Greek letter 
represents "micro," and "f" stands for "farads," 
so this is just another way of abbreviating 

"microfa rods. " 

20, having a capacity of .015 mfd. Check for leakage at this point by measuring for voltage across resistor 23. A d.c. voltage will not normally exist across this resistor. If it 
does, remove the output tube to see if it is 
gassy. If the voltage drops with the tube 
out of the circuit, gas did exist in the tube. If d.c. voltage remains, even with the tube 
removed, the coupling condenser is leaky. 

As indicated in the diagram, the .001-mfd. 
plate by-pass and .015-mfd. coupling con- 
densers are in a single container. Either can 
be replaced with a separate condenser, while 
the remaining good section can be left in the 
circuit. 
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TRUETONE D746 Five -Tube Auto Radio 

GENERAL Description. The Truetone 
model D746 is a five -tube superhetero- 

dyne receiver having a turning range of 530 
ke. to 1550 ke. It operates from a 6 -volt 
storage battery and uses the automotive 
type 6.3 -volt tubes. The B supply is obtained 
from a vibrator and a tube rectifier. 

Additional data in the factory manual 
states that the receiver is of the single -unit 
type, no flexible shaft being used. The entire 
radio and automatic mechanical tuning me- 
chanism is self-contained. 

Five levers are provided for accurate and 
convenient automatic station selection, plus 
the conventional manual tuning control. 
This makes full tuning range coverage avail- 
able at all times without any switching de- 
vice from automatic to manual tuning. 

The tube complement consists of a type 
6A8 pentagrid converter, a type 6K7 remote 
cut-off pentode used as an i.f. amplifier, a 
type 6Q7 duplex diode triode used as a 
second detector, a.v.c. and first audio, a type 
6K6 pentode output amplifier, and a type 
6X5 high vacuum rectifier with indirectly 
heated cathode. 

This set derives r.f. gain from its frequency 
converter and one stage of i.f., and obtains 
a.f. gain from one voltage amplifier and the 
output a.f. stage. 

Tracing Signal Circuits. The signal 
picked up by the antenna causes a current 
to flow through condensers 02 and CS. Con- 
denser OS Is not only in the input circuit 
but also in the first tuned circuit feeding the 
frequency converter tube. This is capacity 
coupling to the antenna, in contrast to the 
more usual inductive coupling found in home 
receivers. 

The voltage applied to CS is stepped up by 
resonance. The resonant signal appearing 
across tuning condenser 0 is applied directly 
between the control grid (grid No. 4) and 
cathode of the 6A8 type tube. 

Frequency Converter. The local oscillator 
produces a signal for frequency conversion. 
The oscillator electrodes in the 6A8 tube are 
cathode (pin 8), control grid (pin 5) and 
anode (pin 6). 

When the oscillator is working, we have 
a variation in the electron stream passing 
through the oscillator anode to the screen 
and plate electrodes. When the incoming 
signal voltage is applied to the mixer grid 
(top cap G), the electron stream is again 
caused to vary, this time at the signal fre- 
quency. Mixing of the two signals takes 
place in the tube. 

The oscillator frequency Is always above 

the frequency of the incoming signal by the 
amount of the intermediate frequency, which 
in this case is 465 kc., as noted on the dia- 
gram. 

Because of the curvature in the Es I, 
characteristic of the tube operating as a de- 
tector, a beat frequency is produced in the 
plate circuit. The resulting 465-kc. beat 
builds up a large circulatory current and a 
high voltage in the primary of transformer 
TS. All other frequencies, such as the sum 
of the oscillator and incoming signal fre- 
quencies, the oscillator signal alone and the 
incoming signal alone, are by-passed around 
the primary coil by the first l.f. trimmer con- 
denser. All signals, including the i.f. signal, 
are returned to the cathode through con- 
denser 06. 

I.F. Amplifier. By mutual induction, an 
i.f. signal voltage is induced into the sec- 
ondary of transformer T3, and the resonant 
1.f. signal voltage appears across the sec- 
ondary coil and its trimmer condenser. This 
signal is applied between the control grid 
and cathode of the 6K7 tube, the cathode 
connection being through condenser 08. 

Because the primary circuit of T4 presents 
a large impedance in the plate circuit of the 
6K7 tube, the latter produces an i.f. voltage 
across the primary of T4, greatly amplified 
with respect to the input signal. A signal 
voltage is induced into the secondary of T4 
and after resonant step-up is large enough 
for rectification. 

Second Detector. The upper diode plate 
in the 6Q7 is used for detection. When it is 
positive, electrons flow from the cathode to 
this plate, through the secondary of trans- 
former T4, and through volume control R6 
back to the cathode. R6 therefore acts as the 
diode load resistor, and a rectified signal 
appears across it. This is a combination of 
d.c. and the a.f. signal. Condenser 09 serves 
to remove the i.f. from the diode output, so 
it does not appear across the volume con- 
trol. 

First A.F. Stage. The audio signal is fed 
from the variable tap on the control through 
condenser 010 to the control grid of the 
6Q7 tube. The signal is developed across 
resistor 59 in this circuit, the low -potential 
end of R9 being connected to the tube cath- 
ode and the cathode end of the volume con- 
trol through condenser 014. 

The resulting audio variations in the 6Q7 
plate current cause a large audio signal volt- 
age to be built up across resistor R12. C15 
serves to remove any i.f. signal which may 
have gotten into the plate circuit, by-passing 
it around the plate load and through resistor 
R7 to the cathode. The amplified audio sig- 
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inductive effects at ultra -high frequencies, 
they prevent any ignition interference pro- 
duced at the car motor from entering the 
receiver by way of its B power supply. 

By this time you have probably noticed 
that a filter choke is not used in the power 
pack system. We do have, however, two 
filter condensers marked C12 and C11. These 
are 8-mfd. electrolytic condensers, and their 
positive leads connect together and to the 
cathode of the rectifier. Between their nega- 
tive leads we have resistors R8 and R11. 
These two resistors therefore have the addi- 
tional duty of replacing the more familiar 
filter choke. The condensers have a reac- 
tance of approximately 80 ohms each at the 
ripple frequency. The frequency of the volt- 
age applied to the plates of the rectifier is 
approximately 120 cycles, due to the vibrator 
design, and the rectified ripple frequency will 
be twice this or 240 cycles. 

It is possible to use resistors R8 and R11 
as resistive filters instead of using a regular 
filter choke, since their combined ohmic 
value is quite high compared to the reac- 
tance of CII and 012 while still being low 
enough not to seriously reduce the d.c. sup- 
ply voltage. Furthermore, as high fidelity 
is not a feature of this set, the a.f. section 
of the receiver is so designed that low fre- 
quencies of the order of 240 cycles or less 
are not reproduced very well. 

Bias Considerations. Resistor Rf is the 
oscillator grid resistor. The rectified current 
flowing through this resistor automatically 
furnishes the correct negative bias for the 
oscillator. 

The grid bias for the triode section of the 
6Q7 tube is obtained by means of the voltage 
drop across resistor R8. The grid connec- 
tion, made through resistors R9 and R10 to 
the junction of R8 and 1111, is approximately 
1.4 volts negative with respect to the cath- 
ode, which connects to the junction of R7 
and R8. There may be voltage variations 
across resistor R8, and these are filtered out 
by means of resistor R10 and condenser 014. 

The grid bias for the 8K8 type tube is ob- 
tained by means of the voltage drop across 
resistors R7, R8 and R11. This is approxi- 
mately 15 volts. Resistor R14 and condenser 
C16 serve to prevent bias voltage variations 
and hum across the bias resistors from get- 
ting into the grid input circuit of the output 
tube. 

Voltage Measurements. While you will 
normally check the electrode voltages at the 
tube socket terminals, the manufacturer has 
indicated in the diagram strategic points at 
which the main supply voltages may be 
checked. 

First, you will see the notation "200V" ap- 
pearing on the plate supply line for the 6A8 
type tube. This means that all points con- 

nected to this line, such as the cathode of the 
6X5 or the screen of the 6K6, should measure 
200 volts when the voltmeter probes are 
touched to either one and the chassis. The 
plate of the 6Q7 will be considerably less 
than this, due to the drop in resistor R12, 
while the voltage between the plate and 
chassis of the 6K6 will be approximately 15 
volts less than B+ due to the drop in the 
primary of the output transformer. The 
screen to chassis voltage of the 6K6 tube 
will be 200 volts, since the screen is fed 
directly from the line marked 200 V. 

The screen voltage for the first detector 
and i.f. tubes is approximately 95 volts, as 
marked on the diagram. The C bias voltages 
for the 6K6 and 6Q7 tubes are approximately 
15 volts and 3.6 volts respectively, as mea- 
sured between the pointa indicated and the 
chassis. 

The actual bias on the 6Q7, as pointed out 
previously, is not 3.6 volts since it only con- 
sists of the voltage drop across resistor R8, 
which is 1.4 volts. However, if the voltage 
from the junction of R8 and R11 is 8.6 volts, 
the voltage across R8 will he correct. The 
initial bias for the 6A8 and 6K7 tubes is 
approximately 2.2 volts, and exists across 
resistor R7. 

Continuity Tests. With the set turned 
off, we can check the various supply circuits 
for continuity with an ohmmeter. 

As you already know, those points sup- 
plied with a positive potential should show 
continuity back to the cathode of the rec- 
tifier, the most positive d.c. point in the set. 
As an example, place one ohmmeter probe 
on the plate of the 6Q7 and the other ou the 
cathode of the 6X5 rectifier. Continuity will 
be indicated through resistor R12 and we 
will read a value of approximately 250,000 
ohms on the ohmmeter. 

A check between the screen grid (elec- 
trode 4) of the 6A8 and the rectifier cathode 
will give us continuity through resistor R4, 
with a reading of approximately 25,000 
ohms. A check between the oscillator anode 
(pin 6) and the rectifier cathode will give 
us a resistance reading of approximately 
30,000 ohms. The plate winding of the os- 
cillator coil has a resistance of only 5.5 ohms 
and this would be negligible with respect to 
the value of 23. If you suspect a defect in 
this winding, it must be checked individually 
with a low ohmmeter range. 

We can now trace the continuity between 
those terminals supplied with a negative po- 
tential and either plate of the rectifier, the 
common reference point. Put one ohmmeter 
test probe .on the top cap of the 6A8 tube, 
and the other probe on one of the rectifier 
plates. We will then obtain a reading 
through Ti, Rl, RS, R6, R8, RI1, and one 
half of the power transformer secondary 
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winding. The cathode of the 6Q7 traces back 
through resistors R8 and R11 and one-half 
of the power transformer secondary. The 
control grid of the 6K6 traces back through 
resistors R13, R14 and the power trans- 
former secondary to one 6X5 plate. 

Alignment. The 1.f. alignment of this re- 
ceiver is quite conventional. As an output 
indicator, we could connect a vacuum tube 
voltmeter across diode load resistor R6 or 
we could connect a low -range copper -oxide 
rectifier -type a.c. voltmeter across the voice 
coil. All adjustments are to be made for 
maximum output. The 1.f. is 465 kc., as 
marked on the schematic. 

The output of the signal generator, tuned 
to 465 kc., is connected between the top cap 
of the 6A8 type tube and the chassis. A 
reading will then be observed on the output 
meter, and all four of the l.f. trimmers, start- 
ing with the two on the second 1.f. trans- 
former, are to be adjusted for maximum 
out put. 

It doesn't matter whether we adjust the 
primary trimmer first or whether we start 
with the secondary trimmer. To be on the 
safe side, you can go over the adjustments 
two or three times. When a peak is finally 
obtained, the i.f. amplifier is correctly ad- 
justed and the trimmers are not touched 
again. 

The output of the signal generator is then 
connected to the antenna post and the re- 
ceiver chassis. For best results, a dummy 
antenna which takes the place of the regular 
aerial may be used in series with the output 
lead of the test oscillator. This could con- 
sist of a 175-mmfd. ( .000175 mfd.) condenser, 
as specified in the factory manual. One lead 
of the condenser may be connected to the an- 
tenna terminal of the receiver, and the re- 
maining lead to the ungrounded signal gen- 
erator output lead. The variable condenser 
of the receiver is tuned to Its minimum -ca- 
pacity position (plates entirely out of 
mesh), and the signal generator is adjusted 
to 1550 ke. The oscillator trimmer on the 
variable condenser gang is then adjusted for 
maximum output. The signal generator is 
then shifted to 1400 kc. and the signal is 
tuned in by rotating the receiver tuning con- 
denser. The antenna trimmer which is 
mounted on the condenser gang is then ad- 
justed to maximum output. (The antenna 
and oscillator trimmers mounted on the con- 
denser gang are not shown in the diagram.) 

The signal generator is next set to 600 
kc., and this signal is tuned in for maximum 
output at about 600 kc. on the receiver dial. 
The padding condenser marked C3 in the 
diagram is then adjusted for maximum out- 
put. 

Now go back and check the antenna trim- 
mer only at 1400 kc. If an adjustment is 
made, recheck 03 again at 600 kc. 

Servicing Hints. Let us suppose that the 
receiver is distorted and that by touching 
the top cap (control grid) of the 6Q7 and 
the chassis with your hand the distortion 
clears up. This definitely shows that excess 
bias is being applied to the 6Q7, and points 
to leakage in 015 as the cause of the 
trouble. 

As we have already found out, the bias 
is due to the voltage drop across resistor R.S. 
A study of the diagram shows that the cath- 
ode currents of all tubes flow through this 
resistor. Immediately we suspect some tube 
of drawing excessive plate current, since the 
voltage drop is excessive across R8. The 
6K6 is the most likely offender, since it 
draws the most plate current. 

The diagram shows that leakage in con- 
denser 015 would cause the plate current 
of the output tube to he excessive. We may 
check for this by connecting a voltmeter 
across resistor R13, with its positive probe 
going to the control grid of the tube. If volt- 
age is measured, we withdraw the 6K6 type 
tube. If this causes the voltage to disappear. 
the tube is gassy. If the voltage is still pres- 
ent it is definite proof that 015 is leaky. 
Normally, no voltage should exist across re- 
sistor Ria. 

You might think that a positive bias on 
the grid of the 6K6 would of itself cause dis- 
tortion. Such is not the case, for the in- 
crease in plate current increases the voltage 
across resistors R7, R8 and R11 and main- 
tains more or less normal bias for the grid 
of the tube. The increase in voltage across 
R7, 118 and R11 offsets to a certain extent 
the positive bias developed across R13 and 
Rio by leakage in 015. 

It is interesting to see why touching the 
6Q7 top cap and chassis lets us diagnose the 
trouble as excess bias. Your body has re- 
sistance and between the fingers touching the 
top cap and chassis there is about 50,000 
ohms. Connecting the top cap to the chassis 
through 50,000 ohms or so simply reduces 
the voltage between the control grid and 
cathode because the voltage divides between 
R9, R10 and your body. The voltage across 
119 and R10 is considerably greater than the 
drop which acts as the bias voltage and 
which occurs across your body. 

If the receiver squeals when a station is 
tuned in, we immediately suspect oscillation 
in the l.f. amplifier or the mixer. A glance 
at the diagram shows that this would most 
probably be due to an open in condenser C7. 
We check for this condition by letting the set 
squeal and by connecting another condenser 
across C7, or from pin 4 on the 6K7 tube to 
the chassis. If this stops the squealing, it's 
definite proof that C7 is open and should be 
replaced. There is a possibility that an open 
in the plate by-pass condenser 06 could cause 
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RIO I megohm-I/3 w. 20% 
RII 250 ohm-I watt 10'% 

R12 250M ohm -1/10 w. 20% 
R13 250M ohm -1/10 w. 20% 
R14 250M ohm -1/10 w. 20% 
R15 200 ohm-I/3 w. 20% 

CONDENSERS 

C 2 -gang variable condenser 
CI .00002 Mica 20% 
C2 .01 x 400 v. 25% 
C3 Antenna Trimmer 
C4 .00025 Mica 20% 
C5 .1 x 200 v. 25% 
C6 .05 x 400 v. 25% 
C7 .1 x 200 v. 25% 
C8 .05 x 200 v. 25% 
C9 .0001 Mica 20% 
C I 0 .01 x 200 v. 25% 
CII 8. mfd. Electrolytic 
C 12 8. mfd. Electrolytic 
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C13 .0005 Mica 20% 
C 14 .01 x 200 v. 25% 
C 15 .01 x 400 v. 25% 
C 16 .006 x 600 v. 25% 
C17 .005 x 1200 v. 10% 
C18 .01 x 600 v. 25% 
C19 .5 x 120 v. 50-10% 

CII and C12 in same unit 

PARTS 

TI Antenna coil complete 
T2 Oscillator coil complete 
T3 Input I.F. 465 kc.-complete 
T4 Output I.F. 465 kc.-complete 
T5 Power Transformer 
T6 Output Transformer 
T7 5" Dynamic Speaker 
LI "A" Filter Choke 
PI 6.8 v. pilot light 
SI Off -on Switch on Volume Control 
SP Spark Plates 
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THE VALUE OF KNOWLEDGE 

Knowledge comes in mighty handy in the prac- 
tical affairs of everyday life. For instance, it increases 
the value of your daily work and thereby increases 
your earning power. .It brings you the respect of 
others. It enables Sou to understand the complex 
events of modern life, so you can get along better 
with other people. Thusly, by bringing skill and 
power and understanding, knowledge gives you one 
essential requirement for true happiness. 

But what knowledge should you look for? The 
first choice naturally goes to knowledge in the field 
of your greatest interest-RADIO. Become just a 
little better informed about radio than those you will 
work with, and your success will be assured. 

It pays to know-but it pays even more to know 
bow to use what you know. You mast be able to 
make your knowledge of value to others, to the rest 
of the world, in order to get cash for nówledge. 

The N. R. I. Coarse gives you radio knowledge, 
and in addition shows how to use what you learn. 
Master thoroughly each part of your Course, and 
you'll soon be getting cash for your knowledge. 

J. E. SMITH 
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and the .000025-mfd. condenser. The antenna 
coil is tuned to resonance by trimmer Tg and 
V.C., the latter being connected to the coil 
through the .00004-mfd. condenser and con- 
tacts 11-5 of switch section 81F. The .00004- 
mfd. series condenser is used to reduce the 
over-all capacity of the circuit so the ultra 
high -frequency f.m. band may be tuned with 
the regular gang tuning condenser. 

Switch contacts 5-6 of S1F connect the 
tuned circuit to the control grid of the 6SK7 
r.f. amplifier tube through the .0003-mfd. 
coupling condenser, the cathode connection 
being through the chassis and the cathode 
by-pass condenser. Contacts 6-5 of switch 
section S4R connect the plate circuit of the 
r.f. tube to its 10,000 -ohm load resistor. Ca- 
pacity coupling through the .0001-mfd. con- 
denser transfers the amplified signal from 
the plate load resistor to r.f. transformer 
701. Only a small part of the possible gain 
of the r.f. tube is utilized due to the use of 
a 10.000 -ohm plate load resistor, but a small 
value of resistance is necessary to shunt coil 
701 and broaden the tuning. 

The signal fed the r.f. coil is tuned to reso- 
nance by r.f. trimmer 7'10 and main tuning 
condenser V.C. which connects to the coil 
through the .00004-mfd. condenser and con- 
tacts 4-10 of switch section S3F. Contacts 
4-5 ou this switch connect the resonant cir- 
cuit to the 6SA7 mixer tube through the reg- 
ular .0003-mfd. coupling condenser. The 
cathode connection is through contacts 5-6 
of switch section S61?, the oscillator coil and 
the chassis, so we have a duplication of the 
circuit used in previous band positions. 

The oscillator uses coil 701 and trimmer 
86-262, with connections being the same as 
for previous bands. The variable condenser 
tunes the oscillator circuit throng, 'he .005- 
mfd. and .00005-mfd. condensers and con- 
tacts 11-5 of switch section 55F. Contacts 
5-6 on this switch connect the oscillator tank 
circuit to the oscillator grid of the 6SA7 
through the .00005-mfd. coupling condenser. 

Oscillations are maintained in the usual 
way, and the local oscillator and incoming 
signals are mixed within the tube. Since the 
oscillator and incoming signals differ by 4300 
kc. (4.3 mc.), the 1.f. carrier signal pro- 
duced in the plate circuit of the tube has 
a frequency of 4.3 mc. 

You will remember that in our previous 
discussion of the i.f. amplifier, the lower 
transformers were identified as being for 
the a.m. section. Now, of course, we are 
dealing with the upper or f.m. transformers. 
The primary of the first i.f. transformer, 
shunted by condenser Cs, is tuned to reso- 
nance by adjusting the iron core so that more 
or less of the core is inside the coil. The 
resonant circuit so formed offers a high im- 
pedance to the 4.3 -mc. i.f. signal, and a large 
i.f. voltage is built up across the coil. 

Resonant step-up results in a large cir- 
culatory current at the i.f. value, and the 
signal is induced into the secondary. The 

a.m. primary on the first i.f. transformer acts 
as a short as far as the P.m. signals are con- 
cerned, and this is also true in the case of 
the other a.m. circuits. 

The f.m. secondary is connected to its 
trimmer C9 through the low -reactance a.m. 
secondary when switch section S7R is 
thrown to the FM position. Note the 50,- 
000 -ohm resistor shunted across C9 and used 
to broaden the tuning of the first f.m. i.f. 
transformer. As was the case with the pri- 
mary and all other i.f. transformers, reso- 
nance is obtained by core adjustment. The 
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Fig. 15. Discriminator circuit. The i.f. value is 
4.3 mc. 

discriminator is an exception, being tuned br eans of the two trimmers marked C14. 
Tite signal applied to the input of the first 

i.f. tube is amplified, and appears across the 
broadly resonant plate load formed by coil 
56-936, 06 and the 4000 -ohm resistor. By 
capacity coupling through the .00005-mfd. 
coupling condenser and the .1-mfd. plate by- 
pass condenser, the signal is fed to the 500,- 
000 -ohm resistor and to the grid -cathode of 
the 6AC7 second i.f. tube. The cathode con- 
nection, of course, is through the cathode by- 
pass condenser. 

The amplification contributed by the sec- 
ond 6AC7 tube results in a large i.f. signal 
across the broadly -resonant plate load 
formed by the transformer primary, con- 
denser co1 and the 50,000 -ohm shunt resistor. 
The signal induced into the secondary is ap- 
plied directly to the grounded cathode of the 
6SJ7 tube, and to its grid through the 
.000025-mfd. coupling condenser. 

This 6SJ7, being a sharp cut-off pentode 
and being operated at low plate and screen 
grid voltages, acts as the limiter and de- 
livers a signal of constant amplitude to the 
next stage, regardless of surges in signal 
strength that may result from static or other 
noise. Of course, the incoming f.m. signal 
must be strong enough to drive the 6SJ7 to 
the point where limiter action starts. The 
rectified voltage across the 100,000 -ohm re- 
sistor in the control grid return of the 6SJ7 

29 



quency, we will find that practically all of 
the signal voltage appears across section B 
and is transferred to the lower 6SF5 tube. 

The lower 6SF5 tube is thus a bass ampli- 
fier or bass -boosting tube. Since the amount 
of signal made available for the frequency - 
discriminating network is controlled by 
potentiometer 87-281, this is the buss tone 
control. 

The signals receiving bass -boosting action 
by the tube are developed across the 100,- 
000 -ohm plate load resistor. The .05-mfd. 
condenser across this resistor takes out sig- 
nals above about 1000 cycles, so we have only 
the signal voltages of deep boomy bass notes 
across this resistor. These signal voltages 
are fed through control 48-281 with its 500,- 
000 -ohm shunt resistor, the .02-mfd. coup- 
ling condenser, and the 500,000 -ohm resistor 
to the 100,000 -ohm grid resistor for the 635 
phase inverter tube. This control has no ef- 
fect on bass notes because its .004-mfd. con- 
denser is so small in comparison to the .05- 
mfd. plate by-pass condenser for the lower 
6SF5 tube, but it does serve as a conven- 
tional type of tone control for the upper 
6SF5 tube. 

The upper 6SF5 tends to amplify all sig- 
nals about the same amount but puts just a 
little more emphasis on the very high notes. 
It has a 500,000 -ohm plate supply resistor 
across which the audio signals are devel- 
oped. From here, the signals are fed 
through the 250,000 -ohm resistor, the .02- 
mfd. coupling condenser and the 500,000 -ohm 
resistor to the 100,000 -ohm grid resistor for 
the 6J5 phase inverter. Thus, both 6SF5 
tubes deliver signals to the phase inVeliter. 

When the movable arm of tone eonrol 
48-281 is moved toward the .02-mfd. coup- 
ling condenser, the higher audio frequency 
signals (of which there are normally an 
over -abundance) passed by the upper 6SF5 
tube are attenuated (cut down). When 
moved In the opposite direction, the e feet is 
to give increased treble response, for the 
control then lets the over -amplified high 
audio frequencies come through. 

The 250,000 -ohm resistor between the up- 
per 6SF5 amplifier plate and the .02-mfd. 
coupling condenser is used so the high audio 
notes will divide between them and the .004- 
mfd. tone control condenser when the tione 
control is set for minimum treble response. 
This arrangement also prevents interaction 
between the normal output circuit and the 
bass -boosting amplifier circuit. 

The audio signals across the 100,000 -ohm 
grid resistor are amplified by the 6.15 tube. 
The signals developed across its 50,000 -ohm 
plate resistor are 180° out of phase with the 
grid signals, just as in any resistance -coup- 
led stage. The signals across the 50,000 -ohm 
plate load resistor are transferred to the in- 
put of the upper 6V6G output tube through 
the .02-mfd. coupling condenser and 10-mfd. 
filter condenser d2. 

The lower 6V6G grid is fed directly from 
the output of the 68F5 tubes, and hence re- 

ceives a signal 180° out of phase with that 
delivered to the upper 6V6G by the phase in- 
verter tube. In this way, the 6V6G tubes are 
fed with signals 180° out of phase, as is nec- 
essary in any push-pull system. 

The lower 6V60 receives far more signal 
than the 6J5, because of the 500,000 -ohm and 
100,000 -ohm voltage divider system used to 
feed the latter tube. By choosing the right 
plate load for the 6J5, its gain is made just 
high enough so both 6V6G tubes receive the 
same amount of out -of -phase signal. 

By using a push-pull arrangement, second 
harmonic distortion is avoided and we get 
the benefits afforded by the powerful 6V6G 
tubes. The odd harmonics, such as the third, 
fifth, seventh, etc., remain to be dealt with 

The .002-mfd. condenser between the 6V60 
plates tends to by-pass third and higher har 
monies produced in the output tubes. Never 
theless, some of these harmonics will react 
the voice coil and cause It to move, with con 
sequent distortion of the clear tones whiel 
would otherwise be produced. The effect le 
not very bad because It is almost entirely 
eliminated by degeneration. 

Note the 400 -ohm and 25 -ohm resistors 
shunted across the voice coil. These resis- 
tors act as a voltage divider, and the small 
signal voltage developed across the 25 -ohm 
resistor acts on the grid input circuits of the 
6SF5 tubes. The signals across the voice coil 
are 180° out of phase with the signals fed 
from the second detector to the volume con- 
trols and the 25 -ohm resistor. 

What is the effect of feeding a signal into 
an amplifier which is 180° out of phase with 
the regular signal? The effect is just the 
same as if we were to turn down the volume 
control a certain amount, for due to cancel- 
lation we are in reality feeding less signal 
into the amplifier input. Since all frequen- 
cies at the output transformer secondary 
receive exactly the same treatment, how do 
we discriminate against the distortion -pro- 
ducing harmonics? The harmonics are elimi- 
nated because they were not in the input to 
start with ! They were produced somewhere 
in the a.f. amplifier, and by feeding them out 
of phase into the amplifier input, they are 
practically wiped out at their point of origin 
and only a trace appears across the voice 
coil. 

After this discussion, You can now appre- 
ciate the care taken In the design of this 
amplifier, and can see that excellent tone 
quality should be expected either on a.m., 
f.m. or phonograph operation. 

Tracing the F.M. Signals. Band switch 
position 5 is for f.m. reception, so we will 
trace the f.m. signals from the antenna to 
the volume control at the input of the a.f. am- 
plifier, from which point the audio amplifier 
works in exactly the same manner as for 
a.m. reception. The three switch sections 
marked STR are all in the !'41 position now. 

The f.m. signals flowing in the antenna are 
capacitively transferred to the antenna coil 
through contacts 6-5 of switch section S2R 
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HOWARD Model 71 8FM-X Frequency Modulation Receiver 
GENERAL Specifications. This Howard 

Model 718FM-X is a combination fre- 
quency modulation receiver with three amp- 
litude modulation bands and six push but- 
tons for automatic tuning on the broadcast 
band. The receiver is equipped with a loop 
for the broadcast band, has a built-in phono 
switch, bass and treble controls, and utilizes 
Inverse feed-back to reduce audio distortion. 

Signal Circuits. The wave -band switch 
presents no great difficulty in the circuit dia- 
gram of this set as shown in Fig. 12, because 
all of the coils are plainly in view and their 
purposes evident. The switch has six sec- 
tions, three facing the front of the set and 
three facing the rear of the set. The sections 
marked ß'1F, /33F and S5F face the front of 
the set, and are shown as they appear when 
you look at the switch from the front. Sec- 
tions marked S2R, SIR and S6R face the 
rear of the set, and are shown as they ap- 
pear when you look at the switch from the 
rear. The movable contact arms of the F 
sections rotate counter -clockwise on the dia- 
gram as the switch is advanced from posi- 
tion 1 (in which all switches are shown 
here) to position 5, and the movable contact 
arms of the rear (R) sections rotate clock- 
wise on the diagram as tiç switch is ad- 
vanced. 

The chart in Fig. 13 tells which switch 
terminals are connected together for each of 
the five .positions. Position 1 is for push- 
button operation, covering the broadcast 
band. Position 2 is for manual tuning of the 
broadcast band. Position 3 gives coverage 
of the police and aviation bands, while posi- 
tion 4 covers short-wave programs, and posi- 
tion 5 covers the f.m. band. 

Switch Position 1. We will study band 
switch position 1 first, and trace its circuits 
to the input of the f.f. amplifier. Since all 
switches are shown in position 1 i Fig. 12, 
we can trace switch connections directly on 
the diagram. 

When an outdoor antenna is used, signal 
currents flow through contacts 6-1 of switch 
section S21?, and then to ground through the 
few turns of wire which are inductively 
coupled to the LOOP (drawn like a coil in 
this diagram). The loop is tuned to reso- 

nance, since it is connected through ter- 
minals 1-7 of switch section 211F to r.f. trim- 
mer 1, whose button is shown as being de- 
pressed. Any signal at the resonant fre- 
quency of the loop undergoes resonant step- 
up when induced in the loop by antenna cur- 
rent through L25. The resulting signal is 
applied to the control grid of the 6SA7 first 
detector tube through contacts 6-5 of switch 
section ß'3F and through the .0003-mfd. coup- 
ling condenser. 

We have not mentioned the 6SK7 r.f. tube, 
but an examination shows that the signal is 
also applied to the input of this tube through 
contacts 7-6 of switch section Sip and the 
.0003-mfd. coupling condenser for this stage. 
The r.f. tube will amplify this signal, but the 
plate of the tube connects through contacts 
6-1 of switch section 54R directly to B-}-. 
Thus, no load exists in the plate circuit and 
no amplified r.f. voltage Is developed, even 
though the plate current is varying at an r.f. 
rate. The r.f. stage is therefore inactive 
when push-button tuning is used. 

Now, we will investigate the oscillator. 
We see that the grid next to the cathode of 
the 6SA7 tube is the oscillator grid. It con- 
nects to the chassis through a 20,000 -ohm 
resistor which is used for self -bias purposes. 
(Oscillator grid current flowing through this 
resistor produces the bias voltage.) The grid 
connects through the .00005-mfd. coupling 
condenser and switch contacts 6, 1 and 7 of 
switch section 55F to the oscillator tank cir- 
cuit The tuning condenser is oscillator 
trimmer 1, whose push button is depressed, 
and the tank circuit coil is connected be- 
tween switch contacts 1-2 and the padder 
marked 83-262. Trimmer T1 is the oscillator 
high -frequency trimmer for the broadcast 
band, but its capacity is negligible compared 
to that of the push-button trimmers. 

The left-hand winding of oscillator coil 
2035 is connected between the padder and 
ground, but has only a small effect on the 
inductance of the circuit. As you can see, it 
is in the cathode circuit of the 6SA7 tube 
and hence is the feed-back coil. The cathode 
current of the 6SA7 tube flows through this 
coil and induces a voltage into the tank coil. 
This variation in grid (tank) voltage causes 

SWITCH 
POSITION 

BAND 
BAND -SWITCH SECTIONS 

S2R Sir S4R S3F S6R s5F SAR 

I BROADCAST, PUSH-BUTTON 6-I 6-t-7 6-1 5-6 6-1 I-6-7 AM 

2 BROADCAST, MANUAL 6-2 6-2-8 6-2 I-5-7 6-2 2-6-8 AM 

3 POLICE BAND 6-3 6-3-9 6-3 2-5-8 6-3 3-6-9 AM 

4 SHORT-WAVE 6-4 6.440 6-4 3-5-9 6-4 4.6.10 AM 

5 FREQUENCY MODULATION 6-5 6-5-1I 6-5 4-5-I0 6-5 5.6 -II FM 

Fig. 13. Table showing band switch terminals which are connected together at each of the 
five switch positions. 
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tion corresponding to 1380 kc. to 1580 kc. on 
the broadcast band. When this set was built, 
the bands just below 2300 kc. and above 2500 
kc. contained nothing of Interest. Anything 
which was picked up at such frequencies was 
due to lack of preselection. On this band, 
only local police stations operating around 
2400 ke. will ordinarily be heard. 

Due to the tying together of the switch 
contacts at Q on switch section 2 and the 
tying together of the switch contacts at E 
on switch section 1, the oscillator connec- 
tions are the same as they were for the 
broadcast band. This means that the oscil- 
lator will produce a frequency 460 kc. higher 
than the dial setting for the broadcast band, 
or from 990 kc. to 2180 kc. however, the pre - 
selector only works from 2300 kc. to 2500 kc., 
corresponding to the 1380-kc. to 1580-kc. 
markings on the broadcast band dial. When 
the set is tuned to 2300 kc., the oscillator is 
working as it did for 1380 kc. on the broad- 
cast band. In other words, it is producing 
1380 ke. + 460 kc., or 1840 kc. Now, if a 
2300-kc. signal is picked up, the difference 
between it and the oscillator working at 1840 
kc. is 460 he., which is the i.f. value of the 
receiver. At the 2500-kc. dial setting, the os- 
cillator is at 2040 kc., the same as it was for 
1580 he. on the broadcast band. The differ- 
ence between 2040 kc. and the top of band 2 
(2500 kc.) is again 460 kc., the correct 1.f. 
value. 

From these figures we see that the oscilla- 
tor works below the frequency of the pre - 
selector for band 2, and this band does not 
cover the entire dial. The receiver can be 
tuned below 2300 kc. and above 2500 kc., but 
the oscillator and preselector won't track ex- 
actly and satisfactory reception isn't to be 
expected. 

Now let's go to switch position 3 in Fig. 11. 
Here the antenna current flows through the 
primary of Ll. Note that L Is shorted 
through switch contacts A and C. If the 
special two -wire Philco antenna is used, the 
RED lead makes contact through switch 
terminal C directly to the antenna lead and 
Li, while the BLACK lead connects to the 
grounded end of Li. 

By keeping the short-wave antenna cur- 
rents confined to L2, better results are ob- 
tained. The signal current flowing through 
Ll causes a voltage to be induced in LS. One 
end of LS connects to the a.v.c. circuit, and 
the other end connects to the main preselec- 
tor tuning condenser through switch contacts 
N and S of switch section 2. Trimmer 6 
shunts the gang tuning condenser section, 
and is the high -frequency preselector trim- 
mer. It is adjusted at the high -frequency 
end of the short-wave band. 

The resonant circuit composed of LS, the 
tuning condenser and trimmer 6 selects the 
desired station signal, which undergoes 
resonant step-up. This signal is applied to 
the mixer input of the 6A7 tube. At the same 
time, LS is completely shorted by switch 
contacts J, K and G, thus making this coil 

NUMBERS INDICATE RELATIVE POSITIONS OF 

SWITCH SECTIONS FROM FRONT OF CHASSIS 

inactive when switches are at position 3. 
The oscillator tank circuit for band 3 

starts from the oscillator grid, and traces 
through switch contacts P and R to coil L7. 
The position of trimmer 1$ indicates that it 
is the oscillator high -frequency trimmer ; it 
is to be adjusted at the high -frequency end 
of this band. 

The other end of L7 connects to ground 
and to the rotor of the oscillator tuning con- 
denser through fixed condenser 14 and ad- 
justable condenser 13. These condensers are 
in series with the oscillator tank circuit, and 
comprise the low -frequency padder for the 
short-wave band. Padder 13 Is to be adjust- 
ed at the low.frequency end of this band. 
Resistor 18 is the oscillator grid resistor for 
this band. 

The connection of L5 to the padder con- 
denser means that additional feed-back is 
obtained in the short-wave oscillator circuit 
by capacity coupling. The other end of L5 
connects through resistor 9, switch contacts 
F -D and condenser 7 to the grid serving as 
the oscillator plate. 

Si 
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ventional, but all oscillators of this type have 
a bias resistor somewhere between the oscil- 
lator grid and cathode. Resistor 17 must 
therefore be the oscillator self -bias resistor 
for band 1. 

Coil L4 Is the oscillator feed-back coil, and 
must receive energy from grid 2 (the .oscil- 
lator anode grid) of the 6A7. The connec- 
tion to padder 10 means that we have 
capacitive coupling as well as inductive 
coupling from the feed-back coil to the oscil- 
lator tank circuit. 

Tracing the other lead of L4, we go to 
terminal E on switch section 1, and through 
the black "ball" contact to pole D. Condenser 
7 Is the means of coupling the feed-back coil 
to the oscillator plate. 

We have now traced all the oscillator and 
preselector circuits for the broadcast band. 

A quick glance at the schematic as a whole 
reveals much the same maze of wire' as in 
the preselector circuits, but now you know 
that if you go at the problem logically and 
follow through each circuit one at a time, 
you can get any information you need for 
test purposes. Don't expect circuits of this 
sort to look easier as you progress in radio. 
Wave -band circuits always look complicated, 
and you always have to trace them when you 
need any special information from them. 

The work we have done so far has been 
fairly straightforward. Figuring the new 
contacts made through the wave -band 
switch when it is thrown to one of the other 
positions is a bit more difficult. 

Experience and a knowledge of how the 
circuits should be arranged will help you. 
The little black balls on the switch sections 
represent the movable contacts. As there are 

1 

RED 

? Ho 

two other positions on this switch, It's not 
so hard to visualize the balls moving clock- 
wise one space for each new switch position. 
To make this easy, the switch settings for 
all three ranges are drawn in Fig. 11. We 
have already covered position I for the 
broadcast band, so now will examine switch 
position 2. 

Let us assume that instead of using a 
Philco two -wire antenna system connected to 
the RED and BLACK terminals, we are 
using this time an ordinary aerial and 
ground connected to the ANT. and GND. 
posts. Remember that the switches are in 
position 2 as shown in Fig. 11. 

Antenna current now flows through the 
antenna primary coils L and L1, inducing 
voltages in L2 and LS. The voltage set up 
in LS is very small and can be neglected, 
since LS is not connected to the tuning 
condenser. 

The upper section of L2 is short-circuited 
by switch contacts G and J of switch section 
2, so this portion doesn't play any part in 
the circuit either. Since switch contacts G, 
J, 1f and S are- connected together, the tap 
on LS connects to the main tuning conden- 
ser and the 6A7 top cap. The lower section 
of LS goes to the a.v.c. circuit, then through 
a.v.c. condenser 25 to the grounded rotor of 
the tuning condenser. 

The preselector section of the condenser 
gang therefore tunes the lower section of L2 
to resonance. The signal so chosen is applied 
to the mixer input of the 6A7 tube. The 
band coverage of this circuit is from 2300 
kc. to 2500 kc. 

Notice that this band is only 200 ke. wide, 
so only a portion of the dial is used-the por- 

pv p 

POSITION 2° 

Fig. I I. Connections made for each of the three positions of the band -changing switch are clear- 
ly shown here. Note that the black bells ell advance one step clockwise as the switch is ado 

vented from Position I to Position 2 and from Position 2 to Position 3. 
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across the other three filaments will serve as 
its bias (the grid circuit of the 1A50 traces 
from the control grid through the 2-megohm 
grid resistor to the chassis, through the chas- 
sis to the grounded filament lead of the 
1A7G, through the 1A70, 1H50 and 1N5G 
filaments in turn to the filament of the 1A5G). 

When the power cord is plugged into a 
110 -volt a.c. line and switches SW are closed, 
the set starts operating almost immediately 
from batteries. After about S/4 minute of 
battery operation, the filament of the recti- 
fier has warmed up sufficiently so that the 
25Z6 rectifier is conductive. Now both the 
6 -volt filament supply circuit and the 90 -volt 
plate supply circuit are operating as conven- 
tional half -wave rectifiers with resistor -con- 
denser filters. 

The 6 -volt section of the 25Z6 provides a 
d.c. voltage just enough higher than the A 
battery voltage so this half -wave rectifier 
circuit supplies filament current for the 
tour tubes and at the same time sends a 
small charging current through the 6 -volt A 
battery. 

In an identical manner, the 90 -volt section 
of the 25Z6 provides a voltage enough higher 
than the B battery voltage so this section 
furnishes all plate current requirements and 
also sends a small charging current through 
the 90 -volt B battery. Under these condi- 
tions the batteries act like condensers and 
impleve the filtering. 

For 110 -volt d.c. operation, the plug must 
be inserted in such a way that the two plates 
of the 25Z6 go to the positive side of the line. 
The rectifier sections then conduct current 
continuously, and the filament and plate 
filter supply circuits merely act as voltage 
dividers which cut down the 110 -volt d.c. line 
voltage to 90 and 6 volts respectively for the 
receiver circuits. 

With this arrangement, no switching is 
necessary in changing from battery to elec- 
tric current operation. If the power cord is 
not plugged in, the set operates from its bat- 
teries. When the power cord is plugged in, 
the set starts operating from batteries after 
being turned on, but automatically changes 
over to a.c. operation after the rectifier tube 
warms up. 

Whenever the set operates from a power 
line, the pilot lamp glows. If the electric 
plug is removed while the set is playing, the 
set keeps right on playing from its batteries 
but the pilot lamp goes out, showing that the 
line is not supplying power. If desired, the 
receiver can be operated from a.c. or d.c. 
lines even with all batteries removed. 

As with all other receivers that operate 
from 110 -volt d.c. lines, there is a right and 
a wrong way to put the plug into the socket. 
If it is in the wrong way, connecting the 
rectifier plates to the negative side of the 
line, the set will operate entirely from bat- 
teries, and the pilot lamp will not glow. Ro- 
tating the plug half a turn in the wall outlet 
will then make the rectifier plates positive, 
and the set will operate entirely from the 

110 -volt d.c. line as soon as the rectifier tube 
warms up. The pilot lamp will glow. 

When the set has been used a long time on 
battery power and the batteries have become 
weak, they can be recharged rapidly by op- 
erating the set from a 110 -volt a.c. or d.c. 
line with the 1A5G tube removed. Twenty- 
four hours of this charging will give about 
20 hours of service on the batteries. This 
quick rejuvenation should not be used until 
the batteries get low, and then for not more 
than 40 hours at a time. It can be repeated 
a great many times. 

Removal of the 1A5G type tube interrupts 
the filament circuit, so that only the rectifier 
tube draws filament current. The supply volt- 
age then rises much higher than 6 volts, 
and we secure rapid charging of the run- 
down A battery. Also, no plate current is 
being drawn through the 6000 -ohm B supply 
filter, hence a higher voltage is applied to the 
B batteries for charging. 

This is not strictly a recharging process, 
since dry batteries cannot be recharged. 
However, the negative battery electrodes be- 
come polarized during use, raising the inter- 
nal resistance of the batteries and thereby 
lowering their output voltages under load. 
This rejuvenating process depolarizes the 
electrodes, lowering the internal resistance 
and permitting normal use of the battery un- 
til such time as all of the active ingredients 
in the cells have been used. 

Biasing Methods. As we have previously 
pointed out, the control grid of the 1A70 
type tube is biased by the voltage drop across 
the volume control and half of the 1A7G tube 
filament. In a filament -type tube, the effec- 
tive control grid voltage is that existing be- 
tween the control grid and the center of the 
filament. Voltage measurements, however, 
are made between the control grid and the 
negative side of the filament. 

The grid return of the 1N50 i.f. tube is 
made directly to the negative side of its fila- 
ment. Therefore, the effective d.c. grid volt- 
age is half of the filament voltage. 

The diode plate of the 1H5G tube likewise 
returns to the negative side of its filament 
(through the volume control), so the plate 
has an initial small negative bias. This has 
no effect on local reception, and does not se- 
riously interfere with reception from weak 
distant stations. 

The control grid of the 1H5G tube con- 
nects to the positive side of its filament 
through a 15-megohm resistor. Some of the 
electrons which start out for the plate hit 
this grid and flow through this resistor to 
the filament, producing a voltage drop which 
serves as the negative bias for the grid of the 
tube. Remember that when electrons flow 
through a resistor, the end at which they 
enter is always negative with respect to the 
end at which they leave. 

The control grid of the 1A5G tube con- 
nects to ground through a 2-megohm re- 
sistor. Reference to the simplified wiring 
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in motion and producing sound waves. The 
output transformer serves to match the im- 
pedance of the voice coil to the a.c. plate 
resistance of the output tube. 

The .002-mfd. condenser connected from 
the plate of the output tube to the chassis 
makes the plate load of the tube essentially 
capacitive and thereby prevents any oscilla- 
tion at ultra -high audio frequencies. 

The A.V.C. System. The a.v.c. system for 
the receiver is entirely. conventional. The 
d.c. component of the rectified i.f. carrier 
current developed across the 750,000 -ohm 
volume control is applied to the control grid 
of the 1A7G, after the audio signal is re- 
moved by the 1-megohm resistor and .1-mfd. 
condenser. A.V.C. is not applied to the con- 
trol grid of the i.f. tube. 

You will note that the filament end of the 
volume control connects to the positive side 
of the 1A7G filament. Therefore, the detec- 
tor portion of the 1A7G tube is supplied with 
a slight initial positive bias. As soon as a 
signal is received, however, this positive bias 
is overcome by the negative voltage produced 
across the volume control. 

The Power Supply. At first glance, the 
filament and power pack connections in Fig. 
8 appear somewhat unusual, but when the 
circuit is redrawn as in Fig. 9, we can see 
that there are really four independent cir- 
cuits, each quite conventional in design. Let 
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as consider each in turn. 
When the two switches marked SW (op- 

erated simultaneously by the volume control 
shaft) are open, both the 6 -volt battery and 
the power line are disconnected from the fila- 
ment circuits so the set cannot operate. The 
90 -volt B battery cannot supply current un- 
der this condition because the tubes are not 
conductive when the filaments are cold. 

When switches SW are turned on but the 
power cord is not plugged in, the rectifier 
tube filament is not heated and hence the 
two sections of the 25Z6 rectifier are not con- 
ductive. The 6 -volt battery now furnishes 
current to the filament circuits of the tubes, 
however, and the 90 -volt B battery furnishes 
plate current to the four signal circuit tubes. 

Examining the filament circuits of the 
tubes more closely, we see that the filaments 
of the four 1.4 -volt tubes are connected In 
series across the 6 -volt battery, with the 
circuit being completed through the chassis. 
The 1000- and 2000 -ohm resistors merely pro- 
vide extra paths to ground for the plate cur- 
rents of the 1N5G and 1A5G tubes, so as to 
reduce the amount of plate current which 
flows through the other two tube filaments to 
ground. 

The 1H5G filament Is next to the 1A7G 
filament in the line-up for a definite reason, 
to prevent the filament voltage drop of the 
] N5G from serving as bias for the 1A7G. 
The 1A5G is at the -I- end of the line-up for 
the opposite reason, so the 4.5 -volt drops 
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age between the center of the filament and 
the negative filament terminal is added to 
the voltage between the negative filament 
terminal and the control grid. 

In these special low -voltage tubes which 
handle only small amounts of signal voltage, 
the bias is quite small. The a.v.c. voltage 
across R12 is added to the voltage drop in 
one-half the tube filament to form the bias 
for the 1T4 i.f. tube and the 1R5 first de- 
tector tube. Since these tube filaments are 
supplied with approximately 1.4 volts, half 
of this or .7 volt is used as the initial bias. 
\Vhen signals are received, the a.v.c. bias 
voltage is added to this. The oscillator grid 
of the 1R5 receives half the filament voltage 
plus the voltage created across R1 by grid 
current through this grid resistor. 

The voltage drop across R6 due to convec- 
tion current through it, plus one-half of the 
filament voltage, biases the pentode section 
of the 'I S5 first audio tube. 

The 1S4 power output tube requires con- 
siderable bias, more than can be readily fur- 
nished by convection current through the 
grid resistor or by the filament voltage drop. 
Bleeder bias Is employed by causing the plate 
currents of all tubes to flow through R11. 
The voltage drop across this resistor makes 
the 1S4 control grid (which connects to the 
negative end of the resistor) negative with 
respect to Its filament, which connects to the 
grounded positive end of R11. 

Battery Economizer. We have now con- 
sidered the bias arrangement of all the tubes, 
but the discussion of the 1S4 bias brings up 
another related object. As you will note, the 
receiver is equipped with 'a two -position 
switch called an economizer. By throwing 
this switch to the "OUT" position, maximum 
power output is obtained from the 1S4 tube. 
so the total B current drain is 7.5 milli- 
amperes. With the switch thrown "IN," the 
B drain is reduced to only 5 milliamperes, a 
considerable saving. 

The economizer increases the bias on the 
1S4 tube. When the switch is "IN" (when 
the switch bars are across the upper pairs 
of contacts), resistor R10 is no longer in 
parallel with R11, and the total resistance 
between B- and the chassis is increased. 
Therefore the voltage drop across R11 in- 
creases, and this increase in grid bias cuts 
down on the 1S4 plate current. 

As in any battery set, the d.c. plate and 
screen voltages are applied between these 
electrodes and the tube filaments. The fila- 
ments are grounded to the chassis as shown. 
Therefore, since the voltage between B- 
and the chassis is increased when the econ- 
omizer switch is "IN," the voltage between 
filaments and screens and between filaments 
and plates has decreased. This is unim- 
portant save in the case of the 1R5 and 1T4 
screen voltages. A decrease at this point re- 
sults in a loss in sensitivity. To keep the 
sensitivity constant, the economizer switch 
in the "IN" position shorts out R2 in the 
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Fig. 7. Circuit diagram of Emerson Model DU - 
379 and DU -380 battery portable receivers. 

screen supply circuit of these tubes, thus 
keeping the screen voltage constant and pre- 
venting a loss in sensitivity. 

Voltage Measurements. The operating 
voltages for each tube are measured with a 
d.c. voltmeter. The negative probe of the 
voltmeter goes to the negative' filament ter- 
minal (grounded terminal) in each measure- 
ment except for control grid voltage, where 
the positive meter probe goes to ground and 
the negative probe to the control grid. 

A definite control grid voltage will be mea- 
sured only on the 1S4 tube and, due to the 
high resistance of R9, the exact voltage will 
not be measured. However, this control grid 
voltage can be checked by placing the meter 
probes directly across R11 (positive probe 
to chassis). 

Miscellaneous. The alignment of the re- 
ceiver follows standard superheterodyne 
procedure. There are only three i.f. adjust- 
ments, since the primary of TS cannot be 
tuned. There is no low -frequency oscillator 
padder condenser. 
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the circuit is tuned to 455 Ice. by adjusting 
the coil inductance. 

The i.f. signal across the secondary of T2 
is fed to the input of the 1T4 1.f. tube, the 
filament connection being through 05 and 
the chassis. 

The 1T4 causes a large 1.f. signal current 
to flow through the primary of T3. A volt- 
age is induced into the secondary, where it 
undergoes resonant step-up. The primary of 
7'3 is untuned, and hence the coupling in this 
transformer may be close enough to give 
high gain. This is typical of any i.f. trans- 
former where only one winding is tuned. 

The large i.f. voltage across C11 is applied 
to the diode and filament of the 155, the 
filament connection being through C12. As 
a result, rectification occurs, and we have 
the audio modulation plus a d.c. component 
across volume control R5, which is also the 
diode load resistor. As previously stated, 
C12 prevents any i.f. voltage from being 
dropped across the diode load, thereby in- 
suring that all of the signal is applied be- 
tween the diode plate and filament. 

The d.c. voltage across R5 is used for a.v.c. 
purposes, since it will vary directly with the 
strength of the carrier applied to the second 
detector. The ungrounded end of the re- 
sistor is negative with respect to the filament 
of the 1R5, which is at d.c. ground potential. 
Tracing the circuit from the negative side of 
R5, we see that part of this voltage is ap- 
plied to the first detector control grid (third 
grid of the 1R5) through resistor R4. This 
resistor and condenser C5 serve to remove 
the audio signal voltage, and only pure 4,e. 
is available across 05 for a.v.c. bias purpos. 

The full d.c. voltage across R5 is not used, 
for R12 and R4 are across 1?5 and hence 
act as a voltage divider. The voltage across 
R12, which is in parallel with C5, is the a.v.c. 
voltage fed the 1R5 tube. Since R4 and R12 
are both 5 megohms (the same size), both 
have equal voltage drops, and only half of 
the voltage across diode load R5 is used for 
a.v.c. purposes. Thus, while a.v.c. action is 
reduced, the danger of cutting off the plate 
current of the 1R5 tube and causing blocking 
or motorboating on strong signals is elim- 
inated. 

The a.f. voltage across volume control R5 
is applied across resistor 116 through coup- 
ling condenser CI3. Since C13 connects to 
the movable arm of the control, the setting 
of this arm will determine the amount of 
signal voltage fed to R6. As R6 is directly 
in the grid input circuit of the pentode por- 
tion of the 1S5, the tube amplifies the audio 
signal fed it, and we have the amplified sig- 
nal voltage across plate load resistor R8. 

Condenser C14 serves to by-pass any stray 
i.f. signal which may have been amplified by 
the tube. 

The audio signal across R8 is transferred 
across R9 and R11 through C16, 010 and 
the chassis. The signal voltage across R9 
and R11 is amplified by the 1S4 and de- 
livered by impedance -matching output trans - 
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former T4 to the loudspeaker voice coil, and 
is then converted into sound waves. 

Condenser 017 prevents oscillation at high 
audio frequencies, and also tends to reduce 
harmonic distortion by acting as a by-pass 
for the higher audio frequencies which com- 
prise the harmonics. In addition, inverse 
feed-back further reduces distortion. 

As already pointed out, the input signal 
voltage is developed across /i9 and R11. No 
by-pass condenser is used across R11, and 
since the plate current of the 1S4 flows 
through this resistor, we have an audio sig- 
nal produced here. This signal is 180° out of 
phase with the applied signal and cancels out 
the original signal produced across Ril. I 
addition, distortion currents produced inside 
the 1S4 tube flow through Mt/ and create 
voltages of the same distorted form across 
this resistor. These voltages were not there 
to start with, and they control the plate cur- 
rent of the tube in such a way as to reduce 
greatly the distortion inside the tube. The 
over-all loss in gain due to cancellation of de- 
sired signals across R11 can easily be 
tolerated. 

Biasing Methods. As you already know, 
the grid bias of a battery -operated filament - 
type tube is measured between the control 
grid and the negative side of the tube fila- 
ment. The effective bias, however, is the dif- 
ference in voltage between the center of the 
filament and the grid. Therefore, any volt - 
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The output signal induced into the sec- 
ondary of T-2 thus has only a very small 
amount of third harmonic distortion. The 
secondary has a number of taps, so that it 
can be connected to match most any load. 
The grounded secondary terminal goes to one 
load (loudspeaker) terminal by way of 
terminals 4 or 5 and A or D on the SPX. 
sockets, and the tap selected by probe lead C 
of the output transformer goes to the other 
load terminal through SPX. socket terminals 
3 and C. 

When the amplifier is to feed a device over 
a considerable distance, either the 125-, 250 - 
or 500 -ohm taps are used, and a special 
matching transformer is placed at the other 
end of the line. The lower -impedance taps 
are used for voice coils, recorder cutting 
heads or other low -impedance devices. 

Most voice coils have an impedance of 8 
ohms, so for a single voice coil we would 
plug probe lead O into the jack marked 8. 
If two speakers with 8 -ohm voice coils were 
used, the coils could be connected in parallel ; 

the combined resistance would then be 4 
ohms, and the 4 -ohm tap would be used. 
While voice coils are not ordinarily connect- 
ed in series, we could do this and get a com- 
bined impedance of 16 ohms, which would be 
matched by using the 16 -ohm tap. 

If electrodynamic loudspeakers are em- 
ployed, 10 watts of field excitation is avail- 
able for one 5000 -ohm or one or two 2500 - 
ohm speaker fields. The following table in- 
dicates how speaker field connections are 
made to the SPX sockets. Note that in 
some cases a jumper wire is used between 
jacks on the terminal strip marked FIELD. 

One 5000 -ohm field 
One 2500 -ohm field 
Two 2500 -ohm fields 
P.M. Loudspeaker 

(no field) 

Connect Connect 
Jumper Field to 
Between Prongs 

Not used I and 5 

Cand2 2and5 
Not used B$E;2&5 

C and I 

For practice, see if you can figure out the 
field supply circuits and the reasons for the 
connections given in the table. When doing 
this, take into consideration the ohmic 
values of the fields and of resistors R-16 and 
R-19. 

The power supply circuit in this amplifier 
does not represent anything new, being very 
similar to those you have already studied in 
receiver diagrams. The rules for tracing cir- 
cuit continuity apply to this amplifier just as 
to receiver circuits. 

Most troubles which may be expected will 
take the form of distortion, hum and oscil- 
lation. The usual causes are to be suspected, 
but shielding is particularly important in the 
case of hum or oscillation. The reason for 
hum, if shielding is not employed, has al- 
ready been pointed out. The thing to watch 
out for is poor ground contacts on the 
shielding. 

The shields on the control grid and plate 

leads of the 6V6 -G tubes prevent electromag- 
netic and electrostatic coupling between 
these points and others at a lower audio po- 
tential. Suppose, for example, the plate 
leads of the 6V6 -G tubes were inductively 
coupled to the input of the 6J7 tube by be- 
ing close to resistor R-3. Signal voltage 
would be induced into R-3, and being in 
phase with the input signal voltage, it would 
cause oscillation and a loud squeal. 

The capacity existing between the 6V6 -G 
plate leads and the grounded shields also 
tends to prevent oscillation. Beam -power 
output tubes have a tendency to oscillate and 
these tubes, when oscillating, have been 
known to draw sufficient current to damage 
power transformers. Oscillation will be in- 
dicated by serious distortion or a dead am- 
plifier. The d.c. voltages will be very low 
due to the excess current drain. 

In the schematic, you will see the operat- 
ing voltages marked at the points at which 
the voltage measurements are generally 
made. The d.c. voltages are measured be- 
tween the points shown and the chassis. 

The output filter voltage is measured be- 
tween the positive lead of C-13 and the chas- 
sis, and according to the schematic you 
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cause a pentode tube fed with a strong sig- 
nal will produce very strong harmonics, and 
these will cause severe distortion. Push-pull 
action and inverse feed-back permit the use 
of the 6V6 pentode -type output tubes, while 
the signal input of the first 6J7 is too low to 
produce much harmonic voltage. The signal 
fed to the second 6J7 is, for either micro- 
phone or phonograph operation, too large to 
permit pentode operation of the tube. 

The second 6J7 is not replaced with a reg- 
ular triode tube such as a 6C5, because even 
when connected as a triode the 6J7 can pro- 
duce more gain than a 6C5. It is necessary 
to use a 6C5 in the next stage, for by now 
the signal is so strong that it would overload 
the 6J7 even when triode connections were 
used. 

The a.f. signal voltage across R-11 is ap- 
plied to grid resistor R-12 of the 605 tube 
through coupling condenser C-6 and filter 
condenser C-10. The signal current flowing 
through grid resistor R-12 produces a volt- 
age drop which drives the grid of the tube. 
R-12 is a potentiometer, and the movable 
arm connects to ground through C-7, a .03- 
mfd. condenser. As the arm is moved up, 
more and more of the high frequencies are 
shorted or by-passed around R-12, and hence 
are not applied to the grid of the 6C5. In 
this way we achieve tone control, which per- 
mits attenuation of high audio frequencies 
as desired. 

The a.f. signal voltage across R-12 alter- 
nately adds and subtracts from the d.c. bias 
developed across C-8 and R-13, making the 
grid first more negative and then less nega- 
tive. This variation in control grid voltage 
causes a corresponding variation in plate 
current. As a result, we have a pulsating 
d.c. plate current flowing through plate load 
resistor R-14. Condenser C-9 and the pri- 
mary of T-1 comprise a short path for the 
a.f. component, hence the effective plate,load 
for signals is R-14 in parallel with C-9 and 
the primary of T-1. Since the resistance of 
1? -14 is much greater than the impedance of 
the C-9 T-1 path at audio frequencies, prac- 
tically all of the signal current passes 
through C-9 and the transformer. 

This method of capacity coupling is a little 
out of the ordinary. If R-14 and C-9 were 
not used, the primary of T-1 would be placed 
right in the plate supply circuit of the 6C5. 
The circuit would function but the d.c. por- 
tion of the plate current would tend to sat- 
urate the transformer primary, and the mu- 
tual inductance of the transformer would de- 
crease. 'This would decrease the voltage in- 
duced into the secondary, and would cause 
distortion since the change in flux linkage 
would be greater for a decrease in plate cur- 
rent than for an increase. For distortionless 
transfer of signal, the flux must follow cur- 
rent changes exactly. The loss in gain would 
be more serious at the low audio fre- 
quencies, because the primary inductance, 
and hence the plate load impedance, natural- 
ly decreases with frequency. 

By keeping the d.c. portion of the plate 
current out of the primary, we avoid trans- 
former saturation and thereby secure good 
low -frequency response from this stage. Re 
sistor It -14 and condenser C-9 do this ; the 
resistor supplies d.c. plate voltage to the 
tube, and C-9 blocks d.c. while allowing a.c. 
to pass. By choosing a value of C-9 which 
will resonate with the primary of T-1 at a 
low audio frequency, a definite boost in gain 
at low audio frequencies can be obtained. 

A.F. signal current flowing through the 
primary of T-1 sets up a flux linkage with 
the secondary, inducing an a.f. voltage in 
each half of the secondary. These secondary 
windings feed the two 6V6 -G tubes in the 
push-pull output stage, with inverse feed- 
back being provided in the following manner 
by an extra center -tapped winding on output 
transformer T-2. Let us consider secondary 
8-7 of T-1 first. Terminal 8 goes to the con- 
trol grid of the upper 6V6 -G output tube, 
while 7 goes to terminal T2 on the special 
winding having a center tap marked CT. 
Resistor R-18 (a C bias resistor in the power 
pack) completes the path from CT to ground. 
The voltage between 8 and 7 thus acts in 
series with the a.f. voltage across the lower 
half of the "CT" winding and the d.c. volt- 
age across resistor R-18. In a similar man- 
ner, the signal voltage between point 5 and 
point 6 acts in series with the a.f. voltage 
across the upper half of the "CT" winding 
and the d.c. voltage across 1? -18, all feeding 
the control grid of the other 6V6 -G tube. 

The 6V6 -G tubes amplify the signals ap- 
plied to their grids, and the resulting plate 
currents flow through primaries P1 -B and 
P2 -B of output transformer T-2. Due to the 
push-pull action, all even harmonics pro- 
duced within the tubes are canceled out. 

The odd harmonics, of which the third is 
the strongest and henae most troublesome, 
are not canceled out by the push-pull ar- 
rangement, but are taken care of by inverse 
feed-back (degeneration). The fundamentals 
and odd harmonics flowing through the 
primaries of output transformer T-2 induce 
voltages in the "CT" winding as well as in 
the regular secondary. These voltages, as 
you just learned, act in series with the a.f. 
voltages applied to the grids of the output 
tubes but are 180° out of phase, due to the 
phase reversal provided by the output tubes. 

The fundamental component which is fed 
back out of phase cancels out some of the 
fundamental at the grid input, thus reduc- 
ing the gain. The designer took this into ac- 
count, however, and there is gain to spare. 
The odd harmonics are also fed into the grid 
input of each 6V6 -G, but since they were pro- 
duced inside the 6V6 -G tubes, they are not 
originally present in the input circuit. The 
fed -back odd harmonics thus enter the tubes. 
and cancel out some of the odd harmonics 
being produced by the tubes. Complete can- 
celation is impossible, for we must have 
some signal induced into the center -tapped 
secondary of T-2 for feed-back purposes. 
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voltage because the two voltages are in 
parallel. The copper -oxide rectifiers prevent 
the battery from discharging through the 
charging circuit, because they do not allow 
current to pass in the reverse direction. For 
these reasons, the battery must be In the re- 
ceiver even during a.c. operation. If the set 
were used on "AC" with the battery removed, 
the tubes would get excessive filament volt- 
ages and would burn out, and the vibrator 
and filter condensers might also be damaged. 

Voltage Measurements. Figure 4 shows 
the socket voltage diagram for this set. The 
voltages given on it are measured between 
the points indicated and the chassis. The 
battery voltage Is measured across the bat- 
tery terminals, and the vibrator voltage is 
measured from B+ to the chassis. Con- 
denser C21A can easily be located in the 
chassis; since it is the input filter condenser, 
the B+ voltage delivered by the power 
transformer may be measured across it. The 
resistance of L5 is so low that the slight 
amount of voltage dropped across it will not 
affect the accuracy of this measurement. 

You will find that the value of Tí14 is not 
given. Evidently the factory draftsman for- 
got this; such errors sometimes creep into 
diagrams. 

If you had to replace R14, what would you 
do? First, you would consider the purpose 
of R14 in the circuit. Obviously, it is not 
purposely used to reduce plate voltage, and 
neither is it a plate load. It must therefore 
act with C24 as a filter to keep r.f. plate cur- 
rent of the 1A7GT out of the B supply. From 
past experience and from observing many 
similar circuits, we know that the resistor 
value is not critical and that manufacturers 
use values between 1000 and 10,000 ohms for 
this purpose. We feel sure that the choice 
of an average value of about 5000 ohms will 
work nicely. 

We can get a confirmation by means of 
Ohm's Law if we wish. Since the plate of 
the 1A7GT receives 78 volts and the i.f. 
screen from which R14 is fed receives 82 
volts, 4 volts are dropped across R14. 
A tube chart tells us that the 1A7GT 
plate draws about .7 ma., and Ohm's Law 
says that resistance equals voltage divided 
by current, so by simple division we arrive 
at a value of.abont 5000 ohms for R14. Ex- 
perience tells us that 5000 ohms is satisfac- 
tory, but if actual trial shows it to be too 
low, a larger resistor may easily be inserted. 

Continuity Tests. Continuity tests are 
made in the usual way between points at a 
positive potential and the B+ terminal, and 
between points at a negative potential and 
the B- terminal (the chassis here). B+ is 
the red lead going from the junction of R10 
and C21A to the B supply. 

The storage battery in this receiver must 
be disconnected for ohmmeter tests, just as 
in any other battery set. The bias cells need 
not be disconnected If you don't check from 
the grid of the 1Q5GT to chassis. However, 

(PRIN( 
BETWE 
AND Bi 

POWER SELECTOR SWITCH 

OPERATION 

POSITION CONTACTS CONNECTED 

"OFF" ALL CONTACTS OPEN 

"BATTERY" #1 to #2; #4 to #5; #7* to #8 

"AC" #1 to #2 to #3; #4to #5; #8 to #9 

"CHARGE" #2 to #3; #8 to #9 

* #7 terminal is not connected to circuit 

Fig. 5. Schematic circuit diagram of General 
Electric Model LB -530 a.c. or battery -operated 

portable receiver. 

a check directly across R9 is perfectly all 
right. 

To avoid possible short-circuit readings 
through the vibrator contacts, the plug-in 
type vibrator is pulled out of its socket dur- 
ing ohmmeter tests. 

Expected Performance. With the two 
stages of i.f., excellent sensitivity and ad- 
jacent -channel selectivity may be expected. 
Some image interference may occur due to 
lack of preselection, but turning the loop to 
a different position by rotating the entire 
receiver will sharply reduce the pick-up of 
undesired signals. 

The 1Q5GT can't deliver much output 
power, so you won't expect high volume. 
Both volume and tone quality will be less 
than that secured with a good table model 
receiver, but will be entirely satisfactory for 
a portable. 
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Fig. 3. Effective power pack circuit when power 
selector switch is set at "AC." 

the electrons flow through R10 and L5 to get 
back to the center tap on winding S. 

That portion of the induced voltage exist- 
ing between the center tap and point 2 is not 
used now, and may be forgotten. 

When the vibrator reed is pulled o'er to 
contacts Pl and SI by the coil, it breaks the 
coil circuit at contact A. The natural 
springiness of the reed returns it to the neu- 
tral position, but the reed always overshoots 
the neutral position enough to make contact 
with P2 and 22. 

With contacts P2 and 82 grounded by the 
reed, we have electrons flowing from the 
minus battery terminal through the chassis 
to the reed and P2, then through the right - 
band section of power transformer primary 
P and back through L6 and contacts 2-1 to 
the battery. Since this electron flow is in the 

opposite direction from that which previous- 
ly flowed through P, the induced voltage in 
the secondary has reversed polarity. Point 1 

is now positive with respect to the center 
tap, which makes point 2 negative with re- 
spect to the center tap and gives electron 
flow through RL in the same direction as 
before. 

From this, we see that the center tap on 
the secondary is positive with respect to 
whichever outer terminal (i or 2) is being 
grounded by the vibrating reed. The vi- 
brator thus provides full -wave rectifying ac- 
tion which gives a pulsating high d.c. volt- 
age of the correct polarity between the center 
tap of S and the chassis. This pulsating volt- 
age is filtered by C21A, 0218 and 1110, then 
applied to the plàtes and screen grids of the 
tubes in the receiver (connected between 8+ 
and B- like RL). 

When the reed moves over to contacts P2 
and S2, it also touches contact A. This ener- 
gizes the vibrator coil and pulls the reed 
over to Pl and Si just as when the set was 
first turned on. The entire process then re- 
peats itself. 

Power Pack Circuit for "AC." When the 
power selector switch is set at "AC," con- 
tacts 1-2-3 are connected together, as also 
are contacts 4-5 and contacts 8-9. The power 
pack circuit arrangement for this condition 
is represented by Fig. 3 if we close the four 
switches in the diagram. 

The output voltage of the charging circuit 
is now applied directly across the battery 
just as in Fig. 1. At the same time, the bat- 
tery furnishes current for the tube filaments 
and the vibrator B supply. Since the charger 
furnishes the battery a little more current 
than Is drawn from it by the receiver, the 
battery will be charged slowly while the set 
is playing. 

The battery acts as a low -resistance 
bleeder across the charging circuit, and 
thereby keeps the charging voltage from 
getting too much higher than the rated fila- 
ment voltages. The battery also acts like a 
condenser, removing the ripple from the 
charging voltage. When the charging 
voltage starts to decrease, the net voltage 
cannot become lower than the battery 

Fig. 4. Socket voltage diagram. The bias battery voltage should be measured only with a zero - 
current voltmeter, such as a vacuum tube voltmeter. The power switch should be set on ''AC," with 
the charger operating. Tuning dial should be at 1000 kc., with zero volume and zero signal. Battery 

should measure 2.1 volts. Vibrator B± voltage should be 95 volts d.c. 
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TYPICAL RECEIVER DIAGRAMS 

AND HOW TO ANALYZE THEM 

General Electric LB -530 A.C. - BATTERY Portable 
IDENTIFYING Tube Stages. When start- 

ing to identify tube stages on the circuit 
diagram of a receiver, we often work by a 
process of elimination. That is, we locate 
first the tubes which are easiest to identify. 
Knowing the stages generally used in a su- 
perheterodyne, we then concentrate on as- 
signing the remaining tubes to the heretofore 
unidentified stages. 

We will use this process to identify the 
tubes in the circuit diagram of this G'eneral 
Electric superheterodyne receiver (shown in 
Fig. 5). (Note: By folding page 2 under 
page 1 you can refer to this diagram while 
you study, without having to turn pages back 
and forth.) 

We can start from either end of the re- 
ceiver, so let us start with the 1Q5GT tube. 
Since this tube feeds the loudspeaker, we 
know that it is the output tube. 

We know that this output tube should be 
fed by an a.f. voltage amplifier stage, and we 
find its input coupled to the triode section of 
the 1H5GT tube by R -C network R8 -013-R9. 
The control grid is fed by the diode section 
of the 1H5GT through RI, R7 and 012, hence 
the diode section must be the second detector 
and the triode section must be the first a.f. 
stage. 

The presence of volume control RI in the 
diode circuit confirms identification of the 
diode section as the second detector, because 
the volume control in a superhet is always 
an a.f. voltage control. A.V.C. voltage is 
taken from the diode detector load through 
filter R4 -C10, for application to the a.v.c.- 
controlled tubes. 

Surprisingly, the second detector is re- 
sistance -coupled to the output of a 1N5GT 
tube. This form of coupling might lead us 
to believe that the 1N5GT was the second 
detector if we hadn't already identified the 
1H5GT as being in this stage. A glance to 
the left on the schematic shows two i.f. 
transformers, so sufficient selectivity is pro- 
vided to allow the less -expensive and broad 
i.f. resistance coupling to be used here. 

Our knowledge of superheterodyne stage 
sequence tells us that the 1N5GT is an i.f. 
amplifier, feeding the 1H5GT. It is trans- 
former -coupled to another 1N5GT tube whose 
input is likewise fed from an i.f. transformer 
(identified by the tuned primary and tuned 

secondary). Thus we know that the left-hand 
1N5GT in Fig. 5 is the first i.f. amplifier. 

I.F. transformer T4 is fed by a 1A7GT 
whose input connects to the antenna loop 
and whose first grid connects to a tank cir- 
cuit through condenser 07. There are no more 
tubes in the set, so the 1A7GT must be the 
oscillator -mixer found in every superhetero- 
dyne receiver. In this simple manner we have 
identified the purpose of each tube in the 
receiver. 

Signal Circuits. The parts list under Fig. 
5 indicates that L1 is the Beam -A -Scope Loop 
assembly, and it must therefore act as the 
antenna for the receiver. The expression 
"Beam -A -Scope" is a trade name used by 
General Electric to describe their shielded 
loop antenna. Additional pick-up may be ob- 
tained by means of an external loop L7 
which is furnished with the receiver and 
can be plugged into the terminals shown on 
the diagram. The two loops are inductively 
coupled together by the single turn of wire 
shown around Li in the diagram. 

Loop Ll is tuned to resonace by condenser 
CI, so signals picked up by LI undergo the 
usual resonant step-up. The use of L7 will 
cause some detuning, but the resulting loss 
in signal is more than made up by the great- 
er pick-up afforded by L7. The incoming car- 
rier signal to which L1 -C1 is tuned acts di- 
rectly on the control grid and filament of the 
1A7GT, because C10 provides a zero -react- 
ance path to the grounded filament at r.f. 
and i.f. values. 

The first and second grids of the 1A7GT 
(counting from the filament) serve as oscil- 
lator electrodes, the first being the oscillator 
control grid and the second being the oscil- 
lator anode. 

The incoming signal and oscillator signal 
are mixed within the tube, and we have a 
strong i.f. beat signal developed across the 
primary of T4. The signal induced into the 
secondary of T4 is applied to the input of the 
1N5GT first i.f. tube, the filament connection 
being through 010. The amplified signal now 
appears across the tuned primary of T5, set- 
ting up a high circulatory current at the 1.f. 
value, and this induces the i.f. signal voltage 
in the secondary of T5. Again we have 
resonant step-up, and the signal voltage 
across the secondary is applied directly to 
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the input of the second 1N5GT 1.f. tube. 
The resulting variations in the plate cur- 

rent of the second 1N5GT tube produce a 
large i.f. voltage across plate load resistor 
R5. This i.f. voltage is applied across re- 
sistor R6 through condensers C8, CUB and 
C9. The 1.f. voltage across R6 feeds the diode 
of the 1H5GT, the filament connection being 
through C9. The diode rectifies the signal 
and detection takes place. The a.f. signal 
divides between R6 and R1, but since RI is 
many times greater in value than R6, the a.f. 
signal loss across R6 is so small that it can 
be forgotten. 

I.F. signals are shunted around RI by C9. 
The d.c. component of the rectified audio sig- 
nal is fed through R4 for use as the a.v.c. 
voltage for the control grids of the converter 
tube and the first i.f. tube. WO acts as the 
a.v.c. filter condenser. That portion of the 
audio signal which is between the movable 
contact of Ri and ground is applied across 
117 in the grid input circuit of the 1H5GT 
triode section through C12. 

The amplified audio signal across triode 
plate load resistor R8 is applied across the 
grid input of the 1Q5GT through coupling 
condenser C13 and through C21B. Plate by- 
pass condenser C18 removes stray 1.f. com- 
ponents from this signal. The plate current 
of the 1Q5GT, varying at an audio rate and 
flowing through the primary of output trans- 
former T1, induces a voltage in the sec- 
ondary. The resultant current through the 
loudspeaker voice coil sets the cone in mo- 
tion, producing sound waves. 

C14, connected between the plate and 
¿creen grid of the 1Q5GT, prevents audio 
oscillation by making the plate load capaci- 
tive at the higher frequencies where oscilla- 
tion would otherwise take place. This con- 
denser also bypasses the harmonics pro- 
duced within the tube, and hence reduces 
distortion. The harmonics, being of a higher 
frequency than the fundamentals, are more 
easily by-passed by 014. 

How the Tubes Are Biased. As in all 
filament -type battery tubes, the effective con- 
trol grid voltage is the voltage between the 
control grid and the center of the filament. 
Naturally we cannot connect our voltmeter 
probe to the center of the tube filament, so 
the control grid voltage is measured between 
the control grid and the negative side of the 
filament. The tubes all have their negative 
filament leads grounded to the chassis, and 
the various grid voltage sources exist be- 
tween the grids and chassis. The voltage be- 
tween the center of the filament and ground 
(half of the filament voltage) serves as an 
additional bias. 

The triode section of the 1H5GT is self - 
biased by convection currents through R7, 
which has a value of 4.7 megohms. 

Bias cells (Bi) are used to provide control 
grid voltage for the 1Q5GT power tube. Since 
R9 has a value of 2.2 megohms, convection 
currents wouldn't produce much voltage 
across such a relatively low value of re- 

sistance in the grid circuit of a tube. 
Bias cells are more expensive than a single 

resistor of high ohmic value, but there is a 
good reason for using them here. The 1Q5GT 
tube is subject to gas, as are so many power 
output tubes. If a high -value grid resistor is 
used with a gassy tube, the resulting gas cur- 
rent through the grid resistor will be op- 
posite in direction to the convection current 
and much stronger. As a result, the gas cur- 
rent will drive the grid positive, increasing 
the plate current and releasing more gas, all 
of which causes serious distortion and 
shortens tube life. 

Because of the low plate and screen volt- 
ages which are employed for the converter 
and the i.f. tubes, no external grid bias 
sources are necessary for these tubes. The 
voltages between the centers of the filaments 
and ground provide sufficient initial bias 
voltage In each case. When a signal Is re- 
ceived, however, the a.v.c. voltage is applied 
to the converter and first 1.f. tube control 
grids. 

The Power Supply. The power supply of 
this receiver, shown inside the dotted lines 
in Fig. 5, is as complicated as any you will 
meet in ordinary receivers. This is due to 
the switching system and the manner in 
which the circuit is drawn. 

The tube filaments are heated directly by 
the 2 -volt battery, while the necessary high 
d.c. voltages for the tubes are furnished by 
a synchronous vibrator used in conjunction 
with a step-up power transformer and its 
associated filter circuit. The synchronous 
vibrator also operates from the 2 -volt bat- 
tery. 

Provision has been made to charge the 
battery directly from the house current with- 
out removing the battery from the receiver 
circuit. Two charging positions are provided 
on the four -position power selector switch. 
The "CHARGE" position of this switch al- 
lows the battery to be charged at the rate of 
approximately 1.35 amperes from the house 
current during the period that the receiver is 
not being operated. The "AC" position of the 
switch allows the receiver to he operated at 
the same time that the battery is being 
trickle -charged at a low rate. 

Charge Indicator. The degree of charge 
of the battery can be determined by remov- 
ing the back cover of the radio and looking 
at the charge ball indicators which are vis- 
ible through the hole in the metal battery 
case. 

If the battery is fully charged, three indi- 
cator balls will be visible at the surface of 
the liquid in the battery. When the battery 
discharges, these ball indicators will sink 
and disappear in the following order: 

1. The green ball sinks when approximate- 
ly 10%a of battery capacity has been dis- 
charged. 

2. The white ball sinks when 50% of bat- 
tery capacity has been discharged. 

3. The red ball sinks when the battery is 
90% discharged. 
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On charge, the balls rise or float in the 
reverse order. Charging is complete and may 
be stopped when all three balls appear in the 
opening. 

To Charge Battery. The battery is 
charged merely by plugging the receiver 
power cord into an a.c. wall outlet and turn- 
ing the selector switch to "CHARGE." The 
charge indicator balls should be.checked fre- 
quently. Continued charging after all indi- 
cator balls are visible will not harm the bat- 
tery, but will evaporate the water in it 
faster. A completely discharged battery will 
usually be restored in 20 to 30 hours. 

Power Pack Circuit for "CHARGE." Set- 
ting the power selector switch to "CHARGE" 
(for charging the battery from the a.c. power 
line without operating the receiver) con- 
nects switch terminals 2 and 3 together, and 
also connects 8 and 9 together, as indicated 
in the box at the left of the diagram in Fig. 
5. When the power pack circuit is redrawn 
to show only these switch terminals and the 
associated parts which are effective, we se- 
cure the arrangement shown in Fig. 1. Of 
course, switches 8-9 and 3-2 would he closed 
during charging. Charging currents can now 
be easily traced on this simplified circuit. 

During charge, electrons must flow into 
the negative terminal of the battery and out 
of the positive terminal. The charging volt- 
age need be only a small amount higher than 
the normal battery voltage of 2 volts. Trans- 
former T3 in Fig. I provides about 51/2 volts 
a.c. between secondary terminals æ and y. 
The four copper -oxide rectifiers, each pair 
in parallel, convert this to the required d.c. 
voltage. 

When point a is negative, point z is posi- 
tive. Then electrons flow from a through 
rectifier Y2 and the chassis to the negative 
battery terminal, through the battery and 
back to z. Electrons only flow through the 
copper -oxide rectifiers in the direction from 
the flat plates to the triangles on the sym- 
bols, so there is no electron flow now through 
rectifier Y2. 

On the next half -cycle, y is negative and 
a is positive, so z is now positive with re- 
spect to y. Electrons flow from y through 
Yl and the chassis, then through the bat- 
tery in the same direction as on the previous 
half -cycle, adding to the charge of the bat- 
tery. The electrons coming out of the posi - 

Fig. I. Effective power pack circuit when power 
selector switch is set at "CHARGE." Arrows in- 
dicate direction of electron flow through rectifier 

units. 

five battery terminal return to z through 
switch contacts 3-2. We thus have a full - 
wave rectifier, with first one half of the 
transformer secondary and then the other 
half furnishing current to the battery. 

Power Pack Circuit for "BATTERY." 
When the switch is thrown to the "BAT- 
TERY" position for portable operation, con- 
tacts 4-5 and 2-1 are closed, giving the ef- 
fective circuit arrangement shown in Fig. 2. 
The filaments secure their voltage from the 
battery through contacts 4-5 and series re- 
sistors R18, R11 and R12, with the circuits 
being completed through the chassis by 
means of grounds. 

When the power selector switch is in its 
"OFF" position, all switch contacts are open, 
and the vibrator reed is in a neutral position 

-e 

Fig. 2. Effective power pack circuit when power 
selector switch is set at "BATTERY." 

half -way between contacts l'1 -P2 and S1 -Sb. 
Only contact A on the vibrator is closed. 

Setting the switch to "BATTERY" closes 
switch contacts 2-1 and 4-5, and the battery 
sends current through vibrator contact A 
and through the vibrator coil L. This ener- 
gizes the coil, causing it to attract the vi- 
brator reed. The reed is pulled toward the 
coil, thereby grounding contacts P1 and SI. 
This results in electron flow from the 
grounded terminal of the storage battery 
through the reed and PI, through the left- 
hand side of the primary of power trans- 
former T2, then through L6 and switch con- 
tacts 2-1 to the positive battery terminal. 

The sudden rush of current through 
primary winding P causes a high voltage to 
be induced into secondary S. Let us assume 
that it makes point i on the secondary nega- 
tive with respect to the center tap. Electrons 
now flow from point 1 through contact S1 to 
the chassis, then through all the tube loads 
in the receiver, represented in Fig 2 as re- 
sistive load RL. From the B+ end of RL 
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THORDARSON 15 -WATT AUDIO AMPLIFIER 
THIS amplifier, whose circuit diagram is 

shown In Fig. 6, has sufficient power out- 
put to satisfy the requirements of many dif- 
ferent public address installations. The 
versatility of the amplifier is evident when It 
is realized that it can be used for ordinary 
p.a. (public address) work, as a phonograph 
amplifier, for commercial or home recording, 
or to amplify the output of a photocell. 

Starting with the output stage,. we see that 
type 6V6 -G beam power output tubes are 
used in a class A circuit. Distortion is kept 
below 5% even at full output by the use of 
inverse feed-back. This low level of distor- 
tion is quite good. 

The high -impedance microphone and high - 
impedance phonograph channel, with inde- 
pendent gain controls, will allow use of any 
type of microphone and either a crystal or 
magnetic pick-up. The gain is sufficient to 
obtain full output either from the micro- 
phone or pick-up under normal operating 
conditions. 

The circuit diagram shows two loud- 
speaker sockets, in which either electro- 
dynamic or p.m. dynamic loudspeakers can 
be plugged. The power pack is designed to 
serve as field supply for one or two electro- 
dynamic loudspeakers. More than two p.m. 
dynamic loudspeakers can be used, but nor- 
mally there would be no reason to use more 
than two with a relatively small p.a. system 
like this. 

When a phono pick-up is used, the leads 
are plugged into the jacks provided on the 
PHONO terminal strip, and microphone vol- 
ume control R-8 is set for zero volume (so its 
movable contact is grounded). The signal 
voltage from the pick-up Is applied across 
phono volume control R-6, and the portion of 
this voltage between the. movable contact 
and ground Is applied to a voltage -dividing 
network consisting of resistors R-7 and R-9. 
Only that portion of the signal across R-9 is 
applied to the input of the second 6J7 tube, 
the a.f. signal across R-7 being lost as far 
as the amplifier is concerned. This cuts the 
signal in half, but the gain built into the am- 
plifier takes this into consideration. 

The purpose of resistor R-7 is to isolate 
phono volume control R-6 from microphone 
volume control 1? -8 when the microphone in- 
put is used. Under this condition, R-6 is set 
to zero, and volume is controlled by R-8. If 
it were not for resistor R-7, control R-6 in 
its off position would connect the control grid 
of the second 6J7 tube directly to ground, 
thus cutting off the microphone signals. Re- 
sistor 1? -7 Is 500,000 ohms, which is enough 
to isolate 1? -6 from the microphone volume 
control. 

Note the symbol for the microphone jack. 
The jack is of the telephone type, the out- 
side shell going to ground and the hot (un- 
grounded) contact going to coupling con- 
denser C-2. When a "mike" is plugged into 

this jack, one lead makes contact to the chas- 
sis through the jack shell, while the other 
cotmects to condenser C-2. 

The mike signal is impressed through C-2 
across the single bias cell and resistor R-3. 
In this way it is fed into the input of the 
first 6.17 tube. This tube is connected as a 
high -gain voltage amplifier. The weak a.f. 
signal applied to its input is amplified many 
times, so a strong a.f. signal is developed 
across plate load resistor R-5. Capacity 
coupling through condensers C-4 and C-10 
allows the signal to be applied across volume 
control R-8, whose setting governs the 
amount of signal fed into the second 637 
tube. 

At the microphone input, you will notice 
the terminal strip marked POL -V. This 
means polarizing voltage. When a condenser - 
type microphone is employed, a wire jumper 
is used to connect terminals 1 and 2 together, 
thus applying the necessary high d.c. voltage 
to the microphone plates. Here resistor R-2 
and condenser C-1 serve as a decoupler fil- 
ter, preventing any hum voltage from being 
applied to the condenser microphone and 
preventing the microphone signal from 
traveling through the power supply. 

If a photoelectric cell of the gas -filled type 
is plugged into the mike jack, about 90 volts 
will be required to operate the cell. At ter- 
minal I we have about 270 volts, and when 
a photocell is used this is reduced to 90 volts 
across the mike jack by connecting a 5-meg- 
ohm, 1 -watt resistor between terminals i 
and 2. 

If a condenser microphone or photoelectric 
cell is never to be used, R-1, R-2 and C-1 are 
eliminated during construction of the am- 
plifier. 

The shielding of wires and parts in the 
circuits of the two 637 tubes and the 6C5 
tube is very important, if hum and noise are 
to be eliminated. Any bum or noise signals 
picked up at these points would receive great 
amplification. If they were as strong as the 
a.f. signals normally existing here, they 
would be just as loud at the loudspeakers, 
thus preventing use of the amplifier. 

The microphone, photocell or phono sig- 
nals applied to the input of the second 637 
tube cause a large variation in the tube's 
plate current. The variation in current flow- 
ing through plate load resistor R-11 pro- 
duces a strong a.f. output voltage across 
R-11. 

Before we follow the signal to the next 
stage, note the electrode connections em- 
ployed in the second 6J7 tube. With the 
screen grid, suppressor grid and plate tied 
together in this manner, the tube acts as a 
triode instead of a pentode. The gain as a 
triode is considerable, but far less than that 
obtained with the pentode connection used - 
for the first 6J7 tube. 

The triode connection was employed be - 
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should read about 310 volts. Now notice that 
the screens of the output tubes are marked 
340 volts. The screens connect directly to the 
positive lead of C-13 and hence are at the 
same potential as C-13 with respect to 
ground. The difference between the marked 
voltages shows that the draftsman who made 
up this schematic was careless. In a case 
like this, you must rely on your own knowl- 
edge and be able to make up your mind that 
an error exists. In all probability, 340 volts 
and not 310 volts is correct. 

Note that the 6V6 -G plates are marked 306 
volts. If 310 volts is right and the plates 
are marked correctly, there is only a drop 
of 4 volts across the plate windings of out- 
put transformer T-2. This is not reasonable. 
Now if 340 volts is correct, the drop across 
the plate windings is 34 volts, which is about 
the amount you would expect. 

The plate voltages of the 6J7 and 6C5 
tubes were probably measured with a 1000- 
ohm-pervolt meter. If a more sensitive meter 
is used, a higher voltage will be measured, 
since the meter will draw less current 
through the plate load resistors and hence 
won't cause as much extra voltage drop to 
exist across them. 

J 

Fig. 6. Circuit diagram of Thordarson-designed 
15 -watt a.f. amplifier. The parts values are: 

T -I Input Transformer 
T-2 Output Transformer 
T-3 Power Transformer 
CH -I First Choke 
CH -2 Second Choke 
R-1 - 10-me9., 1/2-W. 
R-2 10-meg., 1/2-W. 
R-3 5-meg., 1-W. 
R-4 3-meg., I -W. 
R-5 500,000 -ohm, I -W. 
R-6 I-meg. Volume Control 
R-7 500,000 -ohm, I -W. 
R-8 I-meg. Volume Control 
R-9 500,000 -ohm, I/= -W. 
R -I0 5000 -ohm, I -W. 
R-11 100,000 -ohm, I -W. 
R-12 500,000 -ohm Tone Control 
R-13 1000 -ohm, I -W. 
R-14 20,000 -ohm, I -W. 
R -I5 20,000 -ohm, 1-W. 
R -I6 2500 -ohm, 25-W. wirewound 
R-17 1500 -ohm, 25-W. wirewound 
R-18 125 -ohm, 25-W. wirewound, Tolerance 

+ 10%, -0% 
R -I9 2500 -ohm, 25-W. wirewound 
C -I .I-mfd., 400-V. paper 
C-2 1-mfd., 400-V. paper 
C-3 04-mfd., 400-V. paper 
C-4 .I-mfd., 400-V. paper 
C-5 10-mfd., 25-V. electrolytic 
C-6 .I-mfd., 400-V. paper 
C-7 .03-mfd., 400-V. paper 
C-8 l0-mfd., 25-V. electrolytic 
C-9 I mfd., 400-V. paper 
C-10, C -II 8-8 mfd., 450 W.V. electrolytic 
C -I2 8-mfd., 600-V. electrolytic 
C-13 8-mfd., 600-V. electrolytic 
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EMERSON Model DU -379 and DU -380 Battery Portable 
GENERAL Description. Although the 

diagram of this battery portable (Fig. 7) 
bears two model numbers, both models are 
essentially the same. The only difference 
lies in the degree of portability. The model 
DU -379 is an outdoor portable and may be 
carried by the special strap which fits over 
the user's shoulder. Since the loop is placed 
in this strap, there is a slight difference in 
the design of this loop and the one used in 
the model DU -380. Other than this, the two 
sets are identical and are both known as the 
DU chassis. 

To achieve real portability, special small - 
size, low -current -drain tubes are used. Two 
flashlight cells connected in parallel serve as 
the A supply, and a special light -weight 67% - 
volt B battery is used. 

The tubes and their functions, which you 
should be able by this time to identify with- 
out trouble, are : A 1R5 pentagrid converter 
tube as the oscillator -mixer -first detector ; 

a 11'4 super control tube as the i.f. ampli- 
fier; a 1S5 diode -pentode as the second de- 
tector, a.v.c. and first a.f. amplifier; a 1S4 
power output pentode to feed the loud- 
speaker. 

Signal Circuits. There are a number of 
small but important variations from normal 
in the circuits of this receiver which make it 
of interest. Each item will be explained as 
we come to it. 

Signals picked up by the loop may be tuned 
in by adjusting the tuning condenser dial, 
which controls ganged condensers C1 and 02. 
Condenser CI tunes the loop, and the chosen 
signal receives a boost in strength due to 
resonant step-up. 

In the shoulder -strap model DU -379, the 
inductance which is tuned by Cl consists of 
loop 12 and an extra inductance L1. In 
home -model DU -380, all of the inductance is 
concentrated in the loop, which is rigidly 
fastened in place, and Li is absent. In model 
I)U-379. the loop shape will change as the 
wearer breathes and moves around. This re- 
sults in some inductance change; to avoid 
serious detuning, most of the circuit in- 
ductance is concentrated in Li. Then even 
large changes in the loop inductance have 
only a small effect on the total circuit in- 
ductance and hence on tuning. The shoulder - 
strap loop is primarily a pick-up device 
rather than a tuning coil. 

In both models, the resonant circuit is 
completed through 05 which, as far as r.f. 
is concerned, acts like a short circuit. 

The modulated carrier of the selected sta- 
tion appears across Cl, and is applied to the 
input of the first detector. The filament con- 
nection is made through the chassis and the 
lower half of oscillator tank coil Ti. At the 
same time, the oscillator signal is injected 
into the first detector. The two signals are 
mixed inside the tube. The resulting i.f. beat 

voltage, bearing the original carrier modu- 
lation, is applied to the primary of i.f. trans- 
former T2. 

An examination shows the oscillator cir- 
cuit to be different from that found with the 
usual pentagrid converter tube. First, you 
will note that we have been speaking of the 
1R5 as a pentagrid converter, when only four 
grids are shown. The facts of the case are 
that the manufacturer's draftsman took a 
little poetic license and left out the suppres- 
sor grid, figuring perhaps that the tube draw- 
ing was going to be spread out enough as 
it was, and it didn't matter as far as service 
work was concerned. In this he was right, 
for the extra grid, placed between the screen 
and plate, connects inside the tube envelope 
to the negative side of the filament, and 
serves to prevent secondary emission from 
the plate to the screen. A serviceman can't 
get at this grid or do anything about it, so 
it doesn't enter as a service problem. If the 
grid shorts to the plate, a tube tester will 
show this up in the usual manner, and in 
the set the short, if it occurred, would ap- 
pear to be between the plate and filament. 

The oscillator is an ordinary Hartley 
with the plate grounded. Here the screen 
grid acts as the plate, and the screen is kept 
at r.f. ground potential by means of by-pass 
condenser C9. The screen also acts as the 
virtual cathode as far as the detector sec- 
tion is concerned. The third grid, which is 
the detector control grid, controls the stream 
of electrons coming through the screen grid. 
This electron stream is varying at the oscil- 
lator frequency, so the i.f. beat is produced 
in the detector (mixer) section of the tube. 

Feed-back in the oscillator is obtained by 
causing the plate current to flow through the 
tapped portion of Tl. The voltage induced 
into the rest of TI causes the circuit consist- 
ing of T1 -C2 to oscillate at its resonant fre- 
quency. The oscillator voltage is applied to 
the oscillator control grid through 06. R1 is 
the oscillator grid resistor, and LS is used 
to prevent the 1115 filament and the A bat- 
tery from shorting the tapped section of Tl. 
Such a short would prevent the oscillator 
from working. 

Now that the oscillator has been investi- 
gated, let us return to the i.f. signal de- 
livered by the 1115 to resonant circuit T2- 
07 of the first i.f. transformer. This circuit 
is adjusted to resonance at the i.f. value (455 
ke.), not by varying the capacity of C7 but 
by adjusting the inductance of the primary. 
This winding has a pulverized iron core 
which can be screwed in or out of the coil 
to change the inductance. As more of the 
core is moved into the coil, the inductance 
is increased and the resonant frequency 
thereby lowered. 

By mutual induction a voltage is induced 
into the secondary shunted by C8, and again 
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LI Iron -core loading coil (Model DU -379 only) 
L2 Shoulder -strap loop assembly (Model DU 379 only) 
L2 Loop antenna (Model DU -380 only) 
TI Oscillator coil 
12 Iron -core double -tuned 455-kc. first i.f. transformer 
13 Iron -core single -tuned 455-kc. second U. transformer 
RI 100,000 -ohm I/4 -W. carbon resistor 
R2 5000 -ohm, 1/4-W. carbon resistor 
R3 10,000 -ohm, I/4 -W. carbon resistor 
R4, R12 5-megohm, /4-W. carbon resistor (R12 Is omitted on later models) 
RS Volume control, I.5-megohm, with double pole battery switch 
R6 10-megohm, I/4 -W. carbon resistor 
R7, R9 3-megohm, I/4 -W. carbon resistor 
RB 1-megohm, /4-W. carbon resistor 
RIO 2200 -ohm, 1/4-W. carbon resistor 
RII 1800 -ohm, '/4-W. carbon resistor 
CI, C2 Two -gang variable condenser 
C3, C4 Trimmers, part of variable cond. 
C5, C9, C15 .,0.02-mfd., 200 -volt tubular cond. 
C6, C12, C14 .0.00011-mfd. mica condenser 
C7, C8, C11 Fixed trimming condensers, contained inside i.f cans 
C10 10-mfd., 100 -volt dry electrolytic condenser 
C13 0.002-mfd., 600 -volt tubular cond. 
C16, Cl7 0001-mfd., 600 -volt tubular cond. 
4" permanent magnet dynamic loudspeaker 
Double -pole, double -throw "Economizer" twitch 
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Automatic Model P57 Three -Way Portable Receiver 
GENERAL Description. The Automatic 

Model P57 can be powered from three 
different sources-self-contained batteries, a 
110 -volt a.c. power line, or a 110 -volt d.c. 
power line. In other words, this is an a.c.- 
d.c.-battery receiver. 

A study of the diagram in Fig. 8 shows 
that the receiver consists of a 1A7G pentra- 
grid converter tube, a 1N5G i.f. amplifier 
tube, a 1H50 combination second detector- 
a.v.c.-first audio tube, a 1A5G power output 
tube and a 25Z6 rectifier. 

Excellent reception can be had by using 
the self-contained loop aerial alone. Ter- 
minals A and G are provided, however, for 
Connecting to an outside aerial and ground 
when more distant reception is required. 
When an aerial and ground are used, the 
antenna current flows through the wire 
placed around the outside of the loop, and 
induces a signal voltage into the loop. 

Signal Circuits. The signal picked up by 
the loop is resonated by the tuning conden- 
ser, and the stepped -up signal voltage is ap- 
plied to the input of the 1A7G type tube. 

An r.f. oscillator signal is being produced 
at the same time in the 1A7G tube, due to 
feed-back from the oscillator coil plate wind- 
ing to the tank circuit. You will note that 
the first two grids of the tube are used as the 
oscillator grid and anode electrodes. The 
tank circuit is coupled to the oscillator grid 
through the .0001-mfd. condenser. The 50,- 
000 -ohm resistor produces the oscillator grid 
bias due to the rectified grid current flowing 
through it. 

The varying electron stream leaving the 
second grid passes through the screen grid to 
the plate. This electron stream is acted on 
by the signal voltage applied to the input of 
the tube, and the oscillator and incoming sig- 
nals are thus mixed within the tube. 

The screen surrounding the 1A7G control 
grid (the fourth grid from the filament) pre- 
vents any interaction between this grid and 
the oscillator electrodes, and also acts as a 
capacitive screen between the plate and the 
detector control grid. 

The 1.f. signal voltage developed across the 
primary of the first i.f. transformer causes a 
large i.f. current to flow through the trans- 
former winding. 

By mutual induction a signal appears in 
the secondary of the transformer and there 
undergoes resonant step-up. This signal is 
applied directly to the input of the 1N5G i.f. 
tube. Since this is a high -impedance pentode 
tube, a large i.f. voltage will be built up 
across the primary of the second 1.f. trans- 
former, much larger than the one which was 
applied to the input of the 1N5G tube. 

The i.f. signal voltage induced into the 
secondary of the second i.f. transformer is 
now large enough for detection. 

When the í.f. signal makes the diode plate 

of the 1H50 tube positive, electrons flow 
from the filament to this plate, through the 
secondary of the second i.f. transformer and 
through the volume control to the filament. 
The i.f. component is prevented from flowing 
through the volume control by means of the 
.0002-mfd. by-pass condenser connected from 
the hot side of the volume control to the 
chassis. The filament side of the volume 
control is grounded to the chassis by means 
of the .1-mfd. condenser. 

The a.f. signal voltage appearing across 
the volume control is applied to the 15-meg- 
ohm grid resistor and the grid of the 1H50 
tube through the .01-mfd. coupling con- 
denser. 

The amplified a.f. signal appears across 
the 1-megohm plate load resistor of the 
1H50 tube. This signal is also applied across 
the 2-megohm grid resistor for the 1A5G type 
tube through the .002-mfd. coupling con- 
denser and the 20-mfd. output filter conden- 
ser, with the filament connection being 
through the 100-mfd. electrolytic condenser. 

The application of the signal to the input 
of the 1A5G tube causes large changes in 
plate current flowing through the primary of 
the output transformer, and this a.f. plate 
current induces the signal voltage in the 
secondary. This causes a.f. current to flow 
through the voice coil, thus setting the cone 

1A7 G 

I . 
+56 kF. 

Fig. 8. Schematic circuit diagram of Automatic 
Model P57 combination a.c.-d.c.-battery port- 

able 5 -tube superheterodyne receiver. 
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Fig. 9. The power pack and filament circuits of 
the Automatic Model P57 receiver have been 
redrawn here to show that the individual cir- 

cuits are simple and quite conventional. 

diagram in Fig. 9 will show that between 
the negative side of the 1A50 tube and the 
chassis we bave the filaments of three tubes, 
each getting about 1.5 volts. This means 
that the grid of the 1A5G' tube is about 4.5 
volts negative with respect to the negative 
side of the 1A5G tube filament. 

The 2000 -ohm and 1000 -ohm resistors in 
the filament supply circuits are used as 
shunts to take care of the plate currents of 
the tubes. Flowing through the 1A70 and 
1H5G filaments are the .05 -ampere filament 
currents and the plate currents of these 
tubes. The plate current of the 1N5G di- 
vides between the 2000 -ohm shunt resistor 
and the filaments of the 1A7G and 1H50 
tubes. The plate current of the 1A5G tube 
divides between the 1000 -ohm resistor and 
the circuit consisting of the 1A7G 1N5G and 
1H5G filaments and the 2000 -ohm shunt re- 
sistor. While the receiver would work with- 
out the shunts, the current through the fila- 
ments would be excessive and would tend 
to shorten tube life. 

Servicing Hints. Receivers of this type 
are subject to the same defects as are en- 
countered in a.c.-d.c. or battery receivers. 
Bear in mind, however, that when the re- 
ceiver is operated from the power line, a de- 
fect in one power supply may be masked by 
proper operation of the other supply. For 
example, the rectifier tube may be worn out, 
but the receiver will play normally on the 
power line, for the batteries will furnish 
power. Bad batteries, on the other hand, 
will be masked by the power pack on power 
line operation. 

We are most concerned here with straight 
battery operation, since you are familiar 
with a.c.-d.c. power supply troubles. About 
all that could occur to the power pack would 
be tube and filter condenser troubles, or 
burning out of the pilot lamp. If the pilot 
lamp must be replaced, use an exact dupli- 
cate as no other will work properly A 
burned -out pilot lamp should be replaced as 
soon as possible, because its failure forces 
the 6 -volt battery to supply filament current 
during a.c or d.c. operation. 

On battery operation, most trouble is due 
to worn-out batteries. If the battery volt- 
ages will not come up to normal and give sat- 
isfactory results even after prolonged opera- 
tion of the receiver from the power line with 
the 1A5G tube removed, new batteries are 
necessary. 

The battery voltage should be measured 
with the receiver operating only from bat- 
teries and all of the tubes in place. This 
places a normal load on the batteries, so high 
internal resistance which causes appreciable 
internal voltage drop in a bad cell will be 
revealed. Without normal load, a high -re- 
sistance serviceman's voltmeter won't draw 
enough current to produce an appreciable 
voltage drop in the batteries, and normal 
voltage will .be measured even though the 
batteries are run-down. 

Low battery voltages will usually affect 
the operation of the oscillator first, since this 
circuit is the most critical as to voltage. 
Since it is harder for oscillation to be main- 
tained at the lower frequencies, the receiver 
will first go dead at the low -frequency end 
of the dial. As the batteries continue to de- 
teriorate, the set will go dead over the en- 
tire dial, since the oscillator will refuse to 
operate at any point on its range. 

When an oscillator goes dead in this man- 
ner, a very characteristic effect is sometimes 
observed ; a powerful local station, usually 
one at the low -frequency end of the dial, will 
be heard regardless of how the receiver is 
tuned. Such an occurrence is definite proof 
of oscillator failure, and indicates that the 
set is acting as a broadly -tuned t.r.f. re- 
ceiver. 

About the only other trouble peculiar to 
battery receivers Is intermittent reception 
and noise caused by poor or corroded con- 
nections inside of the batteries. A substi- 
tution of new batteries or a careful volt- 
meter cheek will show up such trouble. 
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Philco Model 610 Three -Band A.C. Superheterodyne 
GENERAL Description. The Philco Model 

610 is a three -band a.c: operated super- 
heterodyne using a type 6A7 mixer, a type 78 
in the 1.4. amplifier, a type 75 as a combina- 
tion detector, a.v.c. and first a.f. tube, a type 
42 in the power output stage and a type 80 
rectifier in the power supply. All of these 
stages are clearly identified on the schematic 
circuit diagram in Fig. 10. The wave -band 
coverage is : Band 1, 530-1720 ke. band 2, 
2300-2500 kc. (2.3-2.5 megacycles) ; band 3, 
5700-18,000 ke. (5.7-18 megacycles). The de- 
sign of this receiver is straightforward, the 
circuits being similar to those which you 
have already studied. 

Wave -Band Switch and Circuits. A radio 
technician is only interested in that section 
or circuit in which trouble exists. He is 
guided to this point either by the symptoms 
exhibited by the receiver or by a stage isola- 
tion procedure as outlined in the Advanced 
Course in Radio Servicing. The rest of the 
receiver he ignores. With this method, he 
will probable escape the necessity of delving 
into the wave -band switching circuits. 

However, if trouble is encountered in the 
preselector-mixer-oscillator system, he must 
be able to unravel the wave -band circuits 
and make tests on them. Furthermore, to 
align the set, he must be able to identify 
the trimmers appearing in the diagram and, 
from their electrical positions in the circuit, 
determine their purpose. 

In such a case he sees the same thing you 
see here-a conglomeration of switch con- 
tacts, coils, condensers and wires. The ex- 
pert ignores all this and sets about sys- 
tematically to trace through the circuits. He 
knows that the 6A7 has a tuned input cir- 
cuit, because no manufacturer would build a 
receiver without a preselector between the 
mixer and antenna. Furthermore, this 
tuned input circuit must connect between the 
6A7 top cap and the a.v.c. bus. These two 
points are readily located in the diagram, the 
a.v.c. bus being the wire lead connecting to 
the junction of a.v.c. filter condenser 25 and 
filter resistor 29. 

Let us trace the tuned input circuit. We 
start with the 6A7 top cap, and follow the 
lead down to terminal S of switch section 2. 
Looking at this section, we see that there 
are two other terminals like S, marked 
and P, each feeding a different set of leads 
through contacts. We rightfully assume that 
this is a three -pole, three -position switch and 
that terminals S, G and P are input ter- 
minais for the three poles of the switch. 

With the switch set to position 1 as shown 
in the diagram, terminal S makes contact 
only to terminal M through the round black 
"ball" which represents the movable contact 
element for this pole of the switch. This 
black ball always makes contact with S. 

From M we go to the junction of trimmer 

5 and tuning coil LE. We ignore the tap on 
LE, as a glance at terminal G of switch sec- 
tion 2 shows it isn't used. The other end of 
LE connects to the a.v.c. bus, which is the 
other end of the tuned input circuit we were 
tracing. 

This gives us the general technique for 
tracing through the wave -band switch, and 
we can now trace the other circuits for 
switch position 1. Coil L3 and its primary 
L1 are ignored, because coil LE is being used 
and we wouldn't expect another tuned cir- 
cuit to be employed at the mixer input at the 
same time. Since LE is in use, its primary is 
in use, and we may be sure the primary is 
carrying energy delivered to it by the an- 
tenna system. The primary is checked by 
connecting an ohmmeter between the ANT 
lead and the chassis. We will expect a read- 
ing of about 32 ohms if everything is intact. 

Switch position 1 is for the broadcast band 
(the lowest -frequency band on the set), be- 
cause coil LE (connected to S for position 1) 
has a higher resistance and hence a greater 
number of turns than coil LS. L3 must be 
the short-wave coil for band 3, since it has 
the lowest resistance and therefore the low- 
est inductance. 

Since LE is the broadcast band antenna 
coil, its associated trimmer 5 is the broad- 
cast band antenna trimmer, and is to be ad- 
justed somewhere near the high -frequency 
end of its band (1400 kc. is a popular adjust- 
ment point). 

...Now that we have accounted for the pre - 
selector, let's take a look at the oscillator. 
We have two sets of coils, L4 -L6 and L5 -L7. 
Coils L6 and L7, being connected to trim- 
mers, are the tank coils. Since L6 has the 
greatest resistance, it is the broadcast band 
oscillator coil, in which we are now interest- 
ed. 

Again we have two reference points-the 
6A7 oscillator grid, which is the first grid 
from the cathode, and the cathode of the 
6A7. Since the cathode goes to chassis 
through resistor 16, we will use the chassis 
for reference purposes. 

Follow the lead from the oscillator grid, 
noting that it connects from oscillator tuning 
condenser 19 to pole P on switch section 2. 

The switch contact connects it to switch 
terminal Q, and from here we go to tank 
coil L6. This coil connects to tuning con- 
denser 19 through condenser 10 which, being 
in series with the tank circuit, is the oscil- 
lator low -frequency padder. This padder, as 
its name implies, is to be adjusted at the 
low -frequency end of the broadcast band ; 

600 kc. is the most favored adjusting fre- 
quency. 

Trimmer condenser 11, which is in shunt 
with the oscillator tuning condenser, is the 
high -frequency oscillator trimmer. Like 
trimmer 5, it is to be adjusted at 1400 ke. 
The position of resistor 17 is a little uncon- 
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We have now investigated the Important 
sections of the preselector and oscillator cir- 
cuits for all bands. In each case, the oscil- 
lator signal and the preselector signal are 
mixed in the 6A7, and produce a 460-kc. beat. 
This is passed into the i.f. amplifier through 
the first i.f. transformer (21). After ampli- 
fication by the type 78 1.f. tube, the i.f. signal 
is transferred to the diode detector circuit 
of the type 75 tube by the second i.f, trans- 
former (27). 

After detection, the rectified signal volt- 
age appears across volume control 33, which 
is also the diode load resistor. The signal 
amplified by the triode section of the 75 tube 
is passed by means of resistance coupling to 
the type 42 power output tube. The output 
of this tube feeds the loudspeaker voice coil 
through output transformer 49. 

Since this receiver was chosen to give you 
practice with wave -band switch circuits, we 
have omitted discussion of the rest of the 
receiver circuits. These circuits have pre- 
viously been covered, and should hold no 
secrets from you. However, if you want a 

OUTPUT, 

little practice you might explore their possi- 
bilities and explain them to yourself as we 
have done for similar diagrams. 

Here is a little additional work of a prac- 
tical nature. The following symptoms are 
often encountered in this receiver and are 
due to the causes listed. Try to figure ont 
why these particular defects (canses) 
should result in these symptoms. 

Symptom 
Dead only when tone control 

52 is on. 
Hum when cone is replaced. 

Hum stops only when 42 is 
removed. 

Distorts; clears up when hand is 
held on 75 top cap and chassis. 

Distorts and cuts off on strong sig- 
nals when volume control is ad- 
vanced. 

Dead; circuit disturbance test 
shows all stages pass signal. 

Blasting when tuning from one 
station to another. 

Audio oscillation when tone con- 
trol 52 is off. 

Cause 
Short in .02-mfd. 

section of 51. 
Voice coil connec- 

tions reversed. 
Open in right-hand 

section of con- 
denser 36. 

Leakage in 45 or 
leakage in 47. 

Leakage in 34. 

Open in resistor 
42. 

Short or leakage in 
condenser 25. 

Open in .0I-mfd. 
section of con- 
denser block 51. 
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further variations in cathode current, and in 
this manner oscillation is maintained. The 
grid bias voltage produced across the 20,000 - 
ohm self -bias resistor prevents the cathode 
current from exceeding the safe rating of 
the tube. 

Due to the oscillator action, the electron 
flow from the cathode through the oscillator 
grid and the screen grid (oscillator plate) to 
the plate of the 6SA7 is a pulsating stream. 
As far as the mixer grid is concerned, how- 
ever, the screen grid is the virtual cathode 
which is supplying a pulsating electron 
stream. 

At the third grid from the cathode (mixer 
grid), the incoming signal is applied. It 
mixes with the local oscillator signal, and 
the resulting beat (the difference between 
the two signal frequencies) forms the inter- 
mediate frequency. 

Switch Position 2. When the band switch 
is thrown to manual tuning, the switch con- 
nections are those shown for position 2 in 
Fig. 18. Let us analyze the circuits which 
are in action now. 

Antenna current flows through switch con- 
tacts 6-2 of section S2R and through the 
primary of coil L25 to ground. Section 81F 
connects contacts 2, 6 and 8 together so the 
secondary of L25 is tuned by variable con- 
denser V.O. The signal undergoes resonant 
step-up, after which it is applied to the 
6SI{7 r.f. amplifier tube in the usual manner. 
The amplified signal current flows through 
the primary of coil 2035, which is shunted 
by a 2000 -ohm resistor to broaden the tuning 
and thus prevent side -band cutting. A volt- 
age is induced in the secondary, where it un- 
dergoes resonant step-up, and the resulting 
signal is applied to the 6SA7 input through 
the .0003-mfd. coupling condenser. 

In the oscillator circuit, the connections 
and circuit action of coil 2035, with its trim- 
mers and padder, remain the same as for 
push-button operation. However, contact is 
made to 8 instead of 7 on switch section S5F, 
to put main tuning condenser V.C. In the cir- 
cuit in place of the push-button trimmers. 
Mixing occurs in the 6SA7 as before, and the 
i.f. signal is delivered to the i.f. amplifier. 

Switch Positions 3 and 4. The circuits for 
these two short-wave band positions are 
identical to those for the broadcast band, 
and hence need not be traced in detail. The 
selector switches merely place different sets 
of coils in their respective circuits. 

The A.M. I.F. Amplifier. From the sche- 
matic diagram, you see that there are two 
I.Y. transformers between the mixer and the 
6AC7 first i.f. tube, one for f.m. and the other 
for a.m. We identify the top transformer in 
the schematic as the f.m. transformer be- 
cause its secondary connects to the FM ter- 
minal of S7R. The primary of this trans- 
former offers little opposition to the 465-ke. 
i.f. signal, so the a.m. signal passes through 
it to the primary of the a.m. transformer. 

A large 465-kc. current flows in the tuned 

primary of the a.m. transformer, and a cor- 
responding signal, which also undergoes res- 
onant step-up, is induced into the secondary. 
This is applied to the control grid of the 
6AC7 first I.f. tube through condenser Cs and 
to its cathode through the chassis and the 
.05-mfd. cathode by-pass condenser. 

The tube amplifies the signal and a large 
l.f. voltage is built up across the plate load. 
But what is the plate load? It is not the 
resonant circuit formed by coil 56-936 and 
condemner 08, for these are shunted by a 
4000 -ohm resistor which is not used in a.m. 
loads. We can assume that condenser Ce 
acts as a short across the coil and resistor 
at a.m. 1.f. frequencies. The next device in 
the plate circuit is a tapped resonant circuit, 
and this is what serves as the a.m. plate 
load. 

It is unusual to see a tapped resonant cir- 
cuit of this sort, for only the lower coil sec- 
tion, between the tap and B+, acts as the 
load. The voltage across this section is large, 
due to the resonant step-up provided by tun- 
ing the circuit. This voltage is transferred 
through Ce, the .00005-mfd. coupling conden- 
ser and the .1-mfd. plate by-pass, and ap- 
pears across the 500,000 -ohm grid resistor 
for the next stage. 

The 500,000 -ohm grid resistor, therefore, 
shunts the lower section of the coil. The re- 
sistor is not across the entire resonant cir- 
cuit, however, and because of this, a reason- 
able degree of selectivity is still secured. At 
the same time, since the entire voltage across 
the resonant circuit is not transferred to the 
grid resistor, the gain is reduced. With two 
stages of i.f. amplification, there is gain to 
spare, and the slightly broadened response 
curve of the i.f. amplifier results in good 
fidelity. The f.m. transformer is not tapped 
in this manner because both broad tuning 
and all available gain are desired. 

The i.f. current flowing through the grid 
resistor builds up a large signal voltage 
across it. This voltage is applied to the grid - 
cathode circuit of the tube, the cathode con- 
nection being through the cathode by-pass 
condenser. 

Amplification of the signal by the second 
í.Y. tube results in a large signal voltage be- 
ing developed across the resonant plate load 
formed by 07 and the primary of the third 
i.2. transformer. The resonant frequency of 
the f.m. transformer is 4.3 mc., which is so 
far from 465 kc. that for all practical pur- 
poses, no a.m. signals are set up in the sec- 
ondary of the f.m. transformer. However, a 
large 1.2. signal is set up in the secondary 
of the last a.m. transformer, and this a.m. 
signal is applied to the plates and cathodes 
of the 6H6 second detector. The cathode 
connection is through the .0002-mfd. conden- 
ser and the chassis. 

The A.M. Second Detector. When the 1.2. 
signal makes the 6H6 plates positive, .elec- 
trons leaving the cathodes are attracted to 
the plates. From there, the electron flow is 
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through the f.f. secondary, the 50,000 -ohm 
1.f. filter resistor and .the 250,000 -ohm diode 
load resistor to ground, then back to the 6H6 
cathodes. Current flow is blocked when the 
signal makes the plates negative with respect 
to the cathodes. This is the action of a typ- 
ical diode detector. 

We have the rectified a.f. signal existing 
across the 250,000 -ohm load resistor. Due to 
the smoothing action of the two .0002-mfd. 
condensers, we also have a rather large d.c. 
voltage across the diode load. The a.f. sig- 
nal, being unaffected by the .0002-mfd. con- 
densers, adds to this d.c. voltage and causes 
it to increase and decrease, forming a pul- 
sating d.c. voltage across the load resistor. 

Fig. 14. Bass -boosting circuit. 

No i.f. signal appears across it because the 
1.f. Is shunted around the diode load by the 
i.f. filter composed of the 50.000 -ohm resistor 
and the two .0002-mfd. condensers. 

The d.c. voltage across the 250,000 -ohm 
diode load is used for a.v.c. purposes and to 
operate the tuning eye. The a.v.c. filter net- 
work is made up of the 1-meg. resistor con- 
nected to the tuning eye grid through switch 
/37I?, and the .05-mfd. condenser in the con- 
trol grid return circuit of the 6SK7 tube. 
Note that this a.v.c. voltage is used only for 
a.m. reception. 

The Audio Amplifier. The audio signal 
component across the diode load is applied 
across the dual volume control through the 
.02-mfd. d.c. blocking condenser, contact AM 
of switch S1R, the RADIO contact of the 
PHONO switch and the 25 -ohm resistor be- 
tween the volume control and the chassis. 

Now we come to a unique method of tone 
control which Is becoming more and more 
popular in high-fidelity audio amplifiers. 
Note that the dual volume control simul- 
taneously feeds two 68F5 tubes, and that the 
outputs of these tubes feed through .02-mfd. 
coupling condensers into a common load 
consisting of 500,000- and 100,000 -ohm re- 
sistors connected in series between the con- 
trol grid of the lower 6V6G output tube and 
the chassis. 

The upper 68F5 tube and its 15-megohm 
grid resistor are fed by the first section of 
the volume control through a .006-mfd. coup- 
ling condenser, with all audio frequencies 

being transferred about equally well. 
Potentiometer 87-281 is connected to con- 

trol the amount of signal which the right- 
hand volume control feeds through the .006- 
mfd. coupling condenser and a 250,000 -ohm 
resistor to the 15-megohm grid resistor of the 
lower 6SF5 tube. A .001-mfd. by-pass con- 
denser is in parallel with the 15-meg. re- 
sistor, so the impedance of the grid input 
circuit Is a combination of these values. This 
is the special arrangement which provides 
tone control, so let us study its action in 
detail. 

The tone control circuit has been redrawn 
in Fig. 14 to simplify our discussion of it. 
The signal dropped across section B is fed 
to the lower 6SF5 tube for amplification, 
while the signal dropped across A is not 
amplified. As in any voltage divider, the 
voltage distribution will depend upon the 
ratio of impedances of the two sections. If 
both are equal, each will receive the same 
amount of voltage. If one has ten times the 
impedance of the other, it will have ten times 
as much voltage. Let's investigate. 

The .006-mfd. condenser In series -section 
A has a value of about 5000 ohms at 5000 
cycles, which is negligibly small in compari- 
son to the 250,000 ohms in series, so the com- 
bined impedance of section A is essentially 
250,000 ohms. 

At 5000 cycles, the .001-mfd. condenser 
across shunt -section B has a reactance of 
about 30,000 ohms, as compared to 15 meg- 
ohms for the resistor. This makes the com- 
bined impedance of this section only about 
30,000 ohms (the lowest reactance governs 
the impedance of parts in parallel). There- 
fore, at 5000 cycles almost all of the signal 
is dropped across A, with practically none 
across B, and the lower 6SF5 tube gets very 
little signal voltage at 5000 cycles and 
higher. 

At 1000 cycles, the .006-mfd. condenser has 
a reactance of about 30.000 ohms, and this in 
series with 250,000 ohms of resistance gives 
a combined impedance of about 252,000 ohms 
for section A. 

At 1000 cycles, the .001-mfd. condenser has 
a reactance of around 150,000 ohms. The 15- 
megohm resistor shunting this has negligible 
effect, so the combined impedance of section 
B is essentially 150,000 ohms. Now section 
B gets almost as much of the signal as sec- 
tion A, so the lower 6SF5 tube gets quite a 
bit of signal voltage at 1000 cycles. 

Now let's drop down to the real low notes, 
say 100 cycles. The .006-mfd. condenser has 
a reactance of about 280,000 ohms now, and 
this in series with a resistance of 250,000 
ohms gives a combined impedance of about 
375,000 ohms for section A. The 2-megohm 
reactance of the .001-mfd. condenser at 100 
cycles makes the impedance of section B es- 
sentially 2 megohms. Our voltage divider 
now consists of 375,000 ohms in A, and 2,- 
000,000 ohms in B, so section B gets over 
five times as much signal voltage as section 
A at 100 cycles. As we go still lower in fre- 
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is applied to the grid of the 6U5, so that the 
6U5 may be used as a tuning indicator on 
f.m. reception. 

Due to the rectification taking place in the 
limiter grid circuit, the negative signal peaks 
are almost cut off. The missing portion of 
the wave form is built up, however, by the 
flywheel action of the 6SJ7 resonant plate 
load. The i.f. limiter plate load consists of 
the two coils, tuned by trimmers C14, in 
parallel with the 100.000 -ohm plate supply 
resistor. The reactance of the .0005-mfd. 
coupling condenser is so low that it acts as a 
short at the i.f. value. 

The discriminator, as the second detector 
of an f.m. receiver is called, differs some- 
what from those you studied in the text on 
f.m. However, it's very easy to understand. 

To simplify our study of the discriminator, 
its circuit has been redrawn by itself in 
Fig. 15. 

In an f.m. system, the strength of the car- 
rier peaks has nothing to do with the audio 
signal, and carrier peaks may therefore be 
limited without distortion of the signal. In 
f.m., the carrier is caused to swing above and 
below its assigned or resting frequency. The 
greater the carrier frequency excursions 
away from the resting frequency, the greater 
the audio signal strength. 

The rate or frequency of these frequency 
deviations is controlled by the frequency of 
the audio signal. Suppose we bad a 5000 - 
cycle audio signal and a 1000 -cycle audio sig- 
nal, both of the same strength. If they were 
used to modulate an f.m. system, both being 
the same strength would cause the f.m. car- 
rier to swing the same distance in kilocycles 
above and below its resting frequency. How- 
ever, the 5000 -cycle audio note would make 
the carrier swing above and below the rest- 
ing frequency 5000 times each second, while 
the 1000 -cycle note would only cause the car- 
rier to swing 1000 times each second. In this 
way, these two frequencies have indelibly 
stamped their characteristics on the f.m. 
carrier. 

Because variations in audio signal 
strength cause the carrier frequency to 
change so much, an f.m. receiver must tune 
broadly. Sharp tuning would cut down the 
amount of carrier frequency variation, there- 
by reducing the range of audio volume. 

If the limiter delivers an 1.f. of 4.3 mc. (the 
resting frequency) to the discriminator, both 
diode plates will receive the same amount of 
signal voltage, because the reactance of C4 - 
L1 is equal to that of C6 -L2. When plate D1 
is positive, electrons flow from the cathode 
to the plate and through R1, producing a 
voltage drop having the polarity shown. On 
the next half cycle, D2 conducts while D1 
rests, and the resultant diode current pro- 
duces a voltage drop across R2 with the 
indicated polarity. 

The a.f. output voltage of the discrimina- 
tor circuit appears across the outside ends 
of R1 and R2. At the resting frequency, 

however, the two voltages are equal and 
opposite. and no voltage exists between the 
diode plates. 

We must get a difference in the amount 
of voltage across R1 and R2 before we can 
obtain any output. This is done by tuning 
04-L1 to 4.4 mc., which is 100 kc. above the 
resting frequency, and 0.6-L2 to 4.2 mc., 
which is 100 kc. below the resting frequency. 
Now when we tune in an f.m. program, the 
carrier will be swinging above and below the 
resting value of 4.3 mc. When it swings to 
a higher frequency, the voltage across C4 -L1 
increases, while the voltage across C3 -L2 de- 
creases. The resultant changes in diode cur- 
rents D1 and D2 cause more voltage to exist 
across R1 than across 112, and the output is 
the difference between the two voltage 
drops. When the carrier decreases in fre- 
quency, the action reverses, and since 05-L2 
now gets the greater part of the signal volt- 
age, the drop across R2 Is greater than the 
drop across R1. 

The number of times per second the car- 
rier swings back and forth across the rest- 
ing frequency governs the frequency of the 
a.f. output voltage of the discriminator, and 
the amount of variation in the carrier fre- 
quency governs the strength of the a.f. out- 
put. 

As you can see, RR and Cg form an i.f. fil- 
ter, used so that only the pure audio output 
of the discriminator will be available for ap- 
plication to the volume control through con- 
tact FM of switch section S' 1? and the 
PHONO -RADIO switch in Fig. 12. 

We have now covered the important sig- 
nal circuit features for the entire receiver. 
The power supply circuits are quite conven- 
tional, and you should he able to trace them 
yourself without difficulty. 

! 
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['THE ERROR OF HASTE --- 
The fable of the hare and the tortoise is more than 

li an interesting childhood story-it carries an im- 
portant message we sometimes forget in this age of 
speed. 

The hare, you will recall, started off in great haste. 
Soon he was so far ahead of the slow -plodding tor- 
toise that he became over -confident and took a nap. 
The tortoise kept going steadily and won the race. 

Haste does not always mean progress. Too often 
it leads instead to errors, to actual waste of time and 
energy, and even to complete failure as in the case 
of the hare. 

We must learn to work and wait. Take time for 
all things, because time often achieves results which 
are obtainable in no other way. Shakespeare ex- 
presses it thusly: "Wisely and slow; they stumble 
who run fast." More emphatic . still was Benjamin 
Franklin, who said: "Great haste makes great waste." 

Don't risk the dangers of haste. Keep going stead- 
ily like the tortoise, ana you'll approach your goal in 
radio steadily, inevitably. :;. 

J. E. SMITH 
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A PLAN FOR TODAY 
I WILL AWAKEN: With a smile brightening my face; with reverence for 

this new day in my life and the opportunities it 
contains. 

I WILL PLAN: A program which will guide me successfully past the 
many temptations and distractions of a busy day 
and bring me one step closer to my goal of success. 

I WILL WORK: With my heart always young and my eyes open so 
that nothing worth while shall escape me; with a 
cheerfulness that overcomes petty irritations and 
unpleasant duties; with the purpose of ,my work 
always clearly in mind. 

I WILL RELAX: When tired, so as to accumulate fresh energy and 
live long enough to enjoy the success my work will 
bring. 

I WILL PLAY: With the thought that today is my day, never to be 
lived over again once it is ended; with relaxation 
and pure enjoyment as the only purposes of play; 
putting work and worldly worries out of mind for this 
short portion of my day. 

I WILL RETIRE: With a weariness that woos sleep; with the satisfac- 
tion that comes from a day well lived, from work 
well done. 

I WILL SLEEP: Weary but content; with tomorrow a vision of hope. 
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Instructions for Performing Radio 
Experiments 31 to 4o 

Introduction 

THE next ten experiments, as well 
as later experiments, call for the 

use of a power pack which will sup- 
ply a.c. and d.c. voltages having val- 
ues corresponding to those encoun- 
tered in actual radio receivers. Before 
beginning these experiments, you will 
assemble a power pack with the parts 
furnished you in Radio Kit 4RK-AC 
and in previous radio kits. 

An a.c. source having some definite 
voltage and frequency is usually the 
main source of power for the vacuum 
tube system in a radio receiver, trans- 
mitter or public address system. This 
a.c. source is usually a wall outlet 
which is connected to a 115 -volt, 50 or 
60 -cycle power line. 

The main a.c. source of power can- 
not ordinarily be connected directly 
to vacuum tube circuits, for the re- 
quirements of the various tube elec- 
trodes are quite different. 

Voltage Requirements of A.C. Re- 
ceivers. First of all, the a.c. line volt- 
age must be reduced to the correct 
lower a.c. values for heating the fila- 
ments of radio tubes. The rectifier 
tube in the power pack of an a.c. re- 
ceiver usually requires a separate 5 - 
volt or 6.3 -volt a.c. source for its fila- 
ment, and the rest of the tubes have 
their filaments connected in parallel 
to a common 6.3 -volt a.c. source. (In 
older a.c. receivers, you may encoun- 
ter tubes having 2.5 -volt filaments.) 

A secondary winding which is pro- 
vided on the power transformer of an 
a.c. power pack for stepping down the 
line voltage to the required filament 
value is commonly called a filament 
winding. The power transformer which 

is supplied for your a.c. power pack 
has two filament windings, one being 
a 5 -volt winding for the rectifier tube 
in the power pack, and the other being 
a 6.3 -volt winding for the tubes which 
you will use in your experiments later 
on. Thus, you will be working with 
the same filament voltage values used 
in modern a.c. receivers. 

Secondly, the a.c. line voltage must 
be converted to a high d.c. voltage 
value having as little a.c. ripple as 
possible, and various proportions of 
this maximum d.c. voltage must be 
distributed to the various grid and 
plate electrodes in the vacuum tube 
circuit. As you learned in your regu- 
lar course, this voltage conversion is 
accomplished in three steps, by using 
a power transformer to step up the 
a.c. line voltage, rectifying the result- 
ing high a.c. voltage with a rectifier 
tube, then filtering out the ripples in 
this pulsating d.c. output with a con- 
denser -input filter system. 

In addition to the two filament 
windings already described, the power 
transformer which is supplied you in 
Radio Kit 4RK-AC has a center - 
tapped 750 -volt secondary winding 
which provide; the required high a.c. 
voltage for the vacuum tube rectifier. 
This winding is commonly called the 
high -voltage secondary winding. The 
voltage between the center tap and 
each outer terminal of the winding is 
about 375 volts. 

The a.c. power pack which you will 
build thus consists essentially of a 
power transformer, rectifier tube, 
choke coil and filter condensers, con- 
nected exactly like the power packs 
of a.c. radio receivers. 
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FIG. 1. The parts included in Radio Kit 4RK-AC are pictured above, and are identified in the list below. 
Some resistors may have a better tolerance (lower percentage tolerance) than that indicated here. 

Part No. Description 
..r.1* One 50,000 -ohm, 3 -watt resistor with 20% tolerance (color -coded green, black, orange). 

1 One cadmium -plated steel chassis bent to shape, with all holes already punched. 
3 One power transformer for 115 volt, 50 or 60 -cycle a.c. power. 

One octal -type tube socket with four terminal lugs. 
One type 5Y3G full -wave rectifier tube. 
One slide -type power switch. 
One 5 -terminal, screw -type binding post strip. 
One pilot lamp socket with rubber grommet. 
One 6.3 -volt pilot lamp. 
Ten Vt-inch long, 6-32 cadmium -plated binder -head machine screws. 
Ten cadmium -plated hexagonal nuts for 6.32 screws. 
One 3 -ohm length of nichrome resistance wire. 

V12 One small rubber grommet. 
, .21 One 10-megohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, black, blue, silver). V * You may receive a 47,000 -ohm, a 50,000 -ohm, or a 51,000 -ohm resistor as Part 4-1, depending 
on what we have in stock when we pack your kit. Use whatever value you receive for this part where 
the 50,000 -ohm listed value is called for. 

The following parts which were supplied to you in earlier radio kits will be used again in the next ten 
experiments, so assemble these parts along with the new parts received in Radio Kit 4RK-AC. 
Part No. Description 

1-8D One 5/8 -inch soldering lug. 
1-161":" One 18,000 -ohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, gray, orange, silver). 
3-2A'& B Two .25-mfd., 400 -volt paper condensers. 3-3 One dual 10 -10 -mid., 450 working volts electrolytic condenser with bakelite mounting piece. 3-41 One 200 -ohm, 1 -watt resistor with 20% tolerance (color -coded red, black, brown). 3-5 One 1,000 -ohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, black, red, silver). 
3-6A)-, C & D Four 40,000 -ohm, 3 -watt resistors with 20% tolerance (color -coded yellow, black, 

orange). 
3.10 One 10 -henry choke coil with 25 -ma. current rating. 
3-11 One 5 -foot power line cord with attached outlet plug. 

Power Pack Experiments. With 
your a.c. power pack, you will dem- 
onstrate that the output voltage drops 
and ripple output goes up as the load 
on the power pack is increased. The 
first effect, in which the d.c. output 
voltage drops with load, is known as 
the voltage regulation of a power 
pack. 

Your power pack is normally con- 
nected for full -wave rectification and 
a condenser -input filter system. You 
will disconnect one filter condenser 

to secure choke input, then discon- 
nect one plate lead of the rectifier 
tube to secure half -wave rectification, 
and check the performance of the 
power pack with your N.R.I. Tester 
in each case. You will insert resistors 
to duplicate the practical conditions 
in which electrolytic condensers be- 
come defective, and make measure- 
ments which will enable you to recog- 
nize these same defects in actual re- 
ceivers. 

We have mentioned here only a few 
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of the highly practical power pack 
experiments presented in this manual. 
By the time you have completed Ex- 
periment 40, you will have a thor- 
oughly practical understanding of 
power packs. 

Contents of Radio Kit 4RK-AC 

The parts included in your Radio 
Kit 4RK-AC are illustrated in Fig. 1 

and listed in the caption underneath. 
Check off on this list the parts which 
you received, to be sure you have all 
of them. Do not destroy any of these 
parts until you have completed your 
entire N.R.I. course, for many of the 
parts will be used over and over again 
in later experiments. 

IMPORTANT: If any part in your 
Radio Kit 4RK-AC is obviously de- 
fective or has been damaged during 
shipment, please return it to the In- 
stitute immediately for replacement. 

Instructions for Assembling 
the A.C. Power Pack 

Step-by-step instructions for as- 
sembling the a.c. power pack will now 

6.3 -VOLT 
POWER FILAMENT 

TRANSFORMER WINDING 

021 
.2:1920 

25 

II424 
PRI. - 

23 
TO I15 -VOLT 
60 CYCLE IO II 
POWER 
SOURCE 

FIG. 2. 
menta in 

POWER 26 
SWITCH 

be given. Follow through these in- 
structions slowly and carefully, doing 
the very best work of which you are 
capable, for you will use this power 
pack during the remainder of your 
practical demonstration course, and 
will want your unit to show profes- 
sional workmanship in every soldered 
joint. To make sure that you do not 
miss any of the steps in the assembly 
procedure, make a check mark along- 
side each completed step as you go 
along. 

The schematic circuit diagram for 
this power pack is presented in Fig. 2 
for reference purposes. Later, you 
will be able to assemble radio appara- 
tus from diagrams like this alone, but 
at the present stage in your course of 
training, we still recommend that you 
follow the pictorial diagrams which 
are presented in this manual to show 
each stage in the assembly procedure. 
Remember that we are ready to help 
you with advice if you should en- 
counter any difficulty in assembling 
this power pack or in understanding 
the instructions. 
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Schematic circuit diagram for the a.c. power pack which you build before beginning the experi 
this manual. The terminals on this schematic diagram are numbered to correspond with the 

terminals shown on the semi -pictorial diagrams in Figs. 5 and 8. 
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FIG. 3. Chassis layout diagram for the a.c. power pack, drawn to show what you would see if you looked 
at the bottom of the chassis while it was a flat beet (before bending the sides). The holes are lettered 
here merely for your convenience in locating on your own chassis the correct mounting holes for the 
various parts; do not mark the holes in this manner on your chassis, for this diagram is entirely sufficient 

for assembly purposes. 

Mounting the Parts on the Chassis 

Step 1. To prepare for the assem- 
bly of the power pack, place before 
you the following parts: 

50,000 -ohm resistor (Part 4-1). 
Cadmium -plated steel chassis (Part 4-2). 
Power transformer (Part 4-3). 
Octal -type tube socket (Part 4-4). 
Type 5Y3G rectifier tube (Part 4-5). 
Slide -type power switch (Part 4-6). 

Five -terminal screw -type binding post strip 
(Part 4-7). 

Pilot lamp socket with grommet (Part 4-8). 
Pilot lamp (Part 4-9). 
Ten 1/4 -inch binder -head machine screws 

(Part 4-104) with ten hexagonal unts 
(Part 4-10B). 

Rubber grommet for power line cord (Part 
4-12) . 

Vs -inch soldering lug (Part 1-8D). 
Dual 10-10-mfd. electrolytic condenser with 

bakelite mounting piece (Part 3-3). 
Ten -henry choke coil (Part 3-10). 
Power line cord with plug (Part 3-11). 
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Step 2.1To mount in hole s the 
grommet for the power line cord, place 
the chassis before you in such a posi- 
tion that the holes correspond with the 
chassis layout diagram in Fig. 3. Hole 
s should now be near the center of the 
side closer to you. Take the rubber 
grommet (Part 4-12) and squeeze it 
into an oval shape while holding it 
with the thumb and forefinger of your 
right hand. Now place the grommet 
in hole s in the manner shown in Fig. 
4, with the chassis fitting into the 
groove in the grommet. Carefully 

in Step 2 for the power line grommet. 
To force the pilot lamp socket itself 
up through the grommet which you 
have now inserted in hole i, grasp the 
socket near its terminal lugs with your 
fingers, push the threaded part gently 
into the grommet from the bottom of 
the chassis as far as it will go without 
forcing, turn the socket in a clockwise 
direction until one of the lugs touches 
the grommet, then rotate the socket 
just enough farther to line up the lugs 
parallel to the sides of the chassis. 
When looking at the bottom of the 

FIG. 4. Squeeze the grommet for the power line 
cord between your thumb and forefinger in the 
manner shown here while forcing it into hole s in 
the side of the chassis. This grommet can be placed 
in position with your fingers; it may take a little 
time at first, but you will soon get the "knack" of 

doing this radio job. 

push the remainder of the grommet 
into this hole with your fingers until 
half the grommet is on each side of 
the chassis, with the chassis fitting 
into the rubber groove in the grommet 
at all points. This grommet will now 
have the pgsition shown in Fig. 5. 

Step 3.VTo mount the pilot lamp 
socket in hole i on the chassis, first 
remove the large rubber grommet 
from the pilot lamp socket (Part 4-8) . 

Squeeze this grommet into an oval 
shape while holding it between the 
thumb and forefinger of your right 
hand, and work the grommet into hole 
i (see Fig. 3) on the chassis in ex- 
actly the same manner as described 

chassis, the pilot lamp socket will now 
appear as shown in Fig. 5. 
Step 4. To mount the electrolytic 
condenser on the chassis, take the 
bakelite mounting piece for this con- 
denser, and hold it against the top of 
the chassis over holes p, q and r in 
such a manner that the slots have the 
positions shown in Fig. 5. Bolt the 
piece to the chassis with two machine 
screws and nuts (Parts 4 -/OA and 
4-lOB) inserted in holes p and r, with 
the screw heads above the chassis. 

Now take the electrolytic condenser 
(Part 3-3) and insert its lugs in the 
slots of the bakelite mounting piece 
from the top of the chassis in such a 
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mounted directly on the chassis, and showing positions of all numbers which you are to place on the chassis 
and on the parts with metal -marking crayon. The dotted lines indicate the positions of the bends in the 

diaseis. 

way that the outer lug which has no 
hole in it will be next to hole n on the 
chassis. If this condenser is inserted 
correctly, the two large inside lugs at 
the bottom of the condenser will be 
almost in line with the condenser 
mounting screws, as indicated in Fig. 
5. 

With one hand holding the conden- 
ser in position against the top of the 
chassis, take a pair of ordinary pliers 

and twist each of the three outer lugs 
on the condenser a small amount, in 
the manner shown in Fig. 6. This 
will hold the condenser securely in po- 
se on on its mounting piece. 

Step 5. To mount on the chassis 
the socket for the rectifier tube, take 
the octal -type tube socket (Part 4-4) 
and hold it against the bottom of the 
chassis over holes m, n and o in such 
a way that the aligning groove in the 
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socket is next to the pilot lamp socket 
(see Fig. 5). Fasten the socket to 
the chassis in this position with two 
machine screws and nuts (Parts 4-1OA 
and 4-10B), keeping the screw heads 
above the chassis. (Although the rec- 
tifier tube which goes into this socket 
has five prongs, only four of them are 
used in this power pack circuit. Prong 
I on the tube is a dummy, used only 
in special applications which require 
shielding the tube and grounding the 
shield to the chassis through this 
prong.) 

on the chassis, take the five -terminal 
screw -type binding post strip (Part 
4-7) and hold it against the outside 
of the chassis over holes a, b and c 
in such a manner that the numbers on 
the fiber strip are below the screws 
when the chassis is in its normal up- 
right position, as shown in Fig. 7. Fas- 
ten the strip to the chassis with two 
machine screws and nuts (Parts 4-10A 
and 4-10B), keeping the heads of the 
screws on the outside of the chassis. 

Step 8. To mount the choke coil 
on the chassis, take the 10 -henry 

FIG. 6. This illustration shows the correct posi- 
tion of the bakelite mounting piece on the chassis, 
with the electrolytic condenser in position, and also 
shows how the outer lugs of the condenser are 
twisted with pliers to fasten the condenser unit to 
the bakelite mounting piece. Two of the lugs have 
already been twisted, and the last one is being 

twisted in this illustration. 

Step 6. v To mount the power switch 
on one side of the chassis, take the 
slide -type switch (Part 4-6), set the 
sliding button to the position in which 
the colored dot shows, hold the switch 
against the inside of the chassis over 
holes d, e and fin such a position that 
the colored dot is nearer to the center 
of the chassis (nearer to hole d), then 
fasten this switch to the chassis with 
two machine screws and nuts (Parts 
4 -/OA and 4-IOB), keeping the heads 
of the screws on the outside of the 
chassis. 

Step To mount the terminal strip 

choke coil (Part 3-10) and hold it 
against the bottom of the chassis in 
such a way that its mounting tabs 
are over holes g and h and its ter- 
minal lugs are next to the pilot lamp 
socket, as shown in Fig. 5. Fasten 
the choke coil to the chassis with two 
machine screws and nuts (Parts 
4-10A and 4-IOB). Keep the screw 
heads above the chassis, and place a 
%-inch soldering lug (Part 1-8D) un- 
der the nut for hole g, as shown in 
Fig. 5. 

Step 9)/ To mount the power tram - 
former on the chassis, first take the 
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FIG. 7. View of the completed a.c. power pack before the rectifier tube and pilot lamp have been inserted 
in their sockets. 

power transformer (Part 4-3) and re- 
move the nuts from the two long ma- 
chine screws which go through the 
transformer core. Place the transfor- 
mer on top of the chassis over holes 
j, k and l in such a way that the num- 
bered terminals will appear in exactly 
the same position illustrated in Fig. 
5. Now insert the long machine 
screws through the power transformer 
mounting holes and through holes j 
and l respectively on the chassis. On 
each screw underneath the chassis, 
place a nut, and tighten the screws 
with a screwdriver, holding the nuts 
with ordinary pliers. 

This completes the mounting of the 
large parts on the chassis. The top 
of the chassis should now appear as 
shown in Fig/ 7. 

Step 10.\/To identify the terminals 
of the parts now mounted on the chas- 
sis, place alongside each terminal with 
metal -marking crayon the number in- 
dicated for that terminal in Fig. 5. 

Place these numbers as nearly as pos- 
sible in the positions shown in Fig. 5. 
If the power transformer terminals 
are not marked, place the numbers 
on the fiber insulating material at 
the bottom of the transformer, or on 
the chassis beside the terminals. The 
choke coil lug numbers should be 
placed on the choke coil. All other 
numbers go directly on the chassis, 
as close as possible to the terminals 
in question. Place a - sign near out- 
put terminal 4, and place a + sign 
near output terminal 5 on both sides 
of the chassis. 

Check your numbering carefully 
against Fig. 5 after you are finished, 
for errors in numbering will cause er- 
rors in wiring. Finally, check the 
terminal strip to be sure each lug is 
numbered the same on both sides of 
the chassis. 

Step 11. To connect together the 
various terminals with hook-up wire, 
follow carefully the detailed step -by - 
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FIG. S. Semi -pictorial wiring diagram showing how all connections are made under the chassis of the a.c. power pack. The aides of the chassis have been flattened out for clearness, but the wire lengths specified on this diagram are correct for the actual chassis. 

step instructions which will now be 
given. Be particularly careful to make 
temporary soldered joints where spec- 
ified. Use rosin -core solder (supplied 
in a previous kit) for all joints, and 
use red push -back hook-up wire 
throughout. Do not solder a joint 
until told to do so, for premature sol- 

dering will make it difficult for you to 
get additional wires into the hole in 
the lug. Use the semi -pictorial dia- 
gram in Fig. 8 and the photographic 
illustration in Fig. 9 as your guides 
for positioning the wiring. 

Since the five terminals on the 
screw -type terminal strip are the out - 
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put terminals of the power pack, we 
will refer to these terminals as the 
output terminals, to distinguish them 
from tube socket terminals having the 
same numbers. 
Va. Connect output terminal 4 to 
transformer terminal 23 with a 71/2 - 
inch length of 'hook-up wire, making 
permanent hook joints but soldering 
only terminal 4. 
Vb. Connect transformer terminal 23 

to electrolytic condenser lug 28 with 
a 6% -inch length of hook-up wire, 
making permanent hook joints and 
sol ering both terminals this time. 
(A. Connect transformer terminal 17 

to socket terminal 2 with a 6 -inch 
length of wire, making permanent 
hook joints and soldering both ter- 
minals. 

vd. Connect transformer terminal 18 

to socket terminal 8 with a 4% -inch 
length of wire, making permanent 
hook joints but soldering only ter- 
minal 18. 
Ve. Connect transformer terminal 21 

to pilot lamp socket terminal 16 with 
a 31/4 -inch length of wire, making 
permanent hook joints but soldering 
only terminal 16. Examine terminal 
16 carefully after soldering, to be sure 
no part of this joint touches the 
chassis. 
j/f. Connect transformer terminal 21 

to output terminal 2 with a 41/4 -inch 
length of wire, making permanent 
hook joints and soldering both ter- 
minals. 
Vg. Connect transformer terminal 19 

to pilot lamp socket terminal 15 with 
a 31/4 -inch length of wire, making 
permanent hook joints but soldering 
only terminal 15. Be sure the wire 
does not touch the chassis. 
v1. Connect transformer terminal 19 

to output terminal 1 with a 4 -inch 
length of wire, making permanent 
hook joints and soldering both ter- 
minals. 

. Connect transformer terminal SO 

to grounding terminal 12 with a 
3% - inch length of wire, making perma- 

nent hook joints but soldering only 
ter inal 20. 
V. Connect grounding terminal 12 

to output terminal 3 with a 2 -inch 
length of wire, making permanent 
hook joints and soldering both ter- 
ms als. 
Vk. Connect transformer terminal 24 
to socket terminal 6 with a 3U -inch 
length of wire, making permanent 
hook joints and soldering both ter - 
mi als. 

Connect transformer terminal 22 
o socket terminal 4 with a 53/4 -inch 

length of wire, making a temporary 
hook joint on socket terminal 4 and 
a permanent hook joint on terminal 
22 Solder both terminals. 
(m. Connect transformer terminal 26 
to power switch terminal 11 with a 
71/2 -inch length of wire, making per- 
manent hook joints and soldering both 
terminals. Run this wire between the 
tube and pilot lamp sockets, as shown 
in Fig. 8. 
,,% Connect choke coil terminal 13 
to output terminal 5 with a 21/4 -inch 
length of wire, making a temporary 
hook joint at terminal 13 and a per- 
manent hook joint on terminal 5. Sol- 
der,only terminal 5. 

o. Connect choke coil terminal 13 

to electrolytic condenser terminal 30 
with a 4% -inch length of wire, mak- 
ing temporary hook joints in both 
ca es and soldering both terminals. 
«p. Connect choke coil terminal 1.4 

to electrolytic condenser terminal 29 
with a 31/2 -inch length of wire, mak- 
ing a temporary hook joint at termi- 
nal 29 and a permanent hook joint at 
terminal 14, but solder only terminal 
29. 
Vq. Connect choke coil terminal 14 
to socket terminal 8 with a 21/4 -inch 
length of hook-up wire, making per - 
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FIG. 9. Your a.c. power pack should look essentially like this under the chassis when you have completed all wiring. The positions of the various wires are not particularly important as long as they go to the proper terminals, hence some of the wires shown in this view may be in slightly different positions from corresponding wires in Fig. 8. 

manent hook joints in both cases but 
soldering only terminal 14. 

Connect the 50,000 -ohm resistor 
(Part 4-1) between socket terminal 8 
and electrolytic condenser terminal 
27, after first shortening the resistor 
leads so they are each about one inch 
long. Make permanent hook joints 
and solder both terminals. 
Vs. Insert the free end of the power 
line cord through the rubber grommet 
which is in hole s, starting from the 
outside. Pull at least a foot of the 
cord through the grommet, then tie 
a simple knot in the cord in the man- 
ner shown in Fig. 8 so that there are 
8 inches of wire left beyond the knot. 
Split this 8 -inch length down to the 
knot by pulling the two rubber -cov- 
ered wires apart with your fingers. 
Connect one 8 -inch length of wire to 
power switch terminal 10 by means 
of a permanent soldered hook joint, 

after first spreading out the strands 
of wire and scraping them lightly with 
the blade of a pocket knife, then 
twisting the strands tightly together 
so you can insert them through the 
hole in the lug. Run the wire between 
the tube socket and the electrolytic 
condenser, and go under the 50,000 - 
ohm resistor and the two electrolytic 
condenser leads, as indicated in Fig. 
8. 
1/i. Shorten the other 8 -inch length 
of wire to a length of 3 inches, and 
remove about half an inch of insula- 
tion from this shortened end either 
by cutting or squeezing. Be careful 
not to nick or cut any of the copper 
strands when doing this. Spread out 
the strands and clean by scraping, 
then twist them together and connect 
this shortened end of wire to transfor- 
mer terminal 25 by means of a per- 
manent soldered hook joint. 
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Step 12. To make continuity tests 
with the ohmmeter in your N.R.I. 
Tester for the purpose of checking the 
correctness of connections in the a.c. 
power pack, first prepare the ohm- 
meter for resistance measurements 
according to the "OHMMETER 
MEASUREMENT" instructions given 
in this manual. 

Whenever a measurement with the 
N.R.I. Tester is called for in the ex- 
periments, you are expected to refer 
to and follow the instructions given 
for that type of measurement in the 
"OPERATING INSTRUCTIONS 
FOR N.R.I. TESTER" boxes which 
appear in this manual. 

In the following continuity tests, 
failure to obtain the specified result 
indicates either a mistake in wiring 
or a defective part. If no mistake in 
wiring can be found by checking 
against the semi -pictorial circuit dia- 
gram in Fig. 8, check each individual 
part in the circuit under considera- 
tion. If you are certain that one of 
the parts is defective, return it to 
National Radio Institute immediately. 

a. Insert the rectifier tube in its 
socket but leave out the pilot lamp. 
Set the power switch to the OFF po- 
sition (the red dot alongside the slid- 
ing button shows when this switch 
is ON but not when it is OFF.) 

b. Check continuity between the 
prongs of the power cord plug with 
the MEG. range by placing the red 
clip on one prong, placing the black 
clip on the other prong, and reading 
the resistance in megohms directly on 

scale R. The reading should be above 
50 megohms (while switch is OFF). 

c. Leave the clips on the power 
cord plug prongs, but do not insert 
the plug in an outlet. Snap ON the 
switch on the power pack chassis so 

that the red dot shows. The meter 
should now read zero on scale R. 

Leave the switch in the ON position. 

Do not touch the metal parts of the 
test clips with your fingers while reading 
resistance values on the meter; this would 
place the resistance of your body in paral- 
lel with that being measured, resulting in 
erroneous readings when checking for 
grounds or measuring high resistance values. 

d. To check the resistance of the 
primary winding of the power trans- 
former, set the selector switch to 
10 X R, leave the clips on the prongs 
of the power cord plug, read the 
meter on scale R, and multiply the 
reading by 10 to get the resistance 
in ohms of the circuit under test. 
This should be between 10 and 20 

ohms, and will consist essentially of 
the resistance of the primary winding 
of the transformer. 

e. To check continuity between the 
power plug prongs and the chassis, 
set the selector switch of the N.R.I. 
Tester at MEG., place the black clip 
on the power pack chassis, and place 
the red clip in turn on each prong 
of the power cord plug. The meter 
reading should be higher than 50 meg- 
ohms in each case. 

f. To make sure that the high - 
voltage secondary circuit of the power 
transformer and the electrolytic con- 
denser housing are not grounded, 
place the black clip on the chassis, 
place the red clip in turn on output 
terminal 4, on socket terminal 4 and 
on socket terminal 6, and measure the 
resistance in each case with the MEG. 
range of the N.R.I. Tester. A reading 
of 50 megohms or higher on scale R 
should be obtained in each case. 

g. To make sure that the rectifier 
tube filament circuit is not grounded, 
place the black clip on the chassis, 
place the red clip on socket terminal 
8, and measure the resistance with the 
MEG. range. The meter should read 
higher than 50 megohms on scale R. 
Move the red clip to socket terminal 
2. Again the meter should read higher 
than 50 megohms. 
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OPERATING INSTRUCTIONS FOR N.R.1. TESTER 

OHMMETER MEASUREMENTS 
I. Check the general calibration of your NRI Tester as instructed on page 14 of 

this Instruction Manual, and then plug the red test lead probe into the +R 
jack, plug the black test lead probe into the right-hand R jack, and set the selector 
switch at Meg. 

2. To check the ohmmeter zero adjustment, hold the test lead clips together and turn the tester ON. The meter pointer should now indicate O at the right end of scale R. If it does not, adjust the tester potentiometer until it does so. 
Do not, however, change the setting of the knob at the back of the meter. 
IMPORTANT: Make the ohmmeter calibration as quickly as possible and then 
separate the test leads to prevent exhausting your batteries any more than abso- 
lutely necessary. 
Before you make any ohmmeter tests, be sure to turn power OFF any equip- 
ment (preferably by removing the power cord plug) you want to check. 

3 Although you can start your ohmmeter measurements using any range of the 
tester, it is usually most convenient to start with the 10,000 X R range. Place 
the test lead clips on the terminals between which resistance is to be measured, 
being careful not to touch the metal part of the clips with your hands. Dis- 
regard polarity (as indicated by the colors of the test clips) unless otherwise 
instructed. When you check an electrolytic condenser, however, you should 
fasten the red test clip to the negative terminal of the condenser, and connect 
the black test clip to the positive terminal of the condenser. 

4. On the Meg. range, the R scale is read directly in megohms. On the 10,000 X R 
range, multiply the R scale reading by 10,000 to get the resistance value in ohms. 
Resistance values in ohms on the 100 X R range are obtained by multiplying 
the meter reading by 100; and on the 10 X R range, by multiplying by 10. 

5. If your first reading when using the 10,000 X R range is O, the resistance value 
under test may be anything from O to 10,000 ohms. To find the actual value, 
turn to the lower ranges and take your reading on the range which gives ap- 
proximately mid -scale deflection. Actual zero ohms is indicated by a full-scale 
deflection only when the 10 X R range is used. 

6. If your first test when using the 10,000 X R range produces only a small de- 
flection of the meter pointer from its normal open circuit position at the left, 
turn to the Meg. range and read the value directly in megohms. If the meter 
pointer remains at the left end of the R scale when using the Meg. range, the 
circuit or part under test is "open." (Such a circuit or part is often said to 
have "infinite" resistance). 

7. If you found it necessary to turn the tester potentiometer a considerable amount 
to get zero adjustment when holding the test clips together, use the range which 
brings the meter pointer into the right half of the scale. Should it be necessary 
to, use the left half of the scale, calibrate the tester at 0 and 3 on scale DC as 
instructed on page 14 of this manual under the heading "Checking the Calibra- 
tion." 

8. To conserve battery life, turn the tester OFF and remove both test leads just as 
soon as you finish a series of resistance measurements. 

h. To check filter circuit conti- 
nuity, set the selector switch to 
10,000 X R, then place the red clip 
on power transformer terminal 23 and 
place the black clip on socket ter- 
minal 8. The reading should be some- 
where between 40,000 and 60,000 
ohms Now move the black clip to 
output terminal 5, and again meas- 
ure the resistance. The reading 

should again be between 40,000 and 
60,000 ohms. 

i. To check wiring and continuity 
of the high -voltage secondary winding 
on the power transformer, measure 
the resistance between socket ter- 
minals 4 and 6 while using the 
100 X R range of the N.R.I. Tester. 
You should obtain a reading some- 
where between 400 and 700 ohms. 
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OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

CHECKING THE CALIBRATION 

Before using the NRI Tester for any series of measurements, check its calibra- 
tion as follows: 

1. Remove both test probes, set the selector switch at IOOXVand make sure the cali- 

brating clip is on -9C. Turn the power switch ON and tap the meter gently 
with a finger. The pointer should be exactly at O on the DC scale. If it 

isn't, adjust the knob at the back of the meter as may be necessary to set the 
pointer at zero. Look squarely at the meter and don't tilt the tester during 
calibration or operation. 

2. Now move the calibrating clip from -9C to -71/2C and see if the meter reads 
1.5 on scale DC. If necessary, adjust the potentiometer on the tester chassis 
to get this 1.5 reading. 

3. Recheck the "zero" position again by moving the calibrating clip back to -9C. 
The calibration procedure described above, and in previous manuals, insures 

maximum accuracy only over the left half of the meter scale. The right half 
of the scale can be checked as follows: 

4. First, hold the calibrating clip on -6C momentarily, and then on -41/2C and 

note the meter reading at each position. The desired readings are 3 and 4.5 

respectively on scale DC. The difference between these values and your readings 
represent the amount of error in this portion of the scale. If greater over-all 

accuracy is desired over the entire scale, calibrate at O and 3 on scale DC by 

using -9C and -6C respectively. 
Return the calibrating clip to -9C so that the meter reads zero before beginning 

your measurements. Also, check the calibration from time to time during the 

course of an experiment to be sure accuracy is maintained. 

j. To check continuity and wiring 
of the 6.3 -volt filament supply circuit 
in the power pack, measure the re- 
sistance between output terminals 1 

and 2 with the 10 X R range of the 
N.R.I. Tester. The reading should 
be only a fraction of an ohm (essen- 
tially zero) . If this reading is around 
1000 ohms and the reading obtained 
in Step 12i is less than 1 ohm, write 
to us immediately and give your re- 
sults for this test. Do not go any 

3 4 
FIG. 10. Method of connecting output terminals 
3 and 4 together externally with a 1 '/2 -inch length 
of bare hook-up wire. Note that both hooks are 
closed, so that the wire will stay in position when 
the screws are loosened to permit connecting other 

wires to these terminals. 

further with your experiments until 
you hear from us, if you obtained 
these reversed readings. 

k. Place the black clip on the 

chassis, place the red clip on output 
terminal 3, and measure the resistance 
value with the N.R.I. Tester set to 
the 10 X R range. The reading should 
be zero. 

Step 13. To check the operation of 
the power pack, first place the chassis 
right side up with the terminal strip 
facing you, make sure that the rec- 
tifier tube is firmly in its socket, in- 
sert the pilot lamp in its own socket, 
and push the switch to its OFF posi- 
tion (red button does not show) . 

Next, connect output terminal 
screws 3 and 4 together externally 
with a 11/2 -inch length of bare hook- 
up wire. Do this by forming a hook 
in one end of the wire, hooking this 
over screw 4 in a clockwise direction 
after loosening this screw, closing the 
hook with pliers, then bending the 
wire around screw 3 in a clockwise 
direction and cutting off surplus wire 
to give an S-shaped connection like 
that shown in Fig. 10. Keep these 
two terminals connected together. 
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Connect to terminal 3 the ground 
wire you have provided at your bench 
for experimental purposes. This 
ground wire should go to a cold water 
pipe or other good ground. 

Insert the power cord plug into a 
115 -volt a.c. outlet and turn on the 
power pack switch. The pilot lamp 
should now light up, and both fila- 
ment wires of the rectifier tube should 
appear dull red when looking straight 
down on top of the tube. Turn off the 
power pack. 

CAUTION: The ground connection to 
output terminals 3 and 4 should be made 
whenever the power pack is used, to avoid 
getting a shock when touching the power 
pack chassis. 

Do not touch any terminals or parts 
underneath the chassis of the a.c. power 
pack while it is in operation. The voltages 
present at some of these terminals are high 
enough to give serious electrical shocks. 

If neither the pilot lamp nor the 
rectifier tube glows, check your source 
of a.c. power by plugging a table lamp 
or other appliance into the outlet. 

Step 14. To check the d.c. output 
voltage of the power pack when no 
load is connected, first prepare the 

N.R.I. Tester according to the "D.C. 
VOLTAGE MEASUREMENTS" in- 
structions given in this manual. 

To measure the d.c. output voltage 
between terminals 4 and 5, place the 
red clip on screw terminal 5 after first 
loosening this screw about 1/8 -inch. 
Place the black clip on the wire 
jumper which connects screw termi- 
nals 3 and 4, being sure that this clip 
does not touch the red clip. Turn on 
the a.c. power pack, then turn on the 
N.R.I. Tester (be sure it is set to the 
100 X V range), read the meter on the 
DC scale, and multiply your reading 
by 100 to get the d.c. output voltage 
of the power pack in volts. This 
voltage should be approximately 450 
volts if you have assembled the 
power pack correctly, all parts are in 
good condition, and you have a nor- 
mal a.c. line voltage of about 115 
volts. 

Turn off the power pack while 
watching the meter. Note that it 
takes several seconds for the pointer 
to drop down to zero; this action oc- 
curs because the electrolytic filter 

OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

D.C. VOLTAGE MEASUREMENTS 
1. Plug the black probe into the -VDo jack on the panel, and plug the red probe 

into the -1- Voo jack. 
2. Set the selector switch at 100 X V. Always start with the highest d.c. range, in 

order to prevent overloading of the meter. 
3. While power is off, place the black test clip on the - terminal of the device 

whose voltage is being measured, and place the red clip on the + terminal. 
4. Turn on your apparatus, then turn on the N.R.I. Tester. This order is im- 

portant, as it prevents high initial voltages from making the meter pointer 
swing off -scale. 

5. If the meter reading is low or zero, lower the selector switch setting one range 
at a time, until you reach the lowest range which does not overload the meter. 
IMPORTANT: When working with apparatus using heater -type vacuum tubes, 
wait long enough for the tubes to warm up (about half a minute is sufficient) 
before lowering the selector switch setting. 

6. Read the meter on the DC scale, and multiply the reading by the correct factor 
for the range being used. For example, when using range 30 X V, multiply 
the scale reading by 30; when using range 100 X V, multiply by 100, etc. 

7. Turn off the N.R.I. Tester first, then turn off the power source. Pull out the 
test probes when through using the N.R.I. Tester, to prevent draining of the C 
battery in case the test clips accidentally touch the tester panel or chassis. 
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OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

OVERLOADING OF N.R.I. TESTER 

If the pointer of the meter in the N.R.I. Tester vibrates around 0 or reads 
slightly backwards, but a definite up -scale reading is obtained when you switch to a 

higher range, this is an indication that the meter was being overloaded on the lower 

range. 
An overload will usually shift the 0 position of the pointer. This condition 

will be corrected automatically the next time you make an approximately full-scale 
voltage reading, or can be corrected immediately by lifting up the calibrating clip 

and touching it momentarily to the -4'/2C terminal on the battery block. Be sure 

to return the clip to -9C. 
If the pointer seems to stick at the right of the full-scale position, tap the meter 

lightly with the finger. On voltages near full-scale values, momentum of the pointer 
carries it farther than the final position, but tapping frees the pointer and often 
allows you to secure a reading without switching to the next higher range. 

condensers hold their charges for that 
period of time after power is re- 
moved. Now turn off the N.R.I. 
Tester and pull out the power cord 
plug. 

The d.c. output voltage of your 
power pack will vary slightly with 
the line voltage, and consequently 
any d.c. voltage value between about 
400 volts and 500 volts can be con- 
sidered satisfactory for this no-load 
d.c. output voltage measurement. 

NOTE: Although the highest di- 
vision on the DC scale is 4.5, cor- 
responding to 450 volts when using 
the 100 XV range, voltages up to 500 
volts d.c. can be safely measured. 
When the pointer is between the let- 
ters D and C at the right-hand end 
of the scale, read the meter as 5; 
multiplying by 100 then gives 500 
volts. For pointer positions in be- 
tween 4.5 and "5," estimate the read- 
ing just as you do between other 
divisions on the scale. 

Discussion: The sole purpose of 
the pilot lamp in your a.c. power 
pack is to serve as an indicator that 
the power pack is on and is deliver- 
ing a useful yet dangerously high 
voltage. Whenever this light is 
glowing, do not touch any terminal 
of the power pack or any voltage 
supply terminal of the equipment 
connected to the power pack. If you 

are making voltage measurements on 
any connected equipment with the 
N.R.I. Tester, be sure to hold the 
test clips by their insulated handles. 

After turning off the power pack, 
wait at least five seconds for the 
condensers to discharge, before touch- 
ing any terminals or parts with your 
fingers. The condensers may deliver 
an unpleasant shock while discharg- 
'ng, even though power is off. 

INSTRUCTIONS FOR PERFORM- 
ING EACH EXPERIMENT 

1. Read the entire experiment, giving 
particular attention to the discus- 
sion. 

2. Perform each step of the experi- 
ment and record your results. 
Whenever a measurement is speci- 
fied, be sure to make it exactly ac- 
cording to the "OPERATING 
INSTRUCTIONS FOR N.R.I. 
TESTER" given in this manual for 
that type of measurement. 

3. Study the discussion and analyze 
your results. 

4. Answer the report statement for 
the experiment. It will always be 
on the last page of the manual. 

NJEXPERIMENT 31 

Purpose: To measure the high 
output voltage, the low a.c. output 
voltage, and the a.c. ripple voltage 
which is present at the d.c. output ter- 
minals of the a.c. power pack under 
no-load conditions. 

d.c. 
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Step 1. To measure the d.c. output 
voltage of your power pack, first 
place the power pack in an upright 
position before you on the table, with 
the terminal strip facing you, and con- 
nect the ground wire at your work- 
bench to output terminal screw 3. 

Check the calibration of the N.R.I. 
Tester by following the instructions 
given elsewhere. 

Prepare the N.R.I. Tester to read 
d.c. voltages according to the "D.C. 
VOLTAGE MEASUREMENTS" in- 
structions given previously. Place the 
black test clip on output terminal 4 
of the power pack, and place the red 
clip on output terminal screw 5. (Ter- 
minals 4 and 5 are the d.c. output ter- 
minals, with terminal 4 negative and 
terminal 5 positive.) 

Insert the power cord plug into a 
convenient a.c. outlet, turn on the 
power pack switch, allow about half 
a minute for the power pack to reach 
normal operating conditions, then 
turn on the N.R.I. Tester and read 
the meter on the DC scale. Record 
your result in Table 31 as the d.c. 
output voltage in volts for no load. 

CAUTION: As was previously pointed 
out, high voltages exist at some terminals 
underneath the power pack chassis when 
this unit is in operation. Therefore, do not 
touch any terminals under the chassis with 
your fingers while the power pack switch 
is on. 

Turning off the power pack switch breaks 
the primary circuit of the power trans- 
former, but the 115 -volt a.c. line voltage 
is still present at the power transformer 
primary terminals and at both power switch 
terminals. This means that it will be neces- 
sary to pull the power cord plug out of 
the outlet every time you make a change 
in the wiring under the chassis. Remember 
-do not touch the two power transformer 
primary terminals or the power switch ter- 
minals even when the power pack switch is 
off, unless you have first pulled out the plug. 

Step 2. To measure the a.c. fila- 
ment voltages provided by your a.c. 
power pack, first prepare the N.R.I. 
Tester for a.c. voltage measurements 
by following the "A.C. VOLTAGE 

MEASUREMENTS" instructions 
given elsewhere in this manual. 

Place the test clips on output ter- 
minals 1 and 2, measure the a.c. volt- 
age, and record your result in Table 
31 as the a.c. output voltage in volts 
across the entire filament winding 
(between terminals 1 and 2) . 

CAUTION: Always return the selector 
switch to the highest range (100 x V) when 
through making a voltage measurement, to 
prevent overloading of the meter on the next 
measurement. Before making a new meas- 
urement, be sure the probes are in the cor- 
rect jacks for that type of measurement. 

Next, place the clips on output ter- 
minals I and 3, measure the a.c. volt - 

STEP NATURE OF 
MEASUREMENT 

YOUR VALUE 
IN VOLTS 

N.R.I. VALUE 
IN VOLTS 

I 

D.C. OUTPUT VOLTAGE 
4EA WD TERMINALS J D o 450 

2 

A.C. OUTPUT VOLTAGE 
BETWEEN TERMINALS 
I AND 2 i 

/ V 
A.C.OUTPUT VOLTAGE 
BETWEEN TERMINAIS 
I ANDS 3, 

r 
V1 

A.C.OUTPUT VOLTAGE 
BETWEEN TERMINALS 
2 AND 3 J 3, 

g 34 
A.C. RIPPLE VOLTAGE 
BETWEEN TERMINALS 
4 AND 5 0 

TABLE 31. Record your results here for Experi 
ment 31. All power pack measurements in this 
table are for normal full wave rectification and con 
denser input. No load is connected to the d.c. out 

put terminals. 

age, and record your result in Table 
31 as the a.c. output voltage across 
one half of the filament winding (be- 
tween output terminals 1 and 3). 

To measure the a.c. voltage across 
the other half of the filament wind- 
ing, place the clips on output termi- 
nals 2 and 3, read the meter on the 
AC scale, and record your result in 
Table 31 as the a.c. output voltage 
between terminals 2 and 3. 

Step 3. To measure the a.c. ripple 
voltage value which is present at d.c. 
output terminals 4 and 5, leave the 
tester set for a.c. voltage measure - 
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ments. Review the "A.C. VOLTAGE 
MEASUREMENTS" instructions if 
in doubt. Place the black clip on 
output terminal screw 4, place the 
red clip on output terminal screw 5 

(polarity is important in this particu- 
lar measurement, as pointed out in 
the discussion). Read the meter on 
the AC scale, and record your result 
in Table 31 as the a.c. ripple voltage 
in volts between output terminals 4 
and 5. If the pointer flickers back and 

Although a.c. line voltages in this 
country are ordinarily somewhere 
around 115 volts, these voltages will 
vary anywhere between 110 volts and 
120 volts at times, due to changes in 
the loads on a power system and to 
other conditions at the power gener- 
ating station. Each variation in the 
a.c. line voltage will cause a corre- 
sponding variation in the d.c. output 
voltage of your power pack. Thus, 
you may get a different value if you 

OPERATING INSTRUCTIONS FOR N.R.L. TESTER 

A.C. VOLTAGE MEASUREMENTS 

1. Plug the black probe into the -Vs° jack on the panel, and plug the red probe 
into the left-hand Veo jack. 

2. Set the selector switch at 100 X V. 
3. Place the test clips on the terminals between which the a.c. voltage is to be 

measured. The black clip should go to the terminal which is closer to ground. 
When both terminals have essentially the same potential with respect to ground, the 
polarity of the test clip connections can be disregarded. 

4. Turn on your apparatus, then turn on the N.R.I. Tester. This protects the tester 
against high -voltage surges which may exist when the apparatus is turned on. 

5. Lower the selector switch setting, one range at a time, until you reach the lowest 
range which does not make the meter pointer swing off -scale. 

IMPORTANT: When working with apparatus using vacuum tubes, wait long enough 
for the tubes to warm up (about half a minute is sufficient) before lowering the 
selector switch setting. This applies whenever you use the entire a.c. power pack 
(with the rectifier tube in its socket). 
6. Read the meter on the AC scale, and multiply the reading by the correct factor 

for the range being used. 
7. Turn off the N.R.I. Tester first, then turn off the power source. Pull out the test 

probes when through using the N.R.I. Tester, to prevent draining of the C 
battery in case the test clips accidentally touch the tester panel or chassis. 

NOTE: When the N.R.I. Tester is being used as an a.c. voltmeter on the V range, 
a meter reading may be obtained when only one test clip is connected. This is due 
to pick-up of stray a.c. energy by the test leads. Disregard this condition, as it has 
no effect on the readings when both test leads are connected. 

forth continually, estimate its aver- 
age position. If the pointer does not 
move at all from zero, record your 
result as zero volts. 

Discussion: In Step 1, you repeat 
your measurement of the d.c. output 
voltage so that you can record this 
value in Table 31 along with the other 
output voltage values of your a.c. 
power pack. You will use the values 
which you record in this table for ref- 
erence purposes in connection with 
later experiments. 

measure this d.c. output voltage to- 
morrow or next week. 

In boosting the a.c. line voltage, 
your power pack inherently amplifies 
the variations in the line voltage. If 
you are located in an industrial com- 
munity where there are large varying 
electrical loads on the power system, 
you may even be able to see this vari- 
ation, in the form of a continual 
flickering of the meter pointer when 
measuring the d.c. output voltage of 
the power pack. 
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OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

EXTENDING VOLTAGE RANGES 

As your N.R.I. Tester has a resistance of 10 megohms, you can double the values 
for any a.c. or d.c. voltage range of the N.R.I. Tester by inserting in series with the 
tester and the voltage source the 10-megohm resistor which is supplied to you as 
Part 4-21. 

Simply connect this resistor temporarily in series with the ungrounded test lead. 
The true voltage reading will then be the meter reading multiplied by twice the 
multiplying factor indicated at the selector switch setting. Thus, when using this 
voltage multiplier on the 100 X V range, a meter reading of 2.4 would correspond 
to 480 volts. 

When dealing with voltages between about 20 and 30 volts, the use of the 
voltage multiplier with the 3 X V range will give a more accurate measurement than 
could be obtained with the 30 X V range. This is particularly true in the case of 
a.c. measurements. 

In Step 2, you use the N.R.I. Tester 
as a low -range a.c. voltmeter and 
measure the a.c. output voltages 
which are provided at the output ter- 
minals of your power pack for fila- 
ment heating purposes. In connect- 
ing between output terminals I and 2 
for the first measurement, you meas- 
ure the voltage across the entire fila- 
ment winding (between terminals 19 
and 21 in Fig. 2) . Although this volt- 
age should normally be about 6 volts 
a.c., for use with 6 or 6.3 -volt vacuum 
tube filaments, you will measure a 
somewhat higher voltage under no- 
load conditions. This is entirely nor- 
mal, for the voltage will drop when 
vacuum tube filaments are connected 
to these terminals. 

The circuit diagram in Fig. 2 shows 

that the 6.3 -volt filament winding has 
a center tap, going to output terminal 
3. For the second and third measure- 
ments, you measure between this cen- 
ter tap and each of the outer termi- 
nals of the 6.3 -volt filament winding. 
If you secure essentially equal volt- 
age values for these two measure- 
ments, you know that the center tap 
has been placed in the electrical cen- 
ter of the filament winding, as it 
should be. The sum of the voltages 
across the two halves of the filament 
winding is equal to the voltage across 
the entire winding, but voltage values 
measured with the N.R.I. Tester may 
differ as much as 10% when checked 
in this manner. 

In Step 3, you set the N.R.I. Tester 
for use as an a.c. voltmeter and con - 

OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

IF N.R.I. TESTER READINGS SEEM WRONG, 
CHECK THESE ITEMS 

1. Are the test clip, test probe and selector switch positions correct for the type of 
measurement you are making? 

2. Are you reading the correct scale on the meter? 
3. Are you multiplying the scale reading by the correct factor for the selector switch 

setting? 
4. Is the calibrating clip placed on the correct permanent C battery terminal (-9C)? 

If through forgetfulness you leave the clip on the less negative terminal, all meter 
readings will be too high. 

5. Did you follow every step of the instructions given in the manual for making the 
measurement in question? 

NOTICE: WHEN WRITING TO THE INSTITUTE REGARDING YOUR 
N.R.I. TESTER, BE SURE TO REFER TO IT AS THE "N.R.I. TESTER FOR 
EXPERIMENTS." 
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OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

REDUCING LEAKAGE RESISTANCE EFFECTS 

Leakage resistance in the grid circuit of the N.R.I. Tester can provide a path for 
direct current through the meter circuit when measuring the a.c. ripple voltage at 
the high -voltage d.c. output terminals, thereby giving a meter reading even when the 
a.c. ripple voltage is zero. The condenser which was supplied you for use between 
the +Vno jack and the left-hand Vu, jack behind the panel of the tester has an 
unusually high leakage resistance value, but moisture or dust on the condenser housing 
or on either side of the insulating strip which supports the jacks may provide sufficient 
leakage resistance to give a meter reading. Likewise, moisture or dirt on the tube 
base or tube socket of the N.R.I. Tester can cause grid -to -filament leakage and give 
the same effect. This leakage is particularly troublesome under conditions of 
extremely high humidity, such as in a damp basement. 

To reduce the effects of leakage resistance to a minimum, turn off all apparatus, 
then remove the mounting screws for the jack strip on the N.R.I. Tester so you can 
wipe both sides of this strip with a clean cloth. Replace the jack strip, then wipe the 
housing of the .005-mfd. condenser carefully with the cloth, wipe the tube base 
between the prongs, and wipe the surface of the tube socket both above and below 
the chassis. 

nect it to the d.c. output terminals of 
the power pack. When using the AC 
voltmeter range of the N.R.I. Tester 
in this manner, a .005-mfd. condenser 
in series with the measuring circuit 
inside the tester blocks the flow of 
direct current. Under this condition, 
the only voltage which can affect the 
meter reading under normal conditions 
is the a.c. ripple voltage which might 
be present at the d.c. output termi- 
nals. 

Small variations in the line voltage 
can cause considerable flickering of 
the meter pointer while you are meas- 
uring the a.c. ripple voltage in the d.c. 
output. The power transformer in- 
creases the line voltage variations 
about four times, and the sudden 
charging and discharging of conden- 
sers in the filter system can amplify 
the variations still further, so that 
they are quite noticeable when meas- 
ured with the lowest AC range of 
the N.R.I. Tester. Reading the aver- 
age value over which the pointer flick- 
ers will eliminate these variations 
from your results. 

Blistering of Paint on Resistors. The 
50,000 -ohm resistor under the power 
pack chassis develops considerable 
heat during normal operation of the 

power pack, for it is connected di- 
rectly across a pulsating d.c. voltage 
of over 400 volts at the rectifier tube 
output. This heat may cause the paint 
on the resistor to become soft and de- 
velop blisters, but this will in no way 
affect the quality of the resistor or 
the operation of the power pack. This 
same blistering of paint may occur in 
the 40,000 -ohm resistors which you 
use across the d.c. output terminals 
in the next experiment. 

Bleeder Resistor. The 50,000 -ohm 
resistor is connected across the input 
of the power pack filter system at all 
times, and serves to prevent high - 
voltage surges from damaging the 
electrolytic filter condenser when the 
power pack is first turned on and 
there is no load connected to the d.c. 
output terminals. This resistor is 
actually an internal load on the power 
pack, and is called a bleeder resistor 
because it draws or "bleeds" a cur- 
rent continuously for stabilizing pur- 
poses, regardless of what is connected 
externally to the power pack. 

When reference is made to the 
power pack load, we always mean 
the load which is connected exter- 
nally to the output terminals. You 
can neglect the presence of the inter - 
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nal bleeder resistor load during nor- 
mal use of the power pack. 

Instructions for Report Statement 
No. 31. In the preceding discussion, 
it was pointed out that the d.c. out- 
put voltage of your power pack will 
vary with the a.c. line voltage. To 
familiarize you with the proper and 
safe technique for measuring this line 
voltage, you are asked to make this 
measurement and record it in Report 
Statement No. 31, along with your 
measured value for the d.c. output 
voltage. 

With the power pack plug pulled 
out, turn the power pack chassis on 
its back side, place one test clip on 
power switch terminal 10, and place 
the other test clip on transformer ter- 
minal 26, so that you will be measur- 
ing the voltage between the two leads 
of the power cord. Adjust the clips 
carefully so that they cannot loosen 
and touch other parts. Now prépare 
the tester for a.c. voltage measure- 
ments, as instructed elsewhere. In- 
sert the power cord plug in the wall 
outlet, and turn on the N.R.I. Tester. 
Record your a.c. line voltage in volts 
in Report Statement No. 31. Pull out 
the power cord plug before touching 
the test clips. 

Now repeat your measurement of 
the d.c. output voltage of the power 
pack, exactly as instructed in Step 1 
of this experiment. Record this value 
also in Report Statement No. 31, as 
the d.c. output voltage corresponding 
to the line voltage value you meas- 
ured. This output voltage may be 
different from that which. you re- 
corded in Table 31, but you know now 
that this is due simply to line voltage 
variations. 

EXPERIMENT 32 

Purpose: To show that the d.c. out- 
put voltage of your a.c. power pack 
varies with the load. 

Step 1. To connect four 40,000 - 
ohm resistors in parallel to the d.c. 
output terminals of the power pack 
so as to secure a 10,000 -ohm load, 
first secure the four 40,000 -ohm, 3 - 
watt resistors (Parts 3-6A, 3-6B, 3-6C 
and 3-6D) which were supplied you 
in Radio Kit 3RK. Bend a hook in 
each lead of one resistor in the man- 
ner shown in Fig. //A, loosen the 
screws on output terminals 4 and 5 
of the power pack, hook these resistor 
leads over screws 4 and 5, then tighten 
the screws while holding the resistor 
with your fingers and exerting a gentle 
upward pull to keep the hooks under 
the screw heads. Now bend the re- 
sistor leads downward until the re- 
sistor is about on a level with the 
screws. 

Take another 40,000 -ohm resistor, 
tin the ends of its leads; and connect 
this resistor in parallel with the first 
one by means of temporary soldered 
joints after bending and arranging the 
leads as shown in Fig. 11B. 

Connect the remaining two 40,000 - 
ohm resistors in parallel with the first 
two resistors by means of temporary 
soldered lap joints in the same man- 
ner, so that you now have a parallel 
combination of four resistors like that 
shown in Fig. //C. These give the 
desired equivalent resistance of 10,000 
ohms. 

Step ,L. To measure the d.c. output 
voltage of your power pack with vari- 
ous load values, first check the cali- 
bration of the N.R.I. Tester, then pre- 
pare it for d.c. voltage measurements 
according to previous instructions. 
Place the red clip on the resistor lead 
which is attached to terminal 5, bring- 
ing the clip up from under the lead 
as shown in Fig. IIC to minimize 
chances of the clip touching the chas- 
sis. In the same manner, place the 
black clip on the lead which is at- 
tached to terminal 4. Record your 
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result in Table 32 as the d.c. output 
voltage when using a 10,000 -ohm load. 

To measure the d.c. output voltage 
for a 20,000 -ohm load, remove two of 
the resistors from your parallel group 
by unsoldering one resistor lead in the 
manner shown in Fig. 11D. The two 
40,000 -ohm resistors which are still 
connected to output terminals 4 and 5 
give a load resistance of 20,000 ohms. 
Leave the clips connected as before, 
follow the "D. C. VOLTAGE MEAS- 
UREMENTS" instructions, and re- 
cord the result in Table 32 as the d.c. 
output voltage in volts for a 20,000 - 
ohm load. 

LOAD 
REDNCE 

IN OHMS 

D.C. OUTPUT VOLTAGE 
IN VOLTS 

D.C. LOAD CURRENT 
IN MILLIAMPERES 

YOUR VALUE N.R.I. YOUR VALUE N.R.I. 

10,000, 350 lei 36 

top. 390 ,' ; 20 

40,000 , 
- 420 j 

LNO OAD S (- 450 o 0 

TABLE 32. Record your results here for Experi- 
ment 32. All power pack measurements in this 
table are for normal full -wave rectification and con- 
denser input. Load values are as indicated in the 
first column above. Always use pencil rather than 
ink for recording your values in the tables. Be 
eure you record each value in the correct position in 

the table. 

To measure the d.c. output voltage 
for a 40,000 -ohm load, unsolder one 
more resistor lead in the manner 
shown in Fig. 11E, so that only one 
40,000 -ohm resistor is connected to 
terminals 4 and 5. Record your re- 
sult in Table 32 as the d.c. output 
voltage for a 40,000 -ohm load. 

To measure the d.c. output voltage 
for no load, remove the test clips, re- 
move the entire resistor group from 
output terminals 4 and 5, place the 
red clip on the screw of terminal 5, 
place the black clip on the screw of 
terminal 4, measure the d.c. output 

voltage exactly as you did in Experi- 
ment 31, and record your result in 
Table 32 as the no-load d.c. output 
voltage in volts. Pull out the power 
cord plug, remove the test leads en- 
tirely, and turn off the tester. 

Step 3. To measure load currents 
for the three load resistance values 
used in Step 2, first connect the four 
40,000 -ohm resistors in parallel again 
by means of temporary soldered lap 
joints to secure a 10,000 -ohm resist- 
ance. Connect one lead of this re- 
sistor group to output terminal screw 
5. Place the red test clip on the other 
lead of the resistor group, and place 

500 

450 

o 

= 400 

F 350 
a 

ó 
ó 300 

250 
0 5 10 15 20 25 30 35 40 

D.C. LOAD CURRENT IN MILLIAMPERES 

GRAPH 32. Plot your results for Experiment 32 
on this graph and draw a smooth line through the 
dots to secure a d.c. load current-d.c. output voltage 
curve which you can compare with the N.R.I. curve 
for condenser input. Later, you will use values ob- 
tained in Experiment 36 to plot another curve on 
this graph for a choke input type of filter circuit. 

the black test clip on output terminal 
screw 4, as shown in Fig. 11F. 

Prepare the tester for direct cur- 
rent measurements by placing the 
black test probe in the -I jack, 
placing the red test probe in the +I 
jack, and setting the selector switch 
at 10 X I. (This covers items 1 and 2 

in the "DIRECT CURRENT MEAS- 
UREMENTS" box on page 25. The 
previous paragraph covered items 3 

and 4, and the following paragraph 
here covers the remaining items -5, 6 

and 7.) 

kg, 

go. 

CtkQ 9 

4 kk 
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FIG. 11. Methods of connecting load resistors to the d.c. output terminals of your power pack for d.c. 
output voltage and d.c. load current measurements are illustrated here. 

A-Method of connecting a single 40,000 -ohm load resistor to d.e. output terminals 4 and 5. 
B-Two 40,000 -edam resistors connected in parallel to output terminals 4 and 5 as shown here wil serve 

as a 20,000 -ohm load. 
C-Four 40,000 -ohm resistors in parallel give a 10000 -ohm Iced. If the red and black test clips are 
attached in the manner shown here when making d.c. output voltage measurements, there is little po.sibility 

of the dips accidentally shorting together ere touching the chassis. 
D-Method of disconnecting two resistors temporarily. to give a :0,000 -ohm load. 
E-Method of disconnecting three resistors temporarily to give a 40,000 -ohm load. 
F-Method of connecting the test clips for measure -went of the d.c. load current through a 10,000ohm 
load resistance. Note that current is measured at the grounded point (terminal 4) in the load circuits 

this keeps the cbasais of the N.R.I. Testes at ground potential. 
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To measure the direct current flow- 
ing through the 10,000 -ohm load, turn 
on the power pack and the tester, wait 
half a minute, read the meter on the 
DC scale, multiply the meter reading 
by 10, and record your result in Table 
32 as the d.c. load current in ma. for 
a 10,000 -ohm load. 

While leaving the test probes ex- 
actly as shown in Fig. 11F, turn off 
the power pack, and remove com- 
pletely two of the resistors from the 
parallel group so as to secure a 20,000 - 
ohm load. Now measure the current 
through this 20,000 -ohm load in the 
same manner (you can follow the gen- 
eral instructions in the box on page 
25 if you prefer, but don't move the 
test clips), and record your result in 
Table 32 as the load current in ma. 
for a 20,000 -ohm load. 

With the test probes still exactly in 
the positions shown in Fig. 11F, turn 
off the power pack again, and remove 
completely one of the remaining two 
40,000 -ohm resistors, so that you now 
have only one 40,000 -ohm resistor left 
to serve as load. Measure the current 
through this 40,000 -ohm load in the 
same manner as before, and record 
your result in Table 32 as the load 
current in ma. for a 40,000 -ohm load. 

When the last 40,000 -ohm resistor 
is removed from terminal 5, there is 
no load, and hence no load current 
can flow. Do not make any measure- 
ment at all for the no-load current 
box in Table 32; just record a zero in 
this box. 

Step 4. To plot a graph which will 
show how d.c. output voltage varies 
with load current, first plot on Graph 
32 the d.c. output voltage you meas- 
ured for no-load conditions, by plac- 
ing a heavy dot at this voltage value 
on the vertical scale at the left of 
the graph. Next, locate on the hori- 
zontal scale the current value for the 
10,000 -ohm load, and draw a light 

vertical line through this value on the 
graph. Locate on the vertical scale 
the d.c. output voltage measured for 
this load value, draw a light horizon- 
tal line through this value, and make 
a heavy dot at the point where it 
intersects your vertical line. 

In the same manner, plot in turn 
similar points for the 20,000 and 40,- 
000 -ohm loads. Now connect your 
four points together with a smooth 
line to give a curve of load current 
plotted against d.c. output voltage. 

Discussion: Step 1 is a preliminary 
step which gives you additional ex- 
perience in making the temporary 
soldered lap joints which are used so 
extensively by radio servicemen for 
test connections. You may have some 
difficulty in making these joints un- 
less you first tin the leads individu- 
ally; in fact, the professional tech- 
nique for making lap joints always in- 
volves preliminary tinning of the in- 
dividual parts. This eliminates the 
necessity for having to apply solder 
while actually soldering the joints, so 
you can hold in one hand the part be- 
ing soldered, and hold the soldering 
iron in the other hand. 

After making the six soldered lap 
joints called for in Step 1, check your 
work by wiggling the wires of each 
joint. Sometimes a joint which ap- 
pears secure is held together only by 
rosin, which is an insulator; this wig- 
gling procedure will reveal defective 
rosin joints by breaking the rosin 
bond. 

When resistors of equal value are 
connected in parallel, the combined 
resistance is always equal to the value 
of one of the resistors divided by the 
number of resistors in parallel. This 
is a valuable rule to remember. 

Although the 40,000 -ohm resistors 
which you use in this experiment have 
a power -handling rating of 3 watts, 
it is entirely permissible to overload 

t 
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OPERATING INSTRUCTIONS FOR N.R.I. TESTER 

DIRECT CURRENT MEASUREMENTS 
1. Place the black test probe in the -I jack, and place the red test probe in the 

+1 jack. 
2. Set the selector switch at 10X1. 
3. Open the circuit at the point where current is to be measured. Although current 

can be measured anywhere in a circuit, it is best to make this measurement at a 
point which is at ground potential or as close as possible to ground potential. 
(Output terminal 4 of your power pack is at ground potential because the ground 
wire connects both to 3 and 4.) Observance of this rule minimizes chances of 
getting a shock when touching the tester chassis with one hand and touching a 
grounded object like the power pack chassis with the other hand. 

4. Place the black test clip on the grounded terminal (or lead) at the measuring 
point, and place the red test clip on the lead which you disconnected from this 
grounded terminal. This places your N.R.I. Tester in series with the circuit, just 
as it should be for all current measurements. 

5. Turn on the voltage source and the N.R.I. Tester, wait about half a minute if 
there are any heater -type tubes in your set-up, then read the meter on the DC 
scale and multiply the reading by 10 to get the current in milliamperes. 

6. If the current value is less than 4.5 ma., set the selector switch at the I range and 
read the direct current value in ma. directly on the DC scale. 

7. Turn off the N.R.I. Tester, then turn off the power source. Pull out the test 
probes to prevent draining the C battery in case the test leads accidentally touch 
the tester panel or chassis. 

IMPORTANT: For all direct current measurements, be sure to read the meter on 
the DC scale (not on scale 1,). 

these resistors for short periods of 
time. The resulting heat may change 
the appearance (color) of a resistor 
and produce smoke, but this will not 
affect the electrical characteristics. 

When working on this experiment, 
keep in mind that the load is increased 
by lowering (decreasing) the ohmic 
value of th . load resistance. In other 
words, yot have the greatest load on 
your power pack when all four re- 
sistors are connected in parallel to 
give a combined resistance of 10,000 
ohms. You should therefore expect 
to secure the lowest d.c. output volt- 
age when this load is employed. In- 
creasing the value of the load resist- 
ance to 20,000 and then to 40,000 
ohms reduces the loading effects, and 
consequently the measured d.c. output 
voltage should go up. Examine your 
results in Table 32 to verify this. 

When you analyze your measured 
values of load current, you should find 
that the d.c. load voltage is the low- 
est and the load current is the high- 
est for the 10,000 -ohm load. When 

you plot the load current values on 
Graph 32 and draw the curve through 
the points, your resulting curve can 
be compared to the N.R.I. curve for 
condenser input in Graph 32. You 
will see that the d.c. output voltage 
increases gradually to the no-load 
value as the load current is reduced 
by increasing the load resistance. Fur- 
thermore, with your curve you can 
determine what the d.c. output volt- 
age will be for any intermediate value 
of load current. 

Warning: Smoke coming from the 
N.R.I. Tester during direct current 
measurements means you have not 
made the correct series connection for 
a current measurement. Turn off the 
power pack at once, and move the test 
probes to the correct positions, as in- 
structed in the box on page 25. 

Load Current Computations. You can 
easily check your measured values of load 
current by means of Ohm's Law. To com- 
pute what the load current in amperes will 
be, divide the measured value of d.c. output 
voltage by the ohmic value of the load re- 
sistance employed. Multiplying the result 
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by 1,000 will give you the load current in 
milliamperes. You can do this for one or 
two of the load values in Table 32 if you 
wish, to see how well your computed and 
measured values agree. Of course, you can- 
not expect perfect agreement because the 
actual ohmic values of the resistors may be 
as much as 20% off from rated values due 
to normal manufacturing tolerances. 

Your a.c. power pack was designed 
to deliver at least 350 volts d.c. at a 
d.c. load current value of 25 ma., 
when connected to a standard 115 - 
volt, 60 -cycle power line. The curve 
of results obtained in the N.R.I. lab- 
oratory shows that the d.c. output 
voltage is well above 350 volts at this 
rated full -load current of 25 ma. 

Your power pack is capable of de- 
livering considerably more than the 

-4 

FIG 12. Simplified schematic circuit diagram of 
the high -voltage section of your a.c. power pack, 
with arrows indicating the direction of electron 
flow. RL represents an external load resistance con- 
nected to d.c. output terminals 4 and 5 of the 

power pack. 

rated output current for short periods 
of time, as you actually demonstrated. 

Review of Rectifier Action. Although the 
operating principles of rectifier circuits are 
fully covered in your regular course, now is 
an excellent time to review these important 
principles briefly, and see just why the d.c. 
output voltage drops as load is applied. 

To explain the theoretical operation of 
your a.c. power pack, the simplified sche- 
matic circuit diagram in Fig. 12 will be 
easier to follow than the detailed schematic 
diagram in Fig. 2. Rectifier tube VT in Fig. 
12 allows each power transformer secondary 
voltage Eso in turn to send electrons 
through load resistor RL and choke coil L 
in one direction only, as indicated by 
arrows. 

Input filter condenser C1 (Fig. 12) is 
charged by the pulsating d.c. voltage pro- 
duced by the rectifier tube -transformer 
combination. When the pulsating d.c. 
source voltage drops below the condenser 

voltage, this condenser discharges through 
RL and L; the condenser current then adds 
to the existing current flow over this path, 
thereby keeping the load current nearly 
constant despite the fact that the pulsating 
d.c. voltage is dropping to zero between 
each half cycle. 

If the resistance values of L and RL are 
reasonably high, the voltage across Ct will 
more or less follow the peaks of the recti- 
fied voltage during this action. 

Increasing the power pack load by re- 
ducing the resistance value of RL affects 
the power pack circuit in three different 
ways, with each of these tending to make 
the d.c. output voltage drop. 

First of all, an increased load makes C1 
discharge more completely in between the 
peaks of the pulsating d.c. voltage, with the 
result that the average d.c. voltage value 
across input filter condenser C1 is reduced. 
This is one reason why the d.c. output 
voltage goes down as more load is applied. 

Secondly, whenever direct current is 
drawn from the power pack, this current 
must flow through the d.c. resistance of the 
power transformer secondary winding, 
through the d.c. resistance of rectifier tube 
VT, and through the d.c. resistance of choke 
coil L. Increasing the load current in- 
creases the voltage drops across these three 
d.c. resistances, thereby reducing the 
amount of d.c. voltage available at output 
terminals 4 and 5. 

Finally, the a.c. voltage supplied by the 
power transformer secondary winding will 
drop when more current is drawn from this 
winding. The power transformer must sup- 
ply more energy when the load is increased, 
and consequently the alternating currents 
flowing through both the primary winding 
and the high -voltage winding must increase 
when the load current increases. Each 
transformer winding has an a.c. resistance 
due to eddy current and hysteresis losses 
as well as normal copper losses; the in- 
creased flow of alternating current through 
these a.c. resistances lowers the a.c. voltage 
available at the terminals of the high - 
voltage secondary winding for rectification 
purposes. 

Instructions for Report Statement 
No. S2. By referring to the curve 
which you plotted in Graph 32, de- 
termine what the d.c. output voltage 
of your power pack will be for a d.c. 
load current of 25 ma. when using the 
condenser -input filter circuit shown 
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in Figs. 2, 8, and 12. This is done by 
tracing upward from 25 ma. on the 
horizontal scale until you intersect 
your curve, then tracing horizontally 
leftward to the vertical axis and read- 
ing the d.c. voltage value there. Rec- 
ord this voltage value in the space 
provided for this purpose in Report 
Statement No. 32 on the last page. 

EXPERIMENT 33 V 

Purpose: To demonstrate the volt- 
age regulation characteristics of both 
the low and high -voltage secondary 
windings of the power transformer in 
your power pack. 

Step 1. To measure the full -load 
and no-load voltages of the low -volt- 
age secondary winding in your power 
pack, first take the length of resist- 
ance wire which is supplied as Part 
4-11 and connect it between output 
terminals 1 and 2 on the power pack 
by bending an open hook in each end 
of the wire, slipping one hook under 
the screw of output terminal 1 and 
tightening this screw, then slipping 
the other hook under the screw of 
output terminal 2 and tightening this 
screw. Bend the loop of resistance 
wire so that it does not touch the 
chassis or other nearby objects. This 
length of wire has a resistance of 3 
ohms, which is the correct value for 
drawing full -load current from the 
6.3 -volt filament winding of the power 
pack. 

Prepare the tester for a.c. voltage 
measurements and place the test clips 
on output terminals I and 2 under- 
neath the chassis. (Under -chassis 
connections are used because it is dif- 
ficult to make the clips grip the ter- 
minal screws while they are tightened 
over the resistance wire.) The chassis 
should be resting on its back side so 
that these terminals will be readily 

accessible. Measure the a.c. voltage 
between terminals 1 and 2, and record 
your result in Table 88 as the volt- 
age in volts at a.c. output terminals 
I and 2 for full load of 3 ohms. 

Remove the length of resistance 
wire from terminals 1 and 2, measure 
the a.c. voltage between output ter- 
minals 1 and 2, and record your re- 
sult in Table 88 as the no-load a.c. 
output voltage value in volts of the 
6.3 -volt filament winding (between 
terminals 1 and 2) . 

CAUTION: Do not touch the re - 

STEP NATURE OF 
MEASUREMENT 

A.G. VOLTAGE IN VOLTS 

YOUR VALUE N.R.I. VALUE 

VOLTAGE AT A.C. 
OUTPUT TERMINALS 
I AND 2 FOR 3A. 6.0 LOAD 

VOLTAGE AT A.C. 
OUTPUT TERMINALS 
I AND 2 FOR NO ( 6 .7 
LOAD 

VOLTAGE AT TRANS- 

23L FOR AND 
TERMINALSFOR 11 0 . 350 

2 VOLTAGE AT TRANS - 
FORMER TERMINALS 375 22 AND 23 FOR NO 
LOAD - 

TABLE 33. Record your results here for Experi- 
ment 33. All power pack measurements m this 
table are for normal full -wave rectification and con- 

denser input. 

sistance wire with your fingers while 
the power is on, and allow ample time 
(about one minute) for the wire to 
cool after power is turned off. This 
wire becomes almost red hot, and can 
cause an unpleasant burn if touched. 
Use long -nose pliers if for any reason 
you have to handle the wire while 
still hot. 

Step 2. To measure full -load and 
no-load a.c. voltages across one half 
of the high -voltage secondary wind- 
ing, first connect a 10,000 -ohm load to 
d.c. output terminals 4 and 5 by con- 
necting the group of four 40,000 -ohm 
resistors in parallel again with tem- 
porary soldered lap joints, then con- 
necting the group between output ter - 

27 



minais 4 and 5. Be sure the resistor 
leads do not touch the chassis. 

With the chassis resting on its back 
side to make the power transformer 
terminals accessible, measure the a.c. 
voltage between transformer termi- 
nals 22 and 23 and record your result 
in Table 33 as the a.c. voltage in volts 
across one half of the high -voltage 
secondary winding (between termi- 
nals 22 and 23) for a 10,000 -ohm 
load. 

Remove the 10,000 -ohm load from 
the power pack by disconnecting the 
group of four resistors from terminals 
4 and 5, measure the a.c. voltage again 
between terminals 22 and 23, and 
record your result in Table 33 as the 
no-load a.c. voltage in volts across 
one half of the high -voltage secondary 
winding (between terminals 22 and 
23). 

Discussion: In Step 1, you placed 
directly across the separate 6.3 -volt 
filament winding in your power pack 
a resistance which draws from this 
winding its rated output current of 
about 2 amperes. When you measure 
the a.c. output voltage while this load 
is present, you find the voltage to be 
appreciably lower than for the corre- 
sponding no-load condition. 

In Step 2, you again observe this 
same drop in voltage with load when 
you place a 10,000 -ohm load across 
the output terminals of the power 
pack so as to increase the effective 
load on the high -voltage secondary 
winding of the power transformer. 
You have thus proved that the a.c. 
voltage at the high -voltage secondary 
winding drops when load is applied 
to the power pack, exactly as was 
pointed out in Experiment 32 (in the 
review of rectifier action), and have 
demonstrated for yourself one of the 
three reasons why the d.c. output 
voltage drops with load. 

Transformer Theory. To understand why 

the secondary voltage of a power transformer 
drops as load is applied, we must review 
the basic action of an iron -core transformer. 

Although a power transformer is one of 
the most efficient devices employed in the 
electrical and radio industries, it is by no 
means entirely perfect. A power transformer 
has copper losses, hysteresis losses and eddy 
current losses, and these along with the 
reactances of the windings serve to reduce 
the output voltage when the transformer 
is loaded. 

Consideration of the equivalent trans- 
former circuit shown in Fig. 13 will help 
you to understand the actions occurring 
in a practical transformer. 

If a definite load voltage value VI, is re- 
quired across load Rs. in Fig. 13, the sec- 
ondary winding of the ideal transformer 
must supply a higher voltage Es which will 
be equal to the vectorial sum of the load 
voltage Vn, the a.c. voltage drop across the 
secondary a.c. resistance value Rs, and the 
a.c. voltage drop across the secondary in- 
ductive reactance Xs. The higher the load 
current, the higher are the voltage drops 
across Rs and Xs, and the higher must 
Es be to overcome these drops. 

A definite transformer primary voltage 
Er is required to provide secondary voltage 
Es, assuming perfect coupling in this ideal 
transformer. The supply voltage E must 
be higher than this primary voltage, how- 
ever, for it has to overcome the a.c. voltage 
drop across the primary a.c. resistance Rr 
and the a.c. voltage drop across the pri- 
mary inductive reactance Xr. 

We thus see that the voltage drops across 
the primary and secondary resistances and 
reactances in a power transformer make 
necessary a higher input voltage than 
would be required in a perfect transformer 
to secure a desired output voltage. This 
means that when the input voltage is fixed 
(as it is for the average power line con- 
nection), these voltage drops make the out- 
put voltage lower than that for a perfect 
transformer. Increasing the load makes 
these voltage drops increase, thereby re- 
ducing the output voltage still more if the 
input voltage remains constant. 

Further study of the results you 
obtained in this experiment will show 
that at no load, the d.c. output volt- 
age of the power pack is higher than 
the a.c. voltage across each half of the 
high -voltage secondary winding. Thus, 
the N.R.I. values show an a.c. sec - 
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ondary voltage of 375 volts and a no- 
load d.c. output voltage of 450 volts. 

This does not mean, however, that 
we are getting voltage step-up in the 
filter circuit. The measured a.c. volt- 
age value of 375 volts in the N.R.I. 
case is an effective or r.m.s. value, and 
the instantaneous voltage will actu- 
ally swing up to 1.4 times this effec- 
tive value on peaks. This means that 
the peak a.c. voltage value present 
across one half of the secondary wind- 
ing is 1.4 X 375 volts, or 525 volts. 
This value of 525 volts represents the 
theoretical absolute limit of the no- 
load d.c. output voltage. By bridg- 
ing the valleys between peaks, the 

Xp 

TO 
11OV. 
AC. 

PRACTICAL TRANSFORMER 

IDEAL 
TRANSFORMER 

Rp 

PRI. SEC. 

Xs 
Rs 

VL 

FIG. 13. Simplified equivalent circuit diagram for 
the primary winding and high -voltage secondary 
winding of a power transformer. The portion of 
the diagram designated as an ideal transformer has 
no losses. Parts Xp, Rp, Rs and Xs represent 
equivalent loss -producing resistances and reactances 
which are present in a practical iron -core transformer. 

filter condensers tend to make the d.c. 
output voltage approach this peak 
value during no-load conditions. 

As load is applied to the power 
pack, the d.c. output voltage value 
drops, and may even go below the ef- 
fective a.c. secondary voltage value, 
for increased load makes the input 
filter condenser discharge more com- 
pletely during each rectified half 
cycle. 

Instructions for Report Statement 
No. 33. In this experiment, you de- 
termine for yourself the effect which 
a load connected to the d.c. output 
terminals of your power pack has 
upon the a.c. voltage existing across 
one half of the high -voltage secondary 
winding of the power transformer. 
Report Statement No. 33 gives you a 

chance to express your own conclu- 
sion regarding this particular experi- 
ment, and at the same time tells us 
whether you have performed the ex- 
periment properly and mastered the 
important principle it is intended to 
demonstrate. 

Turn to the last page, and place a 
check mark after the answer in Re- 
port Statement No. 33 which expresses 
the change you observed in the a.c. 
voltage across one half of the high - 
voltage secondary winding of the 
power transformer (between termi- 
nals 22 and 23) when you applied a 
10,000 -ohm load to the d.c. output 
terminals of the power pack. 

EXPERIMENT 34 

Purpose: To show that most of the 
ripple voltage which is present across 
the input filter condenser of the power 
pack is dropped in the choke coil, and 
to show that the a.c. ripple voltage 
across the input filter condenser in- 
creases with load. 

Step 1. To measure ripple voltages 
in your a.c. power pack when a 40,000 - 
ohm load is connected to the d.c. out- 
put terminals, first rest the chassis on 
its back side so that both the under - 
chassis connections and the output 
terminal screws are conveniently ac- 
cessible. Take the group of four 
parallel -connected resistors used in 
the previous experiment, unsolder 
from the first resistor (the one having 
hooks in its lead) the other three re- 
sistors, then connect this single re- 
sistor to output terminals 4 and 5. 

Locate the 50,000 -ohm bleeder re- 
sistor under the chassis (this is con- 
nected across the input of the power 
pack filter system, as shown in Fig. 2). 
Measure the a.c. voltage across this 
resistor, being sure to place the black 
clip on the grounded resistor lead 
(place the black clip on the resistor 
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STEP 

LOAD 
VALUE 

IN 
OHMS 

A.C. VOLTAGE IN VOLTS ACROSS 
INPUT CONDENSER 

A.C. VOLTAGE IN VOLTS ACROSS 
CHOKE COIL 

A.C. VOLTAGE IN VOLTS AT D.C. 
OUTPUT TERMINALS 

YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE 

I 40,000 35 3.5 3. )- 0 
2 IG,Goo 6.3 6.3 c 0 

TABLE 34. Record your results bere for Experiment 34. All power pack measurements in this table 
are for normal full -wave rectification and condenser Input. 

lead going to condenser terminal 27, 
and place the red clip on the resistor 
lead going to socket terminal 8) . 

Record your result in Table 34 as the 
a.c. voltage in volts across the input 
filter condenser for a 40,000 -ohm load. 
(The bleeder resistor is in parallel 
with the input filter condenser.) Wait 
a few seconds for the condensers to 
discharge before touching any termi- 
nals, after turning off the power pack. 

To measure the a.c. ripple voltage 
across the choke coil, place one clip 
on choke coil terminal 14, place the 
other clip on choke coil terminal 13, 
read the meter on the AC scale, and 
record the result in Table 34 as the 
a.c. voltage in volts across the choke 
coil for a 40,000 -ohm power pack load. 
Polarity of the test leads is unim- 
portant in this case. However, this 
measurement is made in the hot side 
of the circuit. This places the tester 
chassis at a high potential with re- 
spect to ground, so do not touch the 
tester chassis and the power pack 
chassis at the same time while power 
is on. 

To measure the a.c. ripple voltage 
at the d.c. output terminals of the 
power pack, place the red clip on out- 
put terminal screw 5 or on the resistor 
lead attached to this terminal, place 
the black clip on output terminal 
screw 4, and record your result (even 
if it is 0) in Table 34 as the a.c. ripple 
voltage at the d.c. output terminals 
for a 40,000 -ohm power pack load. 

Step 2. To measure a.c. ripple volt- 

age values in your power pack when a 
10,000 -ohm load is connected to the 
d.c. output terminals, first solder your 
parallel -connected group of three 
40,000 -ohm resistors (left over from 
the previous experiment) in parallel 
with the 40,000 -ohm resistor which is 
already connected to output terminals 
4 and 5, using temporary soldered lap 
joints just as you did in the previous 
experiment. Now, repeat each of the 
measurements called for in Step 1. 

Record your values in Table 34 as the 
a.c. ripple voltages for a 10,000 -ohm 
power pack load. 

Allow the 40,000 -ohm resistors a 
few minutes to cool before touching 
them with your fingers; they become 
quite hot while serving as power pack 
loads. 

When you have completed all 
measurements for this step, remove 
the 40,000 -ohm resistors from output 
terminals 4 and 5, but leave the re- 
sistors connected in parallel for the 
present. 

Discussion: This experiment shows 
you that even though appreciable a.c. 
ripple may exist at the input of the 
filter system in the power pack (across 
the input filter condenser), the filter 
system reduces this a.c. ripple so much 
that the amount of ripple present at 
the d.c. output terminals is negligible 
and is so small that it cannot ordi- 
narily be measured with the N.R.I. 
Tester. You also see for yourself how 
an increase in load makes the input 
a.c. voltage across the input filter con - 
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denser go up, with the choke coil still 
absorbing practically all of this volt- 
age, so that the a.c. ripple at the d.c. 
output terminals is still too small to 
be measured. 

In the regular lessons of your N.R.I. 
course, you learned that the input con- 
denser of a filter circuit accepts elec- 
trons and charges up whenever the 
voltage delivered by the rectifier tube 
is higher than the existing voltage 
across this condenser. When the rec- 
tifier tube voltage is lower than that 
of the input filter condenser, the con- 
denser cannot discharge in the reverse 
direction through the rectifier tube, 
and hence it discharges through the 
series circuit consisting of the choke 
coil and the power pack load. The 

ohm load than you did for the 40,000 - 
ohm load. 

Since the choke coil and the output 
filter condenser are in series across 
the input filter condenser, these two 
parts really form an a.c. voltage di- 
vider connected across the input filter 
condenser. Therefore, according to 
Kirchhoff's Voltage Law, the voltage 
drop across each of the two parts will 
be proportional to the impedance of 
that part. 

One requirement in the design of a 
filter circuit is a high choke coil im- 
pedance with respect to the output 
condenser impedance at the ripple fre- 
quency. When this condition is se- 
cured, most of the a.c. ripple voltage 
is dropped across the choke coil, and 

VOLTAGE ACROSS INPUT CON- 
DENSER WITH SMALL LOAD 

w 9 
O TIME 

FIG. 14. Wave forms of voltages existing at dif- 
ferent points in a power pack employing full -wave 

rectification and a condenser input filter. 

VOLTAGE ACROSS 
INPUT CONDENSER 
WITH LARGE LOAD 

rate at which this input filter con- 
denser discharges is determined by 
the capacity value of the condenser 
and the total resistance value through 
which it discharges (the choke coil 
resistance -I- the load resistance) . 

The lower the ohmic value of the 
load, the lower is the total resistance 
through which the input filter con- 
denser discharges; a low load resist- 
ance (corresponding to a large load) 
thus makes the input filter condenser 
discharge more completely in between 
peaks, as indicated by the solid -line 
curve in Fig. 14.. You can readily see 
that there is more a.c. ripple in this 
curve than there is in the dotted -line 
curve corresponding to a small load 
(high load resistance value). This 
explains why you obtained higher a.c. 
ripple voltage values for the 10,000 - 

PULSATING D.C. 
OUTPUT VOLTAGE 
OF FULL -WAVE 
RECTIFIER TUBE 

very little will be present across the 
output filter condenser and across the 
power pack load. 

Computation. We can readily compute 
the fraction of the ripple voltage which is 
dropped across each part of this a.c. volt- 
age divider (across the choke coil and 
across the output filter condenser), assum- 
ing that the choke coil (L) has an induc- 
tance of 10 henrys, and the output filter 
condenser (Co) has a capacity of 10 mfd. 
With the full -wave rectifier circuit employed 
in your power pack, the ripple frequency (f) 
is twice the power line frequency, or 120 
cycles. 

At the ripple frequency, the reactance of 
the output filter condenser will be : 

Xo = 1,000,000 - (6.28 X f X Co) 
Xo = 1,000,000 - (6.28 X 120 X 10) 
Xo = 1,000,000 _ 7,536 = 132 ohms 

Under the same conditions, the reactance 
of the choke coil will be: 

Xt.=6.28XIXL 
XL = 6.28 X 120 X 10 = 7,536 ohms 
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These figures tell us that the reactance 
of the choke coil at the 120 -cycle ripple 
frequency is about 57 times that of the 
output condenser (7,536 ± 132 = 57). This 
means that 56/57 of the total a.c. ripple 
voltage is dropped across the choke coil, 
and only 1/57 of the total (a negligible 
amount) is present across the output filter 
condenser and load. Since the a.c. ripple 
voltage at the filter input is rarely more 
than 7 volts even under full load, this 
means that the a.c. output voltage is negli- 
gibly small even when the load is increased 
to the maximum value which the power 
pack can safely handle. 

We can compare reactances rather than 
impedances in this analysis simply because 
the d.c. resistance of the choke coil is 
negligibly small in comparison to its in- 
ductive reactance, and the condenser re- 
sistance is even smaller in comparison to 
its reactance. 

Instructions for Report Statement 
No. 34. If you performed Experiment 
34 slowly and carefully, so that you 
appreciated the full significance of 
each reading obtained, you will have 
no difficulty now in answering Report 
Statement No. 34 on the last page of 
this manual. In this report statement, 
you are simply asked to tell whether 
increasing the load on the d.c. output 
section of your power pack (by re- 
ducing the ohmic value of the load 
resistor) makes the a.c. ripple voltage 
across the input filter condenser de- 
crease, increase or remain the same. 
Place a check mark after the answer 
you consider correct in the report 
statement. 

EXPERIMENT 35 

Purpose: To prove that the induc- 
tance of the choke coil affects the a.c. 
ripple output voltage but does not af- 
fect the d.c. output voltage value, and 
to prove that the d.c. resistance of the 
choke coil affects the d.c. output volt- 
age value. 

Step 1. To replace the choke coil in 
your power pack with a 200 -ohm re- 

sistor, first unsolder the two wires 
which are on choke coil terminal 13. 
Connect these two wires together with 
a temporary soldered hook joint, then 
bend the wires so that this joint does 
not touch terminal 13 or any other 
terminals. Now take your 200 -ohm 
resistor (Part 3-4) and connect one 
of its leads to choke coil terminal 14 
with a temporary soldered lap joint. 
Connect the other resistor lead to the 
hook joint you just made, using either 
a soldered lap joint or a temporary 
soldered hook joint. 

The change which you have just 
made is equivalent to removing the 
inductance of the choke coil while 
leaving its d.c. resistance in the cir- 
cuit. 

Step 2. To measure the d.c. output 
and the a.c. ripple voltages when the 
choke coil is replaced with a 200 -ohm 
filter resistor and a 10,000 -ohm load 
is connected to the d.c. output termi- 
nals, first take the group of four 
parallel -connected 40,000 -ohm re- 
sistors left over from Experiment 34, 
and connect these to output terminals 
4 and 5. 

With the power pack resting on its 
back side so that under -chassis con- 
nections are accessible, measure the 
d.c. output voltage between output 
terminals 4 and 5, and record your 
result in Table 35 as the d.c. output 
voltage with a 200 -ohm filter resistor 
and with a 10,000 -ohm load. 

Measure the a.c. voltage between 
terminals 4 and 5 for the same condi- 
tions, and record your result in Table 
35 as the a.c. ripple voltage measured 
at the d.c. output terminals. 

For comparison purposes, record in 
Table 35 the d.c. output voltage value 
which you measured in Experiment 32 
for a 10,000 -ohm load while the choke 
coil was still in the circuit (this is the 
first value which you recorded in 
Table 32) . Record also in Table 35 
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the a.c. ripple voltage in volts which 
you measured in Experiment 34 at the 
d.c. output terminals for a 10,000- 
ohm load and a 10 -henry choke coil 
(the last reading you recorded in 
Table 34) . 

Protecting N.R.I. Tester Against 
Surges. Always turn on the power 
pack before you turn on the N.R.I. 
Tester, and always turn off the N.R.I. 
Tester before you turn off the power 
pack. This prevents damage to the 
N.R.I. Tester by the voltage surges 
which exist at the instant of turning 
the power pack on or off. Be sure to 
turn off the power pack before touch- 
ing the test clips with your fingers. 

Step 3. To measure ripple and d.c. 
output voltages while the choke coil 
is replaced with a 200 -ohm resistor 
and a 40,000 -ohm load is connected to 
the d.c. output terminals, first remove 
three of the 40,000 -ohm resistors from 
d.c. output terminals 4 and 5, so as to 
leave only one 40,000 -ohm resistor 
connected to these terminals. Now 
repeat each of the measurements made 
in Step 2; that is, measure the d.c. 
output voltage and the a.c. ripple 
voltage which is present at the d.c. 
output terminals, and record each 
measured value in Table 35. 

For comparison purposes, record 
also the d.c. and a.c. output voltages 
which you obtained in Experiments 
32 and 34 respectively for a 40,000 - 
ohm load and the original choke coil 
connection. 

Discussion: A comparison of the 
two d.c. output voltage values which 
you recorded for Step 2 in Table 35 
should prove definitely that the in- 
ductance of the choke coil has no ef- 
fect upon the d.c. output voltage 
value. In other words, you should 
obtain essentially the same d.c. out- 
put voltage values when the 200 -ohm 
resistor is in the circuit as when the 
choke coil was in the circuit during 

the 10,000 -ohm load measurement in 
Experiment 32. Any difference be- 
tween your values can be due to vari- 
ations in line voltage or normal toler- 
ances in radio part values. 

A comparison of the d.c. output 
voltage values which you recorded in 
Step 3 of Table 35 for the 40,000 -ohm 
load further verifies that the d.c. out- 
put voltage is independent of the 
amount of inductance in the choke 
coil. 

When you study the a.c. output 
voltage values recorded for Step 2, 
however, you note an entirely differ- 
ent situation. When this was meas- 
ured with a 10,000 -ohm load and the 
choke coil in the circuit, in Step 2 of 

STEP 
CIRCUIT 

DATA 

D.C. OUTPUT 
VOLTAGE IN VOLTS 

A.C. VOLTAGE N VOLTS 
AT D.C. OUTPUT TERM 

YOUR VALUE 
N.R.I. 

VALUE 
YOUR VALUE 

N Ft l 

VALUE 

10,000n 
LOAD AND 
2004 FILTER 
RESISTOR 

^ 1/ j t.,f. 350 -7 / 2.4 
10,000n 
LOAD AND 10H. 
CHOKE COIL - G 

J/ 
1-1/ 

/ V /1 
_3 

3 

40,000n 
LOAD AND 
2004 FILTER 
RESISTOR 

/ (re / 
../ l/ 420 } 

¡ 1.2 

40,000n 
LOAD AND 10H. 
CHOKE COIL J VV 

37 420 7 , . 

TABLE 35. Record your results here for Experi 
ment 35. All power pack measurements in this 
table are for normal full -wave rectification and con- 
denser input. Values on the first line in each step 
are obtained with a 200 -ohm resistor connected in 
place of the 10 -henry choke coil. Values in the 
second line of each step in the table are obtained 

from Tables 32 and 34. 

Experiment 34, zero voltage was ob- 
tained. When the choke coil is re- 
placed with the 200 -ohm resistor, 
however, an appreciable a.c. voltage 
value is present at the d.c. output ter- 
minals. This is definite proof that it 
is essentially the inductance of the 
choke coil (not the resistance) which 
keeps down the a.c. ripple voltage at 
the d.c. output terminals. 

Making the same comparison for 
the 40,000 -ohm load value in Step 3 

further emphasizes the importance of 
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the inductance in keeping down a.c. 
ripple. 

Since the entire load current must 
flow through the choke coil or filter re- 
sistor, it should be apparent that the 
d.c. resistance of the choke coil will 
affect the d.c. output voltage. The 
greater the resistance of this choke 
coil, the greater will be the voltage 
drop across this coil and the less d.c. 
voltage there will be available at the 
d.c. output terminals. 

You learned in connection with a 
previous experiment that the react- 
ance of the choke coil is about 57 
times the reactance of the output con- 
denser (the computed values were 
7,536 ohms and 132 ohms respec- 
tively) . When you replace the choke 
coil with a resistor, however, you 
have only 200 ohms at the choke coil 
position acting in series with the out- 
put condenser reactance of 132 ohms. 
Under this condition, almost half of 
the input condenser ripple voltage is 
present across the output filter con- 
denser and the load. This explains 
why you obtained measurable a.c. 
output voltage values at the d.c. out- 
put terminals when the choke coil was 
replaced by the 200 -ohm resistor. 

It is permissible to use a resistor 
in place of a choke coil in a filter cir- 
cuit only when the ohmic value of the 
resistor is many times the reactance 
of the output filter condenser. A re- 
sistance value high enough for ade- 
quate filtering can be used only when 
the load voltage requirements are low 
or the load resistance is considerably 
higher than the required filter resistor 
value. 

Instructions for Report Statement 
No. 35. The discussion for this ex- 
periment indicates that the ohmic 
value of the equivalent filter resistor 
affects both the d.c. output voltage 
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value and the a.c. ripple voltage 
value. For this report statement, you 
will make additional measurements 
to verify these statements experi- 
mentally. 

Remove the 200 -ohm resistor which 
you connected between choke coil ter- 
minal 14 and the leads formerly on 
terminal 13, and connect in its place 
a 20,000 -ohm resistor (two of your 
40,000 -ohm resistors connected in 
parallel) . 

With a 40,000 -ohm load still con- 
nected to the d.c. output terminals, 
measure the d.c. output voltage across 
the load (between terminals 4 and 5). 
Compare this measured value with 
the d.c. output voltage value you ob- 
tained in Step 3 of this experiment for 
the same 40,000 -ohm load and a 200 - 
ohm resistor in place of the choke 
coil. Now turn to the last page of 
this manual, and answer the first half 
of Report Statement No. 35, wherein 
you are asked whether the d.c. output 
voltage increased, decreased or re- 
mained the same when you increased 
the ohmic value of the filter resistor 
from 200 ohms to 20,000 ohms. 

Next, measure the a.c. ripple volt- 
age value at the d.c. output terminals 
of your power pack while the same 
40,000 -ohm load and 20,000 -ohm filter 
resistor are connected. Compare your 
measured value for this set-up with 
the measured ripple voltage value re- 
corded for Step 3 in Table 35 for the 
200 -ohm filter resistor and 40,000 - 
ohm load, then answer the last part 
of Report Statement No. 35. 

If you keep in mind that you now 
have a 20,000 -ohm resistance acting 
in series with the 132 -ohm reactance 
of the output filter condenser, you 
should have no difficulty in figuring 
out the reason for the result you ob- 
tained when you measured the a.c. 
ripple voltage at the output terminals. 



EXPERIMENT 36 

Purpose: To determine how the filter 
system of your power pack performs 
when the input filter condenser is re- 
moved to give a choke input filter. 

Step 1. To secure a choke input 
connection, first remove the 20,000 - 
ohm filter resistor which you used in 
place of the choke coil in the last ex- 
periment. Replace on choke coil ter- 
minal 13 the two wires which were 
originally on this terminal, so as to 
restore your power pack to its original 
circuit. Now disconnect the input 
filter condenser by unsoldering the 
lead which is on condenser terminal 

put terminals of your power pack. 
Measure the a.c. voltage across the 

50,000 -ohm bleeder resistor under the 
chassis, and record your result in 
Table 36 as the a.c. filter input volt- 
age in volts. 

Since there is no load in this step, 
there is no d.c. load current to meas- 
ure. Simply record zero for this no- 
load current measurement in Table 36. 

Step 3. To measure the d.c. output 
voltage, a.c. ripple output voltage, the 
a.c. filter input voltage and the d.c. 
load current with a 40,000 -ohm load 
and a choke input filter circuit, first 
take one of your 40,000 -ohm resistors 
(Part 3-6A) and connect it to output 

STEP 
LOAD 

IN 
OHMS 

D.C. OUTPUT VOLTAGE 
IN VOLTS 

A.C. VOLTAGE N VOLTS 
AT OUTPUT TERMINALS 

A.C. FILTER INPUT 
VOLTAGE IN VOLTS 

D.C. LOAD CURRENT 
IN MILLIAMPERES 

YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE 

2 LOAD -, 5 A 400 1.0 --i ? 63 0 0 
3 40,000 f 1_L, 350 _2.c/ 1.8 1 o - 1/4 7 

4 so,DDD 
... 3/0 2.3 / / 135 j.$ /5 

5 10,000 1) 270 't . j 3.4 ) 22 /47 2 s 27 
TABLE 36. Record your results here for Experiment 36. All power pack measurements in this table are 

for normal full( -wave rectification and choke input. 

29 and bend up this lead so it cannot 
touch other parts or terminals. Re- 
move the 40,000 -ohm load resistor 
from the d.c. output terminals. 

Step 2. To measure the d.c. output 
voltage, the a.c. ripple output volt- 
age, and the a.c. filter input voltage 
with no load on your power pack and 
with a choke input connection (with 
the input filter condenser removed), 
measure the d.c. voltage across ter- 
minals 4 and 5, and record your re- 
sult in Table 36 as the no-load d.c. 
output voltage. 

Measure the a.c. ripple voltage at 
the d.c. output terminals 4 and 5, and 
record your result in Table 36 as the 
a.c. voltage in volts at the d.c. out - 

terminal screws 4 and 5. 
Measure the d.c. output voltage as 

instructed in Step 2, and record your 
result in Table 36. 

Measure the a.c. ripple voltage at 
the d.c. output terminals as instructed 
in Step 2, and record your result in 
Table 36. 

Measure the a.c. voltage at the in- 
put of the filter as instructed in Step 
2, and record your result in Table 36. 

Prepare the N.R.I. Tester for direct 
current measurements according to 
previous instructions. Measure the 
d.c. load current in milliamperes by 
disconnecting the 40,000 -ohm resistor 
lead from output terminal screw 4, 
placing the red test clip on this re - 
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sistor lead, and placing the black test 
clip on output terminal 4. Record 
your result in Table 36 as the d.c. 
load current in milliamperes for a 
40,000 -ohm load. 

Step 4. To repeat your series of 
four measurements with a 20,000 -ohm 
load connected to the power pack, re- 
move the test clips and reconnect the 
load resistor lead to output terminal 
screw 4, then connect another 40,000 - 
ohm resistor in parallel with this first 
one by means of temporary soldered 
lap joints so as to secure a 20,000 -ohm 
load. 

Measure the d.c. output voltage in 
volts as instructed in Step 2, and 
record your result in Table 36. 

Measure the a.c. ripple output volt- 
age in volts as instructed in Step 2, 
and record your result in Table 36. 

Measure the a.c. voltage at the in- 
put of the filter circuit as instructed 
in Step 2, and record your result in 
Table 36. 

Measure the d.c. load current in 
milliamperes as instructed in Step 3, 
and record your result in Table 36. 

Step 5. To repeat your series of 
four measurements with a 10,000 -ohm 
load connected to the power pack, 
take your remaining two 40,000 -ohm 
resistors and connect them in parallel 
with the two already on output ter- 
minals 4 and 5, so that you have four 
parallel -connected 40,000 -ohm re- 
sistors connected to these terminals 
to give a 10,000 -ohm load. Now re- 
peat each of the four measurements 
as instructed in Steps 2 and 3, and 
record your four results in Table 36. 

Step 6. To get a better picture of 
how load current varies with d.c. out- 
put voltage when the input filter con- 
denser is disconnected, plot on Graph 
32 the four sets of readings you just 
obtained for d.c. load current and d.c. 
output voltage. You received in- 
structions in Experiment 32 for plot- 

ting values like these on a graph. 
Make heavy dots for each of your 
four points on the graph, then con- 
nect the dots together with a curve 
which passes through all four points. 
Label this as your curve for choke in- 
put, to distinguish it from the curve 
you previously drew for condenser 
input. 

Discussion: Although it might be 
more convenient to start with a full 
load of 10,000 ohms and remove re- 
sistors one by one to reduce the load 
(as was done in Experiment 32), you 
follow normal laboratory procedure 
in this experiment by starting with 
no load and gradually increasing the 
load up to the maximum value. This 
procedure is preferred because there 
are occasions when you will not know 
whether some part in the circuit is 
capable of standing up under full - 
load conditions. 

By starting with no load, you can 
at least get some of your readings be- 
fore it is necessary to stop measure- 
ments because of overheating of a 
part. Sometimes the readings will in- 
dicate a tendency towards failure suf- 
ficiently in advance for you to stop 
the experiment and change the part 
or circuit to correct the condition. As 
far as actual values are concerned, 
you will secure the same readings re- 
gardless of whether you work from 
no load to full load or from full load 
to no load. 

In this experiment, you remove the 
input filter condenser from your power 
pack circuit so as to duplicate the en- 
tirely possible condition whereby this 
condenser becomes defective during 
actual operation. When the input 
filter condenser is removed, the choke 
coil becomes the first part in the filter 
circuit through which the pulsating 
d.c. output of the rectifier tube passes. 
A filter circuit of this nature is com- 
monly known as a choke input filter, 
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while the original filter circuit in the 
power pack is known as a condenser 
input filter. Familiarity with the 
performance of a filter system having 
a defective input filter condenser will 
help you to recognize trouble of this 
type when you encounter it in radio 
equipment. 

This experiment is important for 
still another reason. Although a 
choke input filter is rarely used in ra- 
dio receivers, it is used extensively in 
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FIG. 15. Graph showing how the d.c. output volt- 
ages for condenser input and choke input in your 
power pack tend to become equal in value as the 
d.c. load current is increased up to the maximum 
safe current of 125 ma. which can be handled by 
the rectifier tube. Values for these curves can be 
obtained only by taking certain special precautions, 
because the power transformer and choke coil in 
your power pack are designed for maximum rated 
currents of only 25 ma. These current ratings are 
entirely ample for all experiments which you will 

perform with your power pack. 

transmitter power packs and in the 
high -voltage power packs of special 
radio apparatus. By becoming famil- 
iar with the operating characteristics 
of this type of filter, you acquire val- 
uable training in these branches of 
radio as well as in radio receiver serv- 
icing. 

We can start our analysis of the 
results obtained in this experiment by 
considering the load current-d.c. out- 
put voltage curve which you plotted 
in Step 6. A comparison of this curve 
with that which you obtained in Ex- 
periment 32 shows immediately that 

the d.c. output voltage is lower for 
choke input than for condenser input. 
This is explained by the fact that with 
choke input, there is no input con- 
denser to maintain the voltage in be- 
tween the pulses of the rectifier tube 
output. The choke and output filter 
condenser merely serve to remove the 
a.c. component. 

Voltage Regulation. To express 
how the output voltage of a power 
pack will drop when full load is ap- 
plied, engineers often use a rating 
called per cent voltage regulation. 
This is obtained by taking the differ- 
ence between the no-load and full - 
load voltages, dividing this difference 
by the no-load voltage value, then 
multiplying the result by 100. 

There are certain special conditions in 
which choke input can give as good or even 
better voltage regulation than condenser 
input. For instance, the d.c. output volt- 
age of the power pack was measured in the 
N.R.I. laboratory with various load values 
drawing up to 125 ma., using both choke 
input and condenser input, and the re- 
sults plotted to give the curves shown in 
Fig. 16. These curves show that with a 
125 -ma. load, the d.c. output voltages be- 
come very nearly equal for both curves. 

Careful examination of the curves in 
the vicinity of 125 ma. shows that varia- 
tions in load current in this region will 
cause leas variation in the d.c. output volt- 
age when choke input is used than when 
condenser input is used. In other words, 
the choke input curve is flatter than the 
condenser input curve at high load -current 
values. This verifies the statements made 
in your regular lessons regarding the ad- 
vantages of choke input in power packs 
which must supply high d.c. output volt- 
ages to large varying loads, such as in the 
power packs of transmitters. 

The curves in Fig. 15 give the voltage 
regulation of the entire power pack, includ- 
ing the power transformer. If a sufficiently 
large power transformer were used to 
eliminate the voltage regulation character- 
istics of the power transformer from these 
curves, the superiority of the choke input 
filter over the condenser input filter at high 
load current values would be much more 
evident. 
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Ripple Voltage. An examination of the 
a.c. voltage values which you recorded in 
Table 36 shows that both the input a.c. 
voltage to the filter and the a.c. ripple 
output voltage are much higher with choke 
input than they were for the corresponding 
measurements made in Experiment 34 with 
condenser input and recorded in Table N. 

In the discussion of Experiment 34, we 
calculated that the ripple voltage was re- 
duced about 57 times by the choke coil and 
output filter condenser. In the case of 
choke input, we can determine the ripple 
reduction factor for each load simply by 
dividing the filter input a.c. voltage by the 
filter output a.c. voltage. 

The N.R.I. values of a.c. voltage and 
the resulting ripple reduction factors have 
been reproduced in Fig. 16 for your con. 
venience in analyzing the results. Now we 

LOAD 
IN 

OHMS 

N.R.I. VALUE OF 
A.C. FILTER INPUT 

VOLTAGE IN 
VOLTS 

N.R.I. VALUE OF 
A.C. FILTER OUTPUT 

VOLTAGE IN 
VOLTS 

RIPPLE 
REDUCTION 

FACTOR 

40,000 114 1.8 63 

20,000 135 2.3 59 

l0000 147 3.4 43 

FIG. 16. N.R.I. values for the a.c. filter input and 
output voltages obtained in Experiment 36 have 
been repeated here for convenience in analyzing 
them, along with the computed ripple reduction 
factor values for each load resistance. The ripple 
reduction factor is obtained by dividing the a.c. 
filter input voltage for a given load by the a.c. filter 

output voltage obtained at that same load. 

can see that for a 40,000 -ohm load the 
ripple reduction is 63. With a 20,000 -ohm 
load it drops slightly, down to 59, and 
with a 10,000 -ohm load it drops down to 
43. This change in the ripple reduction 
factor is due to the fact that the inductance 
of the choke coil drops as the direct current 
flowing through the choke coil increases. 

The values in Fig. 16 show clearly that 
the a.c. input voltage to the filter goes 
up as load is applied, and the a.c. ripple 
voltage in the d.c. output likewise increases 
with load. This means that you should 
expect to secure increased hum when you 
increase the load acting on a power pack 
in a radio receiver. A common receiver 
defect illustrating this characteristic is that 
in which a partial short circuit is devel- 
oped across the power pack by failure of 
some part in the receiver. The increased 
load pulls down the output voltage, thereby 
reducing the volume of the reproduced pro- 

gram, and at the same time the increased 
a.c. voltage in the output produces a hum 
in the loudspeaker. 

A comparison of the results ob- 
tained in this choke input experiment 
with those obtained previously for 
condenser input tells you what symp- 
toms can be expected if the input con- 
denser in a radio receiver power pack 
becomes defective. First of all, hum 
will be noticeable, for the opening of 
the input condenser gives a choke in- 
put filter circuit, and this delivers a 
higher a.c. ripple voltage to the load. 
Furthermore, unless the power pack 
happens to be operating very near the 
current limit of the rectifier tube (a 
condition rarely encountered in radio 
receivers), the opening of the input 
condenser will make the d.c. output 
voltage drop, causing reduced volume 
and reduced receiver sensitivity. 

Instructions for Report Statement 
No. 36. In this experiment, you dem- 

o onstrated a number of important 
characteristics of radio receiver power 
packs. Among other things, you 
learned that the opening or removal 
of the input filter condenser changes 
your filter circuit from condenser in- 
put to choke input, with the result 
that both the d.c. output voltage and 
the a.c. ripple output change. 

To test your understanding of what 
you measured and studied in the ex- 
periment, you are asked in Report 
Statement No. 36 to specify whether 
the d.c. output voltage increases, de- 
creases or remains the same when the 
input filter condenser of your power 
pack opens up while connected to 
a 10,000 -ohm load (equivalent to 
changing from condenser input to 
choke input). Place a check mark 
after the answer you consider correct. 
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EXPERIMENT 37 

Purpose: To demonstrate that half - 
wave rectification gives a lower d.c. 
output voltage and a higher a.c. ripple 
output voltage than does full -wave rec- 
tification. 

Step 1. To convert your power pack 
circuit to a form which provides half - 
wave rectification, simply open the 
plate connection to one section of the 
rectifier tube by unsoldering the lead 
which is on socket terminal 4 and 
bending this lead up so that it cannot 
touch other terminals or parts. Leave 
other power pack connections as they 
were for the preceding experiment, so 
that you have a choke input filter 
(leave the lead still disconnected from 
condenser terminal 29) . Check the 
calibration of the N.R.I. Tester in the 
usual manner. 

Step 2. To measure the d.c. and 
a.c. ripple output voltages for no load 
when the power pack is connected for 
choke input and half -wave rectifica- 
tion, measure the d.c. voltage between 
output terminals 4 and 5, and record 
your result in Table 37 as the d.c. out- 
put voltage in volts for no load. 

Measure the a.c. voltage between 
terminals 4 and 5, and record your 
result in Table 37 as the a.c. ripple 
output voltage for no load. 

Step 3. To measure the d.c. and 

a.c. ripple output voltages for a 40,- 
000 -ohm load when the power pack 
is connected for choke input and half - 
wave rectification, measure in turn 
the d.c. output voltage and the a.c. 
ripple output voltage of your power 
pack with a 40,000 -ohm resistor con- 
nected to output terminals 4 and 5. 
Follow exactly the same procedures 
specified in Step 2, and record your 
results in Table 37. 

Step 4. To measure the d.c. and 
a.c. ripple output voltages for a 10,000 - 
ohm load when the power pack is con- 
nected for choke input and half -wave 
rectification, connect all four of your 
40,000 -ohm resistors in parallel to out- 
put terminals 4 and 5 in exactly the 
same manner you did for previous ex- 
periments, then measure in turn the 
d.c. output voltage and the a.c. rip- 
ple output voltage of your power pack 
by following the measuring procedures 
specified in Step 2, and record your 
results in Table 37. 

Discussion: Careful comparison of 
the results you obtained with corre- 
sponding load values recorded in 
Table 36 for choke input and full - 
wave rectification should show that 
half -wave rectification gives lower 
d.c. output voltage and higher a.c. rip- 
ple output voltage than does full -wave 
rectification. For example, with choke 
input and no load, the N.R.I. value 
of output voltage is 350 volts for half - 

STEP 
LOAD 

IN 
OHMS 

D.C. OUTPUT 
VOLTAGE IN VOLTS 

A.C. OUTPUT 
VOLTAGE IN VOLTS 

YOUR VALUE N.R.I. YOUR VALUE N.R.I. 

2 LOAD :, 350 2.3 

3 40,000 > 300 . . 45 
4 10.000 0tî1 210 ^ ' 9.3 

TABLE 37. Record your resulte here for Experi 
ment 37. All power pack measurements in this 
table are for half -wave rectification and choke input. 
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wave rectification in Table 37, and 
400 volts for full -wave rectification 
in Table 36. On no load, the a.c. rip- 
ple output voltage is 2.3 volts for half - 
wave rectification and only 1 volt for 
full -wave rectification. 

The same factors which make the 
d.c. output voltage drop when half - 
wave rectification is employed also 
serve to make the a.c. output increase. 
First of all, with half -wave rectifica- 
tion only one alternation of each cy- 
cle of the a.c. secondary voltage of the 
power transformer is sending current 
through the rectifier tube. This is in- 
dicated by the filter input voltage 
wave shown in Fig. 17. The filter in- 
put voltage is at zero for such a high 
proportion of the total time that the 
average d.c. voltage at the filter in - 

FILTER INPUT VOLTAGE 

CAD CURRENT 

FIG. 17. Curves showing the wave form of the 
filter input voltage and the load current in an a.c. 

power pack employing half -wave rectification. 

put is quite low for half -wave recti- 
fication. 

Fortunately, the choke coil prevents 
the load current' from following too 
closely the fluctuations in the input 
voltage. The choke tends to oppose 
changes in the current passing through 
it, and consequently the load current 
has a wave form like that shown by 
the dash -dash load current curve in 
Fig. 17. This is far from being a pure 
d.c. output, indicating that additional 
filtering would be needed in your 
power pack if it were permanently 
connected for choke input and half - 
wave rectification. 

Another factor which makes half -wave 
rectification have a high a.c. ripple output 
is the fact that the fundamental ripple fre- 
quency for half -wave rectification is only 

60 cycles, as compared to 120 cycles for 
full -wave rectification. Cutting the fre- 
quency in half cuts the reactance of the 
choke coil in half and doubles the reac- 
tance of the output filter condenser. As a 
result, the ripple reduction factor of the 
choke coil -output condenser combination is 
reduced 4 times. Dividing 57 by 4 gives 
only 14 as the ripple reduction factor when 
we have a 10 -henry choke and 10-mfd. out- 
put condenser. 

Instructions for Report Statement 
No. 37. So far, all of your measure- 
ments for half -wave rectification have 
been made with a choke input filter. 
To determine the effect of additional 
filtering upon the d.c. output voltage 
and the a.c. output voltage while us- 
ing half -wave rectification, reconnect 
the input filter condenser lead to con- 
denser terminal 29 to secure condenser 
input again, and repeat the series of 
two measurements which you made 
for a 10,000 -ohm load in Step 4 of 
this experiment. Compare the d.c. 
output voltage value which you ob- 
tain for this condenser input measure- 
ment with that which you recorded 
in Table 37 for the 10,000 -ohm load, 
then turn to the last page and answer 
the first half of Report Statement 
No. 37. 

Next, compare the a.c. output volt- 
age value which you just measured 
for condenser input with that which 
you obtained for choke input and a 
10,000 -ohm load in Step 4, and an- 
swer the last part of Report State- 
ment No. 37. 

Now, if you analyze your answers 
to this report statement, you should 
be able to figure out why a condenser 
input filter is always used in radio 
receiver power packs employing half - 
wave rectification. 

Be sure to turn off the N.R.I. Tester 
and the power pack after completing 
these measurements. Leave the 10,000 - 
ohm load connected to the power 
pack, since you will use this in the 
next experiment. 
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EXPERIMENT 38 

Purpose: To demonstrate that the 
a.c. ripple output voltage can be re- 
duced by tuning the choke coil with 
a suitable shunt condenser value. 

Step 1. To tune the choke coil in 
your power pack approximately to 
resonance, take the two .25-mfd. 
paper condensers (Parts 3-2A and 8- 
2B), connect one in parallel with the 
other by means of temporary soldered 
joints, then connect the combination 
in parallel with the choke coil (across 
terminals 13 and 14) by means of 
temporary soldered lap joints. Now 
disconnect the lead from condenser 
terminal 29 so as to secure choke in- 
put again, and check output termi- 

A.C. RIPPLE VOLTAGE IN VOLTS 
AT D.C. OUTPUT TERMINALS 

YOUR VALUE N.R.I. VALLE 

7.2 
TABLE 38. Record your result here for Experi- 
ment 38. The measurement is made with half -wave 
rectification, choke input, a 10,000 -ohm load, and a 
.3-mfd. condenser connected to tune the choke coil 

approximately to resonance. 

nals 4 and 5 to be sure the 10,000 -ohm 
load is still connected properly to 
these terminals. Leave the wire dis- 
connected from socket terminal 4 to 
provide half -wave rectification. 

Measure the a.c. ripple output volt- 
age at d.c. output terminals 4 and 5, 
and record your result in Table 38. 

Discussion: In an earlier experi- 
ment, you made measurements which 
showed that a .5-mfd. condenser will 
tune your 10 -henry choke coil ap- 
proximately to resonance at 60 cycles. 
Furthermore, you learned in your reg- 
ular course that at resonance, a paral- 
lel resonant circuit has a much higher 
impedance than does the coil or con- 
denser alone. You utilize all this in- 
formation in a highly practical man- 
ner in this experiment by placing the 
.5-mfd. condenser across your choke 

coil, while the power pack is con- 
nected for half -wave rectification, 
choke input and a 10,000 -ohm load. 

As Table 88 indicates, an a.c. volt- 
age value of 7.2 volts was obtained 
in the N.R.I. laboratory for this par- 
ticular measurement. Comparing this 
value with the corresponding value 
obtained for a 10,000 -ohm load, half - 
wave rectification and choke input in 
Table 37 (where the choke was not 
tuned) , it is apparent that tuning the 
choke coil lowers the a.c. ripple out- 
put considerably. 

Tuning of the filter choke coil is 
by no means a complete solution to 
the filtering problem in a half -wave 
rectifier, or even in a full -wave recti- 
fier, but it does improve the filtering 
sufficiently to warrant its use in many 
radio receiver power packs. When- 
ever you encounter a receiver power 
pack in which a condenser is con- 
nected across the choke coil, you can 
be sure the condenser is there for the 
purpose of tuning the choke coil. 

When tuning of the choke is in- 
corporated in the power pack of a 
commercial radio receiver during de- 
sign, the choke coil itself is designed 
to have a low a.c. resistance, so as 
to make its Q factor high. With a 
high Q factor, the impedance of the 
coil can be stepped up many times 
by tuning it to resonance, thus re- 
ducing the ripple output consider- 
ably. The 10 -henry choke coil em- 
ployed in your power pack has a rel- 
atively low Q factor, for it is de- 
signed primarily for use in ordinary 
condenser input filters where the Q 
factor is unimportant. 

When excessive hum is encountered 
in a receiver which has a tuned choke 
coil in its power pack filter system, 
the condenser used across the choke 
coil should be checked carefully. If 
this condenser is open or is excessively 
leaky, there will be little or no im - 
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pedance step-up, and the a.c. ripple 
or hum output will be high. 

Sometimes a mechanical shock such 
as dropping a receiver will alter the 
positions of the laminations in the 
choke coil, thereby changing the in- 
ductance of the choke coil; in this 
case, a new choke or a different capa- 
city value may be needed in order to 
produce resonance and eliminate hum. 

Instructions for Report Statement 
No. 38. A .5-mfd. capacity gave a 
decided decrease in the hum output 
when connected across the choke coil; 
will an even greater reduction in hum 
be obtained with a .25-mfd. condenser, 

AUDIO 
TRANSFORMER 

VT 

Rp 

40p004 

25MFD. 

R 

40,000A 

B- g+ e- Bi - 

FIG. 18. Schematic circuit diagram of e typical 
audio amplifier stage (A), and the equivalent circuit 
diagram (l) which you set up te duplicate the load- 
ing effect of this stage upon a power pack to which 

it is connected. 

will the hum remain the same, or will 
you get more hum than with the .5- 
mfd. capacity? This is the problem 
in Report Statement No. 38. 

In order to answer this question, re- 
move one of the .25-mfd. condensers 
which you connected across the choke 
coil, so that only .25 mfd. is in paral- 
lel with the choke, then repeat your 
measurement of the a.c. ripple voltage 
at the d.c. output terminals. 

Compare your measured value with 
that which you recorded in Table 38 
for the .5-mfd. condenser, then turn 
to the last page and place a check 
mark after the answer which describes 
your result. Finally, remove the .25- 
mfd. condenser which you placed 
across the choke coil. 

EXPERIMENT 39 

Purpose: To demonstrate the effec- 
tiveness of a resistor -condenser filter in 
reducing a.c. ripple voltage. 

Preliminary Discussion: In Fig. 
18A is shown a typical audio ampli- 
fier circuit such as might be found 
connected to a power pack like yours 
in an actual radio receiver. The ter- 
minals marked B- and B+ in .this 
circuit would go to the B- and B+ 
terminals respectively of the power 
pack. 

As you have already demonstrated 
in previous experiments, a power pack 
may supply a small a.c. ripple volt- 
age value along with its normal d.c. 
output voltage. If this ripple voltage 
is allowed to affect the plate circuit 
of a stage like this, it will produce a 
corresponding hum frequency in the 
signal output (across primary winding 
L, of the audio transformer) . 

Resistor R1 and condenser C1 in 
Fig. 18A form a filter which effec- 
tively prevents power pack a.c. rip- 
ple from entering the plate circuit. 
The a.c. voltage between the B- and 
B+ terminals in Fig. 18A is divided 
between C1 and R1, with most of the 
a.c. voltage being dropped across R1. 
In designing a circuit like this, the 
reactance of C1 is made very low in 
comparison to the resistance of R11 

so that only a negligibly small a.c. 
voltage is developed across C1 for ap- 
plication to the plate circuit. 

With your power pack, you can 
readily duplicate the conditions exist- 
ing in the circuit of Fig. 18A, and 
demonstrate to yourself the effective- 
ness of a resistor -condenser filter in 
reducing power pack hum or a.c. rip- 
ple. It is not necessary to use the 
entire vacuum tube circuit shown in 
Fig. 18A for this experiment, because 
we can satisfactorily duplicate this 
circuit with two resistors and a con - 
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denser arranged as shown in Fig. 18B. 
Here C. and R1 are the same as in 
Fig. 18A, but Rp is a 40,000 -ohm re- 
sistor which essentially duplicates the 
total plate circuit resistance of a typi- 
cal vacuum tube circuit (such as a 
circuit having a plate voltage of 250 
volts and a plate current of 6.25 ma., 
corresponding to a total circuit re- 
sistance of 250 ± .00625, or 40,000 
ohms) . 

By setting up the circuit shown in 
Fig. 18B, connecting the B- and B+ 
terminals of the circuit to the corre- 
sponding terminals of your power 
pack, and measuring the a.c. ripple 
voltage first at the power pack output 
terminals (at the input of our resistor - 
condenser filter R1 -C1), then across 
equivalent load resistor Rp (across 
the output of filter R1 -C1), we can 
readily compute the ripple reduction 
factor of this filter combination. 

Step 1. To set up the apparatus 
necessary for demonstrating the ef- 
fectiveness of resistor -condenser filter 
R1 -C1 in Fig. 18B, first connect a 
20,000 -ohm load to d.c. output termi- 
nals 4 and 5 by placing two of your 
40,000 -ohm resistors in parallel across 
these terminals in the manner shown 
in Fig. 19. Arrange the resistors so 
that they rest on the table or bench 
top. Leave the power pack connected 
for half -wave rectification and choke 
input just as it was at the end of the 
preceding experiment, so that with 
this circuit combination and the 20,- 
000 -ohm load you are obtaining a 
fairly high a.c. ripple output along 
with the d.c. output. 

Next, connect the remaining two 
40,000 -ohm resistors and a .25-mfd. 
condenser (Part 8-2A) between out- 
put terminals 4 and 5 exactly as 
shown in Fig. 19, allowing these re- 
sistors also to rest upon the table or 
bench top. Make temporary soldered 
joints in all cases. 

Step 2. To measure the a.c. ripple 
voltage at the input of filter R1 -C1, 
place the red test clip on any resistor 
lead going to output terminal 5, place 
the black test clip on any resistor lead 
going to output terminal 4, measure 
the a.c. voltage, and record your re- 
sult in Table 39 as the a.c. ripple volt- 
age in volts at the input of filter R1 - 
C1. 

To measure the a.c. ripple voltage 
at the output of filter R1 -C1 (across 
C1), simply move the red clip to the 
common junction of C11 R1 and Rp 
(Fig. 19), leaving the black clip on a 
lead going to terminal 4. Record your 
result in Table 39 as the a.c. ripple 
voltage in volts at the output of filter 
R1 -C1. 

A.G. RIPPLE VOLTAGE IN VOLTS 
AT INPUT OF FILTER RI -CI 

A.C. RIPPLE VOLTAGE IN VOLTS 
AT OUTPUT OF FILTER R1 -C1 

YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE 

6.9 I./ 1./ 
TABLE 39. Record your results here for Experi 
ment 39. The measurements are for half -wave recti 
fication, choke input, and a 20,000 -ohm load con 
nected to the d.c. output terminals of the power 

pack. 

Discussion: You can determine the 
ripple reduction factor of your resis- 
tor -condenser filter R1 -C1 simply by 
dividing the a.c. filter input voltage 
by the a.c. filter output voltage. 

If we do this with the N.R.I. values, we 
obtain a filter reduction factor of approxi- 
mately 6. (6.9 _ 1.1 = 6.2). If you secure 
approximately this ripple reduction factor 
with your values, you have proved ex- 
perimentally that a resistor -condenser filter 
of this type will definitely reduce hum 
voltages. 

The theoretical ripple reduction factor of 
an R -C filter can very readily be computed. 
With half -wave rectification, the ripple fre- 
quency is 60 cycles. At this frequency, a 
.25-mfd. condenser will have a reactance of 
10,600 ohms! 

With a value of 40,000 ohms for filter re- 
sistor R1, the a.c. voltages will divide in the 

xc 
Xc 

1,000,000 
-6.28X.25X60 

10,600 ohms 
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ratio of 40,000 to 10,600, which is approxi- 
mately 3.77. This value will then be the 
theoretical ripple reduction factor. The 
shunting effect of 40,000 -ohm resistor RI. on 
the condenser lowers the reactance between 
the condenser terminals, thus increasing the 
ripple reduction factor of the circuit. The 
measured N.R.I. value of 6 is, therefore, 
entirely acceptable. 

A.F. Filtering Action. A resistor - 
condenser filter (usually called simply 
an R -C filter) in the plate circuit of 
a radio receiver also serves to prevent 
a.f. signals in the plate circuit from 

R1 in Fig. 18A acts with the output 
filter condenser in the power pack as 
an R -C filter for a.f. signals heading 
in this opposite direction toward the 
power pack. The reactance of the 
output filter condenser is usually quite 
low at audio frequencies (is less than 
200 ohms) , while R1 is generally 
higher than 10,000 ohms in value, so 
that the ripple reduction factor for 
a.f. signals heading toward the power 
pack is considerably higher than 50. 

Instructions for Report Statement 

FIG. 19. Suggested metaod of connecting to the 
d.c. output terminals of your power pack a 20,000 - 
ohm load and an arrangement of two resistors and 
a condenser (R1. RP and C1) which duplicate, the 
effect of typical audio amplifier stage having an 
R -C filter and a total plate circuit resistance of 

40,000 ohms. 

entering the power pack and travel- 
ing from there to other circuits where 
undesirable regeneration or degenera- 
tion might be produced. Thus, filter 
condenser C1 in the vacuum tube cir- 
cuit of Fig. 18A has a reactance which 
is low with respect to the total im- 
pedance of the signal path through 
vacuum tube VT, coil L1 and the 
parallel combination of cathode resis- 
tor Rc and Co, and hence only a small 
portion of the total available a.f. volt- 
age exists across C1 to feed back into 
the power pack. 

No. 39. Experiment 39 proved con- 
clusively that an R -C filter connected 
between the power pack and a load 
will reduce the a.c. ripple filter volt- 
age which reaches the load. One ques- 
tion still remains unanswered, how- 
ever: Does the insertion of an R -C 
filter between source and load affect 
the value of the d.c. voltage applied 
to the load? 

You will recall that resistor Rp in 
Fig. 18B serves to duplicate the plate 
circuit resistance of an audio ampli- 
fier stage. Our question really asks, 
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then, whether the voltage across Rp 
is any different from the voltage be- 
tween the B- and B+ terminals in 
Fig. 18B. This can be checked very 
easily by making two simple d.c. volt- 
age measurements in your test cir- 
cuit. Once you make these measure- 
ments and compare your readings, 
you will have no difficulty in answer- 
ing Report Statement No. 39. 

To measure the d.c. output voltage 
of your power pack, simply place the 
red clip on output terminal 5, place 
the black clip on output terminal 4 
(while leaving all four resistors and 
the condenser connected to these ter- 
minals in the manner shown in Fig. 
19), measure the d.c. voltage, and 
make a notation of your result in the, 
margin of this page or elsewhere. - 

Next, measure the d.c. voltage 
across 40,000 -ohm load resistor Rp 
by placing the red clip on the common 
junction of leads from Rp, C, and R, 
and leaving the black clip on output 
terminal 4. Record this value also in 
the margin of this page. Compare 
your two measured values of d.c. volt- 
age, then turn to the last page and 
place a check mark after the answer 
which best describes your conclusions 
regarding these measurements. Un- 
solder R Rp and C1 in Fig. 19, but 
leave the other two 40,000 -ohm re- 
sistors connected to the d.c. output 
terminals of the power pack. 

EXPERIMENT 40 

Purpose: To show that resistance in 
series with a filter condenser increases 
the amount of ripple voltage at the 
output of a power pack. 

Step 1. To connect your power 
pack for full -wave rectification with 
condenser input, with a 1,000 -ohm re- 
sistance in series with the input filter 
condenser, and with a 10,000 -ohm load 
connected to the d.c. output terminals 
of the power pack, first restore full - 

wave rectification by reconnecting the 
transformer secondary lead to socket 
terminal 4. Next, take a 1,000 -ohm 
resistor (Part 3-5A), connect one of 
its leads to electrolytic condenser ter- 
minal 29 by means of a temporary 
soldered hook joint, and connect the 
other resistor lead to the wire from 
choke coil terminal 14 which formerly 
went to condenser terminal 29, as in- 
dicated by the circuit diagram in Fig. 
20A. Adjust the position of the 1,000 - 
ohm resistor so that none of its leads 

24 
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2 8 14 10 H. 13 5 
FIG. 20. Simplified schematic circuit diagrams of 
your a.c. power pack when connected normally for 
full -wave rectification and condenser input, showing 
how a 1,000 -ohm resistor is to be inserted in series 
with each 10-mfd. electrolytic filter condenser in 
turn to duplicate the effect of a dried -out filter 

condenser. 

are touching other uninsulated leads 
or terminals. 

Place a 10,000 -ohm load across out- 
put terminals 4 and 5 by soldering the 
remaining two 40,000 -ohm resistors in 
parallel with the two 40,000 -ohm re- 
sistors already connected to these ter- 
minals. 

Step 2. To measure the input and 
output a.c. voltages of the filter sys- 
tem in your power pack when a 1,000 - 
ohm resistor is in series with the in- 
put filter condenser, first measure the 
a.c. voltage across the 50,000 -ohm 
bleeder resistor, and record your re - 
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suit in Table 40 as the a.c. ripple volt- 
age in volts at the input of the filter 
when a 1,000 -ohm resistance is in 
series with the input filter condenser. 

Measure the a.c. voltage between 
output terminals 4 and 5 for the same 
conditions, and record your result in 
Table 40 as the a.c. ripple in volts at 
the output of the filter when you are 
using a 1,000 -ohm resistor in series 
with the input filter condenser. 

Measure the d.c. output voltage of 
the power pack, and record your 
measured d.c. output voltage value in 
Table 40. 

Step 3. To secure a.c. ripple volt- 
age readings at the input and output 
of the filter when a 1,000 -ohm resis- 
tor is in series with the output filter 
condenser, first remove the 1,000 -ohm 
resistor from the power pack circuit 
and reconnect choke coil terminal 14 
directly to condenser terminal 29. 
Now unsolder the lead which is on 
condenser terminal 30, connect one 
lead of the 1,000 -ohm resistor to ter- 
minal 30, and connect the other re- 
sistor lead to the lead which you just 
unsoldered from 30. This places the 
1,000 -ohm resistor in series with the 
output filter condenser, as shown in 
Fig. ß0B. 

Measure the a.c. voltage across the 
50,000 -ohm bleeder resistor, and re- 
cord your result in Table 40 as the 
a.c. ripple in volts at the input of the 
filter when using a 1,000 -ohm resistor 
in series with the output filter con- 
denser. 

Measure the a.c. voltage at output 
terminals 4 and 5, and record your 
result in Table 40 as the a.c. ripple 
in volts at the filter output. 

Measure the d.c. output voltage 
now, and record your result in Table 
40. 

Discussion: It is entirely possible 
for an electrolytic condenser to dry 
out during use, so that it becomes 

equivalent to a condenser in series 
with a resistor. When this condition 
is sufficiently serious, hum becomes 
noticeable along with radio programs; 
in certain cases, the d.c. output volt- 
age may drop, so that the receiver 
loses sensitivity (ability to reproduce 
programs of distant or weak stations 
satisfactorily), and the reproduced 
program becomes distorted due to low 
operating voltages. 

In this experiment, you introduce 
in series with each electrolytic filter 
condenser in turn a 1,000 -ohm resis- 
tor which duplicates the condition 
whereby the electrolytic condenser has 
dried out. 

The N.R.I. values given in Table 
40 for Step 2 indicates an a.c. filter 
input voltage of 33 volts, as compared 
to only 6.3 volts for the corresponding 
N.R.I. measurement in Step 2 of Table 
34 when no resistor was in series with 
the input filter condenser. This is 
quite a large difference, but when we 
compare the N.R.I. values for the a.c. 
ripple output, the difference is very 
much less. Thus, the N.R.I. value is 
1 volt in Table 40 and zero in Table 
34. 

This indicates that a defective in- 
put filter condenser will increase the 
amount of a.c. input to the filter, but 
the output filter condenser and choke 
coil together will prevent most of this 
a.c. ripple from entering the load. 
The resistance acting in series with 
the input filter condenser prevents 
this condenser from charging and dis- 
charging fast enough to hold up the 
filter input voltage in between peaks 
of the rectified output. 

The N.R.I. d.c. output voltage of 
325 volts for Step 2 in Table 40 is 
comparable with the N.R.I. value of 
350 volts for a 10,000 -ohm load in 
Table 32. This indicates that drying 
out of the input filter condenser will 
cause some decrease in the d.c. output 
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STEP CIRCUIT 
DATA 

A.C. RIPPLE IN VOLTS 
AT INPUT OF FILTER 

A.G. RIPPLE IN VOLTS 
AT OUTPUT OF FILTER 

D.C. OUTPUT VOLTAGE 
IN VOLTS 

YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE YOUR VALUE N.R.I. VALUE 

2 
1000n. IN SERIES 
WITH INPUT FILTER 
CONDENSER 33 n / D 4n^9_O 325 

3 
IOOOn IN SERIES 
WITH OUTPUT FIL- 
TER CONDENSER t 1( 

// V 0/ i- t CXJ 

/n ` / ¡ J So 350 
TABLE 40. Record your results here for Experiment 40. All power pack measurements in this table are for normal full -wave rectification and condenser input, with a 10,000 -ohm load connected to the d.c. output terminals of the power pack. 

voltage, resulting in lowered output 
volume, loss of sensitivity, and pos- 
sibly also in distortion. 

When the 1,000 -ohm resistor is 
placed in series with the output filter 
condenser to simulate a defect in this 
condenser, the N.R.I. value of 6.3 
volts in Step 3 of Table 40 is the same 
as the value of 6.3 volts for the corre- 
sponding condition without the 1,000 - 
ohm resistor in Step 2 of Table 34. 
The a.c. ripple output at the d.c. out- 
put terminals is quite high, however, 
when the resistor is present; it is 2.1 
volts in Step 3 of Table 40, but zero 
in Table 34. This indicates that dry- 
ing out of the output filter condenser 
will definitely cause appreciable hum 
in a radio receiver. 

Considering the d.c. output values 
for Step 3 of Table 40 and for the 
10,000 -ohm load condition in Table 
32, we find that exactly the same 
values were obtained in both cases. 
This indicates that loss of capacity 
in the output filter condenser will 
have no effect upon the d.c. output 
voltage. Actually, you can discon- 
nect the output filter condenser with- 
out affecting the d.c. output voltage. 

Apparently it is the output filter 
condenser which has the most control 
upon the amount of ripple in the a.c. 
output. Let us consider why this is 
so. At 120 cycles (the ripple fre- 
quency in the full -wave rectifier cir- 
cuit we are now employing), the re- 
actance of a 10-mfd. condenser is 
about 132 ohms. The insertion of a 
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1,000 -ohm resistor in series with 132 
ohms will make the combination es- 
sentially resistive, having a total im- 
pedance only slightly higher than 
1,000 ohms. The impedance of the 
output filter condenser is now much 
closer to the impedance of the choke 
coil, with the result that the ripple 
reduction factor is greatly reduced. 

Drying out of the output filter con- 
denser creates another serious condi- 
tion in a practical radio circuit. As 
you will recall, this condenser acts 
with the series resistor in the plate 
supply lead of each vacuum tube 
stage as an R -C filter which prevents 
a.f. plate current from entering the 
power pack. A reduction in the ca- 
pacity of the output filter condenser 
reduces considerably the effectiveness 
of this R -C filter, with the result that 
a.f. and r.f. currents may enter the 
power pack and travel from there to 
other circuits, causing serious regen- 
eration or degeneration which is evi- 
dent as howling. low volume or dis- 
tortion. 

Instructions for Report Statement 
No. 40. In the discussion, we pointed 
out that a reduction in the capacity of 
the output filter condenser has essen- 
tially no effect upon the value of the 
d.c. output voltage. This means that 
there will be essentially no change in 
the d.c. output if one lead of the out- 
put filter condenser in a radio receiver 
should accidentally break or open. 
But what will happen to the a.c. rip- 
ple voltage at the output of the filter 



when this occurs? By disconnecting 
one lead of the output filter conden- 
ser, then measuring this a.c. ripple 
voltage, you can answer this question 
for yourself and at the same time 
secure the information needed to an- 
swer Report Statement No. 40. 

You should still have the 1,000 - 
ohm resistor connected in series with 
the output filter condenser. Unsol- 
der this resistor from the circuit, but 
leave this condenser still disconnected. 
Now measure the a.c. ripple output 
voltage at output terminals 4 and 5, 
and record your result in Report 
Statement No. 40. 

Now, for your own information, 
compare this measured value with 
that which you recorded in Step 2 of 
Table 34 for the corresponding condi- 
tions with the output filter condenser 
connected (your value will be under 
the column in Table 34 headed A.C. 
VOLTAGE IN VOLTS AT D.C. 
OUTPUT TERMINALS). 

Important Instructions. Restore 
your power pack to its original cir- 
cuit by reconnecting the lead from 
choke coil 13 back on condenser ter- 

minal 30. Check the wiring of your 
power pack now against the semi - 
pictorial wiring diagram in Fig. 8, 
to be sure that all connections are cor- 
rect. If you desire, you can now con- 
vert all temporary hook joints to per- 
manent hook joints by squeezing the 
hooks with long -nose pliers while 
keeping the solder molten on the joint 
with your soldering iron. 

Finally, make a check of the no- 
load d.c. output voltage of your power 
pack to be sure it is operating prop- 
erly. The voltage which you measure 
now should correspond to that which 
you recorded for Step 1 in Table 31. 
Be sure to turn off the N.R.I. Tester 
and the power pack when you have 
finished your work. 

NOTICE: Remember that during 
all work with your a.c. power pack, 
the short length of bare wire should 
be left between terminals 3 and 4, ex- 
actly as instructed in this manual, 
and an external ground connection 
should always be made to terminal 3 
or 4 whenever using the power pack. 
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Instructions for Performing Radio 
Experiments It to 20 

Introduction 
IN THE design, construction and 

repair of radio apparatus, circuits 
are highly important. You have al- 
ready studied many different types 
of circuits in your regular course, and 
have learned that every circuit must 
have three things: 1. A source of volt-. 
age; 2. A load; 3. A transmission 
system (either two simple wires or a 
complex arrangement of radio parts) 
which connects together the source 
and load. 

In the next ten experiments, you 
will work with real radio circuits and 
actually demonstrate for yourself 
their characteristics. In one experi- 
ment, you will prove that electrons 
flow in a definite direction between 
the source and the load in a d.c. cir- 
cuit. In another experiment, you will 
increase the source voltage and see 
that this makes the current increase. 
You will also increase the resistance 
in a circuit, and prove that the cur- 
rent decreases exactly as Ohm's Law 
says it will. 

Four entire experiments in this 
manual are devoted to vacuum tube 
circuits. You will actually see for 
-ourself that current can flow through 
ie vacuum inside a tube when one 
ectrode is heated and another dec- 
ode is positively charged with re- 
ect to the heated electrode. You 

ill also perform an experiment which 
.lows how a vacuum tube can control 
ee flow of electrons in a circuit. By 
.rking with vacuum tube circuits 
it from the start, you will become 
ustomed to thinking in terms of 
-tron flow, and will soon find your- 

_ using vacuum tubes as guides to 

1 

tell t direction of electron flow in 
any uit. 

C. is of Radio Kit 2RK-1 

The = its included in Radio Kit 
2RK-1 ; e illustrated in Fig. i and 
listed ' the caption underneath. 
Check gainst this list the parts 
which you received, to be sure you 
have all of them. 

If any part is obviously defective 
or has been damaged during ship- 
ment, please return it to the Institute 
immediately for replacement. 

RMA Color Code for Resistors 

Most of the fixed resistors included 
with NRI radio kits are marked ac- 
cording to the standard Radio Manu- 
facturers' Association (RMA) color 
code, in addition to having the ohmic 
value printed on the body of the re- 
sistor. Furthermore, resistors used in 
commercial radio equipment are often 
identified only by these color code 
markings. (Some radio set manufac- 
turers used private color codes for 
resistors. These resistors must be 
checked by actual measurement.) The 
RMA color code is presented in Fig. 
2 for your convenience in referring 
to it while you are carrying out these 
experiments. 

Tolerances. The standard tolerance 
observed by manufacturers of carbon 
or metalized resistors is 20%. This 
means that the actual value of a re- 
sistor may be as much as 20% higher 
or 20% lower than the rated value. 
For example, in the case of a 1,000 - 
ohm resistor, the standard 20% tol- 
erance comes to 200 ohms, and the 
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2-12 
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2-13 
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2-1O 
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2-14 2 18A / 
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2- 188 2-198 
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2-5 

2-6 

2-20 

2-21 

FIG. 1. The parts included in Radio Kit 2RK-1 are pictured above, and are identified in the list below. 
Note that the first numeral in each part number is 2; this enables you to identify these parts immediately 
as having been supplied to you in Radio Kit 2RK-I. When an experiment calls for a part having 1 

as its first numeral, you know immediately that the part was supplied to you in Radio Kit IRK. 

Part No. Description 
2.1 One 0.3 -ma. milliammeter with special scale and zero readjusting knob at rear. Two mounting screws 

and two nuts are included with the meter. 
2-2 Front panel for NRI Tester. 
2-3 One 7 -jack strip. 
2-4 One U-shaped shorting piece for phone jacks. 
2-5 One slide -type ON-OFF power switch. 
2-6 One 6 -position rotary selector switch. 
2-7 One 1,000 -ohm wire -wound potentiometer. 
2-8 One bar knob for the selector switch. 
2.9 One pair of test leads (one red and one black lead) with probes and alligator clips. 
2-10 One type 1C5GT vacuum tube. (This tube is sometimes marked 1C5G or 1C5GT/G.) 
2-11* One 6.8-megohm, 1/2 -watt resistor with 5% tolerance (color -coded blue, gray, green, gold). 
2-12 One 3-megohm, 1/2 -watt resistor with 5% tolerance (color -coded orange, black, green, gold). 
2-13* One .24-megohm, Vs -watt resistor with 5% tolerance (color -coded, red, yellow, yellow, gr, 

(This is the same as Part 1-14, so you can use either 2-13 or 1-14.) 
2-14* One 910 -ohm, 1/2 -watt resistor with 5% tolerance (color -coded white, brown, brown, gold). 
2-15 One 100 -ohm, 1/2 -watt resistor with 5% tolerance (color -coded brown, black, brown, gold) 
2.16 One .005-mfd., 600 -volt paper condenser. 
2-17 One 25 -foot roll of push -back hook-up wire. 
2-18A Two %-inch long, 6-32 cadmium -plated binder -head machine screws. 
2-18B Two cadmium -plated hexagonal nuts for 6/32 screws. 
2-19A Four 1/4 -inch wide, 21/2 -inch long tinned copper strips. 
2-19B Four ,4 -inch wide, 1 -inch long tinned copper strips. 1 

2-20 One 45 -inch length of black lace for fastening tester batteries to chassis. 
2-21 One grid clip. 
2-22* One .22-megohm, 1/3 -watt resistor with 20% tolerance (color -coded red, black and yellov 

These values are the new, post-war "standard" values and are therefore slightly different frog 
6.7, .25, .2-megohm, and 900 -ohm values shown in the var coustables and diagrams. 
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RMA COLOR CODE FOR RESISTORS 

BACKGROUND COLOR 

A B C D 

METHOD I 
COLOR BANDS A,B,AND C GIVE VALUE. 
GOLD OR SILVER BAND D, USUALLY 

OMITTED, INDICATES TOLERANCE. 
BLACK BACKGROUND- UNINSULATED. 
TAN BACKGROUND-INSULATED. 

Color Figure 
BLACK A 
BROWN I 

RED 2 
ORANGE 3 
YELLOW A 
GREEN S 

BLUE 6 
VIOLET 7 
GRAY .__6 
WHITE 9 rJ (J 

'-- B A A D 

METHOD II 
BODY COLOR (A), END COLOR (8), A 
OR BAND COLOR (C) GIVE VALUE. 
GOLD OR SILVER BAND D, USUALL' 
OMITTED, INDICATES TOLERANCE. 

COLOR A 

COLOR B 

COLOR C 

B 

B 

. A 

1A 

GIVES FIRST FIGURE OF RESISTOR VALUE. 

GIVES SECOND FIGURE OF RESISTOR VALUE. 

GIVES NUMBER OF CIPHERS FOLLOWING THE FIRST TWO 
FIGURES. 

COLOR D: GOLD BAND INDICATES ± 5% TOLERANCE. 
SILVER BAND INDICATES ± 2% TOLERANCE. 
NO BAND INDICATES STANDARD ± 20% TOLERANCE. 

FIG. 2. The two methods being used for marking 
resistors according to the standard R.M.A. Color 
Code are given here. 

When a color band is missing in non -insulated 
(black background) resistors marked according to 
Method I, assume that the color of the missing 
band is black. 

When end color B, or dot or band C, is missing 
in a resistor marked by Method II, the missing 

resistor may therefore have a value 
anywhere between 800 ohms and 
1,200 ohms. No special tolerance 
markings are used when a resistor has 
standard 20% tolerance. 

In some radio circuits, better ac- 
curacy is required for resistors. With 
10% tolerance, a 1,000 -ohm resistor 
would be somewhere between 900 
ohms and 1,100 ohms. When resistors 
with 10% tolerance are marked ac- 

rding to Method I in Fig. 2, they 
have a silver band at D. 

5% tolerance, the range of 
would be between 950 -ohm 
'hms for a rated 1,000 -ohm 

,n resistors with 5% tol- 
marked according to 
'ig. 2, they will have a 
). 
semen are rarely con- 
:esistor tolerances be- 
Idard tolerance of 20% 
,isfactory for the great 
circuits. In the NRI 

you will soon build, how - 
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marking is the same as body color A; thus, en 
all -red color -coded resistor would be 2,200 ohms. 

Note that with Method I markings the color 
bands are all equal in width, while with Method II 
marking on resistors having leads coming straight 
out from the ends, the color bands are of different 
widths; this serves as a clue for telling which 
method of marking is employed. Resistors with 
side leads (shown at the right above) are not 

insulated. 

ever you will use some resistors hav- 
ing 5% tolerance. 

Insulated Resistors. When the outer 
covering of a resistor is an insulating 
material, we have what is known as 
an insulated resistor. When marked 
according to 'Method I in Fig. 2, you 
can identify these by the fact that 
they have a tan background color. 
These resistors may safely be used in 
contact with the chassis or other 
parts. 

When there is no insulating cover- 
ing on a ceramic fixed resistor, we 
have what is known as a non -in- 
sulated resistor. When marked ac- 
cording to Method I in Fig. 2, these 
have a black background color. Non - 
insulated resistors should not be 
allowed to touch other parts or wires. 

Many of the resistors furnished to 
you in NRI radio kits are of the in- 
sulated type, but nevertheless it is al- 
ways good practice to position re- 
sistors so that they do not touch other 
parts. 



Batteries Needed 
The batteries needed for the ten ex- 

periments in this manual and for con- 
struction of the NRI Tester are pic- 
tured in Fig. 3. Instructions for 

A BATTERY 8 BATTERY 
C BATTERIES 

FLASHLIGHT CELLS 

A BATTERY 

C BATTERIES 

FLASHLIGHT CELLS 

8 BATTERY 

FIG. 3 The only batteries you need for Experi- 
ments 11 to 20 in this manual and for the NRI 
Tester are four standard No. 2 (large size) flash- 
light cells, one 11/2 -volt A battery, one 45 -volt B 
battery and two 41/2 -volt C batteries. These can 
be the Eveready or Burgess units shown here and 
specified below, or any other makes having exactly 
the same dimensions and terminal arrangements. 

The Eveready battery kit consists of the following: 
One type 742 11/2 -volt A battery. 
One type 1024 plug-in adapter for A battery. 
One type 762-S 45 -volt B battery. 
Two type 761-A 41/2 -volt C batteries. 
Four type 950 flashlight cells with removable 

paper jackets. 
The Burgess battery kit consists of the following: 

One type 4FH 11/2 -volt A battery. 
One type 5308 45 -volt B battery. 
Two type 2370 41/2 -volt C batteries. 
Four No. 2 flashlight cells with removable 

paper jackets. 
Battery kits purchased from National Radio In- 

stitute will also include a terminal identification 
card for C batteries. 

If you followed the instructions given in the 
battery folder accompanying your first radio kit 
(IRK), you will already have a kit of batteries 
purchased from National Radio Institute, or from 
any firm handling radio parts. If for any reason 
you have not yet obtained your batteries, order 
them immediately because you will need them for 
the experiments in this manual. Write to us for 
a price quotation if you did not get a battery 
folder. 

ordering these batteries have already 
been sent to you. 

Batteries are required for every ex- 
periment in this second manual of 
your practical demonstration course, 
so order your batteries immediately 
(either from NRI or from a radio 
supply firm) if you have not already 
done so. 

INSTRUCTIONS FOR EACH 
EXPERIMENT 

1. Read the entire experiment, giving 
particular attention to the dicus- 
sion. 

2. Perform each step of the experi- 
ment and record your results. 

3. Study the discussion and analyze 
your results. 

4. Answer the report statement for 
the experiment. It will always be 
on the last page of the manual. 

EXPERIMENT 11 

Purpose: To demonstrate that a 
d.c. voltage source has polarity. 

Step 1. To provide convenient 
soldering terminals for the four flash- 
light cells, take one of the 21/2 -inch 
long tinned copper strips (Part 2- 
19A), and make a rounded right-angle 
bend 3/4 inch from one end with long - 
nose pliers. Now hold one of the cr'' 
in your left hand and push the 
container almost entirely out 
cardboard cylinder with tl-: 
of your right hand, as shnv 
4A. Insert the long ens 
strip between the carel 
and the zinc case t 

shown in Fig. 4B. Th._ 
most easily when the 
about ready to come t 

board cylinder. Be si, t 

against the zinc can,,. 
layers of paper. Push 
until the horizontal pal 

4 



Instructions for Performing Radio 
Experiments n to 20 

Introduction 
IN THE design, construction and 

repair of radio apparatus, circuits 
are highly important. You have al- 
ready studied many different types 
of circuits in your regular course, and 
have learned that every circuit must 
have three things: 1. A source of volt-. 
age; 2. A load; 3. A transmission 
system (either two simple wires or a 
complex arrangement of radio parts) 
which connects together the source 
and load. 

In the next ten experiments, you 
will work with real radio circuits and 
actually demonstrate for yourself 
their characteristics. In one experi- 
ment, you will prove that electrons 
flow in a definite direction between 
the source and the load in a d.c. cir- 
cuit. In another experiment, you will 
increase the source voltage and see 
that this makes the current increase. 
You will also increase the resistance 
in a circuit, and prove that the cur- 
rent decreases exactly as Ohm's Law 
says it will. 

Four entire experiments in this 
manual are devoted to vacuum tube 
circuits. You will actually see for 
yourself that current can flow through 
tie vacuum inside a tube when one 
electrode is heated and another elec- 
trode is positively charged with re- 
spect to the heated electrode,. You 
will also perform an experiment which 
shows how a vacuum tube can control 
the flow of electrons in a circuit. By 
working with vacuum tube circuits 
right from the start, you will become 
accustomed to thinking in terms of 
electron flow, and will soon find your- 
self using vacuum tubes as guides to 

1 

tell t 
any 

C 

The 
2RK-1 
listed 
Check 

direction of election flow in 
uit. 

is of Radio Kit 2RK-1 

its included in Radio Kit 
e illustrated in Fig. i and 

the caption underneath. 
ainst this list the parts 

which you received, to be sure you 
have all of them. 

If any part is obviously defective 
or has been damaged during ship- 
ment, please return it to the Institute 
immediately for replacement. 

RMA Color Code for Resistors 

Most of the fixed resistors included 
with NRI radio kits are marked ac- 
cording to the standard Radio Manu- 
facturers' Association (RMA) color 
code, in addition to having the ohmic 
value printed on the body of the re- 
sistor. Furthermore, resistors used in 
commercial radio equipment are often 
identified only by these color code 
markings. (Some radio set manufac- 
turers used private color codes for 
resistors. These resistors must be 
checked by actual measurement.) The 
RMA color code is presented in Fig. 
2 for your convenience in referring 
to it while you are carrying out these 
experiments. 

Tolerances. The standard tolerance 
observed by manufacturers of carbon 
or metalized resistors is 20%. This 
means that the actual value of a re- 
sistor may be as much as 20% higher 
or 20% lower than the rated value. 
For example, in the case of a 1,000 - 
ohm resistor, the standard 20% tol- 
erance comes to 200 ohms, and the 



FIG. 1. The parts included in Radio Kit 2RK-1 are pictured above, and are identified in the list below. 
Note that the first numeral in each part number is 2; this enables you to identify these parts immediately 
as having been supplied to you in Radio Kit 2RK-l. When an experiment calls for a part having 1 

as its first numeral, you know immediately that the part was supplied to you in Radio Kit IRK. 

Part No. Description 
2-1 One 0 -3 -ma. milliammeter with special scale and zero -readjusting knob at rear. Two mounting screws 

and two nuts are included with the meter. 
2-2 Front panel for NRI Tester. 
2-3 One 7 -jack strip. 
2-4 One U-shaped shorting piece for phone jacks. 
2-5 One slide -type ON-OFF power switch. 
2-6 One 6 -position rotary selector switch. 
2-7 One 1,000 -ohm wire -wound potentiometer. 
2-8 One bar knob for the selector switch. 
2.9 One pair of test leads (one red and one black lead) with probes and alligator clips. 
2-10 One type 1C5GT vacuum tube. (This tube is sometimes marked 1C5G or 1C5GT/G.) 
2.11* One 6.8-megohm, 1/2 -watt resistor with 5% tolerance (color -coded blue, gray, green, gold). 
2-12 One 3-megohm, 1/2 -watt resistor with 5% tolerance (color -coded orange, black, green, gold) 
2.13* One .24-megohm, %-watt resistor with 5% tolerance (color -coded, red, yellow, yellow, g,ld.) 

(This is the same as Part 1-14, so you can use either 2-13 or 1-14.) 
2-14* One 910 -ohm, 1/2 -watt resistor with 5% tolerance (color -coded white, brown, brown, gold). 
2-15 One 100 -ohm, 1/2 -watt resistor with 5% tolerance (color -coded brown, black, brown, gold). 
2-16 One .005-mfd., 600 -volt paper condenser. 
2-17 One 25 -foot roll of push -back hook-up wire. 
2-18A Two TA -inch long, 6-32 cadmium -plated binder -head machine screws. 
2-18B Two cadmium -plated hexagonal nuts for 6/32 screws. 
2.19A Four 1/4 -inch wide, 21/2 -inch long tinned copper strips. 
2.198 Four I/4 -inch wide, 1 -inch long tinned copper strips. 
2-20 One 45 -inch length of black lace for fastening tester batteries to chassis. 
2-21 One grid clip. 
2.22* One .22-megohm, 1/3 -watt resistor with 20% tolerance (color -coded red, black and yellow). 

These values are the new, post-war "standard" values and are therefore slightly different from the 
6.7, .25, .2-megohm, and 900 -ohm values shown in the various tables and diagrams. 
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Batteries Needed 
The batteries needed for the ten ex- 

periments in this manual and for con- 
struction of the NRI Tester are pic- 
tured in Fig. 3. Instructions for 

A BATTERY B BATTERY / , C BATTERIES 

FLASHLIGHT CELLS 

A BATTERY 

FIG. 3 The only batteries you need for Experi- 
ments 11 to 20 in this manual and for the NRI 
Tester are four standard No. 2 (large size) flash. 
light cells, one 11/2 -volt A battery, one 45 -volt B 
battery and two 41/2 -volt C batteries. These can 
be the Eveready or Burgess units shown here and 
specified below, or any other makes having exactly 
the same dimensions and terminal arrangements. 

The Eveready battery kit consists of the following: 
One type 742 11/2 -volt A battery. 
One type 1024 plug-in adapter for A battery. 
One type 762-S 45 -volt B battery. 
Two type 761-A 41/2 -volt C batteries. 
Four type 950 flashlight cells with removable 

paper jackets. 
The Burgess battery kit consists of the following: 

One type 4FH 11/2 -volt A battery. 
One type 5308 45 -volt B battery. 
Two type 2370 41/2 -volt C batteries. 
Four No. 2 flashlight cells with removable 

paper jackets. 
Battery kits purchased from National Radio In- 

stitute will also include a terminal identification 
card for C batteries. 

If you followed the instructions given in the 
battery folder accompanying your first radio kit 
(1RK), you will already have a kit of batteries 
purchased from National Radio Institute, or from 
any firm handling radio parts. If for any reason 
you have not yet obtained your batteries, order 
them immediately because you will need them for 
the experiments in this manual. Write to us for 
a price quotation if you did not get a battery 
folder. 
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ordering these batteries have already 
been sent to you. 

Batteries are required for every ex- 
periment in this second manual of 
your practical demonstration course, 
so order your batteries immediately 
(either from NRI or from a radio 
supply firm) if you have not already 
done so. 

INSTRUCTIONS FOR EACH 
EXPERIMENT 

I. Read the entire experiment, giving 
particular attention to the dicus- 
sion. 

2. Perform each step of the experi- 
ment and record your results. 

3. Study the discussion and analyze 
your results. 

4. Answer the report statement for 
the experiment. It will always be 
on the last page of the manual. 

EXPERIMENT 11 

Purpose: To demonstrate that a 
d.c. voltage source has polarity. 

Step 1. To provide convenient 
soldering terminals for the four flash- 
light cells, take one of the 2% -inch 
long tinned copper strips (Part 2- 
19A), and make a rounded right-angle 
bend 3/4 inch from one end with long - 
nose pliers. Now hold one of the cqs 
in your left hand and push the zinc 
container almost entirely out of the 
cardboard cylinder with tl thumb 
of your right hand, as shtwn in Fig. 
4A. Insert the long enr: of the bent 
strip between the cardboard housing 
and the zinc case )f the cell, as 
shown in Fig. 4B. Tlis can be done 
most easily when the zinc can is just 
about ready to come Jut of the card- 
board cylinder. Be sire the strip is 
against the zinc car not between 
layers of paper. Pushthe strip down 
until the horizontal part of the strip 



RMA COLOR CODE FOR RESISTORS 

BACKGROUND COLOR 

A B C D 

METHOD I 
COLOR BANDS A,B, AND C GIVE VALUE. 
GOLD OR SILVER BAND D, USUALLY 

OMITTED, INDICATES TOLERANCE. 
BLACK BACKGROUND - UNINSULATED. 

'TAN BACKGROUND- INSULATED. 

B AR A D 

METHOD IL 
BODY COLOR (A), END COLOR (B), A. 

OR BAND COLOR (C) GIVE VALUE. 
GOLD OR SILVER BAND D, USUALL 
OMITTED, INDICATES TOLERANCE. 

Color Figure 
BLACK A 
BROWN I 

RED 2 
ORANGE 3 
YELLOW A 
GREEN 5 
BLUE 6 
VIOLET 7 
GRAY B j 
WHITE 9 

COLOR A GIVES FIRST FIGURE Of" RESISTOR VALUE. 

COLOR B GIVES SECOND FIGURE OF RESISTOR VALUE. 

COLOR C GIVES NUMBER OF CIPHERS FOLLOWING THE FIRST TWO 
FIGURES. 

COLOR D: GOLD BAND INDICATES ± 5Y. TOLERANCE. 
SILVER BAND INDICATES f 10% TOLERANCE. 
NO BAND INDICATES STANDARD ± 20% TOLERANCE. 

FIG. 2. The two methods being used for marking 
resistors according to the standard R.M.A. Color 
Code are given here. 

When a color band is missing in non -insulated 
(black background) resistors marked according to 
Method I, assume that the color of the missing 
band is black. 

When end color B, or dot or band C, is missing 
in a resistor marked by Method II, the missing 

resistor may therefore have a value 
anywhere between 800 ohms and 
1,200 ohms. No special tolerance 
markings are used when a resistor has 
standard 20% tolerance. 

In some radio circuits, better ac- 
curacy is required for resistors. With 
10% tolerance, a 1,000 -ohm resistor 
would be somewhere between 900 
ohms and 1,100 ohms. When resistors 
with 10% tolerance are marked ac- 
c¿yding to Method I in Fig. 2, they 
will 1,..ave a silver band at D. 

With 5% tolerance, the range of 

variation would be between 950 -ohm 
and 1,050 thms for a rated 1,000 -ohm 
resistor. Whrn resistors with 5% tol- 
erance are marked according to 
Method I in Iig. 2, they will have a 

gold band at 9. 
Radio servpemen are rarely con- 

cerned with :esistor tolerances be- 

cause the staidard tolerance of 20% 
is entirely saisfactory for the great 
majority of circuits. In the NRI 
Tester whichyou will soon build, how - 
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marking is the same as body color A; thus, an 
all -red color -coded resistor would be 2,200 ohms. 

Note that with Method I markings the color 
bands are all equal in width, while with Method II 
marking on resistors having leads coming straight 
out from the ends, the color banda are of different 
widths; this serves as a clue for telling which 
method of marking is employed. Resistors with 
side leads (shown at the right above) are not 

insulated. 

ever you will use some resistors hav- 
ing 5% tolerance. 

Insulated Resistors. When the outer 
covering of a resistor is an insulating 
material, we have what is known as 
an insulated resistor. When marked 
according to 'Method I in Fig. 2, you 
can identify these by the fact that 
they have a tan background color. 
These resistors may safely be used in 
contact with the chassis or other 
parts. 

When there is no insulating cover- 
ing on a ceramic fixed resistor, we 
have what is known as a non -in- 
sulated resistor. When marked ac- 
cording to Method I in Fig. 2, these 
have a black background color. Non - 
insulated resistors should not be 
allowed to touch other parts or wires. 

Many of the resistors furnished to 
you in NRI radio kits are of the in- 
sulated type, but nevertheless it is al- 
ways good practice to position re- 
sistors so that they do not touch other 
parts. 



FIG. 4. Steps in providing the four 11/2 -volt 

is about 1/8 inch above the top of the 
cardboard cylinder, then push the zinc 
can carefully back into its housing 
by pressing evenly with the fingers of 
both hands as shown in Fig. 4C. 

In the same way, bend each of the 
other 2% -inch long tinned copper 
strips, and insert one against the zinc 
can of each of the other three cells. 

Although the copper strips are 
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flashlight cells with convenient soldering terminals. 

tinned during manufacture, this orig- 
inal coating of solder is quite thin 
and is sometimes covered with grease 
or oxides. Additional tinning of areas 
to which connections will be made 
takes only a few minutes, and greatly 
simplifies future work with the strips. 

Tin each of the 1 -inch long strips 
(Part 2-1.9B) on one side for about 
1/4 inch from one end, by grasping a 



strip with long -nose pliers and hold- 
ing it over a flat face of the heated 
soldering iron in its holder, then rub- 
bing rosin -core solder over the upper- 
most surface of the strip at one end. 

Tin the center terminal of a flash- 
light cell by filing the top surface until 
bright (be careful not to let the file 
touch the exposed rim of the zinc can, 
for that would short-circuit the cell). 
The center terminals of some cells are 
chromium plated; solder will not 
readily adhere to chromium, so file 
away the chromium layer until a 
bright brass or copper color shows. 
Apply the heated soldering iron and 
rosin -core solder to the cleaned sur- 
face of the center terminal. Slide the 
iron back and forth over the surface 
to tin all parts of it uniformly with a 
minimum amount of solder. Do not 
hold the soldering iron on the terminal 
any longer than necessary, for exces- 
sive heat can shorten the life of a dry 
cell. In the same way, clean and tin 
the center terminals of the other 
three cells, one at a time. 

Solder a tinned 1 -inch strip to the 
center terminal of a cell in the fol- 
lowing manner: Hold the strip over 
the center terminal with long -nose 
pliers in the manner shown in Fig. 4D, 
so that the freshly tinned area on the 
strip is in contact with the center 
terminal and the strip lines up with 
the 21/2 -inch strip already on this 
cell. The two strips then project on 
opposite sides of the cell. Apply the 
heated soldering iron to the strip just 
long enough to fuse, together the 
solder on the strip and the terminal. 
Hold the strip rigid until the solder 
hardens. Do not let either the pliers 
or the tinned copper strip touch the 
metal rim of the cell; bend the strip 
upward if necessary. 

Solder a 1 -inch strip to the center 
terminals of each of the other three 
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cells in the same way. -Your four 
cells should now appear as shown in 
Fig. 4E. If you desire, you can round 
off the sharp corners of these terminal 
strips with your file. 

Step 23. To assemble the chassis 
and panel for future use, take the 
NRI Tester front panel (Part 2-2) 
and bolt it to the chassis (Part 1-11 
from Radio Kit 1RK) with three 
screws (Part 1-94 or 2-18A) and 
three nuts (Part 1-9B or 2-18B) ex- 
actly in the manner shown in Fig. 5. 

Step 3. To mount the meter (Part 
2-1) on the panel for convenience 

FIG. S. Fasten the front ' panel to the chassis 
exactly as shown here. Use a medium -size screw- 
driver to tighten each screw while holding its nut 

with oridnary pliers. 

in making measurements, place the 
meter in hole q (see Fig. 6) from the 
front, and adjust its position until 
the holes in the meter frame coincide 
with panels holes r and s. Now take 
the meter mounting screws (these are 
in the small envelope in the meter 
box), insert them in meter mounting 
holes r and s from the front of the 
panel, then place the nuts on these 
screws at the back of the panel. 
Tighten first with the fingers, then 
with long -nose pliers and a screw- 
driver. When looking at the back of 
the panel now, the meter will appear 
as shown in Fig. 6. 

Step 4. To mount the 7 -jack strip 
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(Part 2-3) on .the panel, wipe dust off 
both sides of the strip, hold the strip 
against the BACK of the panel (not 
against the printed side of the panel) 
in the position shown in Fig. 6. Fasten 
the strip to the panel with three 
screws (1-9A or 2-18A) and three nuts 
(1-9 or 2-18B). There is only one 
position of the strip in which the three 
mounting holes on the strip and panel 
will coincide. Shift the strip side- 
ways slightly, if necessary, so that the 
jack openings showing on the printed 
side of the panel are centered as well 
as possible in the panel holes. 

On the back of the panel, directly 
above each jack, write its terminal 
number with a metal -marking crayon, 
exactly as shown in Fig. 6. Keep the 
point of the crayon sharp by trimming 
it off with a pocket knife or by rub- 
bing the crayon on scrap paper to re- 
shape the point. 

Step 5. To connect the meter to two 
of the jacks on the panel with tem- 
porary soldered joints for convenience 
in making tests, remove one of the 
nuts from the positive meter terminal 
(this terminal is identified by a small 
plus sign stamped into the meter case 
near the terminal), place a 13/16 -inch 
long soldering lug (Part 1-8A) on the 
meter terminal after first straighten- 
ing out the lug with long -nose pliers, 
then replace the nut and tighten with 
fingers and pliers while holding the 
lug straight down. Mark the number 
15 above this lug on the meter case 
with crayon. In the same way, 
straighten another lug (Part 1-8B), 
place it on the other meter terminal 
(this is the negative terminal of the 
meter and has no marking), and mark 
the number 16 above this lug on the 
meter case. 

Now cut off a 31/4 -inch length from 
the roll of push -back wire supplied 
you as Part 2-17, push the insulation 

back 1/2 inch from each end, then 
form a hook in one end with long - 
nose pliers and hook this through 
the + terminal lug of the meter (lug 
15 in Fig. 6). Push the other end of 
the wire through the hole in the sol- 
dering lug of jack .27 and bend the 
wire back on itself to form a hook. 
In the same way, cut a 21/2 -inch 
length .of push -back wire and use it to 
connect lug 16 (on the - terminal of 
the meter) to the lug on jack 28. Sol- 
der all four of these temporary joints 
now with rosin -core solder. 

Step 6. To set the meter point at 

FIG. 6. Rear view of front panel, showing how 
the meter and jack strip are mounted and connected 
together for the experiments which are to be made 
before assembling the NRI Tester. The chassis 
is not shown in this view, but should be attached 
to the bottom of the panel according to instructions 

given in Step 2 of Experiment 11. 

zero, locate the knurled zero -adjust- 
ing knob at the back of the meter (the 
position of this knob is indicated in 
Fig. 6). With your fingers, rotate this 
knob first in one direction as far as it 
will go, then in the other direction 
while watching the front of the meter, 
to get a general idea of how the knob 
controls the pointer position. After 
this, adjust the knob carefully while 
tapping the meter lightly with one 
finger, until the pointer is exactly at 
the zero line on the lowest scale of the 
meter (this scale is marked Im ) . 

Step 7. To show that the meter will 
read up -scale when properly connect- 
ed to a voltage source, first secure the 
pair of test leads furnished you as 
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Part 2-9, and plug these into the two 
jacks marked I on the front panel; 
plug the red -handled probe into the 1 

jack marked -{-, and plug the black - 
handled probe in the I jack marked 
-, as shown in Fig. 7. If difficulty is 

encountered in inserting a probe in a 
jack the first time, twist and wiggle 
the probe slightly while pushing on it, 
so as to loosen the spring contacts in 
the jack. Hold the back of the jack 
with one hand while doing this, to 
minimize the pressure exerted on the 
fiber jack strip. 

Now attach the alligator clip of the 
red lead to the positive (center) ter- 
minal strip of one of the flashlight 
cells which you previously prepared, 
and watch the meter pointer while you 
hold the alligator clip of the black 
test lead on the tinned copper strip 
which serves as the negative terminal 
of this flashlight cell. As soon as you 
have noted the direction in which the 
pointer moves, open the circuit by re- 
moving one of the alligator clips, so 
as to avoid unnecessary drain on the 
cell. It is only necessary now to ob- 
serve the direction in which the point- 
er moves; do not try to read the 
meter yet. 

Step 8. To demonstrate that the 
meter will read down -scale (off -scale 
to the left of zero) when improperly 
connected to a d.c. voltage source, 
leave the test leads plugged into the 
panel jacks just as before, but now 
place the red alligator clip on the - 
cell terminal and place the black clip 
on the + cell terminal. Note the 
direction in which the meter pointer 
moves, then break the circuit by re- 
moving both alligator clips. 

Discussion: The four flashlight cells 
which you were instructed to obtain 
for your practical demonstration 
course will be connected together in 
various ways to provide a variety of 

d.c. voltage values. The terminal 
strips which you place on these cells 
in Step 1 will greatly simplify the 
connecting of these cells into experi- 
mental circuits. 

The important thing for you to re- 
member in connection with these cells 
is that the center terminal of each 
cell is + (positive). The 1 -inch long 
strip which you soldered to this center 
terminal thus becomes the -F terminal 
of the cell. If you wish, you may 
mark a + sign on the center strip 
with a metal -marking crayon. The 
21/2 -inch long strip which you in- 
serted between the cardboard housing 
and the zinc case therefore becomes 
the - (negative) terminal. 

In Steps 3, 4, and 5, you prepare the 
meter for use by mounting it on a 
vertical panel and conecting it to two 
of the jacks which are also mounted 
on this panel. When this is done, you 
can make connections to the meter 
simply by plugging your test leads 
into the two jacks marked I on the 
front panel. You will find that this 
preliminary work greatly simplifies 
the use of the meter during the next 
ten experiments. 

Step 6 is intended to familiarize 
you with the use of the zero -adjusting 
knob at the back of your meter. Al- 
ways tap the top of the meter lightly 
with the finger while adjusting the 
zero position of the pointer or reading 
low current and voltage values; the 
resulting slight vibration overcomes 
any friction which may exist at the 
bearings of the meter pointer. 

Your meter is highly sensitive to 
the presence of iron, steel or any 
magnetic field in its vicinity. You 
can demonstrate this for yourself by 
watching the pointer while moving a 
pair of steel pliers or some other steel 
object in front of the meter. 
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If the meter pointer refuses to re- 
turn to zero at any time even with 
tapping, there may be a magnetic 
field or magnetic material somewhere 
in the vicinity.* You can either re- 
adjust the zero -adjusting knob to 
compensate for this condition, or re- 
move the offending material. When 
conducting experiments, keep all iron 
or steel tools at least 6 inches away 
from the meter. This seemingly pecu- 
liar behavior of your meter is entirely 
normal, and is an inherent character- 
istic of all magnetic vane type meters 
such as yours. 

In Step 7 you connected the + ter- 
minal of the meter to the + terminal 
of the flashlight cell, and connected 
the - meter terminal to the - ter- 
minal of the flashlight cell. This is 
the correct polarity for connecting a 
meter to a d.c. voltage source, and 
you therefore obtained an up -scale 
movement of the meter pointer. 

Now, since you know that the meter 
reads up -scale whenever the + meter 
terminal is connected to the + ter- 
minal of a voltage source, you can 
determine the polarity of any d.c. 
voltage source within the range of 
your meter. Simply connect the meter 
to the voltage source and note the 
direction in which the pointer moves. 
If the pointer moves up -scale, you 
then know that the red test lead (the 
+ terminal of the meter) is on the + 
terminal of the voltage source. If 
the meter pointer reads down -scale, as 
it did when you reversed the meter 
connections in Step 8, you know that 
the meter is improperly connected. 
When this occurs, reverse the posi- 

* Overloading of the meter can also cause 
a shift in the zero position of the pointer. 
This condition will usually correct itself in 
a short time, but you will receive instruc- 
tions later for correcting the shift imme- 
diately. 

tions of the test clips immediately. 
Do not leave the meter connected to 

the flashlight cell any longer than is 
necessary to observe the movement of 
the meter pointer. The meter draws 
a certain amount of current from the 
flashlight cell, and naturally you want 
to conserve the life of the cell. 

In your fundamental course, you 
learned that electrons always flow out 
of the negative terminal of a d.c. volt- 
age source, and flow into the positive 
terminal of the d.c. voltage source 
after they have traveled around the 

FIG. 7. Using the meter to demonstrate that a 
d.c. voltage source (the flashlight cell) has polarity. 
The meter pointer moves up -scale only when the 
cell is connected to the meter with proper polarity. 
The test leads were coiled merely to simplify taking the photograph; you will not have to bother with arranging the test leads in any particular position 

during experiments. 

external circuit. You also learned 
that a d.c. meter should be connected 
so electrons enter the negative termi- 
nal of the meter. With these funda- 
mental facts in mind, you can very 
easily trace electron flow in your sim- 
ple circuit consisting of the meter con- 
nected across the flashlight cell. The 
electrons leave the - terminal of the 
cell, go through the black test lead, 
the -1 jack and one length of hook- 
up wire to the meter. The electrons 
then enter the - terminal of the me- 
ter (marked 16), flow through the coil 
of wire inside the meter, emerge from 
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FIG. 8. Examples illustrating how to read scale 
/t, of your meter. The reading for A is 3 ma.; 
B is .75 ma.; C is .4 ma.; D is 2.1 ma.; E is to 
be read by you and the reading recorded in Report 
Statement No. 12. This scale indicates the current 
in milliamperes which is passing through the meter. 
These scales are reproduced here for instruction 
purposes; the scale on your meter may not be 
exactly like these, but the same scale -reading 
methods will apply. Disregard the other three 
scales on your meter for the present; they will 

be taken up later. 

the + meter terminal (marked 15), 
travel through the other length of 

hook-up wire to the + I jack, then 
go through the red test lead to the + 
terminal of the flashlight cell. 

Instructions for Report Statement 
No. 11. The report question which 
checks your work on this experiment 
is extremely important, because 
knowledge of the correct answer will 
enable you to trace electron flow in 
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any d.c. circuit having a meter, even 
when there are no vacuum tubes pres- 
ent to indicate the direction of flow. 

Using your actual observations and 
the discussion material as guides, fig- 
ure out the terminal at which elec- 
trons will enter your d.c. meter when 
it is connected in a d.c. circuit with 
correct polarity so as to give an up- 
scale deflection. These answers are 
given in Report Statement No. 11 on 

the last page: at the positive termi- 
nal; at the negative terminal; at both 
the positive and negative terminals. 
Only one of these answers is correct; 
figure out which one it is, and make a 

check mark in the box following that 
answer. 

EXPERIMENT 12 

Purpose: To demonstrate that the 
current which flows in a circuit will in- 
crease when the voltage is increased. 

Step 1. To learn how to read the 
lowest scale (marked 151) on your 
meter, study the exact -size reproduc- 
tions of this scale in Fig. 8.. Observe 
that the scale reads from 0 to 3; these 
scale values represent milliamperes of 
current flowing through the meter, for 
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FIG. 8F. This enlarged view of the I scale of your meter can be used as a guide when questions arise 
In connection with meter readings. Various possible pointer positions are indicated by the thin lines 
above the scale. Estimated readings for typical positions are specified in three ways-first, as you would 
record the decimal value in a table; second, as a radio man would say it; third, in the form of 

common fractions. 
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your instrument is basically a mil- 
liammeter having a range of from 0 
to 3 milliamperes. 

When the maximum permissible 
current of 3 ma. is flowing through 
the meter, the pointer will be at 3 on 
scale IM, as shown in Fig. 8A; you 
would read this as 3 ma. When the 
pointer is on any other numbered line 
on this scale, the number below the 
line indicates the current in milliam- 
peres. 

When the pointer is on a short un- 
numbered line between two numbered 
lines, the meter reading is a value 
halfway between the values of the 
two adjacent numbered lines. Thus, 
you would read 1.5 ma. when the 
pointer is on the short line between 
1 and 2, and you would read 2.5 ma. 
when the pointer is on the short line 
between 2 and 3. 

Whenever the pointer is in between 
two lines on this scale, mentally di- 
vide the space between the two lines 
into equal smaller spaces and estimate 
the meter reading. For example, if 
the pointer is about halfway between 
lines marked .5 and 1, as in Fig. 8B, 
you would estimate the meter reading 
to be .75 ma. If the pointer is as 
shown in Fig. 8C, where it is closer to 
.5 than to 0, you might estimate the 
reading to be .4 ma. Finally, if the 
pointer is as shown in Fig. 8D, you 
would estimate the reading to be 
about 2.1 ma. Values which you would 
estimate for other pointer positions 
are shown in Fig. 8F. 

Step 2. To secure 1.5, 3 and 4.6 - 
volt d.c. voltage sources for this ex- 
periment, first take each cell in turn 
and tin the upper surface of its posi- 
tive terminal strip for about one- 
fourth inch from the free end, then 
tin the under surface of its negative 
terminal in the same manner so as to 
secure surplus solder at these points. 

u 

Now arrange three of your previously 
prepared flashlight cells exactly in the 
manner shown in Fig. 9A, so that the - terminal strip of one cell is over 
the + terminal strip of the adjacent 
cell. Bend the terminal strips so that 
they will touch each other when they 
are overlapping about 1/4 inch in this 
manner, then apply the heated solder- 
ing iron tip in turn to each point 
where the strips overlap. Hold the 
soldering iron on each of these lap 
joints only long enough to melt and 
fuse together the solder in between the 

FIG. 9. Method of connecting three flashlight cells 
together in series aiding to permit obtaining three 
different values of d.c. voltage (1.5 volts, 3 volts 

and 4.5 volts). 

strips. Fig. 9B shows the cells con- 
nected together. 

Step 3. To secure practical expe- 
rience in measuring the current in a 
circuit, attach the alligator clip of the 
black test lead to the - terminal at 
one end of your cell group. (The 
probes should be plugged into the 
panel jacks exactly as they were for 
Experiment 11, with red in -FI jack 
and black in -I.) Now attach the 
red alligator clip to the + terminal of 
this same cell as shown in Fig. 10A, 
so as to secure a voltage of 1.5 volts. 
Read on scale IM of your meter the 
amount of current flowing, discon- 



FIG. 10 These illustrations show you how to set up the three circuits in which you make current meas- 
urements as a part of Experiment 12. Note that the red probe is plugged into the +1 jack, and the black 
probe is plugged into the -1 jack. Leave the test probes in these jacks until you are told to remove 

them in Experiment 16. 

nect the red clip, and record your 
reading in the first line of Table 12. 

Now attach the red clip to the + 
terminal of the middle cell as shown 
in Fig. 10B, so as to secure a voltage 
of 3 volts. Read the meter on scale 
IM just as before, disconnect the red 
clip, and record your result in the sec- 
ond line of Table 12. 

Finally, attach the red clip to the 
+ terminal of the last cell as shown 
in Fig. 10C, so as to secure a voltage 
of 4.5 volts. Read the meter, discon- 
nect the red clip, and record your 
result in the last line of Table 12. 

CAUTION: Do not leave the meter con- 
nected to a flahlight cell or battery for 
more than a few minutes at a time; it is 
always better to disconnect one lead of the 
meter as soon as you take a reading, and 
leave it disconnected until you are ready 
for the next reading. 

Look squarely at the meter when reading 
it, to secure consistently accurate readings; 
in other words, your eyes should be directly 
in front of the meter scale whenever you 
take a reading. 

Discussion: The meter which is 
furnished you in Radio Kit 2RK-1 
has four distinct scales. The only one 
which applies directly to the meter is 
the lowest scale, marked IM, covering 
a range of from 0 to 3 ma. Ordina- 
rily, this would be the only scale you 
would find on a meter of this type; 
the other three scales are provided 
for the NRI Tester in which you will 
use this meter after completing Ex - 
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periment 20. For the present, there- 
fore, it is entirely sufficient for you 
to know how to read only the lowest 
meter scale. 

Do not worry too much about read- 
ing the meter accurately at this time. 
In the first place, accurate readings 
are seldom required in radio work. 
Furthermore, you will automatically 
acquire the ability to estimate meter 
readings as you secure experience with 
your meter. Just remember that a 
meter scale is like an ordinary ruler, 
and is read in much the same manner. 

When you have a number of sepa- 
rate voltage sources and want to con- 
nect them together in such a way that 
the voltages add, you always connect 
them in the manner described in Step 
2. This connection is known as series 
aiding (or simply as a series connec- 
tion), for the voltage sources (flash- 
light cells) are connected in series in 
such a way that their voltages aid 
each other. Thus, if one cell gives 1.5 
volts, two cells connected in series 
aiding will give 3 volts, and three cells 
will give 4.5 volts. 

A comparison of the three meter 
readings which you obtained in Step 
3 will show you that the current in- 
creases when you increase the source 
voltage from 1.5 volts to 4.5 volts. 
This experiment which you perform 
therefore proves the basic radio rule 
that the current in a circuit will in- 



crease when the voltage is increased. 
Conversely, it proves that the circuit 
current will decrease when the voltage 
is reduced. 

Two factors determine the amount 
of current which will flow in a circuit; 
the value of the source voltage, and 
the amount of opposition or resistance 
which the circuit offers to current 
flow. In the three circuits which you 
set up in Step 3, the flashlight cells 
serve as d.c. voltage sources. As to 
resistance, we can say definitely that 
every electrical part has resistance. 
Sometimes this resistance is very 
large, so that electron flow is almost 
completely blocked, while in other 

O.C. SOURCE 
VOLTAGE 
IN VOLTS 

YOUR CURRENT 
READING ON SCALE 

IM IN MA. 

N.R.I. CURRENT 
READING ON SCALE 

IM IN MA. 

COMPUTED 
CURRENT 
IN MA. 

15 . 7 75 

3.0 ; 1.6 1.50 

4.5 ;.' 2.3 2.25 

TABLE 12. Record your results for Experiment 
12 here 

cases the resistance is so small that it 
can be neglected. 

In the circuits of Step 3, each 1.5 - 
volt dry cell has a resistance of about 
.5 ohm. The terminal strips, the test 
leads, the alligator clips, the jacks on 
the panel and the lengths of hook-up 
wire also have resistance, but in each 
case this resistance is lower than .5 
ohm. The milliammeter has a resist- 
ance of about 2,000 ohms; this is so 
much higher than the resistance of 
the other parts in the circuit that we 
can call it the predominant resistance 
and neglect all other resistance. We 
thus have voltages of 1.5, 3 and 4.5 
volts respectively, acting in a simple 
circuit having an effective total re- 
sistance of about 2,000 ohms. 

Computing Circuit Current. Let us see 
what the value of circuit current will be 
when computed according to Ohm's Law 
for our first circuit, in which a d.c. voltage 
source of 1.5 volts is sending electrons 
through a circuit having a resistance of 
2,000 ohms. 

As you learned in your regular lessons, 
Ohm's Law says that the current in am- 
peres is equal to the voltage in volts 
divided by the resistance in ohms. In our 
case, then, the current in amperes will be 
equal to 13 divided by 2,000, which is 
.00075 ampere. To convert this current 
value into milliamperes, we multiply by 
1,000, and get .75 ma. as the computed 
value of circuit current. This computed 
value is listed in Table 12, for convenience 
in comparing it with your own reading 
and with the reading of .7 ma. which we 
obtained in the NRI laboratory. 

If the reading which you obtained is 
fairly close to the computed value (any 
reading between .5 ma. and 1.0 ma. can be 
considered as sufficiently close for all prac- 
tical purposes in this particular experi- 
ment), you can consider that you have 
proved the validity of Ohm's Law in your 
d.c. circuit. 

Whenever you double the source voltage 
value, as you did by adding another dry 
cell to your circuit, you would naturally 
expect that the current would double also. 
According to Ohm's Law, 3 volts acting on 
2,000 ohms gives a current of 3 divided by 
2,000, or .0015 ampere. This corresponds to 
1.5 milliamperes, a computed value of cir- 
cuit current which is exactly twice the 
value you computed for a 1.5 -volt d.c. 
source. Likewise, your own current read- 
ing for 3 volts should be approximately 
twice the reading which you obtained for 
1.5 volts. 

With a d.c. source voltage of 4.5 volts, 
you would expect the computed current 
value to be three times that obtained with 
1.5 volts. Dividing 4.5 by 2,000 gives .00225 
ampere, which is equal to 2.25 ma. This 
is exactly three times the value computed 
for 1.5 volts, as you expected. Compare 
you own current reading for 4.5 volts with 
the computed value; if your reading is 
somewhere between 2 and 3 ma., you can 
consider your work on this experiment to 
be entirely successful, and you can con- 
sider that you have demonstrated how 
Ohm's Law holds true in a simple d.c 
circuit. 
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Extra Information. You could safe- 
ly apply as high as 6 volts directly to 
your meter without damaging it, since 
the full-scale value is 3 ma. (6=2,000 
=.003, or ma.). Your milliammeter 
can thus be used as a 0-6 volt d.c. 
voltmeter simply by multiplying the 
readings on scale /hi by 2. When us- 
ing your meter in circuits having volt- 
ages higher than 6 volts, however, 
special precautions must be observed; 
these will be taken up later. In other 
words, never connect your meter alone 
directly to the terminals of a 22.5 -volt 
or 45 -volt B battery. 

Some milliammeters have very 
much lower resistance than the meter 
which you used in Step 3. For this 
reason, never connect an unknown 
milliammeter across a dry cell or any 
other voltage source until you know 
exactly what the characteristics of the 
meter are. In some cases you may 
burn out the meter when doing this, 
for even the 1.5 -volt value of a single 
dry cell may send through the meter 
a larger current than that for which it 
was designed. 

Instructions for Report Statement 
No. 12. The question for this experi- 
ment is a test of your ability to read 
the meter on scale In with reasonable 
accuracy for practical radio work. 
After you have completed this experi- 
ment and studied the discussion, turn 
to the exact -size reproduction of this 
meter scale in Fig. 8E and figure out 
what the meter reading would be when 
the pointer is at the position shown. 
Now turn to Report Statement No. 12 
on the last page, and place a check 
mark in the box following the meter 
reading which you consider to be cor- 
rect for Fig. 8E. 

EXPERIMENT 13 

Purpose: To demonstrate that the 
current flowing in a circuit will be re - 
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duced when the resistance in the cir- 
cuit is increased, and to prove for 
yourself the basic fact that the current 
is the same at all points in a series 
circuit. 

Step 1. To measure the current be- 
fore and after you insert a 900 -ohm 
resistance into a simple d.c. circuit, 
connect your meter across the group 
of three flashlight cells just as you 
did for the final measurement in Ex- 
periment 12, read the meter on scale 
Inl, disconnect the red clip, and record 
the current value on the first line in 
Table 13. 

As explained on page 2, parts 2-11, 
2-13, and 2-14 now have the new post- 
war "standard" values of 6.8 megohms, 
.24-megohms, and 910 ohms, respec- 
tively. Use them in place of the 6.7- 
megohm, .24-megohm, and 900 -ohm 
values shown in the following tables 
and diagrams. They will give essen- 
tially the same results for the experi- 
ments as the old values, and they will 
tend to improve the accuracy of the 
NRI Tester you are to build. 

Now solder one lead of a 910 -ohm 
resistor (Part 2-14) to the + ter- 
minal at the end of the cell group, in 
the manner shown in Fig. 11. To 
make this temporary soldered joint, 
simply tin the end of the resistor lead 
liberally with rosin -core solder, hold 

FIG. I1. To solder a resistor to a battery termina 
strip by means of a lap joint, tin both the lead 
and the end of the strip, hold the resistor on the 
terminal strip with long -nose pliers as shown here, 

and apply the heated soldering iron. 



this lead over the positive terminal 
strip with long -nose pliers, apply the 
heated soldering iron tip to the lead, 
then remove the iron and hold the re- 
sistor rigid until the solder hardens. 
Now attach the red clip to the other 
lead of this resistor while still leaving 
the black clip on the - terminal of 
the cell group, read the meter on scale 
IM, disconnect the red clip, and re- 
cord the result on the second line in 
Table 13. 

STEP 
NATURE OF 

MEASUREMENT 

YOUR CURRENT 
READING ON 

SCALE IM 
IN MA. 

N.R.I. CURRENT 
READING ON 

SCALE IM 
iN MA. 

co.euv.o 
CIRCUIT 
CURRENT 

IN MA. 

CURRENTTHRU 
METER. 
(E=4.5V.) T L 2.25 

CURRENT THRU 
TH AND 

METER 
(E= 4.5V.). L!) 

^ 
16 155 

2 

CURRENT/ 
POINTSINTS8-99 

_{ 
/ 

L 
1.v J 1.55 

CURRENT AT 

POINTS 6-7 i/ 155 

CURRENT AT 

POINTS 4-5 / /C v 1.55 

T 

POINTS 2ª3 ..-) 16 1.55 

TABLE 13. Record your results for Experiment 
13 here. 

Step 2. To prove that the same 
current flows through all parts of a 
series circuit, measure the current at 
three different points in a circuit with 
your milliammeter, in the following 
manner: 

Cut off an 11 -inch length of push - 
back hook -úp wire (Part 2-17), push 
back the insulation for about 3/4 inch 
from each end, then solder one end to 
negative cell terminal I in Fig. 12A 
by means of a lap joint after first ap- 
plying additional solder to the top 
surface of this terminal. 

Now attach the -red clip to resistor 
lead 8, and attach the black clip to 
the other end of the hook-up wire 
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(marked 9 in Fig. 12A). Read the 
meter on scale IM, disconnect both the 
red and black clips, and record the 
result in Table 13 as the current flow- 
ing at points 8-9 in your circuit. 

Next, measure the current at points 
6-7 by unsoldering resistor lead 7 

from postive terminal 6, then solder- 
ing end 9 of the hook-up wire to 
resistor lead 8 by means of a tem- 
porary hook joint as shown in Fig. 
12B. Attach the red clip to posi- 
tive terminal 6, and attach the black 
clip to resistor lead 7. Read the meter 
on scale IM, remove both clips, and 

flO / 

..... 

REO[fil 

RED '":: BLACK 

7 8 

900n 

9 

a BLACK 

FIG. 12. Use these four milliammeter connections 
to prove for yourself that the same current value 

flows through all points in a series circuit. 



record the result in Table 13 as the 
current flowing at points 6-7. 

Now separate terminal strips 4 and 
5 by applying the heated soldering 
iron to the lap and moving the cells 
apart. Resolder resistor lead 7 to 
terminal 6, as shown in Fig. 12C. At- 
tach the red clip to terminal 4, and 
attach the black clip to terminal 5. 
Read the meter on scale 'M, remove 
both clips, and record your result in 
Table 13 as the current flowing at 
points 4-5. 

Separate terminal 2 from terminal 
3 by unsoldering. Resolder terminal 4 
to terminal 5 as shown in Fig. 12D. 
Place the red clip on terminal 2, and 
place the black clip on terminal 3. 
Read the meter on scale /hi, remove 
both clips, and record your result in 
Table 13 as the current flowing at 
points 2-3. Do not disconnect this 
set-up yet, because you will make 
one more measurement with it for Re- 
port Statement No. 13 after studying 
the discussion. 

Discussion: For your first meas- 
urement in Step 1, the meter reading 
should be essentially the same as for 
the last measurement you made in 
Experiment 12, since the circuits are 
identical. When you increase the cir- 
cuit resistance by inserting a 910 -ohm 
resistor in the circuit, as you did for 
the second measurement in Step 1, 
you are increasing from 2,000 ohms to 
2,910 ohms the opposition which the 
circuit offers to electron flow. Ac- 
cording to Ohm's Law, the current 
will decrease when the circuit resist- 
ance is increased, hence the second 
reading which you record in Table 13 
should be smaller than the first read- 
ing. If you do obtain this smaller 
reading, you know that you have per- 
formed the experiment correctly and 
have verified Ohm's Law again. 

Computing Circuit Current. With a eir- 
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cuit resistance of 2,910 ohme and a voltage 
of 4.5 volts, Ohm's Law tells us that the 
circuit current in amperes will be 4.5 di- 
vided by 2,910, or .00155 ampere. This is 
equivalent to 1.55 ma. The second value 
which you recorded in Table 13 should 
correspond approximately to this computed 
value. 

If you measure essentially the same 
meter readings at the four points 
where you measure current in Step 2, 
you have proved the fundamental 
radio principle that the current is the 
same at all points in a series circuit. 
Remember to tap the top of the meter 
lightly each time before you take a 
reading when the pointer is near zero, 
so as to offset bearing friction. Re- 
member to look squarely at the meter 
from a position directly in front of it 
when taking a reading. If you read 
the meter from an angle, you will 
obtain a different value than if you 
were reading it properly. 

In any series circuit, the voltage 
source "feels" the total resistance of 
the circuit, regardless of where or 
how this resistance is distributed 
throughout the circuit. As a result, 
only the correct current (correct elec- 
tron flow) for the total circuit re- 
sistance can flow, and this current 
will be the same value at all points 
in the series circuit. 

Instructions for Report Statement 
No. 13. In order to answer this re- 
port statement and prove that you 
have mastered the measuring tech- 
niques involved, connect three dry 
cells, the meter, a 910 -ohm resistor 
and an 18,000 -ohm resistor all in se- 
ries and measure the current flowing 
in this circuit. 

You can arrange these parts in any 
desired order as long as they are all 
in series; thus, you could have the 
meter connected to terminals 2 and 3 
as shown in Fig. 12D, and insert the 
18,000 -ohm resistor (Part 1-16) be- 



tween 1 and 10 after unsoldering the 
wire from terminal 1. The total cir- 
cuit resistance is now 2,000 + 910 + 
18,000, which is 20,910 ohms. 

Compare your measured current 
value in ma. for this circuit with the 
current obtained in Step 2 for a total 
circuit resistance of 2,910 ohms, then 
turn to the report statement on the 
last page and place a check mark in 
the box following the answer which 
describes your result. .1, 

EXPERIMENT 14 

Purpose: To demonstrate that a 
milliammeter in series with a resistor 
can be used as a voltmeter. 

Step 1. To obtain a meter reading 
when a 4.5 -volt d.c. source is con- 
nected in series with your meter and 
an 18,000 -ohm resistor, take the 
18,000 -ohm resistor which was sup- 
plied you as Part 1-16 in Radio Kit 
IRK and solder one lead of it to the - terminal of your 3 -cell battery in 
the manner shown in Fig. 13A. Now 
attach the black clip to the other 
lead of this resistor, and attach the 
red clip to the + terminal of your 
group of cells. Read the meter on 
scale IM, remove both clips, and re- 
cord your result in Table 14 as the 
current in ma. flowing through this 
circuit when the source voltage E is 
4.5 volts. The meter reading will be 
very low, less than .25 ma., but esti- 
mate its value roughly. 

Step °L. To secure a meter reading 
when a 45 -volt battery is connected 
in series with your meter and an 
18,000 -ohm resistor, unsolder the 
18,000 -ohm resistor from the flash- 
light cell group, bend a large hook in 
a clockwise direction at the end of 
one resistor lead with long -nose pliers, 
then attach this lead to the -B ter- 
minal of your 45 -volt B battery, as 
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shown in Fig. 13B. This terminal is 
simply marked "-" on most B bat- 
teries, but from now on we will refer 
to it as the "-B" terminal (pro- 
nounced minus bee), just as radio men 
do. To make the connection to -B, 
loosen the knurled nut, hook the lead 
around the screw in a clockwise direc- 
tion as shown in Fig. 14, then tighten 
the nut. 

Whenever you make a temporary 
connection to a terminal screw or 
part with a wire or lead, bend the 

FIG. 13. The three circuits illustrated here al 
have the same total resistance (the meter with its 
resistance of 2,000 ohms is not shown, but is con 
nected to the other ends of the two test leads in 
each case), but each circuit has different voltage. 
In Experiment 14 you measure the current in each 
circuit and note its relationship to the circuit volt 
age, thereby demonstrating how a milliammeter can 

be used as a voltmeter. 



hook in a clockwise direction as in- 
dicated in Fig. 14, so that the hook 
will close rather than spread apart 
when you tighten the nut. 

Now attach the black clip to the 
other resistor lead, and attach the 
red clip to the +45 terminal of your 
B battery. Read the meter on scale 
IM, remove the red clip, and record 
your result in Table 14 as the current 
in ma. flowing through this circuit 
when the source voltage is 45 volts. 

Step 3. To secure a meter reading 
when a 22.5 -volt battery is connected 
in series with your meter and an 

FIG. 14. Whenever you connect a wire or lead to 
a terminal screw, always bend the hook in a clock- 
wise direction as shown here. This is the same 
direction in which you turn the nut when tightening 
it, and therefore the hook will tend to close rather 
than spread apart and come off when the nut is 
tightened. Lock washers are not necessary on bat- 
tery terminals during experimental work, but when 
used, they help to prevent the terminal nut and 

wire from loosening. 

18,000 -ohm resistor, place the red clip 
on the +22% terminal of your B bat- 
tery without disturbing the black 
clip or changing any other part of the 
circuit. This arrangement is shown 
in Fig. 13C. Read the meter on scale 
IM, remove both test clips, and re- 
cord your result in Table 14 as the 
current in ma. flowing through this 
circuit when the source voltage E is 
22.5 volts. Finally, disconnect the 
resistor from the battery. 

CAUTION: Do not connect a 22.5 
or 45 -volt battery directly to the 
meter terminals (without the 18,000 - 
ohm current -limiting resistor) . Any 
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voltage higher than 6 volts may dam- 
age the meter if applied directly. 

Discussion: With an 18,000 -ohm 
resistor in series with the 2,000 -ohm 
resistance of your meter, the total 
circuit resistance becomes 20,000 
ohms. This is ten times the resist- 
ance of the circuit using the meter 
alone. According to Ohm's Law, the 
circuit current should be reduced ten 
times (to 1/10 of its original value) 
when the circuit resistance is in- 
creased ten times. In Step 1 ' of Ex- 
periment 13 you obtained a current 
value somewhere near 2.25 ma. for a 
circuit including only the meter and 
a 4.5 -volt battery, so you would nat- 
urally expect the meter reading in 
Step 1 of this experiment to be about 
1/10 of this value, or about .2 ma. 

Computing Circuit Current. According to 
Ohm's Law, the circuit current in amperes 
for the circuit used in Step 1 will be 4.5 
divided by 20,000, which is .000225 ampere, 
or 225 ma. 

In Step 2, you increased the bat- 
tery voltage to 45 volts, while still 
keeping the circuit resistance at 20,- 
000 ohms. If Ohm's Law holds true, 
this ten -times increase in voltage will 
make the current increase ten times. 
The current reading which you obtain 
for Step 2 should therefore be ap- 
proximately ten times the reading you 
obtained for Step 1. 

Computation. According to Ohm's Law, 
the current for Step 2 will be 45 divided 
by 20,000, which comes out to be 225 ma. 
This is exactly ten times the computed 
current value obtained for Step 1. 

When you use a 22.5 -volt d.c. 
source in Step 3, you are cutting the 
voltage to half the value employed in 
Step 2. If the current you measure 
is likewise cut approximately in half, 
you have again checked Ohm's Law. 

Computation. According to Ohm's Law, 
the computed current for Step 3 is 22.5 di- 
vided by 20,000, which is 1.13 ma. 



Now study your results in Table 
14 for a few minutes. Note that the 
current increases in proportion to in- 
creases in the voltage, and the cur- 
rent decreases likewise in proportion 
to decreases in the voltage. Thus, 
there is a definite relationship be- 
tween the meter reading and the 
voltage employed in the circuit. In 
fact, if you marked 4.5 volts on your 
meter scale at the pointer position ob- 
tained in Step 1, marked 45 volts at 
the pointer position obtained in Step 
2, and marked 22.5 volts at the 
pointer position for Step 3, then filled 
in the missing voltage values on the 
scale by repeating the experiment for 

a full-scale deflection will be .003 
times 2,000, or 6 volts. In other 
words, if you connected your meter 
alone to a 6 -volt battery, you would 
secure approximately a full-scale de- 
flection on scale Im. 

To measure voltages up to 6 volts with 
your meter, connect the meter directly to 
the voltage source with the proper polarity, 
read the meter on scale IM, and multiply 
the scale reading by 2 to get the actual 
voltage in volts. Thus, a scale reading of 
2.25 would correspond to 4.5 volts. 

By placing an 18,000 -ohm resistor 
in series with your meter, you can in- 
crease the total circuit resistance ten 
times, and can safely apply ten times 
as much voltage to the meter circuit 

STEP 
NATURE OF 

MEASUREMENT 

YOUR CURRENT 
READING ON 

SCALE IM 
IN MA. 

N.R.I. CURRENT 
READING ON 

SCALE IM 
IN MA. 

coe.otro 
CIRCUIT 
CURRENT 

IN MA. 

CURRENT THRU 

METER. 
AND 

(E 4.5V.) 1 J .225 

2 
CURRENT THRU 

EIER. 
AND 

(E 45V.) 

i ¡ 2 7 
/' L. 2.25 

3 
CURRENT THRU 

ER AND 
METER. 
(E 22.5V.) ) 1.13 

TABLE 14. Record your results for Experiment 14 
here. 

other known voltages, you would use 
your meter with its 18,000 -ohm. re- 
sistor to read voltages directly. 

In other words, this experiment has 
shown definitely that any milliam- 
meter can be used to measure higher 
voltages than could safely be applied 
to the meter alone, provided a series 
resistor of the proper valué (such as 
the 18,000 -ohm resistor employed in 
this case) is used to extend the volt- 
age range, and the meter scale is re - 
calibrated to read in volts instead 
of in milliamperes. 

A current of 3 ma. through your 
meter will give you a full-scale deflec- 
tion on scale I),t. Since the meter has 
a resistance of 2,000 ohms, Ohm's Law 
tells us that the voltage needed for 

without exceeding the safe current of 
3 ma. To prove this, we again resort 
to Ohm's Law. 

Computation.. Let us say that we have 
the maximum safe meter current of 3 ma. 
flowing through the circuit resistance of 
18,000 ohms + 2,000 ohms. According to 
Ohms' Law, the voltage required to send 
.003 ampere (3 ma.) through a total re- 
sistance of 20,000 ohms is .003 X 20,000, or 
60 volts. Thus, the insertion of an 18,000 - 
ohm resistor in series with your meter 
allows you to apply voltages up to 60 volts 
to your measuring circuit without making 
the meter read higher than 3 on scale IM. 

To measure d.c. voltages up to 60 volts,. 
connect your meter in series with an 18,000 - 
ohm resistor to the terminals of the voltage 
source (being sure to get the correct po- 
larity), read the meter on scale IM, and mul- 
tiply the scale reading by 20 to get the 
actual voltage in volts. 
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When a resistor is placed in series 
with a meter in this manner to in- 
crease the voltage range, the resistor 
is known as a voltage multiplier. 

To make your meter read up to 600 
volts, which is 100 times the voltage 
which gives full-scale deflection of the 
meter alone, the meter and voltage 
multiplier together must have a resist- 
ance'of 100 times 2,000 ohms, or 200,- 
000 ohms. Since the meter alone has 
a resistance of 2,000 ohms, the volt- 
age multiplier should have a value of 
198,000 ohms. With this 198,000 - 
ohm series resistor or voltage multi- 
plier, you could then read voltages 
directly up to 600 volts on your meter 
simply by multiplying the reading on 
scale I,/ by 200. 

Multiplier Circuit Arrangement. 
By providing a number of different 
series resistors of the proper values, 
along with a switch which permits in- 
serting any one of them in series with 
the meter, a milliammeter like yours 
can be made to serve for a number 
of different voltage ranges. Many of 
the meters used in radio work, par- 
ticularly in professional multimeters, 
are arranged in this manner. 

Ohms -Per -Volt Rating. With the 
meter resistance of 2,000 ohms used 
alone, the maximum voltage range is 
6 volts; with a series resistor being 
used to increase the meter circuit re- 
sistance to 20,000 ohms, the maximum 
voltage range is 60 volts; with a total 
meter circuit resistance of 200,000 
ohms, the maximum voltage range is 
600 volts. When we divide the meter 
circuit resistance by the maximum 
voltage range in any one of these 
cases, we get 333 ohms. This value is 
known as the ohms -per -volt rating of 
your meter, and is an indication of its 
sensitivity when used as a voltmeter. 

A common sensitivity rating for 
meters used in radio work is 1,000 
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ohms -per -volt. Some voltmeters have 
sensitivities of 5,000 ohms -per -volt, 
while a few even go as high as 20,000 
ohms -per -volt. The vacuum tube 
voltmeter which you will build after 
completing this group of ten experi- 
ments has a full-scale sensitivity of 
over 2,000,000 ohms -per -volt on one 
range, and all of the other ranges are 
higher than 20,000 ohms -per -volt. 
This means that your instrument will 
be comparable with the best indivi- 
dual meters employed in radio work. 

Voltage Multiplier Rule. To find the cor- 
rect value for a voltage multiplier resistor 
which is to give a desired voltage range, 
multiply the ohms -per -volt rating of the 
meter by the maximum voltage range de- 
sired, then subtract from the resulting value 
the resistance of the meter itself. 

Instructions for Report Statement 
No. 14. The question for this experi- 
ment checks your mastery of the dis- 
cussion, so do not try to answer Re- 
port Statement No. 14 until you un- 
derstand fully every single sentence 
in the discussion. You should realize 
that any d.c. milliammeter can be 
used as a d.c. voltmeter, and should 
have a general understanding of how 
voltage multiplier resistors can be 
used to increase the voltage range. 

Here is the test problem: Suppose 
you are using your meter as a 0-60 
volt d.c. voltmeter (by placing an 
18,000 -ohm voltage multiplier resistor 
in series with the meter) to measure 
an unknown d.c. voltage. You con- 
nect the meter and multiplier to the 
terminals of the voltage source with 
proper polarity and get a reading of 
2 on scale I. What is the actual 
voltage of this source? Figure it out, 
referring to the discussion again if 
necessary, then place a check mark 
after the value which you consider to 
be correct in Report Statement No. 14 
on the last page. 



EXPERIMENT 15 

Purpose: To demonstrate the use of 
shunt resistors for increasing the cur. 
rent range of a milliammeter. 

Step 1. To secure experience in 
using your milliammeter with a 100 - 
ohm shunt resistor for measuring 
higher current values, take a 100 -ohm 
resistor (Part 2-15) and connect it to 
the meter terminal lugs with tempo- 
rary soldered joints as shown in Fig. 
15A. 

Take a 910 -ohm resistor (Part 
2-14) and connect one of its leads to 
the -B terminal of your B battery, as 
shown in Fig. 15B. With the test leads 
still in the I jacks exactly as shown in 
Fig. 7, attach the black clip to the 
other lead of the 910 -ohm resistor. 

Now complete the circuit by attach- 
ing the red clip to the +45 battery 

FIG. 15. By p acing a 100 -ohm shunt resistor 
across your meter in the manner shown at A here, 
you are able to measure (Experiment 11) the cur- 
rent in the circuit shown at B, even though this 
current is considerably higher than the 3 -ma. maxi- 
mum value which can be passed through the 

meter alone. 
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terminal. Read the meter on scale /hi, 
remove the red clip immediately from 
the +45 terminal, then record your 
reading in Table 15. Do not leave 
the red clip connected to the +45 
terminal any longer than is necessary 
to secure the reading, for otherwise 
you will exhaust the B battery. 

STEP 
NATURE OF 

MEASUREMENT 

YOUR METER 
READING ON 

SCALE I 

MIL METER 
READING ON 

SCALE M 

auno 
METER 

CURRENT 
IN MA. 

I 

CURRENT THRU 
900n AND 
METER SHUNTED 
UY 100.n. 
(E 45 VJ 

j e,^ 
L 2 2.14 

TABLE 15. Record your results for Experiment 15 
here. 

Discussion: In a circuit consisting 
of a 45 -volt battery and a total re- 
sistance of 910 + 100 ohms, the cur- 
rent would be 45 ma. (45 divided by 
1,010 = .045 ampere, or 45 ma.) . This 
current cannot be measured directly 
with your meter, since the maximum 
current the meter can safely pass is 
3 ma. In this experiment, we use a 
shunt resistor (100 ohms) to increase 
the range of the milliammeter enough 
to permit measurement of this high 
current. 

In the circuit of Fig. 15, the 100 - 
ohm resistor is connected directly 
across the meter terminals. Let us 
see how this shunt resistor (usually 
called a shunt) limits the meter cur- 
rent to a safe value. 

First of all, when a 2,000 -ohm 
meter is connected across a 100 -ohm 
resistor, the original total circuit re- 
sistance of 1,010 ohms (910 + 100)' 
will be changed slightly. With 2,000 
ohms in parallel with 100 ohms, the 
combined resistance is 95 ohms; 910 
+ 95 gives a total circuit resistance 
of 1,005 ohms. The change is so small, 
however, that for all practical pur- 
poses we can consider this total re- 
sistance to be still 1,010 ohms, and the 



circuit current still 45 ma. through 
the battery and the 910 -ohm resistor. 

When the 45 -ma. circuit current 
reaches the parallel combination of 
the 100 -ohm resistor and the meter, 
the current divides between these two 
parts. Naturally, most of the current 
goes through the 100 -ohm resistor 
since it offers much lower opposition 
than does the 2,000 -ohm resistance of 
the meter. Let us see exactly how 
the current divides. 

Computation. Imagine that the 100 -ohm 
resistor is replaced with twenty separate 
2,000 -ohm resistors connected in parallel. 
The combined resistance of this group of 
twenty resistors will be 100 ohms. (When 
resistors of equal value are connected in 
parallel, their combined resistance is equal 
to the resistance of any one of them di- 
vided by the number of resistors which 
are in parallel.) 

When the meter is added in parallel with 
these twenty imaginary 2,000 -ohm resistors, 
we will have twenty-one identical 2,000 -ohm 
paths for current between the meter ter- 
minals. Each resistor will carry an equal 
amount of current, and the value of this 
current will be 1/21 of the total circuit 
current of 45 ma. In other words, the cur- 
rent through the 2,000 -ohm meter (and 
through each imaginary 2,000 -ohm resistor) 
will be 45 ma. divided by 21, or about 2.14 
ma. Compare this computed value of 
meter current with the value you obtained 
and with the value of 2.2 ma. which we 
obtained in the NRI laboratory. 

Since the meter gets only 1/21 of the 
total current, multiplying the meter reading 
on scale hi by 21 will give us the actual 
circuit current when the meter is used with 
a 100 -ohm shunt resistor. Multiplying the 
maximum meter reading of 3 ma. by 21 

gives 63 ma. as the new full -page range of 
the milliammeter when used with a 100 -ohm 
shunt. 

The number by which we multiply the 
meter reading is called the multiplying 
factor or scale conversion number. 

When using the meter with a 100 -ohm 
shunt as a 0-63 ma. d.c. milliammeter, 
read the meter on scale Isi and multiply 
the scale reading by 21 to get the actual 
current value in ma. 

Practical Extra Information on 
Meter Shunts. When the current 

range of a meter is to be increased a 

definite number of times, place across 
the meter terminals a shunt resistor 
having a resistance equal to the me- 
ter resistance divided by "one less 
than the multiplication factor de- 
sired." For example, if you wished 
to increase the range of your 2,000 - 
ohm milliammeter to 30 ma., which is 

an increase of ten times, you would 
use a shunt resistor equal to 2,000 
divided by 9, or 222 ohms. 

If we know the current value flow- 
ing in a circuit, we can find the multi- 
plying factor for a meter -shunt com- 
bination by dividing the known cur- 
rent value by the meter reading for 
that current. For example, with a 
known current of 45 ma. and a meter 
reading of 2.2 (the NRI value ob- 
tained in this experiment), we would 
divide 45 by 2.2 and get 20.45 as the 
multiplying factor. When we con- 
sider the normal tolerances of the 
meter, resistors and batteries, this is 
very close to the computed correct 
value of 21. Even if we called it 20, 
as a practical radio man would prob- 
ably do, the results would still be 
more than accurate enough for or- 
dinary radio purposes. 

When the resistance of a meter is 

not known and cannot conveniently 
be measured, the radio engineer pre- 
fers to use a somewhat different 
method for determining the required 
value for a shunt resistor. First of 
all, he determines the voltage required 
across the meter to give a full-scale 
deflection. This same voltage will act 
upon the shunt which is to be con- 
nected in parallel with the meter. He 
knows that the meter and shunt to- 
gether must pass the new full-scale 
value of current, while the meter alone 
will pass its normal full-scale current 
value. Subtracting the meter current 
from the new full-scale value gives 
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the current flowing through the shunt 
resistor at a full-scale deflection. The 
engineer then uses Ohm's Law, and 
divides the shunt resistor voltage by 
the shunt resistor current; this gives 
him the required value of shunt 
resistance. 

Here is an example: The range of 
a 1 -ma. milliammeter is to be in- 
creased to 10 ma. by means of a 
shunt resistor. The engineer knows 
or determines experimentally) that 

a voltage of .05 volt will send the 
normal full-scale value of current 
through the meter. This value of .05 
volt is then the shunt voltage. The 
current flowing through the shunt at 
the new full-scale current value will 
be .01 ampere minus .001 ampere, or 
.009 ampere. The shunt resistance 
value will therefore be .05 divided by 
009, which is 5.55 ohms. 

Instructions for Report Statement 
No. 15. In order to supply the cor- 
rect answer for this report statement, 
place the red clip on the +221/2 ter- 
minal of the B battery while leaving 
everything else the same as for Step 1. 
Hold the clip on the +221/2 ter- 
minal only long enough to read 
the meter on scale IM. You will then 
be using your meter with its 100 -ohm 
shunt as a 0-63 ma. milliammeter, 
and will be measuring the current 
flowing in a series circuit consisting 
of a 22.5 -volt battery and a 910 -ohm 
resistor. Record your meter reading 
on scale IM in the first space in Report 
Statement No. 15 on the last page. 
Next, multiply your meter reading by 
21 to get the actual current, and re- 
cord this value in the second space 
in Report Statement No. 15. 

EXPERIMENT 16 

Purpose: To demonstrate that a mil- 
liammeter can be used to measure 
resistance. 
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Step 1. To connect your meter 
into a series ohmmeter circuit like 
that shown in the circuit diagram of 
Fig. 16, and to secure experience in 
measuring resistance values with this 
series ohmmeter, first remove the red 
and black test leads from the I jacks 
on the panel. Now remove the 100 - 
ohm shunt resistor from the meter 
terminals, and disconnect the hook 
joint on jack 28 at the back of the 
panel without disturbing the other 
end of this lead. Place a small piece 
of cardboard (about 3 inches by 6 
inches in size) on top of the chassis 
for insulating purposes, then place 
the group of three !flashlight cells on 
this cardboard in the manner shown 
in Fig. 17A, with the - terminal of 

4 V2 VOLTS 

METER 
16 w 15 

JAOK 261 
TEST 
LEADS 

JACK 27 

FIG. 16. Schematic circuit diagram for 
ohmmeter. 

RESISTOR 
BEING 
TESTED 

series 

cell group near meter terminal 16. 
Now solder the lead from terminal 16 
to this - cell terminal by means of 
a lap joint. 

With about a 9 -inch length of hook- 
up wire, connect the + terminal of 
the cell group to jack 26, as shown 
in Fig. 17A, making a lap joint at 
the cell and a hook joint at the 
jack. 

Plug the test leads into the two R 
jacks on the front of the panel, as 
shown in Fig. 17B. (The colors of 
the leads may be disregarded when 
making measurements of resistor 
values.) Your series ohmmeter is now 
ready for use. 

Connect an 18,000 -ohm resistor 
(Part 1-16) to your ohmmeter by 
placing one test lead clip on each lead 



FIG. 17A (above). Rear view of panel, showing 
connections for the series ohmmeter which you set 

up in Step 1 of Experiment 16. 
FIG. 17B (below). Method of connecting a re- 

sistor to the series ohmmeter. 

of the resistor, as shown in Fig. 17B. 
Read the meter on scale IM, record 
your result on the first line in Table 
16, then disconnect the 18,000 -ohm 
resistor completely. 

Connect a 910 -ohm resistor (Part 
2-14) to your ohmmeter by placing 
one clip on each resistor lead. Read 
the meter on scale IM, record your re- 
sult in Table 16, and disconnect the 
resistor. 

Connect a 100 -ohm resistor (Part 
2-15) to your ohmmeter by placing 
one clip on each resistor lead. Read 
the meter on scale IM, record your re- 
sult in Table 16, and disconnect the 
resistor. 
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Finally, try your ohmmeter with 
essentially zero resistance, by attach- 
ing one test lead clip to the other 
clip. Read the meter on scale I11, 

record your result in Table 16 (on 
the zero -resistance line), then sepa- 
rate the test clips. 

Important: Before beginning Step 
2, read the report statement instruc- 
tions at the end of this experiment 
and make the additional series ohm- 
meter measurement which is re- 
quired. 

Step 2. To connect your meter 
into a shunt ohmmeter circuit like 
that shown in the circuit diagram of 
Fig. 18A, and to secure experience in 
measuring resistance with a shunt 
ohmmeter, connect your parts in the 
manner shown in Fig. 18B, in the fol- 
lowing order: 

Un:nlder the group of three cells 
used in the previous step. 

Unsolder the joint at jack 26, then 
connect one end of the unsoldered 
lead to meter terminal 15 by means 
of a temporary soldered hook joint. 
To do this, apply the heated solder- 
ing iron to this soldering lug to melt 
the solder, then hook the wire into 
the hole in this lug alongside the wire 
already there. Or, if you prefer, 
simply make a lap joint on the lug. 

[1:145 

818181818181 

45 VOLTS 

FIG. 18A. Schematic circuit diagram for shunt 
ohmmeter. 

Solder to jack 26 the free end of 
the lead which is still on meter ter- 
minal 16. 

Solder a 5 -inch length of hook-up 
wire to one lead of the 18,000 -ohm 
resistor (Part 1-16) by means of a 
temporary hook joint. Connect the 
other end of this wire to the lug on 

RESISTOR 
BEING 
MEASURED 



meter terminal 16 with a temporary 
soldered hook or lap joint. 

Bend a large hook in the other end 
of the resistor lead, and connect this 
lead to the -B terminal of your 
B battery. 

Turn the chassis around, and con- 
nect the alligator clips to the leads 
of the 910 -ohm resistor (Part 2-14) 
while leaving the probes in the R 
jacks. Last of all, take the 9 -inch 
lead on meter terminal 15 and con- 
nect its free end to the +45 terminal 
of your battery. Read the meter on 
scale IM, disconnect the lead from the 
+45 terminal immediately to con- 
serve battery life, and record your 
result in the fifth line of Table 16. 

Connect a 100 -ohm resistor (Part 
2-15) to this shunt ohmmeter in place 

i 
a 
4di 

!,<-44.9111d ` r, 

\24 - 
CONNECT THIS 
WIRE TO +4S 
ONLY WHILE 
READING THE 
METER. 

FIG. 18B. Rear view of panel, showing connections 
for the shunt ohmmeter which you set up in Step 2 

of Experiment 16. 

of the 910 -ohm resistor, reconnect the 
lead to the +45 terminal, read the 
meter on scale IM, disconnect the lead 
from the +45 terminal, and record 
your result in Table 16. 

Finally, place essentially zero re- 
sistance across your shunt ohmmeter 
by connecting one clip to the other, 
reconnect the lead to +45, read the 
meter on scale IM disconnect the lead 
from +45, separate the clips, and 
record your result on the last line in 
Table 16. Disconnect the set-up com- 
pletely now by unsoldering and re - 
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STEP 

RESISTANCE 
BEING 

MEASURED 
IN OHMS 

YOUR CURRENT 
READING ON 

SCALE IM 
IN MA. 

N.R.I. CURRENT 
READING ON 

SCALE 1M 
IN MA. 

COMPUTED 
CIRCUIT 
CURRENT 

IN MA. 

I 

18,000 .2 .225 

900 1. 
? 

1.5 1.55 

100 jij 2.2 2.14 

0 2 2.3 2.25 

2 

900 7 .74 

100 .1 .12 

0 C.)0 0 

TABLE 16. Record your results for Experiment 16 
here. 

moving the resistor and the four 
lengths of hook-up wire, but do not 
remove the meter, its soldering lugs, 
or the jack strip. Separate the flash- 
light cells. 

Important: Be sure to save all 
pieces of hook-up wire, no matter 
how small, for they can be used over 
and over again in later experiments. 

Discussion: When using the group 
of three dry cells as the voltage 
source for a series ohmmeter in Step 
1, the wiring is simplest if you place 
the cells on the chassis as shown in 
Fig. 17A. However, when you are do- 
ing this be sure to use the piece of 
cardboard under the cells, to prevent 
the exposed cell bottoms from short- 
ing through the chassis and draining 
the cells. 

A series -type ohmmeter is basically 
an instrument in which the resistor 
being measured is connected in series 
with a milliammeter and a d.c. volt- 
age source. The two test leads, which 
are plugged into the R jacks, serve 
as the terminals of your series -type 
ohmmeter. When these terminals are 



separated, corresponding to an infi- 
nitely high resistance value, no cur- 
rent flows through the meter and con- 
sequently it reads zero. When a re- 
sistor is connected to the ohmmeter 
terminals, the current flow as indi- 
cated by the meter will depend upon 
the voltage being used and upon the 
total circuit resistance (the meter re- 
sistance plus the value of the resist- 
ance being measured.) 

Circuit Current Computation. By means 
of Ohm's Law, we can compute the current 
very easily in the ohmmeter circuit when 
an 18,000 -ohm resistor is being measured 
(Step 1). Since the meter has a resistance 
of 2,000 ohms, the total circuit resistance 
in this case is 20,000 ohms. Dividing the 
circuit voltage of 4.5 volts by 20,000 ohms 
gives a current of .000225 ampere, or 225 
ma. 

With a 910 -ohm resistor, the computed 
current becomes 1.55 ma., while for a 100 - 
ohm resistor the computed current is 2.14 
ma. With zero resistance across the ohm- 
meter leads in Step 1, the computed circuit 
current is limited only by the meter re- 
sistance, and is therefore 2.25 ma., just as 
was calculated for the same condition in 
Experiment 12. You can thus see that as 
we decrease the ohmic value of the re- 
sistor in a series -type ohmmeter circuit, 
the meter current goes up. Conversely, in- 
creasing the resistance makes the meter 
current go down. 

By using additional resistors of 
known values, or by computation, we 
can determine what the meter read- 
ing on scale /ht would be for any re- 
sistor value. A scale giving values in 
ohms rather than in milliamperes 
could then be marked on the meter, 
so that resistance could be measured 
directly whenever a 4.5 -volt battery 
was used in series with the meter. 
This is the basic principle of the 
widely used series -type ohmmeter. 

In an actual commercial series - 
type ohmmeter, the voltage employed 
is sufficient to give slightly higher 
than a full-scale meter reading, and 

a variable resistor is placed in series 
with the meter or shunted across the 
meter. This resistor can be adjusted 
to make the meter read exactly full- 
scale when the ohmmeter leads are 
clipped together. This scheme there- 
fore permits compensation for the 
natural reduction in battery voltage 
with age. The variable resistor 
which is used with the meter for this 
purpose is sometimes called the zero 
ohmmeter adjustment. 

Theoretically, every ohmmeter scale 
should cover all resistance values 
from zero to infinity. Actually, how- 
ever, the most useful range of an ohm- 
meter is that near the middle of its 
calibrated scale. Resistance values 
are always indicated on the remain- 
ing portions of the scale, but read- 
ings in these portions cannot be 
estimated with reasonable accuracy. 
For this reason, it is often advisable 
to provide several different resistance 
ranges for use with one meter. 

The useful range of an ohmmeter 
can be increased by providing means 
for employing either higher or lower 
d.c. voltages, and by providing for 
each voltage value a series resistor 
which will limit the circuit current to 
the full-scale meter value when the 
ohmmeter terminals are shorted. 

In Step 2, you deal with the basic 
principle of what is called a shunt - 
type ohmmeter. In this circuit, the 
meter and the 18,000 -ohm resistor are 
connected in series with the 45 -volt 
d.c. source at all times, and the 
terminal leads for the ohmmeter go to 
the meter terminals. When the clips 
are disconnected, the circuit current is 
somewhere near the computed value 
of 2.25 ma. (This was calculated in 
connection with Step 2 of Experiment 
14.) 

When your shunt -type ohmmeter 
is connected to a 910 -ohm resistor, the 
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computed value of circuit current is 
.74 ma. The resistor provides an al- 
ternative path around the meter for 
current, and consequently we secure a 
lower meter reading than for the con- 
dition where no resistor is connected 
to the ohmmeter. With a 100 -ohm 
resistor, the shunt path across the 
meter has even lower opposition to 
current flow, and consequently the 
meter reading drops still lower, to a 
value somewhere near the computed 
value of .12 ma. (Computations are 
not given since they are essentially 
the same as previous computations.) 

Finally, when the ohmmeter clips 
are connected together to correspond 
to a zero -resistance condition, the 
meter is completely shorted and the 
reading drops to zero. 

Thus, with a shunt -type ohmmeter 
the meter reading decreases as the 
value of the resistance being measured 
decreases. This is just exactly the 
opposite of the action observed for a 
series -type ohmmeter. Again, the 
meter could be calibrated and its scale 
marked to indicate directly the values 
of resistors being measured. 

In commercial shunt -type ohm- 
meters, the scales are marked directly 
in ohms. Furthermore, the voltage 
source employed is high enough to 
give higher than full-scale deflection, 
and a variable resistance is inserted in 
series with the battery to permit com- 
pensation for natural aging of the 
battery. 

As a general rule, series -type ohm- 
meters are employed for measuring 
high resistance values, and shunt -type 
ohmmeters aye employed for measur- 
ing low resistance values. You can 
readily identify these types, for on a 
shunt -type ohmmeter the zero of the 
scale is always at the left, while with 
a series -type ohmmeter it is at the 
right. 
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Extra Information. When a series - 
type ohmmeter is properly adjusted, 
the insertion of a series resistor equal 
to the initial resistance of the circuit 
will cut the meter current in half, and 
consequently the meter pointer will 
take a mid -scale position. 

When a shunt -type ohmmeter is 
properly adjusted, shunting the meter 
with a resistor equal in value to the 
meter resistance will cut the meter 
current in half, and the meter pointer 
will take a mid -scale position (assum- 
ing the meter resistance is negligibly 
low in comparison with the resistance 
value employed in series with the 
meter and battery). 

To find the resistance of a d.c. mil- 
liammeter, connect the meter, a high - 
value variable resistance (about 50,- 
000 ohms) and a voltage source all in 
series, choosing a voltage value which 
will give a full-scale meter reading 
when the variable resistance is ad- 
justed. Now take another variable 
resistance of about the same value, 
shunt it across the meter, and adjust 
this second variable resistance until 
the meter reads exactly half of its 
full-scale current value. The ohmic 
value of the shunt variable resistance 
will now be exactly equal to the resis- 
tance of the meter, and can be 
measured with a conventional ohm- 
meter. This procedure is especially 
valuable when the resistance of a 
meter is so low that an ohmmeter bat- 
tery would send an excessively large 
current through it during an ordinary 
resistance measurement. 

Instructions for Report Statement 
No. 16. In order to supply the answer 
to this report statement, you must 
make one additional measurement 
with the series ohmmeter set-up de- 
scribed in Step 1 and shown in Fig. 
16. Secure a meter reading for a 
parallel combination of 910 -ohm and 



100 -ohm resistors by placing one 
lead of each resistor in the jaws of 
the red clip, and placing the other re- 
sistor leads in the black clip. Read 
the meter on scale IM, compare your 
reading with those you obtained in 
Step 1, then turn to the last page and 
make a check mark after the answer 
in Report Statement No. 16 which 
describes your result. Now carry out 
Step 2 of this experiment. 

Instructions for Mounting Batteries 
on Chassis 

Step 1. To prepare for assembly of 
individual batteries in a compact 
group on the chassis, place before you 
the following batteries and parts: 

One 1 1/2 -volt A battery. 
Eveready 742 with plug-in adapter, Bur- 
gess 4FH, or equivalent. 

One 45 -volt B battery. 
Eveready 762-S, Burgess 5308, or equal. 

Two 4 1/2 -volt C batteries. 
Eveready 761-T, Burgess 2370, or 
equivalent with four screw terminals, 
marked +, -11/2, -3 and -4'/2. 

One Battery Terminal Card. 
This card is furnished with C batteries 
purchased from NRI. If you get your 
batteries elsewhere, you can make your 
own card according to later instructions. 

One length of black lace (Part 2-20). 
Corrugated cardboard (from battery ship- 

ping carton or any other box). 
About 3 1/2 feet of 3/4 -inch wide friction 

tape (not furnished or absolutely needed, 
but will keep the batteries from sliding. 
You can buy a small roll from any hard- 
ware or dime store). 

Assembled chassis and panel, with meter 
and jack strip mounted on panel. 

One 2 -inch length of hook-up wire. 

The detailed battery instructions 
which start with Step 3 apply spe- 
cifically to Eveready batteries. For 
those who use other makes of batter- 
ies, special instructions are given at 
the end of each step whenever neces- 
sary. In general, however, the battery 
assembly procedure is practically the 
same for all makes of equivalent bat- 
teries. 

You will find that the instructions 
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specify placing strips of black friction 
tape between the batteries. This is an 
optional procedure which you do not 
have to do unless you desire. The 
friction tape prevents the batteries 
from sliding out of position when you 
turn the chassis over to change con- 
nections underneath. 

Note: 1 f for any reason you are using 
batteries having different shapes or dimen- 
sions than the specified Eveready or Bur- 
gess units, you may change the arrange- 
ment of the batteries on the chassis or 
change the wire lengths, provided that 
you make the same electrical connections 
to the batteriy terminals as are specified 
in this manual. 

Experiment with different positions un- 
til you secure an arrangement which gives 
a compact group fitting within the battery 
tabs on the chassis, with all battery ter- 
minals at the top or facing the front panel 
so the terminals will be accessible and bat- 
tery connecting leads will be as short as 
is practical. If at all possible, arrange 
the two C batteries exactly as in Figs. 
19B and 19C. 

Step 2. Identify on top of the 
chassis with metal marking crayon 
the six holes which you previously 
marked a, b, c, d, e and f under the 
chassis. Do this carefully, one hole 
at a time, to make sure that each hole 
is marked the same above the chassis 
as it is below. These letters on top 
of the chassis should face the front 
panel, and should be in the positions 
shown in Fig. 21B. If it is difficult 
for you to make neat letters while the 
panel is attached, you can temporarily 
remove the front panel. Be sure to 
replace the panel after you finish the 
lettering. 

Step 3. Place one of the Eveready 
C batteries (761-T) in ¶ront of you, 
in exactly the position shown in Fig. 
19A, so that the terminals have ex- 
actly the positions shown in the dia- 
gram. Cut two strips of friction tape, 
each 21/2 inches long and place these 
on the uppermost side of the battery 



in the manner shown for strips U and 
V in Fig. 19A. Now place the other C 
battery on top of this, in such a way 
that its + terminal is next to the 
-41/2 terminal of the first C battery. 
Set the two batteries upright now in 
the position shown in Fig. 19B. 

Note: For other makes of batteries, 
bear in mind that the strips of friction 
tape should be as long as possible without 
projecting beyond the batteries. 

Step 4. Cut three pieces of corru- 
gated cardboard from the packing 
carton in which the batteries were 
shipped. Make one piece 4 inches 
long and 21/2 inches wide, and mark 
it with the letter X. Make the other 
two pieces each 4 inches long and 23/4 
inches wide, and mark them Y. These 

ORDINARY 3/4' WIDE 

FRICTION TAPE 

BURGESS NO 2370 
652 -VOLT C BATTERY 

FIGS. 19A and 19B. Assembly of C batteries. 
The strips of friction tape are not absolutely essen- 
tial but prevent the batteries front sliding out of 

position. 

will be used as packing around the 
11/2 -volt A battery, so that four bat- 
teries can later be assembled into a 
uniform pack as shown in Fig. 19C. 

Note: For other battery makes, card- 
board spacers may not be needed, or may 
have to be of different sizes. Bear in mind 
that spacers are used only to give a neat 
appearance to the battery group. 

Step 5. Take the type 1024 plug-in 
adapter and push it into the holes 
found in the end of the Eveready 742 
11/2 -volt A battery. The two adapter 

prongs are of different size, so there 
is only one position in which the adap- 
ter will fit. Now turn the battery so 
the + terminal of the adapter is at 
your left, and place the marking 
+11/2A on the battery directly above 
the + terminal, as shown in Fig. 19C. 
Next, place the marking -A on the 
battery directly above the - terminal. 
You can use your metal -marking 
crayon for these markings if you keep 
its point sharp. 

Note: Some makes of A batteries will 
have standard terminal nuts and screws 
rather than a plug-in connecting system. 
On these, just mark the - terminal as 
-A, and mark the + terminal +11/2A so 
as to conform to the marking in Figs. 
19C and 19D. 

TWO 44 -VOLT 
C BATTERIES 

Step 6. Set your metal chassis in 
front of you with the panel facing you, 
so that battery tabs hh and jj on the 
chassis are at your left as in Fig. 19C. 
Lay the 11/2 -volt A battery on the 
chassis, against these tabs, exactly as 
in the diagram. 

Now cut six pieces of friction tape, 
each 3 inches long. Place one piece 
lengthwise on top of the A battery, 
and place another piece of tape 
lengthwise on the right side of the A 
battery. These pieces of tape will 
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45 -VOLT 
B BATTERY 

TWO 4', -VOLT 
C BATTERIES 

14rVOLT ` 
A BATTERY 

Figs. 19C and 19D. Method of arranging the 

prevent the cardboard spacers from 
sliding out of position. 

Place the smaller cardboard spacer 
(marked X) against the right side of 
the A battery, and place a 3 -inch 
length of tape lengthwise on the right 
side of this spacer. 

Now set the B battery on the chas- 
sis in an upright position, with the - 
terminal nearer the front panel, as in 
Fig. 19C. 

Place one of the larger cardboard 
spacers (marked Y) on top of the A 
battery, place a 3 -inch length of tape 
lengthwise on this spacer, then place 
the remaining spacer Y on top. Now 
place the two remaining lengths of 
tape on top of the last cardboard 
spacer, arranging them lengthwise 
about 1/2 inch apart so that one strip 
will be under each of the C batteries 
which you now place in position ex- 
actly as shown in Fig. 19C. 

Step 7. Take the 45 -inch length 
of black lace (Part 2-20) and tie one 
end to battery tab hh with a simple 
knot, as shown in Fig. 19C, leaving 
about 4 inches of lace projecting be - 

specified Eveready batteries on the chassis. 

yond the tab so you can tie a bow 
knot with it later. When pulled tight, 
this simple knot will hold adequately 
for your purpose. 

Now run the lace across the tops of 
the batteries, and thread it through 
battery tab hole ii from the inside 
(lift up the B battery temporarily to 
do this). Bring the lace over to tab 
kk now and thread it through the hole 
from the outside. From kk, run the 
lace back over the tops of the batter- 
ies to tab jj, and thread it through 
the hole in this tab. Go over the en- 
tire length of lace to pull it tight with 
your fingers and make the lace lie 
flat, then tie a simple knot at tab jj 
just as shown in Fig. 19C. 

To prevent the lace from slipping 
while tying the knot, you can place 
the blade or shank of a medium -size 
screwdriver between the tab and the 
battery block, as shown in Fig. 19E. 
Finally, tie a bow knot with the loose 
ends, as shown in Fig. 19D. 

Note: The 45 -inch lace should be lo-ng 
enough to go twice across any combina- 
tion of other makes of batteries, but in 
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some cases it may not be necessary to tie 
the bow knot. With smaller batteries, it 
may be possible to run the lace three 
times across the group, from hh to ii to jj 
to kk. Any lacing arrangement which 
keeps the batteries securely on the chassis 
is satisfactory. 

Step 8. Remove the nuts from all 
eight C battery terminals. If there 
are lock washers on the terminals, re- 
move these also and set them aside. 
You do not have to use lock washers 
on battery terminals during your ex- 
perimental work. 

Take the battery terminal card fur- 
nished with your NRI batteries, 
and cut out each of the eight rec- 
tangles with a sharp pen knife. Now 
push the card over the C battery ter - 

FIG. 19E. Method of holding the lace with a screw- 
driver while tying the final knot at battery tab jj 

urinal screws in exactly the position 
shown in Fig. 19D, then replace the 
battery nuts. When a terminal screw 
does not fit into a hole in the card, you 
can either enlarge the hole with a pen 
knife or, in the case of the Eveready 
761-T unit, move the terminal screw 
a small amount. 

Connect a 2 -inch length of hook-up 
wire between the two C battery ter- 
minals identified as -41/2C on the 
card, so as to place the two C batter- 
ies in series. This wire must remain 
in this position for the entire life of 
the C batteries. 

From now on, all C battery connec- 
tions will be specified by the new 
terminal markings on the card. 

Note: To make a terminal identifica- 
tion card for C batteries obtained else- 
where than from NRI, cut out a piece 
of stiff paper or smooth carboard hav- 
ing the approximate size of the top area 
of both C batteries (for two average -size 
C batteries, the card dimensions will be 
27/e" X 4"). Place this card over the C 
battery terminals after removing the ter- 
minal nuts and washers, and press down 
on each terminal screw in turn with your 
thumb or one of the terminal nuts, so the 
screws will project up through the card. 
Finally, mark your card in exactly the 
same way as the card shown in Fig. 19D, 
using pen and ink or any other means. 

Step 9. If necessary, mark your 
B battery terminals to conform to the 
markings in Fig. 19D, since all B bat- 
tery connections in the future will be 
specified by these markings. This will 
usually mean only changing the - 
marking to -B, which can be done 
with crayon. With the batteries now 
securely tied in position, you can turn 
the chassis upside down whenever 
necessary during the fet:owing experi- 
ments, without having the batteries 
fall off or slide out of position. 
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IMPORTANT: Lead lengths speci- 
fied in this lesson are based upon the 
dimensions of Eveready batteries. If 
your batteries have different dimen- 
sions, it will be best to disregard 
specified lead lengths and use the pro- 
cedure followed by experienced radio 
men when wiring up a circuit. 

GENERAL WIRING PROCEDURE 
1. Locate on your apparatus the 

two terminals between which the wire 
is to be connected. Use the pictorial 
or semi -pictorial wiring diagrams as 
guides. 

2. If you have a used piece of wire 
which will reach between the two ter- 
minals, proceed to connect it. 

3. If no suitable length is avail- 
able, connect one end of your roll of 
wire to one of the terminals. Run the 
wire over to the other terminal. Cut 
the wire to the required length, and 
complete the connection. 



EXPERIMENT 17 
Purpose: To demonstrate that elec- 

trons will flow from the cathode to 
the plate in a vacuum tube when the 
filament is heated and the plate is 
placed at a positive potential with re- 
spect to the cathode. 

Step 1. To connect your type 
1C5GT pentode tube into the cir- 
cuit shown in Fig. 20A, wherein it is 
used as a simple diode tube with a 
plate voltage of 22.5 volts and with 
your meter connected to measure the 
plate current, connect together the 
tube socket, the meter and the batter- 
ies according to the circuit shown in 
Fig. 20B, in the following manner: 

Turn the chassis upside-down, take 
a 1 -inch length of hook-up wire 
from which you have removed all in- 
sulation, and use it to connect to- 
gether tube socket terminals 3 and 4 
with temporary hook joints as shown 
in Fig. 21A. Leave these joints un- 
soldered for the present. 

Connect together tube socket ter- 
minals 5 and 7 with a 13/4 -inch length 
of hook-up wire; make temporary 
hook joints but leave them un- 
soldered. 

Take a 4 -inch length of hook- 
up wire, push one end through hole b 
from the top of the chassis far enough 

Ii2v. 

ARROWS INDICATE 
pA DIRECTION OF 

ELECTRON FLOW 

to reach terminal 2, then make a hook 
joint between the wire and terminal 
2, as shown in Fig. 21A. 

Take a 5 -inch length of hook- 
up wire, push it through hole e from 
the top of the chassis far enough to 
reach tube socket terminal 3, then 
form a hook joint at this terminal. 

Take a 41/2 -inch length of hook- 
up wire, push it through hole c from 
the top of the chassis far enough to 
reach terminal 7, then form a hook 
joint at this terminal. 

Now solder the connections to tube 
socket terminals 2, 3, 4, 5 and 7. 

Turn the chassis over, locate the 
wire which comes up through hole e, 
and connect it to the soldering lug of 
meter terminal 16 with a temporary 
soldered hook joint, as shown in Fig. 
21B. 

Take a 10 -inch length of hook- 
up wire and connect one end of 
it to the soldering lug on meter ter- 
minal 15 by means of a temporary 
soldered hook joint. 

Take the wire which comes up 
through hole c, and connect it to the 
-A terminal of the A battery. Since 
this terminal has a Fahnestock clip 
rather than a screw terminal, the con- 
necting procedure is a bit different. 
First, push the insulation back from 

B 
BATTER 

-r¡cO O-IktC 

A 
BATTERY -ºco oec 

INS 

Is 

FIG. 20. Schematic circuit diagram (A) and semi -pictorial wiring diagram (B) for Step 1 of 
Experiment 17, in which you connect your type 1C5GT tube as a diode. The shaded area around the tube symbol in B indicates that connections to the tube socket are under the chassis. The letters e, b and a around this shaded area indicate the chassis holes through which the leads are run. 
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the end 
an inch. 

of the lead for about half 
Now bend the wire into the 
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-1 1 
FIG. 21. Under -chassis (A) and above -chassis (8) 

connections for Step 1 of Experiment 17. 
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FIG. 21C. When two wires are to be inserted in 
a Fahnestock clip, bend the first wire so it will stay 
in this position by itself, before attempting to insert 

the wire in the clip. 

position shown in Fig. 21C, so that the 
bare end of the wire is directly in 
front of the center of the Fahnestock 
clip. Grasp the wire with two fingers 
of your right hand, press the flat end 
of the clip with the thumb of your 
left hand, and insert the wire in the 
clip just as shown in Fig. 21D. 

In essentially the same manner, 
take the wire which comes through 
hole b in the chassis and insert it in 
the +11A clip from the bottom, as 
shown in Fig. 21B. 

Take an 81/2 -inch length of wire, 
push back the insulation from one 
end, and insert this end in the -A 
Fahnestock clip from above, as shown 
in Fig. 21E, after first pressing on the 
flat end of the clip to make room for 
the wire. (The wire already in the 
-A clip should stay in position when 
you press; if it drops, bend the wire 
upward so it stays in position even 
when the gripping action of the clip 
is released by thumb pressure.) Bring 
the wire from -A diagonally upward 
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FIGS. 21D and 21E. To insert a wire in a 
Fahnestock clip, press on the flat end of the clip 
with your thumb, as shown at D. Two wires can 

readily be placed in one clip, as at E. 



FIG. 21F. Hold a radio tube in the manner shown 
here when pushing it into or removing it from a 
socket. Make sure that the aligning key on the 
tube base is in the aligning slot on the tube socket 
before attempting to push a tube into its socket. 
Most of the downward pressure is applied by the 
thumb and forefinger gripping the base. It may 
be necessary to apply pressure also on the top of 
the glass envelope, and rock the tube gently from 
side to side while pushing downward, for the con- 
tacts in a new socket are sometimes a bit stiff. Use 
the same grip and rocking motion for pulling out 

the tube. 

to the top of the B battery, form a 
loop on top of the B battery as shown 
in Fig. 21B, then connect the wire to 
the -B terminal. This wire is pur- 
posely made longer than necessary, 
so you can move it to another ter- 
minal in Step 3. 

Take the lead which you previously 
soldered to meter terminal 15, and 
connect it to the +22% terminal of 
the B battery. Watch the meter 
when you make this connection; there 
should be no movement of the pointer 
whatsoever. 

Check your work very carefully 
against the diagrams in Figs. 20B, 
21A and 21B, to make sure that every 
single wire is connected exactly as 
shown in these illustrations. This 
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final checking of your work is ex- 
tremely important, for a single error 
can damage circuit parts or discharge 
the battery. Do not probe carelessly 
around the wiring or terminals with a 
screwdriver or other metal part, for 
this tool may accidentally short- 
circuit certain terminals. 

Insert the type 1C5GT tube (Part 
2-10) in its socket from the top of the 
chassis, by first setting the central 
black aligning pin of the tube base 
over the central hole in the socket, 
holding the tube upright while ro- 
tating it with the fingers until the 
aligning key and slot match and the 
tube drops down, then pushing the 
tube into its socket in the manner 
shown in Fig. 21F. 

If you have made all connections 
properly, the meter pointer should 
move up -scale when the tube is in- 
serted. Read the meter on scale IM, 
and record your reading in the first 
line of Table 17. 

Step 2. To determine the effect of 
opening the filament circuit in a diode 
vacuum tube circuit like that shown 
in Fig. 20A, disconnect temporarily 
the lead which comes up through 
hole b and goes to the +11/2A 
terminal, while watching the meter. 
Note the meter reading when this 
lead is disconnected, reconnect the 
lead, then record your observation 
in Table 17. Be very careful that 
the disconnected lead does not touch 
either the +45 or the +22% bat- 
tery terminal, for this would burn 
out the tube filament instantly. To 
prevent burning out the tube while 
changing the wiring, remove the tube 
from its socket by grasping with one 
hand and pulling firmly upward, as 
shown in Fig. 21F. It is permissible 
to wiggle the tube sideways a bit by 
grasping the base, if removal is some- 
what difficult at first. 



Step 3. To determine the effect of 
reversing the plate supply voltage in 

a diode vacuum tube circuit like that 
shown in Fig. 20A, interchange the 
wires which are on the -B and +221/2 
terminals. In other words, the 10" lead 
coming from meter terminal 15 should 
now go to -B, and the 81/2" lead 
from the -A terminal should now go 

to the +221/2 terminal. 
Replace the tube in its socket, note 

the meter reading on scale IM, record 
your result in Table 17, then remove 
the tube from its socket again and 
return the -B and +221/2 leads to 
their original positions as shown in 

Fig. 21B. 

between the cathode and the plate in 
a tube, we have what is known as a 
triode tube, and the additional elec- 
trode is known as the control grid. 

If another grid is placed between 
the control grid and the plate, we 
have a four -electrode tube called a 
tetrode; the added electrode is called 
the screen grid. 

Finally, if we place still another 
wire electrode in the tube, between 
the screen grid and the plate, we have 
what is known as a pentode tube, and 
this third added electrode is known as 
a suppressor grid. 

In the type 1C5GT tube which you 
now have, all three of these grids- 

STEP NATURE OF MEASUREMENT 

YOUR CURRENT 
READING ON 

SCALE TM 
IN MA. 

N.F.I. CURRENT 
READING ON 

SCALE 44 
IN MA. 

PLATE CURRENT 
DIODE CIRCUIT OFF 

FIG. 2OA WITH 221/2 
VOLTS ON PLATE 

2. 2 
2 

SAME AS STEP I, BUT 
WITH FILAMENT 
CIRCUIT OPEN 

, 

3 
SAME AS STEP I, BUT 
WITH REVERSED 
PLATE VOLTAGE 

Table 17. Record your results for experiment 17 
here. 

Discussion: In your regular lessons, 
you learned that a vacuum tube must 
have at least two electrodes, a cath- 
ode and a plate. The cathode may be 
heated indirectly by a filament, as it 
is in tubes you will receive in later 
kits, or the filament itself may serve 
as the cathode, as is the case in the 
type 1C5GT tube you are now using. 
The electrons which are emitted by 
the heated cathode move through the 
vacuum in the tube to the plate when 
the plate is made positive with re- 
spect to the cathode by applying a 
suitable d.c. voltage. When a tube 
has only these two electrodes, it is 
known as a diode. 

If a coil or spiral of wire is placed 

the control grid, the screen grid and 
the suppressor grid - are present; 
your tube is therefore basically a 

pentode. In your tube, however, no 
terminal prong is provided for the 
suppressor grid; this grid is perma- 
nently connected to the cathode inside 
the tube. The suppressor grid in the 
type 1C5GT tube serves to repel 
slow -speed electrons which "bounce 
off" the plate due to secondary emis- 
sion, thereby forcing them back to 
the plate. 

In this experiment, we are inter- 
ested only in the behavior of the tube 
as a diode. We can eliminate the 
effect of the control grid by connect- 
ing it to the cathode (connecting to - 

85 



gether tube socket terminals 5 and 7 
does this), and we can eliminate the 
effect of the screen grid by connecting 
it to the plate (connecting together 
tube socket terminals 3 and 4 does 
this) . Although we cannot change 
the internal connection of the sup- 
pressor grid, we can ignore the effects 
of this grid for the present, since they 
are relatively unimportant in this ex- 
periment. 

By connecting grids to either the 
cathode or the plate in this manner, 
any multi -element vacuum tube can 
be adapted for use as a simple diode. 

The fact that you obtain a meter 
reading for the first step in this ex- 
periment shows that electrons will 
flow through a vacuum tube in the 
direction from the cathode to the 
plate when the cathode is heated and 
the plate is charged positively with 
respect to the cathode. We know the 
electrons take this direction because 
we previously found (Experiment 11) 
that the meter gives an up -scale de- 
flection when electrons enter the 
minus terminal of the meter. If you 
trace around the plate circuit of Fig. 
20A in the direction which makes the 
electrons enter the minus terminal of 
the meter, you will find that electron 
flow is in the direction indicated by 
arrows, and is therefore from the 
cathode to the plate through the tube. 

The exact value of plate current 
obtained in Step 1 is not particularly 
important, and your value will very 
likely differ considerably from the 
reading which we obtained. This is 
perfectly normal, and is due simply 
to the fact that different tubes, bat- 
teries and radio parts will vary con- 
siderably in their characteristics. In 
all measurements which you make in 
vacuum tube circuits, remember this 
fact, and do not expect to obtain 
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values which agree closely with the 
NRI readings. 

The important thing for you to 
recognize is that your readings should 
increase when ours do, and your read- 
ings should decrease, or drop to zero, 
when our readings do this. In other 
words, your readings should verify 
basic radio principles by the manner 
in which they increase or decrease, 
rather than by agreeing with any 
specific values. 

When you disconnect the filament 
circuit by removing the lead from the 
+11/2A terminal, you interrupt the 
flow of current through the filament 
of the tube. As a result, the filament 
cools to normal room temperature, 
and ceases emitting electrons. With- 
out electron emission, no electrons 
can flow to the plate, and conse- 
quently the plate current should drop 
to zero for Step 2. 

When you reverse the B battery 
connections in Step 3, you make the 
plate negative with respect to the 
cathode. Under this condition, the 
plate repels rather than attracts elec- 
trons, forcing the emitted electrons to 
return to the cathode without getting 
anywhere. 

The fact that the meter pointer is at 
zero with reversed plate voltage also 
tells that reversing the plate voltage 
source will not reverse the direction 
of electron flow. If it did, you would 
observe an off -scale movement of the 
pointer to the left of zero. Electrons 
cannot flow in a reverse direction 
through a vacuum tube because the 
plate is not heated and cannot emit 
electrons. 

From a technical standpoint, we 
can consider the cathode -plate path in 
bur vacuum tube to be a resistance. 
Furthermore, we can consider that the 
value of this resistance may be either 
high or low, depending upon the 



polarity with which the plate voltage 
supply is connected; with correct 
polarity as in Step 1, we obtained .a 
definite current value, and with re- 
verse polarity as in Step 3, we ob- 
tained no current (no current means 
that the tube has an infinitely high 
resistance) . 

Computing Circuit Current. In the diode 
vacuum tube circuit of Fig. 20A, we have a 
22.5 -volt battery and a 2,000 -ohm meter 
in series with the cathode -plate path 
through the tube. If this tube path were 
shorted or if it had zero resistance, the total 
circuit resistance would be 2,000 ohms and 
the plate circuit current would be 22.5 di- 
vided by 2,000, which is .01125 ampere, or 
11.25 ma. Actually, we measure only about 
2 ma. of plate current in Step 1 of this 
experiment; the only way to explain this 
is by assuming that the tube has re- 
sistance. 

For computation purposes, let us assume 
that we obtain a plate current reading of 
2 ma. With the aid of Ohm's Law, now 
we can determine what the resistance of the 
tube actually is. By dividing 22.5 by .002, 
we get 11,250 ohms as the total resistance 
of the plate circuit. Since 2.000 ohms of 
this is already in the meter, the remainder 
or 9,250 ohms must be the plate -cathode 
resistance in this direct current circuit. 
This resistance is comparatively low, and 
consequently we can say that the type 
1C5C'l' tube has good conducting ability 
when its plate is positive with resepct to 
the cathode. In some specially designed 
diode rectifier tubes employed in radio 
receivers, the d.c. resistance value may be 
as low as 100 ohms. 

When the plate was made negative 
with respect to the cathode, you found 
that no current flowed. This condi- 
tion could exist only if the tube had 
an infinitely large resistance, and be- 
haved like an open circuit. 

Practical Extra Information. You 
already know that an a.c. voltage is 
equivalent to a repeated and regular 
reversal in the polarity of a d.c. volt- 
age. Therefore, if an a.c. voltage is 
employed in the plate circuit of Fig. 
20A in place of the 22.5 -volt B bat - 
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tery, the plate will be alternately pos- 
itive and negative with respect to the 
cathode. 

This experiment shows, however, 
that current will flow in thé plate 
circuit only when the plate is positive 
with respect to the cathode. This 
means that when we apply an a.c. 
voltage to the plate, we will have a 
pulsating direct current in the plate 
circuit, with electrons flowing only in 
one direction. This is the basic prin- 
ciple of the power packs used in radio 
receivers to convert alternating cur- 
rent to direct current. In later exper- 
iments, you will actually demonstrate 
this important principle of rectifica- 
tion. 

Multi -element vacuum tubes like 
that which you now have are actually 
being used as diode tubes in some 
types of radio equipment. For in- 
stance, some manufacturers often 
use a triode tube as a diode by con- 
necting the control grid to the plate. 
Also, in emission -type tube testers, 
all grids of the tube under test are 
connected automatically to the plate, 
and the resulting plate current for a 
diode connection is measured at a 
suitable plate voltage value. If the 
tube is in good condition, the meas- 
ured value of plate current will be 
normal, and the tube tester will indi- 
cate "GOOD." 

Instructions for Report Statement 
No. 17. After you have completed 
this experiment and studied the dis- 
cussion, measure the plate current 
through your diode -connected vac- 
uum tube when there is an 18,000 - 
ohm resistor in the plate circuit. To 
do this, start with your apparatus ar- 
ranged just as it was at the end of 
Step 3 (so all connections are exactly 
as shown in Figs. 21A and 21B). Re- 
move the wire from the +221/2 ter- 



minal, solder one lead of the 18,000 - 
ohm resistor to this wire by means of 
a temporary lap or hook joint, then 
place the other resistor lead on the 
+22% terminal after first bending 
a hook in its end. Insert the tube in 
its socket, read the meter on scale 
In, and record your result in Report 
Statement No. 17 as the plate current 
in ma. when an 18,000 -ohm plate load 
is used. Now remove the tube, dis- 
connect the 18,000 -ohm resistor, and 
reconnect the lead from 15 to the 
+221 terminal. 

EXPERIMENT 18 

Purpose: To demonstrate that the 
grid voltage in a vacuum tube has 
more control over plate current than 
does the plate voltage. 

Step 1. To determine what hap- 
pens to the plate current when the 
plate voltage is increased from 22.5 
volts to 45 volts in a single diode 
vacuum tube circuit, first take a 910 
ohm resistor (Part 2-14) and connect 
it between meter terminals 16 and 15 
to serve as a shunt which will in- 
crease the current range of the meter 
three times, as shown in Fig. 22. 
This connection can be made by 
bending a hook in one resistor lead, 
tinning the hook liberally, then hold- 
ing the hook over the soldering lug of 
meter terminal 16 with one hand 
while applying the heated soldering 

(4) 

FIG. 23. Schematic (.4) and semi -pictorial (BI 
diagrama for the triode vacuum tube circuit which 

you set up for Step 2 of Experiment 18. 

iron to. the joint with your other 
hand. Now simply make a soldered 
lap joint between the other resistor 
lead and meter terminal lug 15. You 
can do this without removing the 
batteries from the chassis. 

With all other connections exactly 
as they were for Step 1 of Experi- 
ment 17 (with the 10 -inch lead from 
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FIG. 22. Semi -pictorial wiring diagram for Step I 

of Experiment 18, in which you charge the plate 
voltage on diode tube from 221/2 volts to 45 

volts and note the effect upon plate current. 

terminal 15 going to +22% as shown 
in Figs. 21A and 21B), insert the 
tube in its socket, read the meter on 
scale IM, and record your reading on 
the first line of Table 18. Multiply 
this reading by 3 to get the plate 
current value in ma., and record 
this answer also on the first line of 
Table 18. 

Now increase the plate voltage to 
45 volts by removing the lead from 
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STEP 
PLATE 

VOLTAGE 
IN VOLTS 

C BIAS 
VOLTAGE 
IN VOLTS 

YOUR METER 
READING ON 

SCALE IM 

YOUR PLATE 
CURRENT VALUE IN MA. 
(METER READING X S) 

N.R.I. METER 
READING ON 

SCALE IM 

N.RJ. PLATE CURRENT 
VALUE IN MA. 

(METER READING X 3) 

22.5 0 2.7,,,-e..8 2.4 
45 0 2c 

, 

i2.5 75 

2 

45 0 2.5. 75 
45 ï, .6 

(CB/AS=45v) 1 8 
TABLE 18. Record your results for Experiment 18 here. 

the +221/2 terminal and placing it on 
the +45 terminal. There is no need 
to remove the tube while doing this. 
Read the meter on scale IM, record 
your results (first the meter reading, 
then the actual current value in ma.) 
on the second line of Table 18, then 
remove the tube from its socket. 

Step 2. To determine how much 
more effective the control grid is than 
the plate in controlling plate current, 
connect your type 1C5GT tube as a 
triode in the circuit shown in Figs. 
23A and 23B, proceeding as follows: 

Turn the chassis over carefully, 
and unsolder completely the 1% -inch 
lead which connects together tube 
socket terminals 5 and 7. Save this 
lead for future use. 

Take a 13 -inch length of hook- 
up wire, push it almost completely 
through chassis hole d, and con- 
nect the exposed end of this lead 
to tube socket terminal 5 by means 
of a soldered temporary hook joint, 
as shown in Fig. 24. Do not dis- 
turb any other connections under the 
chassis. Note: If using other makes 
of batteries, this lead on terminal 5 
must be made long enough to reach all 
terminals on the C battery. 

Carefully set the chassis upright 
again while holding the battery in 
position, locate the other end of the 
long lead coming up through hole d, 
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and connect it to the +C terminal 
of your C battery, as shown in Fig. 
24B. 

With a 7 -inch length of hook-up 
wire, connect the +C terminal to 
the -B terminal, as in Fig. 24B. This 
wire is purposely made longer than 

FIG. 24. Connections under the chassis for Step 2 
in Experiment 18 should be as shown at A. The 
changes involved are as follows: Remove the lead 
which connects terminals 5 and 7, then bring a 
lead through hole d and c ct it to terminal 5. 
Connections above the chassis should be changed to 
those shown at B. You now use the C battery 

terminals for the first time. 



necessary, so it can be moved to other 
terminals later. 

You have now duplicated the cir-. 
cuit presented in Fig. 23. Check your 
work carefully against the semi -pic- 
torial circuit diagram in Fig. 23B be- 
fore proceeding further. 

Insert the tube in its' socket, read 
the meter on scale 1 for this condi- 
tion whereby the plate voltage is 45 
volts and the control grid voltage is 
0 volts with respect to the cathode, 
and record your results (first the 
meter reading, then the actual cur- 
rent in ma.) on the third line in 
Table 18. 

Now remove the 13 -inch lead (the 
lead coming through hole d) from the 
+0 terminal and place it in turn on 
-11/2C, -3C, -41/2C, -6C and 
-PAC until you find the terminal 
which gives a meter reading nearest 
the first meter reading you obtained 
in Step 1 (nearest the reading ob- 
tained for a plate voltage of 22.5 
volts) . If one terminal gives too much 
plate current but the next negative 
terminal gives too little current, select 
the terminal which gives nearest the 
desired plate current. Record on the 
last line of Table 18 the C bias vol- 
tage value as marked on this terminal, 
the resulting meter reading on scale 
1M, and the actual current value in 
ma. (three times meter reading). 

Remove the tube from its socket, 
but leave all wiring as it is for the 
present. 

Discussion: Since in this experi- 
ment we expect to deal with current 
higher than 3 ma., the first thing we 
do in Step 1 is place across the meter 
a 910 -ohm shunt resistor which in- 
creases the meter range approxi- 
mately three times.* We then read 

Actually, a 910 -ohm shunt increases the 
range of a 2,000 -ohm meter 3.2 times, but 
because of normal deviations in meter 
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the meter on scale IM and multiply 
each reading by 3 to get the true cur- 
rent value in ma. 

In Step 1, you measured the plate 
current of the diode tube with your 
meter first for a plate voltage of 22.5 
volts, then for a plate voltage of 45 
volts. One important fact to remem- 
ber in these two measurements is that 
increasing the plate voltage makes 
the plate current increase. 

In Step 2, you kept the plate volt- 
age at 45 volts and determined how 
much voltage was required on the 
plate current drop to the first cur- 
rent value measured in Step 1 (cor- 
responding to 22.5 volts on the plate). 

As Table 18 indicates, we found in 
the NRI laboratory that it took 
only about 4.5 volts of change in the 
control grid voltage (from the zero 
grid voltage value of the first read- 
ing in Step 2 to the -4.5 volt grid 
voltage value of the second reading 
in Step 2) to reduce (lie plate current 
the same amount as did a 22.5 -volt 
change in the plate voltage (from 
+45 to +22.5). In other words, we 
found that 4.5 volts of variation in 
the control grid voltage had just as 
much effect upon plate current as .did 
22.5 volts of variation' in the plate 
voltage. 

Considering basic vacuum tube 
action now, we naturally expect that 
as we make the grid increasingly 
more negative with respect to the 
cathode, it repels electrons more and 
more. This is exactly what we 
demonstrated in this experiment- 
that increasing the negative grid volt- 
age cut down the plate current. 

The NRI values indicate that a 
4.5 -volt change in grid voltage (from 

characteristics and resistor values during 
manufacture, we can, for all practical pur- 
poses, consider this scale multiplication fac- 
tor to be 3. 



zero to -4.5) had as much effect 
upon plate current as a 22.5 -volt 
change in plate voltage. We secure 
the number 5 when we divide 22.5 by 
4.5; this indicates that the grid in the 
tube is five times more effective than 
the plate in controlling plate current. 
In technical language, we say that 
the amplification factor of the tube 
is 5 for the conditions in the NRI 
laboratory. 

Schematic circuit diagrams tell 
which terminals are to be connected 
together. Semi -pictorial and pictorial 
diagrams also tell how these terminals 
should be connected together for best 
results (for maximum convenience, 
minimum wire lengths, or to antici- 
pate possible future changes) . The 
rule to remember is that a group of 
terminals can be connected together 
in many different ways, all of which 
give the same electrical results. Thus, 
instead of running a lead from +0 to 
-B in Step 2, you would get the same 
results (though not sg convenient a 
connection) by connecting +0 to 
-A. 

Practical Extra Information. The 
closer the grid is to the cathode in a 
vacuum tube and the closer the turns 
of wire in the coiled grid are to each 
other, the greater is the control which 
the grid has over plate current. 

With an elaboration of the measur- 
ing technique employed in this ex- 
periment, we can determine quite 
accurately the amplification factor 
of any vacuum tube. We would do 
this by varying the plate voltage 
enough to cause a convenient change 
in plate current, then vary the grid 
voltage exactly enough to cause this 
same variation in plate current. In 
each case, we would make accurate 
measurements of the voltages in- 
volved, then divide the plate voltage 
variation by the grid voltage varia - 
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tion to secure the amplification factor 
of the tube. 

The fact that the grid is a certain 
number of times more effective than 
the plate in a vacuum tube means 
that we can employ the tube to build 
up the strength of signals. In other 
words, we can supply a small a.c. 
voltage to the grid and secure a 
much larger pulsating plate current 
which is equivalent to a larger a.c. 
voltage in series with the d.c. plate 
voltage. With a coupling condenser 
or coupling transformer, we can 
transfer this a.c. voltage alone to an- 
other circuit for further amplification 
or for feeding to a loudspeaker or 
other device. 

It is this superior ability of the grid 
to control plate current which makes 
vacuum tubes suitable for use in 
amplifiers and oscillators. You will 
learn more about these special vac- 
uum tube circuits later. 

Instructions for Report Statement 
No. 18. Make one additional meas- 
urement with the triode vacuum 
tube circuit of Figs. 23 and 24. Use 
a plate voltage of 45 volts and a C 
bias of -3 volts, with the grid return 
lead from +0 first connected nor- 
mally to -A (by means of wires go- 
ing from +0 to -B and from -B 
to -A), then with the grid return 
lead connected to +11/2A, and note 
what the plate current is in each 
case. (Here are more detailed in- 
structions: Start with your circuit 
connected exactly as shown in Fig. 
24. Take the lead which comes out 
of hole d and move it from +0 to 
-3C to get a C bias of -3 volts. 
The grid return lead (going across the 
battery from +0) is already on -B, 
and '-B is already connected to -A, 
so read the meter to get the plate cur- 
rent value. Now remove from -B 
the lead which goes to +0, connect 



this lead to +11/2A so that +C and 
.+11/2A are connected, and again read 
the meter to get the plate current 
value.) 

Turning next to Report Statement 
No. 18 on the last page, place a 
check mark after the answer which 
describes the change you observed in 
the plate current value when the grid 
return lead was on +11/2A. 

From this extra test, you can 
make your own conclusions as to the 
importance of placing the grid return 
lead on a particular filament terminal 
when working with filament -type 
tubes such as the 1C5GT. The prin- 
ciples involved are covered in vacuum 
tube lessons in your fundamental 
course. 

Put the grid return lead back on 
-B, so that -B is again connected to 
+C, and removed the tube from its 
socket. Leave all other wiring as it 
is until you are ready to start the 
next experiment. 

EXPERIMENT 19 

Purpose: To demonstrate that a 
grid in a vacuum tube draws a current 
when it is positive with respect to the 
cathode, but does not draw current 
when negative with respect to the 
cathode. 

Step 1. To secure plate current 
reading for different positive and 
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negative values of C bias voltage 
when your vacuum tube is connected 
as a triode in the circuit of Fig. $5A, 
use the semi -pictorial wiring diagram 
in Fig. ,e5B and the top -of -chassis 
pictorial diagram in Fig. 26 as your 
guides for rewiring the vacuum tube 
circuit for this experiment. Connec- 
tions under the chassis are left the 
same as for the previous experiment, 
and are therefore still as shown in 
Fig. 2.4A. 

The changes required above the 
chassis for this experiment are as fol- 
lows: Disconnect the 7 -inch lead from 
+C, and connect it to -71/2C, so that 
-71/2C is now connected to-B. 

Now disconnect from -3C the lead 
coming up through hole d, wind its 
bare end about twice around one 
straight lead of the 6.7-megohm resis- 
tor (Part 2-11) as shown in Fig. 26, 
and solder this temporary joint. Con- 
nect the other lead of this resistor to 
battery terminal -9C, so as to pro- 
vide a C bias voltage of -1.5 volts. 

Insert the tube in its socket, read 
your meter on scale IM, and record 
your results on the first line of Table 
19 as the plate current reading for a 
-1.5 volt C bias and 6.7 megohm 
grid circuit resistance. Note: Since 
the 910 -ohm shunt is still across the 
meter, you must multiply each meter 
reading on scale IM by 3 to get the 

FIG. 25. Schematic (4) and semi -pictorial (B) diagrams fof the triode wcuum tuba circuit of Ex- 
periment 19. Note: Use the 6.8-mexohm resistor sent you as Part 2-11 in place of the 6.7 OWL shown. 
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FIG. 26. Connections above the chassis should be 
modified to appear exactly as shown in this view, 
before starting to make measurements for Experi. 

ment 19. 

plate current value in ma. Record 
the meter reading first in the space 
provided for this purpose in Table 19, 
then multiply the reading by 3 and 
jot down your answer in the other 
space provided on the same line in 
the table. 

Now take one of your test leads, 

attach its alligator clip to one lead of 
the 6.8-megohm resistor, and touch 
its test probe to the other resistor 
lead in the manner shown in Fig. 27, 

so as to short out the resistor. Read 
the meter on scale IM, and record your 
results (the meter reading and the 
current in ma.) on the second line of 
Table 19 as the plate current for the 
condition of -1.5 volts C bias and 
zero grid circuit resistance. Remove 
the test probe and allow it to rest on 

the table now without touching the 
chassis or any other part of the cir- 
cuit, but leave the alligator clip on 
the other resistor lead. 

Remove the lead of the 6.8-megohm 
resistor from the -9C terminal and 
connect this lead now to the -71/2C 
terminal without changing any other 
connections. Read the meter on scale 
IM and record your results on the 
third line of Table 19 as the plate 
current for zero C bias voltage and a 

grid circuit resistance of 6.8 megohms. 
Now short out the 6.8-megohm re - 

C BIAS 
VOLTAGE 
IN VOLTS 

GRID CIRCUIT 
RESISTANCE 
IN MEGOHMS 

YOUR METER 
READING ON 
SCALE IM 

YOUR PLATE CURRENT 
VALUE IN MA. 

(METER READING X 3) 

N -R.1. METER 
READING ON 
SCALE IM 

NFL PLATE CURRENT 
VALUE IN MA. 

(METER READING X 3) 

-1.5 6.7 J. 
7 4'... / 1.8 5.4 

-1.5 0 f, i 3 4 18 54 
0 6.7 r),4. 2.5 75 
0 0 n (may, ^' ...../. 2.5# 7 51- 

+1.5 6.7 ., , 
1 

Z7 8. / 
+1.5 0 

J 
_ 3 f 9 f 

+3 6.7 2.7 8.1 

+4.5 6.7 2,7 8. 1 

TABLE 19. Record your results for Experiment 19 here. A "+" sign following value indicates that is 

was slightly more than the value given. 

43 



sistor temporarily with the test lead, 
read the meter on scale IM, and record 
your results in Table 19 as the plate 
current for zero C bias and zero grid 
circuit resistance. Now remove the 
short across the resistor. 

Remove the lead of the 6.8-megohm 
resistor from the -71/2C terminal and 
place this resistor lead on the -6C 
terminal. Read the meter on scale 
IM, record your results in Table 19 as 
the plate current for +1.5 volts C 

FIG. 27. Method of using a test lead to short ou 
temporarily the grid resister employed in Experi 

ment 19. 

bias and a grid circuit resistance of 
6.7 megohms. 

Now short the resistor with the test 
lead, read the meter on scale IM, and 
record your results in Table 19 as the 
plate current for +1.5 volts C bias 
and zero grid current resistance. Now 
remove the test lead entirely from 
your circuit, since it will no longer be 
used in this experiment. 

Remove the lead of the 6.8-megohm 

resistor from the -6C terminal, amid 
place this lead on the -41/2C ter- 
minal. Read the meter on scale IM, 
and record your results in Table 19 as 
the plate current for +3 volts C bias 
and 6.8 megohms grid circuit resist- 
ance. The resistor should not be 
shorted when this C bias voltage is 
used because this would make the 
meter read off -scale. 

Remove the lead of the 6.8-megohm 
resistor from the -41/20 terminal and 
place this lead on the -3C terminal. 
Read the meter on scale IM, and record 
your results in Table 19 as the plate 
current for 4.5 volts C bias and 6.7 
megohms grid circuit resistance. Now 
remove the vacuum tube from its 
socket. 

Discussion: For your first measure- 
ment, in this experiment, you make 
the grid 1.5 volts negative with re- 
spect to the cathode by connecting the 
cathode (filament) to the -71/2C ter- 
minal of the C battery and by con- 
necting the grid to the -9C terminal, 
which it 1.5 volts negative with re- 
spect to the -71/2C terminal. (Instead 
of saying that the grid is 1.5 volts 
negative with respect to the cathode, 
technicians commonly say that they 
are using a -1.5 volt C bias, or a grid 
voltage of -1.5 volts.) 

When the grid is made negative in 
this manner, it repels rather than at- 
tracts electrons, and consequently 
there is no electron flow in the grid 
circuit. You proved this by shorting 
the grid circuit resistance; if grid 
current did exist, it would flow 
through the grid resistor and produce 
across this resistor a voltage drop. 
Shorting of the resistor would remove 
this voltage drop from the grid cir- 
cuit and change the resultant voltage 
on the grid, making the plate current 
change. 

You found, however, that shorting 
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of the grid resistor did not noticeably 
affect the plate current as indicated 
by the meter; this means that no grid 
current was flowing in your circuit. 
Actually, the grid -cathode path in a 
tube acts as an infinitely high resis- 
tance when a negative C bias is used, 
just as does the plate -cathode path 
when the plate is made negative with 
respect to the cathode (you proved 
this latter statement in Step 3 of Ex- 
periment 17). 

Careful inspection of your circuit 
when you connect the resistor lead to 
the -71C terminal will show you 
that now both the grid and the cath- 
ode of your tube are connected to 
the same terminal. This means that 
you are employing zero C bias, and 
the grid is therefore at cathode po- 
tential. Under this condition, the 
grid neither attracts nor repels elec- 
trons, and again we would expect that 
there would be no appreciable amount 
of grid circuit current. We obtain a 
higher plate current reading for zero 
bias than for -1.5 volts bias, simply 
because more electrons can get through 
the grid wires to the plate when the 
grid is no longer repelling them. 

When using zero C bias, you again 
find that shorting the grid resistor 
has no great effect upon the meter 
reading. This proves definitely that 
there is no appreciable amount of grid 
circuit current flowing.* 

When you make the grid 1.5 volts 
positive with respect to the cathode 
by connecting the resistor lead to the 

*You may note a slight increase in- the 
meter reading when shorting the resistor 
while using zero bias. This is due chiefly 
to a contact potential which exists between 
dissimilar metals in the grid circuit and in 
the grid lead inside the tube; this contact 
potential makes the grid slightly positive 
with respect to the cathode when the grid 
resistor is shorted out. Another reason for 
the increase is the fact that some electrons 
will be headed straight for grid wires and 
will hit these wiles. When the grid re- 

-6C terminal (this terminal is 1.5 
volts positive with respect to the 
-71/,C terminal to which the cath- 
ode is connected), the grid attracts 
some of the electrons which are emit- 
ted from the cathode. Those electrons 
which reach the grid travel through 
the 6.8-megohm grid circuit resistor 
in their way to the C bias battery, 
developing across this resistor a volt- 
age drop which acts in series with 
that provided by the C bias battery 
but is of opposite polarity. 

In other words, the voltage drop 
across the resistor neutralizes the 
voltage provided by the C bias bat- 
tery, reducing the positive C bias 
value which is actually acting on the 
grid. As a result, the grid -cathode 
path through the tube does not get 
the full voltage provided by the C 
battery when the resistor is in the 
circuit. Cutting out the grid resistor 
proves this fact, for with the resistor 
removed, the meter reading increases 
noticeably. 

Increasing the positive C bias to 3 

volts, with the 6.8-megohm resistor 
in the grid circuit, does not give any 
more plate current than did a +1.5 
volt C bias. The reason for this is 
simply that making the grid more 
positive in this manner causes it to 
attract more electrons, and the result- 
ing increase in electron flow through 
the grid resistor increases the voltage 
drop across this resistor and com- 
pletely neutralizes the increase in C 
bias voltage. We secure the same 
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sistor is present, these electrons travel 
through it and develop across it a small 
negative C bias. Shorting the resistor shorts 
out this bias, thus making the grid swing 
a small amount more positive. 

On the other hand, you may note a slight 
decrease in the meter reading due to gas in 
the tube or to dirt between tube terminals. 
If wiping the tube base and tube socket with 
a cloth has no effect, continue with your ex- 
periments. Small decreases (or increases) in 
the meter reading can be overlooked. 



effect with a +4.5 volt C bias; in 
other words, all positive C bias volt- 
ages give essentially the same plate 
current reading when the 6.8-megohm 
resistor is in the circuit. 

Of course, removing the resistor 
would allow the full voltage of the 
C battery to be applied to the grid; 
we cannot do this for the +3 and 
+4.5 volt bias values, however, be- 
cause the resulting plate current 
would be way higher than the range 
of our meter, and would possibly 
damage the meter and the tube. 

Practical Extra Information. In 
some radio circuits, both positive and 
negative C bias voltages are applied 
to the grid. There is no objection to 
this practice as long as the vacuum 
tube is designed to handle high plate 
current values and the grid circuit is 
so designed that it will not distort the 
radio signal. Whenever the grid cir- 
cuit draws current, the source of grid 
voltage must supply a certain amount 
of power. 

As a general rule, the control grids 
of the vacuum tubes employed in 
radio receivers are seldom driven 
positive, and therefore grid current is 
seldom present. An exception to this 
occurs in the case of certain power 
output tubes, which 'are intentionally 
driven positive to obtain increased 
audio output power. 

Another exception occurs in the 
case of oscillator circuits; here the 
grid often is purposely allowed to be- 
come positive, but the circuit itself is 
so designed that it introduces auto- 
matically a negative bias which keeps 
the plate current down to a safe and 
useful value. This is done simply by 
employing the proper value of grid 
resistor, for as you learned in this ex- 
periment, a grid resistor can develop 
a voltage which will counteract an 
applied positive voltage on the grid. 
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We will use this same grid resistor 
scheme in the NRI Tester as a pre- 
caution against damage to the tube 
and meter in the event that the grid 
of the tube is accidentally driven 
positive. 

Instructions for Report Statement 
No. 19. After completing this experi- 
ment and studying the discussion. 
take one additional reading. With 
your apparatus set up as it was for 
the last measurement in this experi- 
ment (with the 6.8-megohm grid re- 
sistance in the circuit, a plate voltage 
of 45 volts, and a C bias of +4.5 
volts obtained by having the grid 
resistor lead on -3C while -B is 
connected to -71/2C), reduce the 
plate voltage from 45 volts to 22.5 
volts by moving the plate lead (the 
lead which goes to meter terminal 15) 
from +45 to +22%. Read the meter 
on scale IM and record the value in 
Report Statement No. 19, then mul- 
tiply your value by 3 to get the 
actual plate current in ma. for 22.5 
volts on the plate, and record this 
also in the report statement. Finally, 
pull out the tube. 

EXPERIMENT 20 

Purpose. To secure data and pre- 
pare graphs which will show the grid 
voltage -plate current characteristics of 
your type 1C5GT vacuum tube when 
connected as a triode and when con- 
nected as a pentode under three dif- 
ferent sets of operating conditions. 

Step 1. To secure the Eg Ip char- 
acteristic curve for your tube when 
operated as a triode with a plate volt- 
age of 45 volts, reconnect the tube and 
battery into the circuit shown in Fig. 
23. The connections are shown in 
pictorial form in Fig. 24, but by now 
you should be able to follow semi -pic- 
torial diagrams like that in Fig. 23B 
and depend upon the photographs and 



pictorial diagrams only far checking 
purposes. For the first reading, set 
the C bias at -9 volts by placing on 
terminal -9C the lead which comes 
from chassis hole d (this lead is 

shown on +0 in Fig. 23B). Read 
the meter on scale 1M, and record your 
results (both the meter reading and 
the actual current in ma., which is 

three times the meter reading) on the 
first line of Table .LOA as the plate 
current for a C bias voltage of -9 
volts. 

Move the control grid lead (the 
one coming from hole d) in turn 
to -71/2C, -6C, -41/2C, -3C, 
-11/2C and +0, read the meter on 
scale I74 in each case, and record the 
meter readings and the actual current 
values on the correct lines in Table 
.20A. Since the cathode of the tube is 

connected to +C in this case, the bat- 
tery markings are also the C bias 
voltages, with +0 giving zero C bias 

C BIAS 
VOLTAGE 
IN VOLTS 

YOUR METER 
READING ON 

SCALE IM 

YOUR PLATE 
CURRENT 

IN MA 

RRI. METER 
READING ON 
SCALE IM 

RRI. PLATE 
CURRENT 

IN MA. 

-7.5 . .3 
-6 .2 .6 
-4.5 .. .6 1.8 

-3 1.2 3.6 

-L5 ., 1.8 54 
o ' 2.5 75 

+1.5 .-, 3+ 9t 
TABLE 20A. Record your results for Step 1 of 
Experiment 20 here. Corresponding values which 
were obtained in the NRI laboratory, along with 
the curve representing these values on the graph at 
the right, are presented here merely for comparison 

purpose.. Your own value. may be different. 

voltage because the cathode is also 
connected to +C. In other words, 
when the lead from d is connected to 
-41/20, you are using a C bias volt- 
age of -4.5 volts. 

To secure a positive C bias voltage 
of 1.5 volts, remove from +0 the 
lead which goes to -B, and connect 
this lead instead to -11/2C, so -B 
and -PAC are now connected to- 
gether. Leave the control grid lead on 

+C. Read the meter on scale 'M. 

and record your result in Table 20A 
as the plate current for a bias volt- 
age of +1.5 volts. 

You now have meter readings for C 

bias voltages ranging from -9 volts 
to +1.5 volts in 1.5 -volt steps. Plot 
these values on Graph 20A to secure 
the Eg Ip characteristic curve for your 
tube when used as a triode. Do this 
in the following manner for each 
measured value: 

Locate on the vertical scale at the 
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GRAPH 20A. Plot on this graph the results you 
obtain in Step 1 of Experiment 20, and connect the 
points together to give a smooth curve. This will 
then be the characteristic curve of your type 1C5GT 
tube when operated as a triode with a plate voltage 

of 45 volts and no plate load. 



FIG. 28. Schematic (A) and semi pictorial (B) 
diagrams for the pentode vacuum tube circuit which 

you set up for Step 2 of Experiment 20. 

left the measured plate current value 
in milliamperes. Draw a light hori- 
zontal pencil line across the entire 
graph, passing through this current 
value on the scale. Now locate on the 
horizontal scale at the bottom of the 
graph the C bias voltage which gave 
you that current value, and draw a 
vertical pencil line upward from this 
C bias value. Where the two lines 
intersect, make a dot with your pen- 
cil. This dot now represents the cur- 
rent reading obtained for the C bias 
voltage in question. 

In the same manner, plot on this 
graph each other reading which you 
obtained in Step 1. After you have 
plotted a few values, you will find 
that you can trace along the- horizon- 
tal and vertical lines with your pencil 
and place the dots in their correct 
positions without actually drawing in 
the horizontal and vertical pencil 
lines. Finally, draw a smooth free- 
hand curve which passes through or 
near the dots which you placed on 
the graph. 

To illustrate this process of plotting 
values on a graph, we have plotted 
with small circles connected by a thin 
solid line the results obtained in the 
NRI laboratory for this experiment. 
The horizontal and vertical lines for 
one point, corresponding to a C bias 
voltage of 4.5 volts and our plate cur- 
rent reading of 1.8 ma., are indicated 

48 

as dash -dash lines to show you how 
they are used to locate a point on the 
graph. You are not expected to get 
the same values or the same curve. 

Step 2. To secure the Eg- Ip char- 
acteristic curve for your pentode tube 
when operated in the circuit shown in 

-4 ' -4 

-ac0 0-3e 

el 

FIG. 29. Connections under the chassis for Step 2 
of Experiment 20 should be as shown at A. Since 
the parts under the chassis ate now wired according 
to Fig. 24. simply remove the wire which connected 
terminals 3 and 4, and run a wire through chassis 
hole f to terminal 4. Battery connections are shown 
at B. Note that while the grid lead is shown + C, the first measurement is made with a bias of -9 

volts. See Fig. 28. 



28A, so that 45 volts is applied di- 
rectly to the screen grid and the same 
45 volts is applied to the plate 
through the 2,000 -ohm meter shunted 
by the 910 -ohm resistor, remove the 
tube from its socket and change the 
wiring of your circuit in accordance 
with the semi -pictorial diagram in 
Fig. 28B. This will make the wiring 
appear as shown in Figs. 29A and 
29B. Only two changes are necessary 
under the chassis; the bare wire 
which connected tube socket termi- 
nals 3. and 4 is removed, and a 14 - 
inch long wire is brought through hole 
f and connected to tube socket termi- 
nal 4 by means of a soldered tempo- 
rary hook joint. Above the chassis, 
the changes involved are connecting 
to the +45 battery terminal the wire 
which comes up through hole f, and 
moving the lead on -11/2C back to 
+C. 

For the first reading, place the con- 
trol grid lead (coming up from hole 

C BIAS 
VOLTAGE 
IN VOLTS 

YOUR METER 
READING ON 

SCALE t,,, 

YOUR PLATE 
CURRENT 

IN MA. 

NRI. METER 
READING ON 

SCALE IM 

N.R.L PLATE 
CURRENT 

IN MA. 

-9 , O O 

z5 e O O 

-6 F 
- .2 .6 

-45 s. .5 1.5 

-3 .f 3 1.1 33 
-1.5 r 1.7 51 

o 2.47.2 
+1.5 7,;') 3.0 9.0 

TABLE 20B. Record your results for Step 2 of 
Experiment 20 here. Remember that your own 
values are not expected to be the same as the NRI 

values given here for comparison purposes. 

d) on terminal -9C. Insert the tube 
in its socket, read the meter on scale 
IM, and record your results in Table 
20B as the plate current for a C bias 
voltage of -9 volts. (Remember that 
the meter readings on scale IM must 
be multiplied by 3 to get the current 
in ma. when the 910 -ohm shunt resis- 
tor is being used across the meter.) 

Move the control grid lead (coming 
through hole d) in turn to -71ÁC, 
-6C, -VAC, -3C, -11/2C and +C; 
read the meter in each case and record 
your results in Table 20B. The value 
marked on the battery terminal will 
be the C bias voltage in these cases, 
since the cathode is connected to +C. 

To secure a C bias of +1.5 volts, 
connect now to +0 the wire from hole 
d. Remove from +0 the lead which 
goes to -B, and connnect this 7 -inch 
lead instead to -11/20. Read the 
meter on scale IM, and record your 
results in Table 20B. 

Plot your results for Step 2 on 
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GRAPH 20B. Plot on this graph the results you 
obtain in Step 2 of Experiment 20, and connect the 
points together to give a smooth curve. This w'll 
then be the characteristic curve of your type 1C5GT 
tube when operated as a pentode with plate and 

screen grid voltages of 45 volts; no plate load. 
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WIRING 
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FIG. 30. Semi -pictorial wiring diagram showing 
all connections for Step 3 of Experiment 20. The 
only changes required to make your set-up coincide 
with this are moving of the screen grid lead (coal- 
ing through hole f) from -}-45 to +221/2, and 

returning to +C the lead coming from -B. 

Graph 20B, then draw a smooth curve 
passing through or near your points. 

Step 3. To determine the effect of 
a lower screen grid voltage value upon 
the Eg Ip characteristic curve of a 
pentode tube being operated with a 
plate voltage of 45 volts, move the 
screen grid lead (coming up through 

C BIAS 
VOLTAGE 

IN VOLTS 

YOUR METER 
READING ON 

SCALE IM 

YOUR PLATE 
CURRENT 

IN MA. 

N.RI. METER 
READING ON 

SCALE IM 

N.RL PLATE 
CURRENT 

W MAL. 

0 0 
-7.5 0 0 
-6 0 0 
-4.5 0 0 
-3 .1 .3 
-1.5 :3, .4 /.2 

o .9 2.7 
+1.5 /.5 4.5 
+3 2.2 6.6 
+4.5 2.8 8.4 

TABLE 20C. Record your results for Step 3 of 
Experiment 20 here. Remember that your own 
values are not expected to be the same as the NR] 

values given here for comparison purposes. 

hole f) from the +45 terminal to the 
+221/2 terminal of the battery, as 
in Fig. 30. Reconnect back to +0 
the lead now on -11/2C, as shown in 
Fig. 30, repeat each measurement in- 
dicated in Step 2, and record your re- 
sults in Table 20C. Make two addi- 
tional measurements; first use a C 
bias of +3 volts by moving from 

S:. -t -11/2C to -3C the 7 -inch lead which 
goes to -B, while leaving the hole d 
lead on +C. Next, use a C bias of 
+4.5 volts by moving from -3C to 
-4.5C the 7 -inch lead which goes to 
-B, leaving the hole d lead still on 
-t-C. 

Step 4. To determine the effect of 
a plate load resistance upon the 
Eglp characteristic curve of a pen- 
tode tube when operated with plate 
and screen grid voltages of 45 volts 
as indicated in the circuit of Fig. 31A, 
connect an 18,000 -ohm resistor in 
series with the meter as indicated in 
Fig. 31B. This is done by using ter - 
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GRAPH 20C. Plot on this graph the results you 
obtain in Step 3 of Experiment 20, and connect the 
points together to give a smooth curve. This will 
be the characteristic curve of your type 1C5GT tube 
when operated as a pentode with a plate voltage of 
45, a screen grid voltage of 22.5, and no plate Toad. 
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FIG. 31. Schematic (A) and semi -pictorial (B) 
diagrams for the circuit employed in Step 4 of 

Experiment 20. 

minal 6 on the tube socket as an insu- 
lated support for one resistor lead. 
The actual connections under the 
socket are shown in Fig. 32; observe 
that the wire coming through hole e 

has been moved from terminal 3 to 
terminal 6, and the 18,000 -ohm re- 
sistor has been connected between 
terminals 3 and 6 by means of tem- 
porary hook joints. Now disconnect 
the 910 -ohm shunt resistor from 
meter terminals 15 and 16 so that the 
meter will read current values in ma. 
directly on scale IM. Vary the C bias 
voltage value from -9 volts to +4.5 
volts in 1.5 -volt steps by following 
exactly the same procedure employed 
in Steps 2 and 3, and read the meter 
on scale 1M in each case. Record your 
results in Table 20D, and plot the re- 
sults on Graph 20D. 

Step 5. Prepare the parts for 
assembly of the NRI Tester by re- 
moving the vacuum tube from its 
socket, disconnecting all battery leads, 
then untying the black lace and re- 
moving the entire group of batteries 
all at once. Next, unsolder the leads 
on the meter terminals, unsolder all 
connections to the tube socket, then 
pull the leads out through the holes in 

the chassis. Straighten out the hooks 
át the ends of wires only when neces- 
sary to pull the wire through a hole, 
for you will usually have to form the 

hooks again when using the wire later. 
Separate the panel from the chassis 
by removing the three screws at the 
bottom of the panel, but leave the 
meter and jack strip mounted on the 
panel, and leave the tube socket on 

the chassis. Remove surplus . solder 
from the meter terminal lugs, but do 

not remove these lugs. Remove sur- 
plus solder from the tube socket lugs; 
if difficulty is encountered in doing 
this, remove the socket temporarily 
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FIG. 32. Connections under the chassis for Step 
4 of Experiment 20 should be as shown here. To 
make your circuit conform with this, move the plate 
lead (coming through bole e) from terminal 3 to 
terminal 6, and connect an 18,000 -ohm resistor be. 

tween terminals 3 and 6. 

from the chassis so you can shake or 

tap off the surplus solder from each 
lug in turn without getting it into the 
prong holes. 

Discussion: First of all, you should 
realize that the variations which occur 
normally in vacuum tubes and radio 
parts during manufacture make it 
practically impossible for you to se- 

cure exactly the same values and the 
same curves which we secured in the 



NRI laboratory. Our values and 
our curves are shown merely for com- 
parison purposes and to illustrate the 
procedure for plotting this type of 
data on graphs. You can be sure 
your work is entirely satisfactory if 
you secure merely the same general 
shape or slant of curves, but remem- 
ber that even this shape or slant can 
vary considerably from that shown 
on a particular graph. 

One thing which you should realize 
after performing this experiment is 
that the plate current does not al- 
ways increase uniformly with changes 
in grid voltage. In other words, as 
the negative bias on the grid is re- 
duced, the plate current will increase 
faster than it did when working with 
highly negative grid bias values, and 
the curve will tend to bend upward. 
Study your curves carefully, giving 
particular attention to the grid bias 
values at which the curves bend up- 
ward. 

In Step 1 you take readings of 

C BIAS 
VOLTAGE 

IN 

VOLTS 

YOUR PLATE 
CURRENT IN MA. 
(READ DIRECTLY 
ON SCALE 1u1 

N.R.I. PLATE 
CURRENT IN MA. 
(READ DIRECTLY 
ON SCALE I,A) 

-9 0 
75 

t 

.1 

-6 L. 6 

-4.5 f, - 1.5 

-3 J .. 1.9 

-1.5 2 
0 2 

+1.5 ; 2 

+3 2s_ì 

+4.5 i. i I.9 
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2.5 

a 
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_ 
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plate current for various positive and 
negative C bias values while ,your 
type 1C5GT tube is connected as a 
triode without a plate load resistance. 
When you plot your values on 
Graph 20A and connect the points 
together, you secure a curve which 
contains all of the information pres- 
ent in Table 20A. 

In addition, however, the curve 
which you draw can give you hun- 
dreds of other plate current values 
for C bias voltages in between the 
values at which you made measure- 
ments. Thus, if you wanted to find 
out what the plate current would be 
for a C bias voltage of -4 volts, you 
would simply trace upward from -4 
on the horizontal scale until you came 
to the curve, then trace horizontally 
to the left from that point on the 
curve and read the value of plate cur- 
rent where you intersect the vertical 
scale of current. 

It is this characteristic of a graph, 
wherein you can estimate in-between 

a 

-9 -8 -7 -6 -5 -4 -3 -2 - 0 +I +2 +3 +4 +5 
C BIAS VOLTAGE IN VOLTS 
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GRAPH 20D (above). Plot on this graph the re- 
sults you obtain in Step 4 of Experiment 20, and 
connect the points together to give a smooth curve. 
This will be the characteristic curve of your type 
1C5GT tube when operated as a pentode with a 
nlate voltage of 45 volts, a screen grid voltage of 

45 volts, and an 18,000ohm plate load. 

TABLE 20D (left). Record your results for Step 
4 of Experiment 20 hero. Reemmber that your own 
values are not expected to be the same as the NRI 

values given here for comparison purposes. 



r 
values with accuracy, which makes 
graphs so valuable in radio work. 

When you connect your tube as a 
pentode in Step 2, with 45 volts on 
both the plate and screen grid, you 
would naturally expect to secure a 
slightly different characteristic curve 
than for triode operation. The curves 
in Graphs 20A and 20B resemble 
each other quite closely under the 
conditions of this experiment, with 
only minor differences in correspond- 
ing values, but these triode and pen- 
tode characteristics of the 1C5GT 
tube may differ considerably under 
other operating conditions. 

Reducing the screen grid voltage 
on your pentode tube to 22.5 volts 
lessens the effectiveness of the screen 
grid, with the result that. the Eg Ip 
characteristics are altered consider- 
ably. The NRI curve in Graph 20C 
differs quite appreciably from the pre- 
vious two curves, as you can readily 
see by comparing them. The curve 
which you obtained for Step 3 should 
likewise differ from the previous 
curves in that it is shifted to the 
right on your graph with respect to 
values on the horizontal scale. The 
shape of the curve is still essentially 
the same as for Steps 1 and 2. 

In Step 4, the 18,000 -ohm resistor 
is placed in the plate circuit to limit 
plate current and duplicate more 

closely the actual operating condi- 
tions under which this tube would be 
used. The 900 -ohm meter shunt is 
removed to improve the accuracy of 
readings, since the plate load resistor 
will limit the meter current to values 
considerably below the full-scale value 
of 3 ma. Now you secure a radically 
different characteristic curve, with a 
somewhat flat top. This curve is 
actually more useful to a radio man 
than the preceding three curves, for 
it more nearly represents actual con- 
ditions under which vacuum tubes are 
operated in radio circuits. 

Instructions for Report Statement 
No. 20. To show the importance of 
graphs for giving operating values in 
between those actually measured for 
a vacuum tube, refer to your own 
characteristic curve for the type 
1C5GT tube operating as a pentode 
with no plate load (this is Graph 
20C on page 50), and determine the 
plate current for a C bias of -1 volt. 
Do this by locating the -1 point on 
the horizontal scale, tracing vertically 
upward from this until you intersect 
your own curve, then tracing horizon- 
tally to the left from the intersection 
so you can read the plate current 
value in ma. on the vertical scale. 
Record the value in Report Statement 
No. 20 on the last page, and send in 
the page for grading. 

IMPORTANT 
These instructions may save you unnecessary trouble. 
Send in your Report Statement for grading as soon as you finish 

Experiment 20. 

DO NOT BUILD the NRI Tester until you have received a 
passing grade (A, B, or C) for this work. This will avoid the neces- 
sity of dismantling the tester in order to repeat any of the experi- 
ments for which you didn't get the right answers. 
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How To Assemble the NRI Tester 

THE NRI Tester which you are 
now ready to build (provided you 

have obtained a passing grade on 
Experiments 11-20) is a complete and 
modern test meter designed to meet 
the requirements of professional radio 
servicemen for many years to come. 
This instrument, when assembled and 
calibrated according to the instruc- 
tions given in this manual, will allow 
you to make many different meas- 
urements in radio circuits. 

Actually, the NRI Tester is a 
combination vacuum tube voltmeter 
and multimeter which provides at 
least eighteen separate and distinct 
ranges. You will be able to measure 
a.c. voltages up to 550 volts in four 
ranges, d.c. voltages up to 450 volts in 
four ranges, direct current values up 
to 45 milliamperes in two ranges, re- 
sistance values up to 100 megohms in 
four ranges, and output measurements 
of radio receivers in four ranges. 

Later, you will be provided with a 
headphone which can be plugged into 
the NRI Tester; with this combina- 
tion you can listen to the quality and 
strength of audio signals anywhere 
in a radio receiver, thereby speeding 
up the location of defects which are 
causing distortion. 

The sensitivity of the voltmeter 
ranges in the NRI Tester is quite 
high in comparison to that of other 
testers being used for service work. 
A sensitivity of 1,000 ohms -per -volt 
is considered satisfactory for most 
radio service work, but each d.c. volt- 
age range in your NRI Tester has 
a sensitivity better than 20,000 ohms - 
per -volt. (Actually, on one range of 
your instrument, the sensitivity is well 

over 2,000,000 ohms -per -volt.) As a 
result, you can connect the NRI 
Tester to high -resistance circuits and 
make accurate voltage measurements 
without disturbing circuit conditions 
appreciably. Many of the measure- 
ments which are possible with the 
NRI Tester could not be made with 
ordinary meters. 

The NRI Tester has been in- 
cluded in your practical demonstra- 

FIG. 33. Your NRI Tester should look like this 
after you have assembled it according to the simple 
step-by-step instructions in this manual. if you are 

using the specified Eveready batteries. 
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tion course for several reasons. It 
gives you an opportunity to assemble 
a professional -quality test instrument 
yourself. It allows you to check cir- 
cuit action and verify the various 
radio and electrical laws which are 
studied in your regular course. Final- 
ly, it gives you experience in using 
test instruments. 

A completely assembled NRI 
Tester is shown in Fig. 33.. As you 



can readily see the panel layout is re- 
markably simple considering the num- 
ber of uses which the instrument has. 
At the extreme right on the panel is 
the switch which turns the instrument 
on and off. Next to the switch is the 
special four -scale meter on which all 
values are read. On the upper left 
half of the panel is the selector switch, 
which automatically connects the 
meter into the test circuit you desire 
for a particular measurement. 

Below the meter and selector switch 
is the jack strip into which you plug 
the test leads for various measure- 
ments. The two jacks at the extreme 
right are for the phone which you will 
receive later; the shorting strip shown 
in this view is plugged into these two 
jacks whenever the phone is not used. 

Step-by-step instructions for as- 
sembling the NRI Tester will now 
be given. Follow through these in- 
structions slowly and carefully, doing 
the very best work of which you are 
capable, for you will want your in - 
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strument to show professional work- 
manship in each and every soldered 
joint. To make sure you do not miss 
any steps, place a check mark along- 
side each completed step as you go 
along. 

Plan to devote a number of eve- 
nings to the assembly of this instru- 
ment, for the success of the remainder 
of your practical demonstration 
course depends entirely upon your 
assembling this instrument properly. 
Remember that we are ready to help 
you with advice whenever you en- 
counter difficulties or have trouble in 
understanding the instructions. 

1'he complete circuit diagram of the 
N4I Tester is given in Fig. 34 for 
reference purposes, and need not be 
studied at this time. 

Instructions for using the NRI 
Tester will be given progressively in 
later manuals, as the need arises for 
the various types of measurements 
which it makes. 
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FIG. 34. Circuit diag-a,ti of the NRI Tester. This Is presented here for reference and checking purposes: 

you will follow pictorial diagrams and photographs when assembling the unit, to minimize chances for errors. 

Note: The 6.7, .25, and .2-megohm resistors, and the 900 -ohm resistor, shown above have been changed 
to 6.8, .24, and .22 megohms, and 910 ohms, as previously explained. 
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Mounting the Parts on the 
Front Panel 

11Step 1. To prepare for the prelim- 
inary mounting of parts on the panel, 
place before you the following parts: 

Front panel (Part 2-2) on which you 
have already mounted (in Experiment 11) 
the 0 -3 -ma. milliammeter with two solder- 
ing lugs (Parts 1-8A and 1-8B) and the 7 - 
jack strip (Part 2-3), with each terminal 
on these two parts identified by a number 
marked on the back of the panel in the 
manner shown in Fig. 6 in connection with 
Experiment 11 in this manual. 

One ON-OFF power switch (Part 2-5). 
One 6 -position rotary selector switch 

(Part 2-6). 
One bar knob for the selector switch 

(Part 2-8). 
Two 1/4 -inch long binder -head machine 

screws (Part 2-18A) and two hexagonal 
nuts (Part 2-18B). 

At this same time, arrange before 
you the following tools and materials, 
which will be needed during the as- 
sembly of the NRI Tester. 

Long -nose pliers. 
Side -cutting pliers. 
Ordinary pliers. 
Medium -size screwdriver. 
Small screwdriver. 
Twelve -inch ruler. 
Soldering iron and holder (Parts 1-1, 

1-2). 
Rosin -core solder (Part 1-3). 
Red push -back hook-up wire (Part 2-17). 
One short length of yellow rubber and 

cotton -covered wire (Part 1-7F). 
Step 2. Mount the rotary selector 

switch (Part 2-6) on the panel in the 
following manner: 

While holding the switch in one 
hand in the manner shown in Fig. 35, 
proceed to bend outward with the 
thumb of your other hand each of the 
six soldering lugs located along the 
outer edge of the switch, until the 
lugs are flat with relation to the in- 
sulating material at the back of the 
switch. Do not bend the single inside 
lug. Do not use pliers for this bend- 
ing; the lugs can easily be pushed 
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over with your thumb, if you start 
from one end of the row of lugs. 

Remove the %-inch nut from the 
shaft of the switch, and push the shaft 
through panel hole t (Fig. 36) from 
the rear so that it has the position 
shown in Fig. 37. Replace the nut on 
the shaft which now projects through 
the front of the panel, and tighten the 
nut first with your fingers and then 
with ordinary pliers as shown in Fig. 
38, while using one hand to hold the 
selector switch in the position shown 
in Fig. 37 (so that end terminals 17 
and 22 on this switch are both the 
same distance from the top of the 

FIG. 35. Method of bending out the soldering 
lugs on the rotary selector switch (Part 2-6). 
Press them outward with your thumb, one at a 
time, until all the outer lugs point outward like 
the spokes of a wheel. Do not bend the single 

center lug. 

panel). Be careful not to let the 
pliers slip and scratch the panel. 

With a small screwdriver, loosen 
the set screw- which is located in the 
thick end of the bar knob (Part 2-8), 
place this knob over the shaft of the 
selector switch with the set screw next 
to the fiat portion of the shaft, then 
tighten this set screw with your small 
screwdriver while pressing the knob 
toward the panel. 

Rotate the selector switch knob as 
far as it will go in a counter -clock- 
wise direction, so that the white line 
on the pointer of the knob is on the 
panel line marked V MEG. If the 
pointer is not exactly on this line 
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FIG. 36. Rear view of tester panel (above) and bottom view of chassis (below), with all holes 
identified by letters for convenience in referring to them. The only letters which are to be marked 
on your parts, however, are those identifying chassis holes, a, b, c, d, e and f. Use these diagrams as 

your guides for locating the other boles when mounting the parts. 



when looking directly at it with your 
eyes on a level with the knob, grasp 
the back of the selector switch with 
your hand and rotate it firmly but 
slowly until the pointer is exactly on 
le line. 
Step 3. Insert the ON-OFF power 

switch (Part 2-5) in rectangular panel 
hole u (Fig. 36) from the back of the 
panel in the position which places the 
colored dot next to the panel notation 
OFF. (Flip the switch back and 
forth to find the dot, for it is visible 
in only one position of the sliding 
black button.) 

Attach the switch to the panel with 
two binder - head machine screws 
(Part 2-18A) and two hexagonal nuts 
(Part 2-18B), with the heads of the 
screws at the front of the panel. 
Tighten each screw with a screwdriver 
while holding its nut with ordinary 
pliers. 
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FIG. 37. The back of your tester panel should appear like this after you have mounted the selector 
switch and ON-OFF switch. as instructed in Steps 2 and 3. (The meter and jack strip were mounted as 
part of Experiment 11.) Number the various terminals on your own panel by marking them with crayon 
or pencil as shown in this view. Crayon markings can be wiped off with a cloth if errors in numbering 

are made. 

tile terminals at the back of the panel 
in the manner shown in Fig. 37. Since 
the terminals for the meter and the 
jack strip were numbered in a pre- 
vious experiment, this leaves only 

FIG. 38. Method of using ordinary pliers to tighten 
the nut on the rotary selector switch. Use the 
same technique for tightening the nut on the 

1,000 -ohm potentiometer. 



FIG. 39. Rear view of front panel, showing positions of all condensers and resistors. . No soldered joints 
have been made yet. All hook joints should be closed when instructions for this are given in the text. 

power switch terminals 13 and 14 and 
the selector switch terminals 17 to 23 
to be numbered. Place these numbers 
carefully and neatly on the panel, as 
close as possible to each terminal, 
with your crayon pencil. Finally, 
place on the top of each jack the iden- 
tifying number which you have pre- 
viously placed on the back of the 
panel above the jack. This will 
simplify identification of the jacks 
while working with the panel facing 
you. Sharpen the crayon with your 
pocket knife when necessary. 

Making Resistor and Condenser 
Connections on the Panel 

VStep 5. Locate and place before 
you on the table the following parts 
from Radio Kits 1RK and 2RK-1: 

One .05-mfd. tubular paper condenser 
(Part 1-13). 

One .24-megohm (240,000 ohms) fixed 
resistor. (Part 1-14). 

One .1-megohm (100,000 ohms) fixed re- 
sistor (Part 1-15). 

One 6.8-megohm fixed resistor (Part 
2-11). 

One 3-megohm fixed resistor (Part 2-12). 
One 910 -ohm fixed resistor (Part 2-14). 
One 100 -ohm fixed resistor (Part 2-15). 
One .005-mfd. tubular paper condenser 

(Part 2-16). 
One .22-megohm (220,000 ohms) 

resistor (Part 2-22). 

Step 6. Connect the .05-mfd. con- 
denser (Part 1-13) between meter ter- 
minals 15 and 16 by first shortening 
the leads with side -cutting pliers so 

that each lead is now 1 inch long. 
(Make marks on the leads with 
crayon after measuring with a ruler, 
and check each mark carefully before 
cutting so as not to get a lead too 
short.) Bend the leads with your 
fingers to the shapes shown in Fig. 39, 
so that the condenser will fit under the 
meter and its wires will reach to the 
meter terminal lugs, with the OUT- 
SIDE FOIL lead going to the -I- ter- 
minal (15). Now bend an open hook 
in the end of each lead with long -nose 
pliers, and hook these leads through 

fixed 
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the holes in lugs 15 and 16 from be- 
hind. Close the hooks with long -nose 
pliers, but do not solder the joints 
until instructed to do so. In many 
cases, two or more wires must be 
pl ced on a lug prior to soldering. 
,Step 7. Connect the .005 mfd. con- 

denser (Part 2-16) between jack ter- 
minals 29 and 30, by first shortening 
each condenser lead until it is 1 inch 
long. Bend the leads with your 
fingers in the manner shown in Fig. 
39. Insert the end of the OUTSIDE 
FOIL lead into the hole in lug 30, in- 
sert the end of the other condenser 
lead into the hole in lug 29 from the 
opposite direction, then bend the leads 
to form closed hooks, as shown in Fig. 
3. . 

Step 8. Connect the 910 -ohm re- 
sistor (Part 2-14) between selector 
switch terminals 17 and 18, by first 
shortening each lead so that it is 78 
inch long. Bend the leads with your 
fingers to the approximate shapes 
shown in Fig. 39. Bend an open hook 
in each lead with long -nose pliers. In- 
sert the leads in terminal lugs 17 and 
18 from behind, then close the hooks 
and squeeze them just enough so the 
resistor will support itself above the 
selector switch, in the position shown 
in Fig. 39. 

Step 9. Connect a 100 -ohm resistor 
(Part 2-15) between selector switch 
terminal 17 and jack terminal 28, by 
first shortening each resistor lead so 
it is /8 inch long. Bend an open 
hook in one lead with long -nose pliers, 
hook this lead into the hole in termi- 
nal 17 from behind, and close the 
hook. Now bend a partial hook (a. 
simple right-angle bend) in the other 
lead so that you can push this lead 
into the hole in jack terminal 28, as 
indicated in Fig. 39, but do not close 
the hook, yet. 
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Step 10. Connect the .1-megohm 
resistor (Part 1-15) between selector 
switch terminal 19 and jack terminal 
28, by first shortening each resistor 
lead until it is 11/4 inches long. Bend 
the leads to the shapes shown in Fig. 
39 so that the resistor will be held 
away from the switch housing, bend 
an open hook in one lead, hook this 
through the hole in lug 28 alongside 
the resistor lead now in that lug, but 
do not close this hook yet. Now 
make a right-angle bend in the other 
lead on a level with the hole in lug 19, 
push the lead through this hole from 
the front, and bend the lead with 
lon -nose pliers to form a closed hook 
on this lug. 

tep 11. Connect the .24-megohm 
resistor (Part 1-14) between selector 
switch terminals 19 and 20, by first 
shortening each lead of this resistor 
until it is 7/8 inch long. Bend the 
leads with your fingers to the shapes 
shown in Fig. 39. Bend an open hook 
in the end of each resistor lead. Hook 
these leads through the holes in lugs 
19 and 20 respectively from behind, 
and squeeze the hooks just enough 
with long -nose pliers so the resistor 
will support itself as shown in Fig. 39. step 12. Connect the 3-megohm 
resistor (Part 2-12) between selector 
switch terminals 20 and 21, by first 
shortening each resistor lead until it 
is %8 inch long. Bend the leads as 
in Fig. 39. Bend an open hook in the 
end of each lead. Insert the leads 
through the holes in lugs 20 and 21 
from behind, then squeeze each hook 
with long -nose pliers. You will now 
h ve two leads in lug 20. 
NI Step 13. Connect the 6.8-megohm 
resistor (Part 2-11) between selector 
switch terminals 21 and 22, by first 
shortening each resistor lead until it is 
7/8 inch long. Bend the leads as in 
Fig. 39. Bend a hook in the end of 
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FIG. 40. Rear view of front panel after all leads and parts have been connected with permanent soldered 

hook joints. The length in inches to which you should cut each piece of hook-up wire is indicated along- 

side the wire. To save space in this manual and to simplify this diagram, the long leads are shown in 

shortened form below the panel. Each of the six long jack leads should be held at right angles to the 

panel while being soldered; these wires can then be bent to the right along the bottom of the panel so they 

will not interfere with your work. At this stage of the assembly, all joints should have closed hooks and 

be soldered exactly according to the instructions in the text. 

each lead. Hook the leads through 
the holes in lugs 21 and 22 from be- 
hind, then squeeze each hook with 
long -nose pliers. The back of the 
panel of your NRI Tester should 
now appear exactly as shown in Fig. 
39. 
Completing the Panel Connections 
IMPORTANT: Lead lengths specified in 

these assembly instructions for the NRI 
Tester are based upon the dimensions of 
Eveready batteries. Cut your wires to these 
lengths even when using batteries having 
other dimensions, because you can easily 
shorten later any leads which are too long, 
or replace those few leads which might be 
to short. 
Step 14. Heat your soldering iron 
now, for you will be using it soon. 
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Cut a 41/2 -inch length of hook-up wire 
from the roll furnished you as Part 
2-17, push the insulation back from 
one end, bend a hook in this end, and 
insert this hook in the hole in meter 
lug 15 from behind, alongside the con- 
denser lead already in this hole. Close 
the hook with pliers while holding the 
wire straight down along the panel 
as shown in Fig. 40. 

Now cut a 131/.1 -inch length of hook- 
up wire, push the insulation back 
from one end, bend a hook in that 
end, and insert this hook also in the 
hole in meter terminal lug 15. Hold 
this wire straight down along the 
panel parallel to the other wire, then 



squeeze all three hooks which are in 
this lug. Solder this joint, using 
rosin -core solder. After the solder has 
hardened, push the insulation back 
toward the lug on each wire. Get 
the habit of pushing the insulation 
over exposed wire like this whenever 
using push -back wire. 

Be sure to bend the lug away from 
the meter case so that there is at least 
a 1/4 -inch clearance between the joint 
an the case. 

tep 15. Cut a 31A -inch length of 
ook-up wire, connect one end of it 

to meter lug 16 by means of a hook 
joint, squeeze the hook tight while 
holding the wire straight down along 
the panel as shown in Fig. 40, then 
solder this joint. Finally, push the in- 
sulation on the wire up toward the 
joint if any wire is exposed below 
t joint, and bend the lug out 1/4 inch. 

Step 16'. To connect together se- 
ector switch terminal 23 and jack 

terminal 27, cut a 3 -inch length of 
hook-up wire, make a permanent hook 
joint with one end of this wire at ter- 
minal 23, and solder this joint. Form 
a hook joint with the other end of the 
wire on terminal 27, but do not solder 
t yet. 

Step 17. Cut a 4 -inch length of 
the stranded tinned rubber and 
cotton insulated wire (Part 1-7F, left 
over from the first ten experiments), 
remove the insulation from both ends 
for a distance of about 1/4 inch, then 
connect one end of it to jack terminal 
27 with a permanent book joint. Hold 
the wire perpendicular to the panel, 
and squeeze the hooks on both wires 
at this lug so the 4 -inch wire will 
stand upright by itself when the panel 
is lying on the table, and solder the 
joint. (It is necessary to use the 
1-7F wire here because its rubber in- 
sulation prevents leakage.) 

Step 18. Cut a 13 -inch length of 
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hook-up wire, form a hook in one 
end, and insert this hook in the hole 
in terminal 28 alongside the two hooks 
already there. Next, take the .22 
megohm resistor (Part 2-22, color - 
coded red, black and yellow on a 
brown body color), and connect a 5 -1 - 
inch length of hook-up wire to the 
end of one resistor lead by means of a 
permanent soldered hook joint so as 
to lengthen this lead. Shorten the 
other resistor lead to a length of 1 
inch, bend a hook in the end of this 
lead, and insert this hook also in the 
hole in terminal 28. There should now 
be four leads in the hole in this ter- 
minal. Hold the 13 -inch wire and the 
resistor straight out from the panel, 
squeeze each of the four hooks to- 
gether with pliers, then solder this 
joint. Push the insulation on the wire 
toward the joint, then bend the 13 - 
inch wire and the resistor lead to the 
right along the panel. (Take a glance 
at Fig. 42 now to see how the wires 
are bent to the right so they will be 
out of the way until needed again. 
Do not make sharp bends; keep each I 

bend at least an inch away from its 
joint. Figure 40 merely shows the 
points to which the wires should be 
connected on the panel; it does not 
show the correct positions of those 
wires which extend below the panel 
anß are left unconnected now.) 
VStep 19. Connect together termi- 
nals 22 and 29 by taking a 21/4 -inch 
length of hook-up wire, connecting 
one end to terminal 29 and connect- 
ing the other end to terminal 22 with 
permanent hook joints. Solder the 
joi is at terminals 22 and 29. 
$tep 20. Solder the joints at termi- 

nals 17, 18, 19, 20, 21 and 30 in turn, 
without placing any additional wires 
on these joints. 
)tep 21. Cut a 71/4 -inch length of 

hook-up wire and solder one end of it 



to power switch terminal 13 by means 
of a permanent hook joint, while hold- 
ing the wire parallel to the panel as 
shown in Fig. 40. 

Step 22. Cut an 111! -inch length of 

hook-up wire and solder one end of it 
to power switch terminal 14 by means 
of a permanent hook joint while hold- 
ing the wire parallel to the panel and 
bending it as shown in Fig. 40. 

Step 23. Cut a 61A -inch length of 
hook-up wire, attach it to jack termi- 
nal 25 by means of a permanent hook 
joint, hold the wire straight out from 
the panel, squeeze the hook together 
so the wire will stay there, then solder 
this joint on lug 25. Push the insula- 
tion back, then bend the wire to the 
right. 

Step 24. Cut an 834 -inch length of 
hook-up wire, attach it to jack termi- 
nal 24 by means of a permanent hook 
joint, hold the wire straight out from 
the panel, squeeze the hook together 
so the wire will stay there, then solder 
the joint. Push the insulation back 
over the wire, then bend the wire to 
the right. 

Step 25. Cut a 13 -inch length of 
hook-up wire, attach one end of it to 

FRONT OF 

terminal 26 by means of a permanent 
hook joint, hold the wire straight out 
from the panel, squeeze the hook to- 
gether so the wire will stay up, then 
solder the joint. Push the insulation 
back over the wire, then bend the wire 
to the right. 

You have now completed all wiring 
which is to go on the panel of the 
NRI Tester. 

Making Chassis Connections 

Step 26. Set the completed front 
panel aside for the time being, and 
place before you the following parts 
from Radio Kits 1RK and 2RK-1. 

Metal Chassis (Part 1-11) on which you 
mounted (in Experiment 9) the octal -type 
tube socket (Part 1-10). 

1,000 -ohm potentiometer (Part 2-7). 
One 13/16 -inch long soldering lug (Part 

1-8C). 
.24-megohm fixed resistor (Part 2-13). 
.03-mfd. tubular paper condenser (Part 

1-12). 
45 -inch length of black lace (Part 2-20). 
One grid cap clip (Part 2-21). 

dtep 27. To mount the 1,000 -ohm 
potentiometer (Part 2-7) on the chas- 
sis, first remove the %-inch hexagonal 
nut from the potentiometer shaft, in - 

CHASSIS 

HOLE h .' 
POTENTIOMETER 

HOLEHOLEj 

/- ;, :'v.Aene,ü:i 

IO'/ ' 

` ̂ i:>:i+:r,:t¿::i::'r Ï!1/r 
:+:I":`[_s;'4?.; 

YELLOW 
WIRE 

WIRES COMING FROM 

FRONT PANEL,SHOWN 
IN DOTTED LINES, ARE 

CONNECTED LATER. 

FIG. 41. Bottom view of chassis, showing preliminary assembly of leads and wires. After the chassis i, 

bolted to the panel, four wires from the panel will be run through holes b, d, e and f and connected to 
terminals 6, 3, 4 and 2, respectively, as indicated by the dotted lines. 
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sert the shaft through chassis hole 
(Fig. 41) from the bottom, and replac 
the nut on the shaft which now pro- 
jects from the top of the chassis. Hold 
the potentiometer with one hand in 
the position shown in Fig. 41, so that 
the middle soldering lug of the poten- 
tiometer is in line with the mounting 
bolts of the tube socket, and tighten 
the nut with ordinary pliers exactly 
as you tightened the nut on the selec- 
po}}' switch shaft. 
YStep 28. Remove the nut from that 
tube socket mounting screw which is 
closest to the potentiometer (in hole 
h) without removing the screw, place 
on this screw a 13/16 -inch long solder- 
ing lug (Part 1-8C), and replace the 
net. Tighten the nut partially with 
the fingers, bend the soldering lug up 
from the chassis at right angles, then 
line up the soldering lug with the 
middle lug of the potentiometer and 
tighten the nut finally with pliers and 
screwdriver. 

Now take long -nose pliers and bend 
the outermost end of this lug back to- 
ward the chassis again so that it lies 
right over the center lug of the poten- 
tiometer, with the hole in lug 1-8C 
coinciding with the slot in lug 10 of 
the potentiometer. 

Mark the number 12 on the chassis 
alongside the lug which you have just 
bolted to the chassis, as shown in Fig. 
41. Identify the potentiometer ter- 
minal lugs by numbers 9, 10 and 11 
marked on the chassis near the lugs, 
as shown in Fig. 41. 

Step 29. Cut a 101/2 -inch length 
of hook-up wire, push one end through 
chassis hole a from the top of the 
chassis, form an open hook in the end, 
insert this hook through the slot of 
lug 10 and the soldering hole in lug 12 
(which now coincide), close the hook 
with long -nose pliers, then solder this 
joint so that lugs 10, 12 and the 101/2- 

j inch length of wire all form a single 
e secure joint. 

r/ Step 30. Connect potentiometer 
terminal 11 to tube socket terminal 7 
with a 2 -inch length of hook-up wire, 
by forming permanent hook joints. 
Solder the joint at terminal 11, but 
lo not solder the joint at 7 yet. 

4, Step 31. Cut a 5 -inch length of 
hook-up wire, push one end through 
hole c from the top of the chassis, and 
connect this end to tube socket termi- 
nal 7 by means of a permanent hook 
joint. Now solder the joint at termi- 

1 7. 
Step 32. Connect potentiometer 

terminal 9 to tube socket terminal 2 
with a 11/2 -inch length of .hook-up 
wire, using permanent hook joints. 
Solder terminal 9, but do not solder 
t minal 2 yet. 

eir Step 33. Connect the .24-megohm 
resistor (Part 2-13) between tube 
socket terminals 5 and 6, by first 
shortening the resistor leads so that 
each is 34 -inch long. Bend the leads 
with your fingers to the shapes shown 
in Fig. 41. Bend a hook in the end of 
each lead with long -nose pliers. Hook 
the leads through the holes in termi- 
nal lugs 5 and 6 from underneath, then 
close the hooks with long -nose pliers. 
Do not solder these joints yet. 
SStep 34. Connect the .03-mfd. con- 
denser (Part 1-12) between tube 
socket terminals 5 and 6, with the 
outer foil lead going to 6, by first 
shortening the leads so that each is 
11/4 -inch long. Bend the leads as 
shown in Fig. 41 and form an open 
hook in the end of each with long - 
nose pliers. Hook the leads through 
the holes in terminals 5 and 6, and 
close the hooks with long -nose pliers. 
Now solder the joints at terminal 5, 
but do not solder terminal 6 yet. Ad- 
just the leads now with your fingers 
and pliers so that the resistor and 
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FIG. 42. Rear view of NRI Tester after the panel is fastened to the chassis. Note that the leads 
have been temporarily bent off the chassis to the right to permit placing the battery block on the chassis 
between the five tabs. The position of the OUTSIDE FOIL lead of the condenser connected between 

meter terminals 15 and 16 does not matter, since neither meter terminal is grounded. 

condenser are both self-supporting 
about 1/8 -inch away from the metal 
chassis. 

You have now completed the wiring 
underneath the chassis as much as 
you can before final assembly. The 
bottom of the chassis should now ap- 
pear as shown in Fig. 41. Two wires 
will be projecting up through the top 
of the chassis, through holes a and c 

respectively. 
cStep 35. Fasten the panel to the 
hassis now with the three remaining 

binder -head machine screws (Part 
I -9A) and three hexagonal nuts (Part 
1-9B just as you did in Step 2 of Ex- 
periment 11, after first bending the 
projecting wires temporarily out of 
the way. Insert the screws one after 
another, placing a nut on each and 
tightening loosely with the fingers 
while the chassis is in the position 
shown in Fig. 5. Now align the panel 
neatly with respect to the chassis, and 
tighten the screws permanently with 
screwdriver and ordinary pliers. At 
this stage in the assembly process, 

your NRI Tester should appear as 
shown in Fig. 42. 

Step 36. Locate the panel wire 
which you connected to terminal 13 

of the power switch, and push this 
wire through chassis hole f (directly 
under terminal 13) . Connect to socket 
terminal 2 with a permanent hook 
joint the wire which projects under- 
neath the chassis through hole f. 

Solder terminal 2 now (there should 
be two wires on this terminal) . 

/Step 37. Locate the 41/2 -inch wire 
which is soldered to meter terminal 
15, and push the free end of this wire 
through chassis hole e, which is al- 
most directly under this meter termi- 
nal. Underneath the chassis, connect 
to tube socket terminal 4 by means of 
a permanent hook joint the wire which 
is now projecting through hole e, and 
solder this connection to terminal 4. 

vStep 38. Locate the 31A -inch wire 
which is connected to meter terminal 
16, push it through chassis hole d 

(directly under this meter terminal), 
then turn the chassis over and con - 
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nett to tube socket terminal 3 by 
means of a permanent hook joint the 
wire which is now projecting under 
the chassis through hole d. Solder 
tlis joint on terminal 3 now. 
VVStep 39. Locate the 4 -inch wire 
1-7F which is, connected to jack ter- 
minal 27, and push it through hole 
b. When you have pulled the wire 
through, shape the wire neatly with 
your fingers above the chassis so that 
it goes around the tube socket. Now 
turn the chassis over and connect to 
tube socket terminal 6, by means of a 
permanent hook joint, the wire 1-7F 
which projects underneath the chassis 
through hole b. Close the hook with 
long -nose pliers, then solder ter- 
minal 6. f Step 40. Locate the U-shaped short- 
ing piece made from heavy wire (Part 
2-4), and push this piece all the way 
into the two jacks marked PHONE 
at the front of the panel. This piece 
can be seen in the view of the com- 
pleted NRI Tester (Fig 33). Do 
not remove this piece until you re- 
ceive instructions for doing so in con- 
nection with the use of a headphone 
unit. 

Mounting the Batteries 
Step 41. Replace the group of bat- 

teries on top of the chassis exactly as 
shown in Fig. 19B, and tie them in 
position with the black lace just as 
you did before. Be sure that the 
terminal identification card is in posi- 
tion and the two -41/C terminals are 
connected together exactly as shown 
in Fig. 19D. You can readily thread 
the black lace under the card when 
tying down the batteries. 

Step 42. Locate the wire which pro- 
jects through hole c and push the in- 
sulation back from its end about half 
an inch. Bend this end downward and 
insert its end in the spring clip of the -A terminal, then' form the wire 
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neatly with your fingers so it has the 
position shown in Fig. 43. 

Step 43. Locate the wire which 
comes up through chassis hole a, bring 
it straight up to the top of the C bat- 
teries, bend it sharply toward the +C 
terminal along the top of the bat- 
teries, then push back the insulation 
and connect this wire to the +C 
terminal. Adjust the position of the 
wire now so it is as shown in Fig. 43. 
This position keeps the wire at least a 
quarter inch away from the +11/A 
terminal. 
ltep 44. Locate the wire which is 

attached to one lead of the .22-meg- 
ohm resistor (the other lead of this re- 
sistor is on jack terminal 28), bring 
this wire diagonally upward to the - 
9C terminal, connect the wire to - 
9C with a closed hook, and tighten the 
knurled nut on this terminal. Now 
straighten out any bends in the wire or 
the resistor leads, so this lead has the 
position shown in Fig. 43. 

NOTE: Whenever you connect a 
wire to a screw terminal, always bend 
the hook in the wire in a clockwise 
direction. Since a nut is tightened by 
turning it in a clockwise direction also, 
tightening of the nut will tend to close 
the hook in the wire rather than open 
it. Hooks which are bent in the op- 
posite direction (counter -clockwise) 
will sometimes spread apart and fall 
off when the nut is tightened, hence 
this is to be avoided. 
JStep 45. Locate the wire which 
comes directly from jack terminal 28, 
and solder the grid clip (Part 2-21) 
to the end of this lead with a perma- 
nent soldered hook joint, as shown at 
the upper right in Fig. 43. This clip 
will be called the calibrating clip. 
Now run this lead down along the 
chassis from jack 28 to the left front 
corner of the A battery (near chassis 
hole a), then bring the wire straight 



DETAIL OF 
CALIBRATING CLIP 

SLOTTED SHAFT 
OF POTENTIOMETER 

FIG. 43. Battery connections for the NRI Tester when using the specified Eveready batteries. 

WARNING: DO NOT LET METER TERMINAL 15 OR THE +45 TERMINAL OF THE BATTERY 
COME IN CONTACT WITH THE CHASSIS OR WITH ANY OTHER BATTERY TERMINAL 

BECAUSE AN ACCIDENTAL CONNECTION OF THIS NATURE MAY BURN OUT THE TUBE 
OR THE POTENTIOMETER, OR BOTH. 

up along the front left corner of the 
battery group. At the top, form a 
loop in the rest of the wire as shown 
in Fig. 43, and push the calibrating 
clip over the knurled nut on terminal 
-9C. 

If the calibrating clip fits loosely, 
squeeze it together a bit with pliers 
or your fingers to get a snug fit. The 
extra loop of wire is required because 
the calibrating clip will at times be 
moved to terminals -VAC, -6C or 
- 1/oc. 

Step 46. Locate the wire which 
comes from jack terminal 26, press it 
down along the chassis up to the B 
battery, bring it straight up the side 
of the B battery, bend it over the top 

edge, run straight back along the top 
almost to the back corner, then make 
a right-angle bend toward the -41C 
terminal, and connect the wire to the 
right-hand -41/2C terminal exactly 
as shown in Fig. 43. Tighten the 
knurled nuts on terminals -6C and 

%J-71AC at this time. 
Step 47. Locate the wire which 

comes from terminal 25, bring this 
wire straight back along the chassis, 
straight up along the side of the B 
battery to a point about 2 inches 
above the chassis, bend at right angles 
to the left, then bend downward at a 
point directly over the +11/9A termi- 
nal, and connect the wire to the 
+11/9A terminal. 
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111 Step 48. Locate the wire which 
comes from power switch terminal 14 
and bring the wire straight down to 
the chassis, back along the chassis to 
the B battery, along the chassis just 
in front of the batteries, then up to 
the +11/A terminal, and connect to 
this terminal. 
\Step 49. Locate the 131/.1 -inch wire 
which comes from meter terminal 15, 
bring it straight down from this meter 
terminal to the chassis, make a right- 
angle bend there and bring it straight 
back along the chassis to the B bat- 
tery, then make another right-angle 
bend and bring it up along the side of 
the B battery. Bend the wire at right 
angles over the front top edge of the 
battery block, run it straight back 
along the top of the B battery, push 
back the insulation, connect the wire 
to the +45 terminal, then adjust its 
position as shown in Fig. 43. 

Step 50. Locate the wire which 
comes from jack terminal 24, bring it 
back along the chassis to the B bat- 
tery, then make a right-angle bend 
and bring it up along the side of the 
battery. At the top, bend the wire 
over and connect it to the -B termi- 
nal as shown in Fig. 43. 

You have now completed the 
battery connections for the NRI 
Tester. Go over all connections and 
push the insulation toward the joints 
whenever possible, to cover as much 
exposed wire as you can and thus 
minimize chances for accidental short 
circuits. When using the specified 
Eveready batteries, your completed 
tester should now appear essentially 
as shown in Fig. 44. 

Checking the Connections 
Step 51. Having completed the as- 

sembly and wiring of the NRI 
Tester, you are now ready to check 
the accuracy and completeness of your 
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connections by means of the complete 
circuit diagram given in Fig. 34. 
This checking procedure is an impor- 
tant part of any radio assembly job, 
so go through it slowly and carefully. 
Place a check mark (V) in the space 
provided for this purpose after each 
step in the following checking proced- 
ure, when you are certain that the 
connections called for in that step are 
correct. 

Tube socket terminal 2 should have two 
leads, one going to poteniometer terminal 
9 and the other going through chassis hole. 
f to ON-OFF switch terminal 13. fl 

Tube socket terminal 3 should have one 
lead, going through chassis hole d to meter 
terminal 16. 

Tube socket terminal 4 should have one 
lead, going through chassis hole e to meter 
terminal 15. C] 

Tube socket terminal 5 should have two 
leads, one from a .03-mfd. condenser and 
the other from a 24-megohm resistor. 

Tube socket terminal 6 should have three 
leads. one from a .03-mfd. condenser, 
another from a .24-megohm resistor, and a 
yellow lead going through chassis hole b 
to jack terminal 27. d 

Tube socket terminal 7 should have two 
leads, one going to potentiometer terminal 
11, and the other going through chassis hole 
c to the -A terminal of the battery, 
block. 

Terminal 10, the middle lug of the po- 
tentiometer, should be grounded to solder- 
ing lug 12 which is bolted to the chassis, 
and should have a lead going through hole 
a to the +C terminal on the battery. [] 

Terminal 14 on the ON-OFF switch 
should have one lead, going to the +1Y2A 
battery terminal. Q 

Terminal 15 on the meter should have 
three leads, one from a .05-mfd. condenser, 
one going to +45, and one going throu h 
chassis hole e to tube socket terminal 4. I1 

Terminal 16 on the meter should have 
two leads, one from a .05-mfd. condenser 
and the other going through chassis hole d 
to tube socket terminal 3. 

Selector switch terminal 17 should have 
two leads, one from a 100 -ohm resistor 
and the other from a 810 -ohm räsistor. tier 



Terminal 18 should have one lead, from 
a 910 -ohm resistor. 

Terminal 19 should have two leads, one 
from a .1-megohm resistor and the other fe 
from a .24-megohm resistor. 

Terminal 20 should have two leads, one 
from a .24-megohm resistor and the other 
from a 3-megohm resistor. 

Terminal 21 should have two leads, one 
from a 3-megohm resistor and the other 
from a 6.8-megohm resistor. rig 

Terminal 22 should have two leads, one 
from a 6.8-megohm resistor and the othia 
going to jack terminal 29. 

Terminal 23, the central terminal on the 
selector switch, should have one lead, going, 
to jack 27. 

Jack terminal 24 
going to -B. 

should have one lead, 

Jack terminal 25 should have one lead 
going to +11A. Id 

Terminal 26 should have one lead, going 
V 

Terminal 27 should have two leads, one 
going to selector switch terminal 23 and the 
other (a yellow lead) going through chassis' 
hole b to tube socket terminal 6. 

Terminal 28 should have four leads, one 
from a .1-megohm resistor, one from a 22- 
megohm resistor, one from a 100 -ohm re- 
sistor, and one going to the calibrating clip 
which should now be on terminal -9C. k7 

Terminal 29 should have two leads, one 
from a .005-mfd. condenser and the other 
going to selector switch terminal 22. El 

Terminal 30 should have one lead, from 
a .005-mfd. condenser. 

The U-shaped shorting piece should be 
in the phone jacks (connecting togethh 
jack terminals 24 and 25.) 

Calibrating the NRI Tester 

`+step 52. Place the assembled NRI 
Tester on the table in front of you, 
with the panel facing you. Set the 
selector switch to the 100 X V line 
on the panel (the selector switch is 
at this position in Fig. 33.) Set the 
power switch to the OFF position by 
pushing the black slide down. 

Insert the vacuum tube in its socket 
on the tester chassis; do this by plac- 
ing the aligning key of the tube gently 

to -41/2C. 

in the corresponding hole in the sock- 
et, then rotating the tube until you 
can feel that the projecting pin on 
one side of this key is in the corre- 
sponding groove in the center hole of 
the socket. Now push the tube firmly 
into the socket until the tube base is 
resting on top of the socket. There 
should be no movement of the meter 
pointer yet. 

Step 53. Turn on the tester switch 
by pushing the button on this switch 
upward toward the position marked 
ON. The colored dot under the but - 
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FIG. 44. Completed NRI Tester, as it appears 
when the specified H dy batteries are used. 

ton of this switch will now be visible. 
You will probably note a small move- 
ment of the meter pointer to the right 
when this is done. 

CAUTION: If you are interrupted 
while calibrating the NRI Tester, be 
sure to push this switch OFF in order 
to conserve the battery life. Energy 
is drawn from the batteries whenever 
this switch is ON. 

Step 54. With the tester still turned 
on, adjust the zero -correcting knob 
at the back of the meter until the 
pointer is at 0 on the DC scale (the 



scale directly above scale /m), while 
tapping the top of the meter lightly 
with a finger to overcome bearing 
friction. DON'T USE PLIERS to 
turn the zero -correcting knob, because 
the pliers may touch meter terminal 
15 and burn out both the tube and 
potentiometer. 

Step 55. Remove the calibrating 
clip from battery terminal -9C, and 
place it on battery terminal -71/2C' 
(this calibrating clip is on the lead 
which goes to jack terminal 28). Now 
adjust the 1,000 -ohm potentiometer 
on the chassis (Part 2-7) with a 
screwdriver while tapping the top of 
the meter lightly with a finger, until 
the meter pointer is at 1.5 on the DC 
scale. 

Important: ALWAYS USE THE 
DC SCALE DURING CALIBRA- 
TION. The IM scale is needed only 
when the meter is used by itself as it 
was in previous experiments; this IM 

scale is no longer needed now that 
the meter is in the NRI Tester cir- 
cuit. 

Step 56. Remove the clip from ter- 
minal -71/2C and place it back on 
-9C. Readjust the zero -correcting 
knob at the back of the meter until 
the pointer is at 0 on the DC scale. 

Step 57. Place the clip on terminal 
-71/2C, and readjust the potenti- 
ometer until the meter pointer is at 
1.5 on the DC scale. 

Step 58. Continue this sequence of 
adjustments until you attain the de- 
sired condition whereby the meter 
pointer is at 0 when the clip is on ter- 
minal -9C, and the meter pointer is 
at 1.5 on the DC scale when the clip 
is on terminal -71/2C. (Three repeti- 
tions of this procedure should give an 
accurate calibration.) This completes 
the calibration procedure, so your 
NRI Tester is now ready for use. 

Step 59. Place the clip permanently 
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on the -9C terminal of the battery, 
turn off your completed and calibrated 
NRI Tester by pushing the switch 
button downward to the position 
marked OFF, then place the tester 
aside until you receive further in- 
structions for its use in Manual 3RK. 

The greatest hazard to battery life 
lies in leaving the tester turned on 
overnight or for several hours at a 
time when not using it. Whenever 
you leave the tester, make sure the 
switch is OFF. 

Completely remove both test leads 
from the input jacks whenever you 
finish with the tester to avoid acci- 
dentally exhausting the C battery. 

The meter pointer may drop below 
zero when you turn the tester off, but 
this action is unimportant and can 
be neglected. The pointer will move 
up to zero again when you turn on 
the tester and tap the panel. 

Supplementary 
Calibrating Instructions 

Variations in tube characteristics 
and battery voltages may make it im- 
possible for you to calibrate your 
NRI Tester as described in Steps 54- 
58. If your tester has been assem- 
bled correctly and contains no defec- 
tive parts, the following information 
and instructions should help you se- 
cure the desired condition described 
in Step 58. 

High -Emission Tube. Although the 
manufacture of vacuum tubes is a 
highly developed art, it is extremely 
difficult to make exactly identical 
tubes by mass production methods. 
The tubes which are made for the 
NRI Tester are carefully processed 
and selected, but can still vary con- 
siderably in their characteristics. As 
a result, you may find that the tube 
which is sent you for use in your 
NRI Tester will not permit the normal 
adjustment specified in Step 58. To 
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be more specific, the tube which you 
receive may have higher cathode emis- 
sion than normal, with the result that 
you will be unable to bring the meter 
reading down to 1.5 on the DC scale 
by adjusting the potentiometer while 
the calibrating clip is on the -71/2C 
terminal. This condition will occur 
only with a new battery, and is rem- 
edied by lowering the plate voltage 
on the tube temporarily in the man- 
ner described in the next step. 

Step 60. To reduce the effective 
plate voltage by 11/2 volts, connect 
the cathode lead to -A instead of to 
+11/2A. To do this, remove from the 
+11/2A terminal the lead which goes 
to jack terminal 25, and connect this 
lead to the -A terminal, so that there 
are now two leads on -A and only 
one lead on +11/2A. After changing 
the wiring as instructed in this step, 
repeat the calibrating procedure set 
forth in Steps 55 to 59. 

Remember that when the B battery 
ages sufficiently, it will drop in voltage 
and make it necessary for you to re- 
store the original connection. 

Run -Down B Battery. As the B 
battery ages and its voltage drops, 
you eventually reach the condition in 
which the plate voltage on the tube is 
too low to permit a calibration accord- 
ing to Step 58. In other words, you 
will find it impossible to bring the 
meter reading up to 1.5 on the DC 
scale by adjusting the potentiometer. 
As a rule, this condition will not occur 
for several months if you follow the 
instructions given in later manuals for 
the use of the NRI Tester and turn 
on the tester only while you are ac- 
tually making measurements. When 
the condition occurs, you can still use 
your batteries for a considerable pe- 
riod of time by lowering the C bias 
11/2 volts in the simple manner de- 
scribed in the next step (Step 61). 
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New Tube. Occasionally, a new 
tube will give the same condition as a 
partly run-down B battery, wherein 
it is impossible to bring the meter 
reading up to 1.5 during calibration. 
The procedure in Step 61 will take 
care of this also. 

Step 61. To reduce the effective 
negative C bias voltage 11/2 volts, lo- 
cate the wire which comes up through 
chassis hole a, and move it from the 
+C terminal to the -11/2C terminal. 
The calibrating procedure set forth in 
Steps 55 to 59 should now be repeated. 

Of course, none of the above pro- 
cedures will correct for defective parts, 
incorrect connections, or incomplete 
soldering. If you still fail to obtain 
a satisfactory calibration, locate in 
the list below the type of trouble you 
have encountered and then read the 
information, and carry out the in- 
structions given concerning it. 
1. No reading, Step 55. No reading 
with the switch ON, even with the 
calibrating wire on -71/2C, may be 
due to a defective ON-OFF switch, 
poor connections at the A or B bat- 
tery terminals, a defective tube (open 
filament), or a defective (open) 
meter. Make sure the nuts on the 
ON-OFF switch do not restrict the 
movement of the sliding portion of 
the switch, check the tester thor- 
oughly for loose connections and in- 
correct wiring, and then have a reli- 
able radio dealer test the tube and 
check the meter for continuity. 
2. Full -Scale Deflection for Step 53. 

A full-scale deflection of the meter 
pointer as soon as the tester is turned 
on is usually due to insufficient grid 
bias. Carefully inspect your C bat- 
teries to make sure they are inter- 
connected exactly as instructed on 
pages 28-31, and illustrated in Fig. 
19. You should also check to see that 
all connections to the C batteries are 



secure. Have the C batteries checked 
by a reliable radio dealer. If they 
check O.K., look for an open or a 
ground in the grid circuit. 

The full-scale deflection could also 
be caused by a defective tube, so 
have it checked carefully in a tube 
tester. 

Note. If you have to replace the 
tube, don't use anything but a type 
105 (GT or GT/G) as this is the 
only tube that will work satisfactorily 
in the NRI Tester. The IA5 and 
1Q5 tubes so often used as substi- 
tutes for the 105 in radio receivers 
will not work in your NRI Tester. 
3. Full -Scale Deflection for Step 50. 
A full-scale deflection as soon as the 
B battery is connected into the circuit, 
and before the tube is plugged into 
its socket, indicates a ground in that 
portion of the plate circuit between 
meter terminal 16 and plate terminal 
3 of the tube socket. Disconnect the 
B battery immediately or it will 
quickly become exhausted, and the 
meter may burn out. Check the bot- 
tom of the tube socket, and remove 
all excess solder. Be sure that the 

insulation on the wire going up to 
meter terminal 16 through hole; d keeps- I" 

this plate lead from touching the chas- 
sis. If no ground is apparent, the 
meter itself is probably ground& 
Write to us and we will tell you how 
to clear up this type of trouble. 
4. Meter Won't Come Down to 1.5. 
This type of trouble is usually due 
to insufficient bias. If you cannot cor- 
rect the trouble as described in Sup- 
plementary Calibration Step 60, have 
the C battery 'voltage checked. If 
one of the C batteries is low, replace 
it, and make sure that Jacks 26 and , 

28 are not grounded in any way. 
5. Meter Won't Go Up to 1.5. This 
type of trouble can be caused by a 
low A battery as well as a low B bat- 
tery and defective tube. .Therefore, 
if Supplementary Calibration Step 61 
and a new tube fail to bring the meter 
pointer up to 1.5, have the,. A battery i 

checked. Replace it if the voltage is ' a 
less than 1.2 volts under a 100 -milli- 
ampere load. 

Step-by-step operating instructions 
are given in later Manuals. 

Important 
Do not discard any of the parts supplied to you in NR! raö kits 

until you have completed your Course. All the parts left over 
after assembling the NRI Tester will be used in later experiments. 

If you write to NRI regarding the complete tester, please refer to 
it as the NRI Tester for Experiments. 
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Instructions for Performing Radio 
Experiments 21 to 3o 

Introduction 

APRACTICAL radio circuit con- 
sists of one or more sources of 

e.m.f. and one or more radio parts like 
resistors, coils and condensers. In 
every radio circuit, no matter how 
simple or how complex it may be, the 
distribution of voltages and currents is 
quite definite and is governed by three 
simple electrical laws. In the early 
lessons of your fundamental course, 
you learned that these three basic 
laws are: 1. Ohm's Law; 2. Kirch- 
hoff's Current Law; 3. Kirchhoff's 
Voltage Law. 

To appreciate the actions which 
take place in a radio receiver, radio 
transmitter or other radio device, it is 
essential that you have a clear under- 
standing of these three laws. In this 
manual, therefore, you will make a 
number of practical demonstrations 
which will illustrate each of these laws 
and convince you of their reliability. 

The three basic electrical laws can 
be applied to any radio circuit what- 
soever. With a.c. circuits, however, 
capacitive reactance and inductive 
reactance must be taken into account 
along with resistance. For this 
reason, it is convenient to use two 
forms of each law, one for d.c. circuits 
and the other for a.c. circuits. The 
laws are given below for reference 
purposes. 

Ohm's Law for D.C. Circuits. The cur- 
rent (I) flowing through a d.c. circuit is 
directly proportional to the voltage (E) 
acting in the circuit, and is inversely pro- 
portional * to the resistance (R) of the cir- 
cuit., Formula: I = E - R. 

Ohm's Law for A.C. Circuits. The cur - 

Inversely proportional means that an increase in 
one quantity causes a corresponding proportional 
decrease in another quantity. 
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rent (I) flowing through an a.c. circuit is 

directly proportional to the voltage (E) 
acting in the circuit, and is inversely pro- 
portional to the impedance (Z) of the cir- 
cuit. Formula: I = E - Z. 

Kirchhoff's Current Law for D.C. Cir- 
cuits. In any d.c. circuit, the arithmetical 
sum of the currents flowing, to a point in 
the circuit is equal to the arithmetical sum 
of the currents flowing away from that 
point. 

Kirchhoff's Current Law for A.C. Cir- 
cuits. In any a.c. circuit, the vector sum 
of the currents flowing to a point in the 
circuit is equal to the vector sum of the 
currents flowing away from that point. 

Kirchhoff's Voltage Law for D.C. Cir- 
cuits. In any d.c. circuit, the arithmetical 
sum of the voltage sources acting in any 
one complete electron path is equal to the 
arithmetical sum of the voltage drops in 
that electron path. 

Kirchhoff's Voltage Law for A.C. Cir- 
cuits. In any a.c. circuit, the vector sum 
of the voltage sources acting in any one 
complete electron path is equal to the vector 
sum of the voltage drops in that electron 
path. 

Observe that the only difference be- 
tween the d.c. and a.c. forms of Kirch- 
hoff's two laws is the fact that we con- 
sider arithmetical sums in d.c. circuits 
(we add the voltage and current 
values together directly while taking 
their signs into account), while in a.c. 
circuits we must consider vector sums 
of the currents or voltages under con- 
sideration (we must consider phase 
relationships when combining the 
voltages or currents). 

In d.c. circuits, resistance is the only 
thing which offers opposition to elec- 
tron flow; voltage drops across re- 
sistors and currents through resistors 
are always in phase with each other, 
and hence voltage values or current 
values ca be added or subtracted 
directly in d.c. circuits. 

In a.c. circuits, we have inductive 
reactance and capacitive reactance 



offering opposition to electron flow 
along with resistance, and conse- 
quently the currents in various parts 
of the circuit will have a definite 
phase relationship with each other. 
Likewise, the a.c. voltages under con- 
sideration will have a definite phase 
relationship with each other, making 
it necessary that we consider phase 
relationships by combining the values 
vectorially. 

Purpose of Experiments in This 
Manual. Ohm's Law and Kirchhoff's 
Laws together constitute the founda- 
tion of all electrical and radio cir- 
cuits. Without these three laws, en- 
gineers would be unable to design cir- 
cuits or locate faults in circuits. 
Therefore, as a prospective Radiotri- 
cian you must have a clear under- 
standing of how voltages and currents 
distribute themselves in circuits ac- 
cording to these laws. You must know, 
for example, what current changes are 
to be expected when a voltage, a re- 
sistarce or a reactance is increased or 
decreased in value. 

Complete failures of coils, conden- 
sers, resistors and circuit connections. 
as well as partial changes in the elec- 
trical values of these parts, are com- 
mon everyday radio defects. Once you 
are familiar with the fundamental 
laws applying to radio circuits, you 
will be able to predict the effects 
which these failures will have upon 
circuits, and will therefore be able to 
locate defective parts very rapidly. 

Briefly, then, the purpose of the 
next ten experiments (21 through 30) 
in your practical demonstration course 
is to show you how Ohm's Law and 
Kirchhoff's Laws govern circuit be- 
havior in radio equipment. In these 
experiments, you will learn to use the 
N.R.I. Tester which you constructed 
after completing Experiment 20, and 
you will secure additional experience 
in reading schematic circuit diagrams. 
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Contents of Radio Kit 3RK-1 

The parts included in your Radio 
Kit 3RK-1 are illustrated in Fig. 1, 

and listed in the caption underneath. 
Check off on this list the parts which 
you receive, to be sure you have all 
of them. Do not destroy any of these 
parts until you have completed your 
entire N.R.I. course, for many of the 
parts will be used over and over again 
in later experiments. 

IMPORTANT: If any part in your 
Radio Kit 3RK-1 is obviously defec- 
tive or has been damaged during ship- 
ment, please return it to the Institute 
immediately for replacement. 

INSTRUCTIONS FOR EACH 
EXPERIMENT 

1. Read the entire experiment, giving 
particular attention to the discus- 
sion. 

2. Perform each step of the experi- 
ment and record your results. 

3. Study the discussion and analyze 
your results. 

4. Answer the report statement for 
the experiment. It will always be 
on the last page of the manual. 

EXPERIMENT 21 

Purpose: 1. To show that d.c. volt- 
age sources add when connected in se- 
ries aiding; 2. To show that d.c. volt- 
age sources subtract when connected in 
series bucking; 3. To show that d.c. 
voltage sources which are equal in 
value remain unchanged when con- 
nected in parallel. 

Step 1. To learn how to read the 
DC scale, study carefully the exact - 
size reproductions of this scale in Fig. 
2, where examples of readings for four 
different pointer positions are given. 
Observe that the scale reads from 0 
to 4.5, with numerical values on the 
scale being read in much the same 
way as the values on scale IM were 
read in previous experiments. When 
the pointer is directly on a numbered 



Fig. 1. The parts included in Radio Kit 3RK-1 are pictured above, and are identified in the list below. 
Some resistors may have a better tolerance (a lower percentage tolerance) than that indicated here. 

Part No. Description 

V 3-1 One .05-mfd., 400 -volt paper condenser. 
r/ 3-2A One .25-mfd., 400 -volt paper condenser. 
V 3.2B One .25-mfd., 400 -volt paper condenser. Same as Part 3-24. 
v3-3 V« ne dual 10-10-mfd., 450 working volt electrolytic condenser. 

)1A, b/3 -3A (At right of Part 3-3 in Fig. 1). Bakelite mounting wafer for electrolytic condenser. 
/ V 3-4 One 200 -ohm, 1 -watt resistor with 10% tolerance (color -coded red, black, brown and silver). 
/ w. 3-5A One 1,000 -ohm, !..,-watt resistor with 10% tolerance (color -coded brown, black, red and silver). 

3-5B One 1,000 -ohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, black, red and silver). 
V 3-5C One 1,000 -ohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, black, red and silver). 

Parts 3-5A, 3-58 and 3-5C are identical. 
3-6A One 40,000 -ohm, 3 -watt resistor with 20% tolerance (color -coded yellow, black and orange). 
3.6B One 40,000 -ohm, 3 -watt resistor with 20% tolerance (color -coded yellow, black and orange). 
3-6C One 40,000 -ohm, 3 -watt resistor with 20% tolerance (color -coded yellow, black and orange). 
3-6D One 40,000 -ohm, 3 -watt resistor with 20% tolerance (color -coded yellow, black and orange). 

Parts 3-64, 3-6B, 3-6C and 3-6D are identical. 
r3.7 One 1-megohm, 1/2 -watt resistor with 10% tolerance (color -coded brown, black, green and silver I. 

V 3-8 One 1,000 -ohm wire -wound potentiometer. 

V 3-9 Mounting bracket for potentiometer. 
3-10 One 10 -henry choke coil with 25 -ma. current rating. 

V 3-11 One 5 -foot power line cord with attached outlet plug. (Students who do not have power line 

V 
facilities will use this cord for storage battery connections. ) 

3-12 One 6 -lug terminal strip with four of the lugs insulated. 
4n 3-13 Three '/g -inch No. 6 round -head wood screws. 

You should have the following parts left over from Radio Kits IRK and 2RK after you have per- 
formed the first twenty experiments and assembled the N.R.I. Tester. 

Part No. Description 

1-1 One 55 -watt electric soldering iron (or Part 1-1A, a plain soldering iron 1. 

1-2 One soldering iron holder. 
1-3 Remainder of roll of rosin -core solder. 
1-16 One 18,000 -ohm, 1/4 -watt resistor (color -coded brown, gray, orange and silver 1. 

2.17 Remainder of roll of red push -back hook-up wire. 
2.19A & 2.19B Eight tinned copper strips, now mounted on the four 1.5 -volt flashlight cells which 

you obtained yourself. 
Miscellaneous pieces of various types of hook-up wire, soldering lugs, and small amounts of plain 

solder, acid -core solder and paste flux. 
Assembled N.R.I. Teeter with test leads. 
All tools which were specüfied in the previous experiments and which were to be obtained be you. 
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2 . V 
TABLE 21. Record your results here for Rxperi 
ment 21. The check mark (V) indicates that each 
of the readings obtained for Step 7 in the N.R.I 
laboratory was the same as the corresponding read 

ing for Step 6. 

line, read the number above that line. 
When the pointer is on a short line be- 
tween two numbered lines, read a 
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value halfway between the values of 
the two adjacent numbered lines. 

Step 2. Check the calibration of 
your N.R.I. Tester as instructed in the 
last section of Manual 2RK, and re - 
calibrate if necessary. Be sure to re- 
move both test leads from the jacks 
on the N.R.I. Tester panel during a 

check-up of calibration and during 
the recalibration procedure, and set 
the selector switch to 100 X V during 
calibration. Do not touch any ter- 
minals or leads behind the panel with 
your fingers during calibration, for 
body capacity, the resistance of the 
body (around 100,000 ohms), and 
hum voltage pick-up by the body can 
cause errors in calibration. 

In the future, check the calibration 
of the N.R.I. Tester the first time you 
use the instrument each day. Addi- 
tional checks can be made quickly at 
any time if you suspect an error in 
calibration.* 

IMPORTANT: Overloading of the 
meter will appear to destroy the zero 
calibration of the N.R.I. Tester, but 
this is merely a temporary effect 
which will be corrected automatically 
if the next measurement you make 
will give nearly a full-scale reading. 
However, you can correct the calibra- 

© 
FIG. 2. Actual -size reproductions of the DC scale 
on the meter of the N.R.I. Teeter, with examples 
showing how to read this scale at four different 
pointer positions. The readings are as follows: 

A-4.5; B-1.1; C-2.3; D-3.75. 
tion shift yourself by removing the 
calibrating clip from the -9C battery 
terminal. touching it momentarily to 
a terminal 41/2 volts less negative 

If you write to N.R.I. regarding this tester. 
please refer to it as the N.R.I Teeter for Ex- 
pertmenta. 



FIG. 3. Method of using the N.R.I. Tester to measure the volumes of inidividual dry cells. This set-up 
is used in Step 3 of Experiment 21.. The test leads were shortened for this photograph in order to make 

them show more clearly, but do not shorten your own test leads. Placing the N.R.I. Teeter on a box 
makes it easier to read the meter accurately. 

(-41/2C), then replacing the clip on 

its original terminal. This restores 
the iron vane in the meter to its nor- 
mal non -magnetized state. 

Step 3. Place before you the four 
flashlight cells on which you have pre- 
viously placed terminal strips. Place 
before you also the N.R.I. Tester, 
with its panel and meter facing you. 
Plug the red probe into the +--Voc 

jack, plug the black probe into the 
-Vuc jack, and set the selector switch 
to V as shown in Fig. 3, so that your 
N.R.I. Tester will serve as a 0 to 4.5 - 
volt d.c. voltmeter and will read val- 
ues in volts directly on the DC scale. 

With your metal -marking crayon, 
mark your four cells A, B, C and D 
respectively, as shown in Fig. 3. 

Place the red clip on the + (center) 
terminal of cell A, place the black clip 
on the - terminal of this cell, turn on 
the N. R. I. Tester, read the meter on 
the DC scale, and record your result 
in Table 21 as the voltage of cell A 
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in volts. In the same manner, meas- 
ure the voltage of each of the other 
cells, and record their values in 
Table 21. 

WARNING 

Do not allow the alligator test 
clips to remain in contact with the 
panel or chassis of the N.R.I. Tester 
for any period of time, for this may 
short-circuit the C battery and drain 
it in a few minutes, even if the switch 
on the tester panel is OFF. 

Get the habit of pulling out the 
test probes whenever you put the 
N.R.I. Tester away or leave it for any 
reason, to prevent the clips from 
touching the chassis accidentally. 

Step 4. To measure the voltages of 
cells when connected in series -aiding, 
connect your four cells together in se- 
ries -aiding exactly as shown in Fig. 4, 
so that the - terminal of cell A goes 
to the + terminal of cell B, the - 
terminal of B goes to the + of C, and 



the - of C goes to the + of D. Since 
the cell terminals were previously 
tinned, simply overlap the terminals 
which are to be connected together, 
then apply the heated soldering iron 
to the uppermost terminal. Rotate 

FIG. 4. This diagram illustrates how voltage 
measurements are made on a group of four flash- 
light cells connected in series -aiding for Step 4 of 

Experiment 21. 

the selector switch one notch to the 
right, to setting 3 X V, without mov- 
ing the probes. Your N. R. I. Tester 
is now serving as a 0 to 13.5 -volt d.c. 
voltmeter, and you will have to mul- 
tiply each reading on the DC scale 
by 3 to get the actual value of the 
voltage being measured. 

Place the red clip on the + terminal 
of cell A, place the black clip on the - terminal of cell A, read the meter 
on the DC scale, multiply the reading 
by 3, and record the result in Table 21 
as the voltage of cell A. (For reasons 
explained in the discussion, do not 
expect this reading to check exactly 
with the first reading taken in Step 3.) 

Move the black clip to the - ter- 
minal of cell B, leave the red clip on 
the + terminal of cell A, read the 
meter on the DC scale, multiply the 
reading by 3, and record your result 
as the voltage of cells A -I- B. 

6 

Place the black clip on the - ter- 
minal of cell C, read the meter on the 
DC scale, multiply the reading by 3, 
and record your result in Table 21 as 
the voltage of cells A + B + C. 

Move the black clip to the - ter- 
minal of cell D, read the meter on the 
DC scale, multiply the reading by 3, 
and record your result in Table 21 as 
the voltage of cells A + B -}- C + D. 

Step 5. To measure voltages when 
four cells are connected together in 
series with three aiding and one buck- 
ing, as shown in Fig. 5, first discon- 
nect cell D from the group. Now turn 
cell D around so that its - terminal 
is in contact with the - terminal of 
cell C, and solder these two terminals 
together. Place the red clip on the 
+ terminal of cell A, place the black 
clip on the + terminal of cell D, 

FIG. 5. Method of connecting four flashlight cells 
in series with three aiding and one bucking, with the 
V range of the N.R.I. T being used to check 
voltages. This measurement is made in Step 5 of 

Experiment 21. 

change the selector switch to setting 
V, read the meter on the DC scale, 
and record this reading in Table 21 
as the voltage of cells A + B -}- C - 
D. 

Move the red clip to the - terminal 
of cell A, read the meter on the DC 



scale, and record your reading as the 
voltage of cells B C - D. 

Move the red clip to the - ter- 
minal of cell B, read the meter on the 
DC scale, and record your reading 
as the voltage of cells C - D. 

Step 6. To make voltage measure- 
ments on four cells connected in series, 
with two cells aiding and two cells 

FIG. 6. Cell connections and test clip positions for 
Step 6 of Experiment 21. 

bucking, unsolder the terminals of cell 
C from the others in this group, turn 
this cell around so that its - terminal 
is on the - terminal of cell B, then 
solder the cell terminals into position 
again as shown in Fig. 6. Place the 
red clip on the + terminal of A, place 
the black clip on the + terminal of 
D, read the meter on the DC scale, 
and record your reading as the voltage 
of cells A. + B -C - D. 

Move the black clip to the + ter- 
minal of cell C, read the meter, and 
record your result in Table 21 as the 
voltage of cells A + B - C. 

Now move the red clip to the + 
terminal of cell B, read the meter, and 
record your result as the voltage of 
cells B - C. 

Move the black clip back to the + 
terminal of cell D. You will now get a 
zero or a downscale reading, indicat- 
ing improper polarity of connections, 
so reverse the positions of the red and 
black clips; that is, place the black 
clip on the - terminal of cell A, and 
place the red clip on the + terminal 
of cell D. Read the meter and record 
your result in Table 21 as the voltage 
of cells B -C - D. 
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Step 7. Take a short length of 
red hook-up wire and connect the + 
terminal of cell B to the + terminal 
of cell C by means of temporary 
soldered lap joints. Take another 
length of hook-up wire and connect 
the + terminal of cell A to the -F 
terminal of cell D by means of tem- 
porary soldered lap joints, as shown 
in Fig. 7. If you notice a spark when 
making either of these connections, 
check the polarity of battery connec- 
tions against the diagram in Fig. 7. 
There should be no sparks if connec- 
tions are made properly. 

Now repeat each of the measure- 
ments called for in Step 6, to see if 
these two wire connections affect any 
of the voltage values. Make a small 
check mark after each of the readings 
for Step 6 in Table 21 which are still 
the same. Finally, remove the two 
wires and disconnect the four cells. 

Step 8. To measure the voltage 
provided by four cells connected in 
parallel, first place the four flashlight 

FIG. 7. Cell connections and test clip positions foe 
Step 7 of Experiment 21. 

cells side by side in the manner shown 
in Fig 8. Cut a 6 -inch length of 
hook-up wire and remove all insula- 
tion from it, then place this bare 
tinned copper wire over the + ter- 
minals of the four cells as shown in 
Fig. 8, and solder the wire to each 
terminal. In the same manner, take 
another 6 -inch length of bare tinned 



copper wire and connect together the - terminals of the four cells. Place 
the red clip on any + terminal, place 
the black clip on any - terminal, and 
measure the voltage of these four cells 
in parallel with the V range of your 
N.R.I. Tester. Read the meter on 
the DC scale, and record your result 

TOLERANCES OF RADIO PARTS 

It is important to realize that any 
practical radio measurement will be 
affected by variations in the apparatus 
used in the circuit. When we calcu- 
late a value in mathematics, it is pos- 
sible to obtain an answer that is so 
accurate it can be considered perfect. 
Measurements, on the other hand, de- 
pend upon the tolerances of parts, 
the characteristics of the measuring 
device and the ability to read scales 
closely. 

Radio parts vary as much as 20% 
from the rated value in many cases, 
yet are considered satisfactory. (The 
standard tolerance is actually 20% in 
the case of resistors; thus, a resistor 
rated at 100 ohms may have any value 
from 80 ohms to 120 ohms.) 

Therefore, do not expect to obtain 
exactly the calculated or N.R.I. values. 
You are using your own tester and 
parts, and the values of these parts 
can be quite different from the values 
of the parts used at N.R.I. without 
exceeding normal tolerances. 

Obviously, there is little use in try- 
ing to make your readings extremely 
accurate, when radio parts are not 
exact in the first place. This is a 
practical fact, and you will find that 
the same condition exists in radio re- 
ceivers and transmitters. 

in Table 21 as the voltage of four 
cells in parallel. 

Step 9. To measure the voltage of 
parallel pairs of cells connected in 
series, cut each of the bare wires in 
Fig. 8 at its mid -point, then move 
down the cell groups including C and 
D, and connect the + terminal of C 
to the - terminal of B by means of 
a lap joint, as shown in Fig. 9. Place 
the black clip on the - terminal of 
cell D, place the red clip on the + 
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terminal of cell A, read the meter on 
the DC scale, and record your result 
as the voltage of four cells connected 
in series -parallel according to Fig. 9 

Now disconnect these four cells. 
Step 10. To measure the voltage of 

four cells connected together in series - 
parallel, first connect cells A and B 
in series aiding, as shown in Fig. 10. 

Next, connect cells C and D in series 
aiding also. Now connect these two 
series groups of cells in parallel in the 
manner shown in Fig. 10, by using two 
11/2 -inch lengths of bare tinned copper 
wire. (You can cut these lengths 
from the bare wire prepared for Steps 
8 and 9.) Place the red clip on the + 
terminal of cell A, place the black clip 
on the - terminal of cell B, and read 
the meter on the DC scale. Record 
your result in Table 21 as the voltage 
of four cells connected in series - 
parallel. 

Discussion: A dry cell delivers es- 
sentially 1.5 volts by itself when new. 
When the test leads of the N. R. I. 
Tester are plugged into the VDc jacks, 
and the selector switch is set at posi- 
tion V, you can read the voltage of a 

FIG. 8. Cell connections and test clip positions for 
Step 8 of Experiment 21. 

dry cell directly in volts on the DC 
scale of the meter. 

There are four d.c. voltage ranges 
in all: V; 3X V; 30XV; 100XV. 
In each case, you first read the meter 
on the DC scale, then multiply this 
reading by the factor indicated at 



the setting of the selector switch. 
Thus, when you place the selector 
switch at the 3 X V setting for one 
step in this experiment, you must 
read the meter on the DC scale, and 
multiply the value by 3 to get the 
actual voltage in volts. 

This system for securing a number 
of different voltage ranges with only 

FIG. 9. Cell connections and test clip positions for 
Step 9 of Experiment 21, in which two parallel - 
connected pairs of dry cells are connected in series. 

one meter is identical with that em- 
ployed in the professional multi - 
meters used by radio servicemen and 
radio engineers. After using an instru- 
ment a few times, these men find 
themselves able to multiply meter 
readings by the correct factors men- 
tally and secure voltage values for 
the higher ranges almost as readily 
as when using a direct -reading range. 

In the case of ranges which have 
multiplying factors of 10, 100, 1,000 
or 10,000, it is a simple matter to add 
the indicated number of zeros to the 
meter reading. When the multiply- 
ing factor is 3 or 30, actual multipli- 
cation is required. 

A good habit to form is that of 
turning the N. R. I. Tester on only 
while you are actually reading the 
meter. If you keep the power switch 
OFF during the preliminary set-ups 
and in between experiments, you will 
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greatly increase the useful life of the 
batteries in the N. R. I. Tester. 

In Step 3, you measure the voltage 
of each of the four flashlight cells with 
the N. R. I. Tester connected as a 
0 -4.5 -volt d.c. voltmeter. Under this 
condition, your instrument has a sen- 
sitivity, of 2,233,000 ohms -per -volt, 
which is exceptionally good for a d.c. 
voltmeter. If the four flashlight cells 
are new and all have the same dates 
stamped on them, they should all have 
essentially the same terminal voltages. 

In Step 4, you use the 3 X V range 
for the first time, with your N. R. I. 
Tester serving as a 0 -13.5 -volt d.c. 
voltmeter under this condition. This 
means that you must multiply the 
reading on the DC scale by 3 to get 
the actual voltage each time. Natu- 
rally, you cannot read the voltage of 
a single cell as accurately with this 
range as you could with the V range, 
so do not expect your first reading to 
check too closely with the readings in 
Step 3. 

FIG. 10. Cell connections and test clip position 
for Step 10 of Experiment 21, in which two series - 
connected pairs of dry cells are connected in parallel. 

In Step 4, you connect the four cells 
in series -aiding, which means that un- 
like terminals of adjacent cells are 
connected together (- to -{-). Care- 
ful study of the voltage values which 
you obtained should indicate that the 
voltages of the individual cells add 
together when the cells are connected 
in series -aiding. 



When connections to one of the 
cells are reversed as in Step 5, this 
cell is actually bucking the voltage 
of one of the other cells. Cells C and 
D in Fig. 5 can thus be considered to 
buck each other, so that there is es- 
sentially zero voltage between the 
positive terminals of these cells. As 
a result, voltage measurement across 
all four cells as shown in Fig. 5 should 
indicate the same voltage you ob- 
tained previously for cells A and B 
connected in series aiding. Likewise, 
when you connect the red clip to the 
+ terminal of cell B, you should 
measure only the voltage of cell B. 
When the red clip is on the + termi- 
nal of cell C, the reading should be 
zero because these two cells buck each 
other. 

When four cells are connected in 
series according to Step 6, so that cells 
C and D are connected with opposite 
polarity to that of cells A and B, we 
have the condition where one group 
of two series -connected cells is buck- 
ing the other group of two series -con- 
nected cells. As a result, the voltage 
across the group of four cells should 
be essentially zero for the measure- 
ment shown in Fig. 6. 

The additional measurements which 
you make in Step 6 should show you 
clearly how the voltages of cells in 
series add or subtract according to 
the polarity of their connections. 

When an unequal number of cells 
are connected in a series -bucking ar- 
rangement, the polarity of the combi- 
nation will be determined by the po- 
larity of the greater voltage value. 
In other words, with three cells con- 
nected so that one bucks the other 
two, the polarity of the combination 
will be the polarity of the two cells 
which are identically connected. This 
holds true if the two identically con- 
nected cells are separated by the 
bucking third cell. 
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Step 7 illustrates clearly the funda- 
mental fact that terminals which are 
at the same potential (zero voltage 
between them) can be connected to- 
gether without affecting circuit con- 
ditions. You found in Step 6 that the 
+ terminals of cells A and D were at 
zero potential with respect to each 
other, so in Step 7 you connect these 
two terminals together with a wire. 
You found also that the + terminals 
of cells B and C were alike in poten- 
tial, so you connected these two to- 
gether with another wire. It should 
be pointed out, however, that the + 
terminals of B and C are not at the 
same potential as the + terminals of 
A and D. In other words, a measure- 
ment between these two pairs of ter- 
minals would indicate a voltage, and 
this would be the voltage of cell A. 

In your fundamental course, you 
learned that when identical voltage 
sources are connected together in 
parallel, the resultant voltage of the 
combination is the same as the volt- 
age of an individual cell. In Step 8, 
you connect four identical cells in 
parallel and prove this fact for your- 
self. The voltage which you obtain 
for this step should be the same as the 
voltage for an individual cell. 

Cells are connected in parallel when 
more current is required than can be 
supplied by a single cell. Four cells 
are capable of delivering four times 
as much current as one cell. This 
means that four cells in parallel will 
last essentially four times as long as 
one cell when used in a given circuit. 
Actually, the 1.5 -volt A battery in 
your N.R.I. Tester contains four 
small cells connected in parallel. 

When you divide the parallel group 
of four cells into two equal groups in 
Step 9, each group has a voltage of 
essentially 1.5 volts. When these 
groups are connected in series -aiding, 
you should obtain a voltage equal to 



that of two cells. With this series - 
parallel combination, you have a 3 - 

volt battery which is capable of de- 
livering twice the amount of current 
obtainable from two cells in series. 

In Step 10, you set up another type 
of series -parallel circuit, and find that 
this gives exactly the same voltage 
as the circuit of Fig. 9. Actually, 
these two series -parallel circuits have 
exactly the same characteristics, and 
would be identically the same electri- 
cally if the - terminals of cells A and 
C are connected together. These ter- 
minals are at the same potential, and 
hence the connection will not affect 
circuit conditions. Series -parallel cir- 
cuits are used when both higher cur- 
rent and higher voltage are required 
than can be supplied by a single cell. 

Practical Extra Information. Al- 
though the various steps in this ex- 
periment are relatively simple and 
easy to perform, they are of great 
practical importance. Dry cells con- 
nected in series, in parallel, and in 
various series -parallel combinations 
are used extensively in radio work. 

The dry batteries used for portable 
radio receivers are a typical example; 
all of the voltages required for these 
sets are obtained from combinations 
of standard 1.5 -volt dry cells. The 
plate circuits of these receivers re- 
quire high voltages but low currents, 
and these are provided by large num- 
bers of small 1.5 -volt cells connected 
in series. The grid circuits have even 
lower current and voltage demands, 
and consequently the C batteries are 
also made up of small cells in series. 
The filament battery, on the other 
hand, must supply a low voltage but 
fairly high current, and usually you 
will find four dry cells connected in 
parallel for this purpose. A standard 
45 -volt B battery is made up of thirty 
1.5 -volt dry cells connected in series. 
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Dry cells are seldom connected in 
series -bucking in commercial radio 
equipment, but this connection is 
often utilized for experimental work. 
For example, if you required a voltage 
of 39 volts but had only a 45 -volt B 
battery and four flashlight cells avail- 
able, you could connect the four flash- 
light cells in series to give 6 volts, 
then connect this 6 -volt battery in 
series -bucking with the 45 -volt bat- 
tery, so that the resulting voltage 
would be 45 - 6, or 39 volts. 

Although we used dry cells as d.c. 
voltage sources in this experiment, the 
various rules and laws which were 
demonstrated will apply also to other 
d.c. voltage sources, such as d.c. gen- 
erators. 

Instructions for Report Statement 
No. 21. In the discussion of Step 9, 
it was pointed out that the series - 
parallel circuit shown in Fig. 10 had 
exactly the same characteristics as 
the series -parallel circuit of Fig. 9; 
furthermore, you learned that these 
two circuits could be made the same 
electrically by connecting the minus 
terminals of Cells A and C together. 
(Any two points in a circuit can be 
connected together without affecting 
circuit conditions if the potential 
difference between those two points is 
zero.) 

For this report statement, you are 
asked to prove that the - terminals 
of cells A and C in Fig. 10 are at the 
same potential. Do this by connect- 
ing the cells as shown in Fig. 10, then 
place the red clip on the - terminal of 
cell A, and place the black clip on the - terminal of cell C. Measure the 
voltage between these points with the 
V range of the N. R. I. Tester, turn 
to the last page and make a check 
mark in Report Statement No. 21 
after the voltage value which you ob- 
tained. 



EXPERIMENT 22 

Purpose: To demonstrate that Kirch- 
hoff's Voltage Law holds true in a 
simple d.c. circuit. 

Step 1. Set up a simple series cir- 
cuit consisting of four 1.5 -volt dry 
cells and three 1,000 -ohm resistors, as 
shown in Fig. 11A. 

The actual arrangement of these 
parts can be as shown in Fig. IIB, 
in which the four flashlight cells are 
connected in series aiding. Connect 
resistor R1 to the - terminal of cell D 
by means of a soldered lap joint. Con- 
nect resistors R1f RB and RB together 
by means of temporary soldered hook 
j oints. 

Connect the right-hand terminal of 
RB to the + terminal of cell A with a 
suitable length of red hook-up wire, 
using a lap joint on the cell terminal 
and a soldered hook joint on the re- 
sistor lead. Set the N. R. I. Tester 
to measure d.c. voltages on the V 
range (set the selector switch to V, 
plug the red probe into the +VDc 
jack, and plug the black probe into 
the -Vn0 jack) . 

To prove Kirchhoff's Voltage Law, 

BLACK 

SCHEMATIC 
DIAGRAM 

you will now measure the voltage 
across each part in this simple d.c. 
circuit, by starting with cell A and 
moving from part to part in the direc- 
tion of electron flow. (Since electrons 
flow out of the - terminal of a volt- 
age source, they will flow from the - terminal of A to the + terminal of 
B and continue in this direction 
through the circuit, as indicated by 
the arrows in the schematic diagram 
of Fig. 11A.) 

To prove Kirchhoff's Voltage Law, 
we must arbitrarily assume that a 
voltage having a given polarity (di- 
rection) in the circuit under consider- 
ation is a + value, and that a voltage 
having the opposite polarity is a - 
value. For the circuit of Fig. 11A, 
we will assume that voltages having 
the same polarity as the dry cells are 
-I- values. 

Place the red clip on the + terminal 
of cell A, and place the black clip on 
the - terminal of cell A, as shown in 
Fig. 11B. Read the meter on the DC 
scale and record the value in Table 
22 as the voltage of cell A. Place a 
4- sign ahead of this value. 

R1 

1Ó00n 

R3 
-"" 

FIG. 11. Semi -pictorial and ,thematic circuit diagrams for Experiment 22. Arrow. indicate the direction 
of electron flow in each cue. 
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Now remove both clips at once, 
and move the clips to the terminals 
of the next part (cell B) without 
changing their relative positions. If 
an up -scale reading is secured, re- 
cord it as a + value; if the meter 
reads backward, reverse the positions 
of the clips and record the reading 
as a - value. Remember that all 
other readings obtained with this re- 
versed position of the clips must be 
recorded as negative values. 

Here is another guide for deter- 
mining the sign of a measured value 
in this circuit. Use a + sign when the 
black clip is ahead as you move in 
the direction of electron flow, and use 
a - sign when the red clip is ahead. 

Move the red and black clips to- 
gether around the circuit in the di- 
rection of electron flow until you have 
measured the voltage across each part 
and recorded it in Table 22. Now, 
add together the ± values first, then 
add together all the - values. The 
total of + values should be essentially 
equal to the total of - values if 
Kirchhoff's Voltage Law holds true 
for this d.c. circuit (they will seldom 
be exactly equal because all readings 
taken with meters are subject to nor- 
mal variations). 

Step 2. To show that Kirchhoff's 
Voltage Law holds true regardless of 
the positions of the resistors and cells 
in a simple d.c. circuit, rearrange your 
resistors and cells in the manner 
shown in Fig. IIC. Following the 
same procedure outlined in Step 1, 
measure the voltage across each part 
in the circuit and record its value in 
the spaces provided for this purpose 
in Table 22. When you have done 
this, break the circuit by unsoldering 
the red wire from the - terminal of 
cell D. 

Add your measured values as de- 
scribed in Step 1 to check the accu- 
racy of Kirchhoff's Voltage Law. Re - 

R3 
2, / 

member that natural inaccuracies in 
measuring and reading make an exact 
check almost impossible. 

Dry cells are supplying energy 
whenever connected into a complete 
circuit. Therefore, if you stop mak- 
ing measurements for study purposes 
or any other reason while working 
with batteries, always break the cir- 
cuit by unsoldering a lead from one 
cell terminal. You can easily recon- 
nect this lead when you are ready to 
begin measurements again. 

Discussion: hi this experiment, you 
learned for yourself the exact nature 
of a voltage drop across a resistor. 
You know that the same current is 
flowing through all parts of your sim- 
ple series circuit when it is completed. 
This flow of electrons through a re- 
sistor develops across the resistor a 
voltage, with the value of the voltage 
being determined by Ohm's Law (vol- 
tage = current X resistance). 

Because your N. R. I. Tester is a 

STEP I 

PART 
BEING 

MEA- 
SURED 

YOUR 
VOLTAGE 

IN 
VOLTS 

N.R.I. 
VOLTAGE 

IN 
VOLTS 

A +1.5 

B l /.s +1.5 

G 

D 

f/. 
-1- Il s 

+1.5 

+1.5 

R1 -20 

R2 -2, / -20 

2.1 

STEP 2 

PART YOUR N.R.I. 
BEING VOLTAGE VOLTAGE 

MEA- IN IN 
SURED VOLTS VOLTS 

A -f/. s +1.5 

RI -(2,0-2.0 

B ii S +1.5 

R2 -.2.J -2.0 

G 79.5 +1.5 

R3-,2./ 2.1 

D -j-/, s +1.5 

TABLE 22. Record your re.ults here for 
Experiment 22. 

13 



polarity -indicating device when con- 
nected as a d.c. voltmeter, you are 
able to determine the polarity of each 
voltage measured in this series circuit. 
In other words, whenever you secure 
an up -scale reading on the voltmeter, 
you know that the red clip of your 
meter is connected to the + terminal 
of the part whose voltage you are 
measuring. 

One thing you should realize from 
this experiment is that a voltage drop 
produced across a part by the flow 
of current through it always has op- 
posite polarity to that of the voltage 
source which is forcing that current 
through the circuit. 

In Step 1, you find that each dry 
cell provides essentially 1.5 volts, with 
all four dry cells having the same po- 
larity. This means that you have a 
voltage source of 6 volts in your cir- 
cuit. Measurement of the individual 
voltages across the resistors shows a 
voltage of essentially 2 volts across 
each resistor. The resistors all have 
the same polarity, and this is oppo- 
site to the polarity of the dry cells. 
The three resistors thus have a com- 
bined voltage drop of essentially 6 

volts, which is equal to the combined 
voltage of your source. If your re- 
sults agree fairly closely with these 
values, you have proved the accuracy 
of Kirchhoff's Voltage Law for a d.c. 
circuit. 

This experiment also allows you to 
determine for yourself the direction 
in which electrons flow through a re- 
sistor. You know the direction in 
which electrons flow in this complete 
circuit, for you learned in your fun- 
damental course that electrons al- 
ways come out the - terminal of a 
voltage source, and flow through the 
circuit toward the + terminal of the 
source. Since you know the direction 
of electron flow in your circuit and 

since you know the polarity of each 
voltage drop through your measure- 
ments (this polarity is as indicated in 
the schematic diagram in Fig. IIA), 
you arrive at the basic radio fact that 
the resistor terminal at which elec- 
trons enter is negative, and the re- 
sistor terminal which electrons leave 
is positive. 

Thus, if you know the polarity of 
the voltage drop across a resistor, you 
can immediately specify the direction 
in which electrons are flowing through 
that resistor. Conversely, if you know 
the direction in which electrons are 
flowing through a resistor, you can 
specify the polarity of the voltage 
drop developed across that resistor. 

Resistor values of 1,000 ohms were 
chosen for this experiment because 
this particular value allows you to 
determine the current flowing through 
the resistor without going to the trou- 
ble of making a current measurement. 
It so happens that the current value 
in milliamperes flowing through a 
1,000 -ohm resistor is exactly equal to 
the voltage in volts across that re- 
sistor. This means that if you meas- 
ure a voltage drop of 2 volts across 
1,000 -ohm resistor R11 you have a cur- 
rent of 2 ma. flowing through that re- 
sistor. This relationship beteen cur- 
rent and voltage holds true only for 
a 1,000 -ohm resistor, as you can read- 
ily verify by means of Ohm's Law." 

Step 2 verifies Kirchhoff's Voltage 
Law in much the same manner as does 
Step 1, and also demonstrates in a 
convincing manner the basic fact that 
in a series circuit, the current through 
the circuit and the voltage across in- 
dividual parts in the circuit remain 

E = I X R; when R is in ohms and E ie in volte, 1 
is in amperes in this equation. Dividing current in 
milliamperes by 1,000 gives current in amperes, eo we 

can say that E - 
1,000 X R; since R is 1,000, the for- 

mula becomes E -11X 1,000. Cancelling now 
gives E = 
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exactly the same regardless of the po- 
sitions of the parts in the circuit. 

Once you understand clearly the 
simple basic facts presented in this 
experiment, and realize that Kirch- 
hoff's Voltage Law must hold true for 
any simple d.c. series circuit, you will 
have taken a tremendous step toward 
complete mastery of fundamental 
radio principles. 

Instructions for Report Statement 
No. 22. You learned in this experi- 
ment and in your regular course that 
the sum of the voltage sources acting 
in any given circuit must equal the 
sum of the voltage drops in that cir- 

FIG. 12. 

RI 
+ 1000 

R =E 1000n 
- 4.5V. 

Semi -pictorial and schematic 
grama for Experiment 23. 

r 
circuit dia - 

cuit, according to Kirchhoff's Voltage 
Law. Under this condition, the volt- 
age which you would measure between 
any two points in a circuit would be 
the difference between the voltage 
source values and the voltage drop 
values existing between these two 
points. For this report statement, 
you will make a measurement which 
proves the preceding statement. 

Reconnect the red lead to the - ter- 
minal of Cell D in Fig. //C, then use 
your N. R. I. Tester to measure the 
voltage between the + terminal of cell 
A and the - terminal of cell B. To 
make this measurement, place the red 
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clip of the N. R. I. Tester on the + 
terminal of cell A, and place the black 
clip on the - terminal of cell B. After 
measuring the voltage between these 
two points, turn to the last page and 
place a check mark after the voltage 
value which is closest to that which 
you measured. 

Finally, turn off the N. R. I. Tester, 
then disconnect your circuit (Fig. 11C) 
completely by unsoldering the resistors 
and the length of red hook-up wire. 

EXPERIMENT 23 

Purpose: To demonstrate that 
Kirchhoff's Voltage and Current Laws 
hold true for a complex d.c. circuit 
having a single voltage source. 

Step 1. After checking the calibra- 
tion of your N. R. I. Tester (this is 
necessary only if this is the first ex- 
periment you are doing today), set up 
the complex d.c. circuit shown in Figs. 
12A and 12B, by first connecting 
flashlight cells A, B and C in series 
aiding. 

Connect one lead of resistor R, to 
the -F terminal of cell A by means of 
a soldered lap joint. Connect a length 
of red hook-up wire to the - ter- 
minal of cell C with a soldered lap 
joint. Bend a hook in each end of 
the other two 1,000 -ohm resistors (R2 
and R,), then connect these two re- 
sistors in parallel between the free end 
of the hook-up wire and the free lead 
of R, with temporary soldered hook 
joints, as shown in Fig 12A. 

To prove that Kirchhoff's Voltage 
Law holds true for the closed circuit 
consisting of voltage source E, resistor 
R, and resistor R2 in Fig. 12B, use the 
N. R. I. Tester as a 0 -4.5 -volt d.c. 
voltmeter (the V range) to measure 



the voltage across each part of this 
closed circuit. Do this by measuring 
the source voltage first; place the red 
clip on the + terminal of A, place the 
black clip on the - terminal of C, 
read the meter, and record your re- 
sult in Table 23. 

Now move your two test clips to- 
gether around this circuit in the direc- 
tion of electron flow. This means that 
you will next measure the voltage 
across R2, by placing the black clip 
on its upper lead (at point x), and 
placing the red clip on its lower lead. 
Naturally, this makes the meter read 
down -scale since the voltage across 
R2 is a voltage drop; therefore, re- 
verse the positions of the test clips, 
read the meter, and record your re- 
sult with a - sign ahead of it in the 
proper space in Table 23. 

Measure the voltage drop across 
R1 and record its value in Table 23. 

Finally, measure the voltage drop 
across resistor R, and record its value 
in Table 23, then unsolder joint y 
(Fig. 12A) so as to prepare for the 
next experiment and at the same time 
open the circuit. 

Since the voltage value measured 
across a 1,000 -ohm resistor corre- 
sponds to the current value in ma. 
through the resistor, you will not have 
to record current values separately. 

Discussion: T h e measurements 
which you make in this experiment 
will verify both of Kirchhoff's Laws 
for d.c. circuits. Let us first consider 
the voltage law. 

The 4.5 -volt voltage source, resistor 
R1 and resistor R2 form one complete 
circuit. If the measured value of the 
source voltage is essentially equal to 
the sum of the voltage drops across 
R1 and R2, you have confirmed Kirch- 
hoff's Voltage Law for this circuit. 

The other complete circuit around 
which Kirchhoff's Law should hold 
true is that consisting of E, R, and 

R1. Add together arithmetically the 
values which you obtained for these 
resistors; if they add up to the source 
voltage, you have performed the ex- 
periment correctly. 

Kirchhoff's Current Law says that 
the currents flowing to a given point 
in a circuit must be equal to the cur- 
rents flowing away from that point. 
In other words, currents I, and I, in 
Fig. 12B should add up to the value 
of current I,. (The arrows on this 
diagram indicate the direction of elec- 
tron flow; current flow is considered 
to be in the opposite direction. Either 
electron flow or current flow can be 

NATURE OF 
MEASUREMENT 

YOUR VOLTAGE 
IN VOLTS 

N.R.I. VOLTAGE 
IN VOLTS 

VOLTAGE ACROSS 
SOURCE 

,, # / 5 
VOLTAGEACROSS 

(SAME E AS IZ IR2N- 
IN MA.) 

i'.' 
, J 5 

VOLTAGE ACROSS 
R1 (SAME As II 
IN MA.) 

(j 
w( -3.0 

(SAME AS t3 
VOLTAGE ACROSS 
R3 
N 

, ¿ -1.5 
TABLE 23. Record your results here for 

Experiment 23. 

employed, provided you use the same 
one all through a series of calcula- 
tions.) 

If the value which you obtained by 
adding currents I2 and I, is essentially 
equal to current Il, you have verified 
Kirchhoff's Current Law. Thus, add- 
ing N. R. I. values of 1.5 and 1.5 for 
I2 and I, gives 3.0 ma., which is the 
same as the recorded N. R. I. value 
of 3.0 for 

Note that the same voltage drops 
were measured across R2 and R3; this 
proves conclusively that parts con- 
nected in parallel all have the same 
voltage across them. 

Instructions for Report Statement 
No. 23. Radio men sometimes find 
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it necessary to measure the voltage of 
a source having terminals which can- 
not be reached conveniently without 
disconnecting a lot of apparatus. 
Sometimes it is a physical impossi- 
bility to measure the source voltage 
at its source; measurement of the in- 
duced voltage in a transformer is one 
example. In a situation like this, the 
practical radio man will break the 
circuit at some point and measure the 
voltage between the terminals thus 
provided. The voltage measured in 
this manner will be essentially equal 
to the source voltage if the voltmeter 
resistance is many times higher than 
any resistance in the circuit under 
consideration, and this condition is 
almost always true when using a 
vacuum tube voltmeter such as the 
N. R. I. Tester. 

For this experiment, you will dupli- 
cate a practical voltage measurement 
like this by placing the black clip of 
the N. R. I. Tester on the red lead 
which you unsoldered from joint y in 
Fig. 12, placing the red clip on either 
one or both of the resistor leads which 
formerly went to joint y, and measur- 
ing the voltage with the V range of 
the N. R. I. Tester. After doing this, 
turn to the last page and make a check 
mark after the voltage value which is 
closest to that which you measured. 

EXPERIMENT 24 

Purpose: To demonstrate that 
Kirchhoff's Voltage and Current Laws 
hold true in a circuit which has more 
than one source of e.m.f. 

Step 1. Starting with the circuit of 
Fig. 12A, insert 1.5 -volt dry cell D in 
series with resistor R. in such a man- 
ner that your set-up now appears as 
shown in Fig. MA. The schematic 
circuit will now have the form shown 
in Fig. JSB, with the + terminal of 
E1 (dry cell D) going to one lead of 
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R8, and with the - terminal of this 
cell going to the - terminal of cell C. 

Considering first the closed circuit 
consisting of E, R1 and R2, move com- 
pletely around this circuit with your 
0 -4.5 -volt d.c. voltmeter and measure 
the voltage across each part. Re- 
member that when recording the volt- 
age values in Table 24, you are to 
place a + sign ahead of any value 
having the same polarity as battery 
E, and a - sign whenever a voltage 
has the opposite polarity. The set-up 
for measuring the voltage across R, 
is shown in Fig. 1SC. 

FIG. 13. Semi -pictorial and schematic circuit dia- 
grams for Experiment 24. 

Considering next the closed circuit 
consisting of E, E17 R. and R17 meas- 
ure the voltage across each part in the 
same manner, and record in Table 24 
the voltages measured for E1 and R3. 
You will find that the voltage across 
E, is opposite in polarity to that of E, 
and you will therefore have to place 
a - sign ahead of the measured value 
for E1. You do not have to record 
the voltages for E and R1 again, since 
you have already measured these. 

Step 2. To check Kirchhoff's Volt- 
age Law for the closed circuit consist- 
ing of E_, R3 and R measure the 
voltage across each part while mov- 
ing in the same direction around the 



circuit, giving a + sign to voltages 
having the polarity of E1. Record 
your measured values on the last three 
lines in Table 24. 

Now unsolder the two leads from 
the - terminal of cell D (Fig. 13A) 
and separate these leads, so as to pre- 
vent the dry cells from discharging. 

Discussion: In each of the three 
complete circuits in which you made 
measurements for Steps 1 and 2, the 
source voltage (the sum of the source 
voltages in circuit E -E1- R3 - R I ) 

should be approximately equal to the 
voltage drops when + and - signs 
are taken into account, for Kirchhoff's 
Voltage Laws hold true. 

Thus, in circuit E - R, - R21 the 
N. R. I. source value of +4.5 is equal 
to the sum of -2.5 and -2.0. 

In circuit E -R1 -R3 -EI, the source 
voltages of +4.5 and -1.5 buck each 
other, leaving a source voltage of 3 
volts in this circuit, which is equal to 
the sum of the -2.5 and -.5 volt 
voltage drops. 

In circuit E1 -R3 -R2, the source volt- 
age of +1.5 volts is equal to the alge- 
braic sum (the numerical difference) 
of +.5 and -2.0, which is -1.5 volts. 
These values indicate that resistor R2 
is actually transferring into circuit 
E1 -R, -R3 a portion of the larger volt- 
age source E, and cell E, is bucking 
out part of this voltage available 
across R2. The difference, or .5 volts, 
appears across and sends current 
through R3. 

Before you can apply Kirchhoff's 
Current Law, you must determine the 
direction of electron flow through each 
resistor. You can do this very easily 
if you mark the polarity of each re- 
sistor on the schematic circuit dia- 
gram in Fig. 13B. Do this as you 
make each voltage measurement. The 
direction of electron flow will then be 
from - to + through each resistor. 
You should find that the directions are 

18 

as indicated by the arrows in Fig. 13B. 
This means that currents 13 and 13 

are flowing toward point x, and cur- 
rent I, is flowing away from this point. 
If the sum of I2 and 18 is essentially 
equal to Il, you know that currents 
flowing to this point are equal to cur- 
rents flowing away from the point, 
and you have proved Kirchhoff's Cur- 
rent Law. 

Since 1000 -ohm resistors are used, 
the current in ma. through a resistor 

STEP 
NATURE OF 
MEASUREMENT 

YOUR VOLTAGE 
IN VOLTS 

N.R.I. VOLTAGE 
IN VOLTS 

I 

VOLTAGE ACROSS 
E 

1 /I C #4 
VOLTAGE ACROSS 
RI (SAME AS II 
IN MA.) 

` , 

n -2.5" 
VOLTAGE ACROSS 
R2 (SAME AS I2 
IN MA.) 

-- + O 
VOLTAGEACS 

E AS I3 R33(SAME 
IN MA.) 

_ -.5 ' 

E1 
LTAGE ACROSS ./4;, - 1.5' 

2 

VOLTAGE ACROSS , / C 

ROLTAGE ACROSS 

3 

#5 
VOLTAGE ACROSS 
RZ -2.0 

TABLE 24. Record your results here for 
Experiment 24. 

will be the same as the voltage in 
volts across that resistor. Adding the 
N. R. I. values of 2.0 and .5 for I2 
and 13 gives 2.5 ma., which is equal 
to the N. R. I. value of 2.5 ma. for 1 
thus verifying Kirchhoff's Current 
Law. 

Practical Extra Information. The volt- 
age drop produced by the flow of current 
through a resistor is widely used in radio. 
Perhaps the most common example is that 
of the cathode resistor in a vacuum tube 
circuit; the flow of plate -cathode current 
through this resistor develops across the 



resistor a voltage drop which is usually 
made to serve as the C bias voltage for the 
tube. Voltage drops across resistors are 
also used for automatic volume control pur- 
poses, for frequency -correcting purposes, for 
preventing undesirable oscillation, for pro- 
tection against overloads, and for many sim- 
ilar purposes which will be studied in detail 
in the experiments which follow and in your 
regular course. 

A voltage drop across a resistor is some- 
times considered as a secondary source of 

FIG. I3C. This photographic illustration shows the 
parts connected for Step 1 of Experiment 24, with 
the N.R.I. Tester connected to measure the voltage 

across R,. 

voltage when used in many of the applica- 
tions just mentioned. Actually, the resistor 
in question is not a true voltage source, but 
is merely transferring a true source voltage 
(produced by a dry cell or power pack) 
from one circuit to another. 

Instructions for Report Statement 
No. 24. If you reverse the polarity 
of either of the voltage sources em- 
ployed in the circuit of Fig. 13, circuit 
conditions will change. 

For Report Statement No. 24, you 

will prove this by reversing the con- 
nections of cell D in Fig. 13 in the fol- 
lowing manner: Unsolder the lead of 

R3 from the + terminal of cell D. 
Turn the cell around, and solder the 
free lead of R3 to the - terminal of 
this cell. Solder the red wire and the 
free lead of R2 to the + terminal of 
cell D. You should now have the cir- 
cuit of Fig. 13A with the terminals of 
cell D reversed. After doing this, 
measure the voltage across R3 with the 
N. R. I. Tester, and compare your 
measured value with that obtained 
across R3 in Step 1. (When compar- 
ing these voltages, consider only the 
voltage values, without regard for + 
and - signs.) Now turn to the last 
page and check the answer which de- 
scribes your result. 

EXPERIMENT 25 

Purpose: To demonstrate that a def- 
inite period of time is required to 
charge or discharge a condenser 
through a resistance. 

Step 1. To charge a .5-mfd. capa- 
city through a 10-megohm resistance, 
first connect the two .25-mfd. tubular 
paper condensers (Parts 3-2A and 
3-2B) in parallel to secure a combined 
capacity of .5 mfd., using temporary 
soldered connections as shown in Fig. 
14. Touch the leads of the two paral- 
lel -connected condensers together to 
discharge the condensers. Now bend 
the condenser leads so they can 
be inserted in the two R jacks on the 
N. R. I. Tester panel. Set the selector 
switch at V, turn on the N. R. I. 
Tester, and insert the .5-mfd. ca- 
pacity into the R jacks while watch- 
ing the meter. The schematic circuit 
for this set-up appears in Fig. 16A. 
The pointer should rise rapidly to 4.5 
volts, then return gradually to nearly 
0; estimate the length of time it takes 
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for the pointer to return from 4.5 to 
1.5 on the DC scale, and record the 
value in Table 25, but leave the con- 
densers in the jacks for about two 
minutes, until the pointer comes to 
rest near zero. 

You can estimate the time in sec- 

STEP NATURE OF 
MEASUREMENT 

YOURCOMPUTED 
TIME IN 

SECONDS 
T ME 

RA. 

SECONDS 

COMPUTED 
TIME 

CONSTANT 
IN SEC. 

CHARGING .5 MF0. 
WITH 4.5 V. THRU 
10 MEG. 

1 6 5 

DISCHARGING .5 
MFD. THRU 10 
MEG. 

- 
I 

/ 
6 5 

3 
DISCHARGING.5 
MFD. THRU .9 
MEG. 

Le j` 
I.4 /4' 

' S eC. 

less 
{/,an 

l SEC. 
45 

TABLE 25. Record your results here for 
Experiment 25. 

onds simply by counting at a normal 
speaking rate as follows: One hundred 
and one, one hundred and two, one 
hundred and three, etc. Each phrase 
will then be approximately equal to 
one second. If you practice counting 
first while watching the second hand 
of your watch or clock, you can do 
this very accurately. 

Do not touch the condenser leads 
while making this measurement; 
grasp the paper sleeves of the con- 
densers with your fingers to hold them 
into the jacks, for otherwise the re- 
sistance of your body will give con- 
fusing readings. 

Step 2. To observe how the voltage 
varies across a .5-mfd. capacity while 
it is being charged directly by a 4.5 - 
volt d.c. source, touch the leads of the 
two parallel -connected .25-mfd. con- 
densers together to discharge the con- 
densers, then insert the leads in the 
VDc jacks on the N. R. I. Tester panel. 
Attach the alligator clip of the red 
test lead to the condenser lead which 
is in the + VDc jack, and attach the 
black alligator clip to the condenser 
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lead which is in the -VDc jack. Turn 
on the N. R. I. Tester, leaving the 
selector switch at V. 

Using three of the flashlight cells 
connected in series aiding as the 4.5 - 
volt d.c. source, hold the red probe on 
the + terminal of the cell group with 
one hand, and hold the black probe on 
the - terminal of the cell group, as 
shown in Fig. 15, so as to secure the 
circuit shown in Fig. 16B. When the 
meter pointer has come to rest at 
about 4.5 on the DC scale, remove the 
probes from the battery terminals, 
estimate the time required for the 
meter pointer to drop down to 1.5 on 
the DC scale, record your value in 
Table 25, and turn off the Tester. 

If you wish to repeat this experi- 
ment for any reason, discharge the 
condensers by shorting their leads 
with a screwdriver before starting the 
experiment again. 

FIG. 14. Method of charging a .5-mfd. capacity 
for Step 1 of Experiment 25. (Two .25-mfd. con- 
densers in parallel have a combined capacity of .5 

mfd.) 

Step 3. Connect the 1-megohm re- 
sistor (Part 3-7) in parallel with the 
.5-mfd. capacity as indicated in Fig. 
16C, by using temporary soldered 
hook or lap joints, and repeat the en- 
tire procedure set forth in Step 2. 
Again try to estimate the time re- 



FIG. 15. Photographic illustration showing how apparatus is set up for Step 2 of Experiment 25. 

quired for the pointer to drop from 
4.5 to 1.5; if the pointer drops too 
fast for you to estimate the time, sim- 
ply record in Table e the fact that 
the time was less than one second. 

Now remove the test leads, remove 
the condenser -resistor combination 
from the VDc jacks, and separate the 
condensers and resistor by unsolder- 
ing. 

Discussion: When the .5-mfd. ca- 
pacity is connected to the R jacks, 
the schematic circuit diagram for the 
set-up is as shown in Fig. 16A, in 
which a 4.5 -volt d.c. source (a por- 
tion of the battery system of the N. 
R. I. Tester) is charging the condenser 
through a 10-megohm resistor in the 
N. R. I. Tester. The meter and the 
vacuum tube in the N. R. I. Tester to- 
gether measure the voltage developed 
across the 10-megohm resistor by the 
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condenser charging current. When 
voltage is first applied to the conden- 
ser, the meter immediately swings to 
4.5 on the DC scale, and therefore in - 
dictates the full voltage of the 4.5 - 
volt d.c. source. 

After reaching 4.5, the meter 
pointer immediately begins moving 

N.R.I. TESTER NRI. TESTER N.R.I. TESTER 

FIG 16. Schematic circuit diagrams for Experi 
ment 25. 



down scale, rather rapidly at first and 
then more slowly. The pointer drops 
in this manner because the condenser 
acquires a back e.m.f. (a voltage 
drop) as it charges. As the voltage 
drop increases across the condenser, 
the voltage drop across the resistor 
reduces correspondingly because the 
source voltage of 4.5 volts must divide 
itself between these two parts accord- 
ing to Kirchhoff's Voltage Law. 

It is a fundamental radio fact that 
the rate at which a condenser charges 
depends only upon the value of the 
condenser and upon the value of the 
resistor through which the charging 
current flows. Furthermore, multi- 
plying the resistance value in meg- 
ohms by the capacity value in micro - 
farads gives a time value in seconds 
which is known as the time constant 
of the condenser -resistance combina- 
tion. During charging of a condenser, 
this time constant will be the time in 
seconds required for the condenser to 
charge up to 63% of its final voltage. 

In our case, 63% of 4.5 volts is 2.85 
volts. Subtracting this value of 2.85 
volts from the total available voltage 
of 4.5 volts leaves 1.65 volts as the 
voltage across the 10-megohm resistor 
at the end of the time constant period. 
Estimating the time it takes for the 
voltage across the 10-megohm resistor 
to drop to 1.5 volts is close enough. 

According to theory, the time con- 
stant for a .5-mfd. condenser and a 
10-megohm resistor is 10 x .5, or 5 
seconds. The time which you esti- 
mate and record in Table 25 should 
therefore be about five seconds. 

After the pointer passes below 1.5, 
it will still take several minutes before 
it comes to rest. The pointer will not 
drop entirely to zero, for the conden- 
ser has a leakage resistance value 
(somewhere around 100 megohms) 
which may allow some current to flow 
through the circuit even when the 

condenser is fully charged. Tap the 
meter housing lightly to overcome 
bearing friction when the pointer is 
near zero. 

In Step 2, you use an external d.c. 
voltage source of 4.5 volts and con- 
nect it directly to the condenser, with 
the N. R. I. Tester connected across 
the condenser leads to measure the 
condenser voltage, as shown in the 
schematic diagram in Fig. 16C. When 
you hold the probes across the 4.5 - 
volt d.c. source, this voltage is applied 
to the condenser in parallel with the 
10-megohm resistance of the N. R. I. 
Tester. The meter therefore indicates 
the full d.c. source voltage of 4.5 volts 
for as long as you hold the probes on 
the batteries. After the condenser was 
fully charged, you removed the probes 
from the battery terminals. This al- 
lowed the condenser to discharge 
through the 10-megohm input resist- 
ance of the N. R. I. Tester. 

In the case of discharge, the time 
constant is the time in seconds re- 
quired for the condenser to discharge 
until its voltage is 37% of its original 
charged voltage. In other words, when 
the condenser voltage drops to .37 x 
4.5, or to 1.65 volts, the end of the 
time constant period is reached. 

In Step 2, you are actually measur- 
ing the voltage across the condenser, 
because the meter, the 10-megohm re- 
sistor and the condenser are all in 
parallel. Theoretically, therefore, it 
will take the time constant value of 
about five seconds for the condenser 
to discharge from 4.5 volts to 1.5 volts 
in Step 2. If your estimate is within 
a few seconds of this value, you can 
consider that you have performed this 
experiment satisfactorily. 

Shunting the 1-megohm resistor 
across the .5-mfd. condenser lowers 
the 10-megohm N. R. I. Tester input 
resistance to about .9 megohm, since 
these two resistors are now in parallel. 

22 r 



This means that the condenser will 
discharge through .9 megohm when 
the external voltage source is re- 
moved. The time constant for .9 meg- 
ohm and .5 mfd. is about .45 second; 
this means that the condenser voltage 
will drop to 1.5 volts in about half a 
second after the voltage source is re- 
moved. As you observed, this short 
time is very hard to estimate accu- 
rately; it is sufficient simply to say 
the time was less than one second. 

Practical Extra Information. The basic 
radio fact which you have just observed, 
wherein a condenser employed in series with 
a resistor in a d.c. circuit requires a certain 
amount of time to charge and to discharge, 
has many practical applications in modern 
radio receiver circuits. Perhaps the best 
known of these applications is the automatic 
volume control circuit, which you take up 
in your regular lessons; here, the time delay 
characteristics of the resistor and condenser 
control the speed with which the a.v.c. sys- 
tem responds to changes in signal strength. 
Fast a.v.c. action is desirable in order to 
keep the volume essentially constant during 
periods when stations are fading in and out 
rapidly and during tuning from one station 
to another, but a.v.c. action must not be so 
fast that it responds to audio variations. 
The time constant employed must be a 
compromise between these two conditions. 

Instructions for Report Statement 
No. 25. In this experiment, you 
showed that decreasing the resistance 
value in the discharging circuit of a 
condenser will reduce the time con- 
stant of the circuit. It can also be 
shown that decreasing the capacity of 
the condenser without changing the 
resistance reduces the time constant. 

For Report Statement No. 25, you 
will prove the preceding statement by 
reducing the capacity to .125 mfd. 
and discharging this through the 10- 
megohm input resistance of the N. 
R. I. Tester. 

To carry out this experiment, con- 
nect the two .25-mfd. condensers in 
series by soldering a lead of one con- 
denser temporarily to a lead of the 
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other condenser; this gives you a com- 
bined capacity of .125 mfd. between 
the two free leads of this condenser 
group. Push one free condenser lead 
into the -+V00 jack of the N. R. I. 
Tester, and push the other free con- 
denser lead into the -V00 jack. With 
the selector switch still at V, turn on 
the tester, then charge the .125-mfd. 
capacity with a 4.5 -volt d.c. source 
(use your two test leads and the three 
dry cells in series for this purpose; 
connect the + terminal of the cell 
group to the condenser lead in the 
+VD° jack with the red test lead, and 
connect the - terminal of the cell 
group to the condenser lead which is 
in the -VD° jack). Remove the 
charging source. Estimate the number 
of seconds it takes for the meter 
pointer to drop from 4.5 volts down 
to 1.5 volts on the DC scale while 
discharging through the 10-megohm 
resistance of the N. R. I. Tester, turn 
to the last page, and place a check 
mark after the result you obtain. 

EXPERIMENT 26 

Purpose: To demonstrate that direct 
current will flow through a coil, and 
to prove that the d.c. voltage drop pro- 
duced across a coil by current flow de- 
pends solely upon the value of the di- 
rect current flowing and the d.c. re- 
sistance of the coils. 

To demonstrate that direct current 
will not flow through a paper conden- 
ser. 

To demonstrate that direct current 
will flow through an electrolytic con- 
denser, and to show that the value of 
the current will change when the po- 
larity of the condenser connection is 
reversed. 

Step 1. To study the characteris- 
tics of a coil in a direct current cir- 
cuit, set up a series circuit like that 
shown in Figs. 17A and 17B, consist- 



STEP 
NATURE OF 
MEASUREMENT 

YOUR VALUE 
IN VOLTS 

N.R.I. VALUE 
IN VOLTS 

ACROSS COIL ^ 9 
ACROSS I000A 3 7 

V 
2 

ACROSS 200n 

ACROSS 1000a >.:. 3 9 

3 
ACROSS IOOOA /' 

/JJ 
O 

ACROSS .25 MFD. 4 7 c 

4 RESISTANCE OF 
.25 MFD. COND. .', - MEG. R/ MEG. 

5 ACROSS 40,000A O / 
6 ACROSS 40,000n / 7 
TABLE 26. Record your resul s here for 

Experiments 26. 

ing of flashlight cells A, B and C, the 
10 -henry choke coil (Part 3-10), and 
one 1,000 -ohm resistor (Part 3-5A) . 

With your N.R. I. Tester set for use 
as a 0 -4 -5 -volt d.c. voltmeter (range 
V, with the test leads in the V1, 
jacks), measure the voltage across the 
choke coil and across the resistor, and 
record each value in Table 26. As 
soon as you have finished, open the 
circuit by disconnecting one coil lead, 
and turn off the N. R. I. Tester. 

Step 2. To demonstrate that a coil 
in a d.c. circuit acts exactly like a re- 
sistor having the same ohmic value as 
the coil, replace the 10 -henry choke 
coil with a 200 -ohm resistor (Part 
3-4) and complete the series circuit 
connection so that your set-up corre- 
sponds to the circuit diagram in Fig. 

1d1óóó ry 

4.5V. 

FIG. 17A. Schematic circuit diagram for Step 1 o 
Experiment 26. 

18. Now repeat the measurements of 
Step 1, measuring the voltage across 
each part in turn to see if the resistor 
gives circuit values the same as were 
obtained for the coil. Record your 
results in Table 26. Open the circuit 
and turn off the N. R. I. Tester as 
soon as you have finished measure- 
ments. 

A 200 -ohm resistor is used in place 
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FIG. 17B. Method of measuring the voltage across 
the 1,000 -ohm resistor in the coil -resistor circuit 

which you set up for Step 1 of Experiment 26. 

of the coil, because the coil has a d.c. 
resistance of about 200 ohms. 

Step 3. To study the behavior of a 
paper condenser in a d.c. circuit, con- 
nect the three cells in series with the 
1,000 -ohm resistor (Part 3-5A) and 
the .25-mfd. paper condenser (Part 
3-2A) , as shown in Fig. 19. Measure 
the voltage across the resistor and the 
condenser, and record your results in 
Table 26. Open the circuit and turn 
off the N.R.I. Tester. 



Step 4. To confirm the results ob- 
tained in Step 3, measure the resist- 
ance of your .25-mfd. condenser by 
using the highest resistance range of 
the N.R.I. Tester. 

Before making a resistance meas- 
urement with the N.R.I. Tester, it is 

2004 10004 

4.5V 

=11111 
18. Schematic cir- 

cuit diagram for Step 2 
of Experiment 26. 

r.2i5MFD. " 
4.5V 

+I1I1II 
FIG. 19. Schematic cir 
cuit diagram for Step 3 

of Experiment 26. 

necessary to adjust the ohmmeter to 
zero. Set the selector switch to 
MEG., short the R jacks so as to give 
zero external resistance (by plugging 
the test probes into these jacks and 
placing one test clip on the other clip), 
then adjust the potentiometer with a 
screwdriver until the pointer is at 
zero at the right-hand end of the R 
(top) scale. 

After making the ohmmeter zero 
adjustment, leaving the selector 
switch set at MEG., remove the test 
leads, then insert the condenser leads 
in the R jacks as shown in Fig. 20, 
while watching the meter pointer. Do 

FIG. 20. Method of measuring the resistance of a 
.25-mfd. condenser with the N.R.I. Tester. Resist- 
ances up to 100 megohms can be measured with the 
N.R.I. Tester in this manner when the selector 

switch is set at MEG. 
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not touch the condenser leads with 
your fingers while doing this. Hold 
the condenser in this position until 
the meter pointer has come to rest 
definitely. Tap the top of the meter 
lightly with your finger to make sure 
the pointer has reached its final posi- 
tion, then read the meter on the R 
scale and record your reading in Table 
26 as the resistance of the .25-mfd. 
condenser in megohms. 

When the selector switch of the 
N.R.I. Tester is set at MEG., and the 
R jacks are being used, your instru- 
ment is serving as a 0-100-megohm 

o ,5 101C ,5 tC 

, 

o e 10 to 5 a 
'p q 

© 

FIG. 21. Examples illustrating how to read the R 
scale on the meter of your N.R.I. Tester. The 
readings are as follows: A-0; B-2.0; C-8.5; D-24; E-40; F-INFINITY. 

ohmmeter, and its indications are 
read directly in megohms on the R 
scale at the top of the meter. 

You should have no difficulty in 
reading the R scale after your experi- 
ence with the DC scale and scale IM. 
The only thing you should watch for 
is the fact that this scale reads from 
right to left. Between 0 and 20 on 
this scale, each small division repre- 
sents 1. Between 20 and 30, each 
small division represents 2. 

Readings for six different positions 
of the pointer on the R scale are indi- 
cated in Fig. 21. Study each one of 
these carefully until you are certain 
you know how to read this scale, for 
you will use the ohmmeter scale ex- 



tensively in your practical demonstra- 
tion course and in actual radio work. 

After completing resistance meas- 
urements, be sure to restore the origi- 
nal calibration. This can be done in 
a moment, simply by moving the cali- 
brating clip to its calibrating position 
on -71/2C and readjusting the po- 
tentiometer to give a meter reading 
of 1.5 on the DC scale, then return- 
ing the clip to -9C. 

Step 5. To determine how an elec- 
trolytic condenser behaves in a d.c. 
circuit, connect one section of the dual. 
10-mfd. electrolytic condenser (Part 
3-3) in series with a 40,000 -ohm resis- 
tor (Part 3-6A) and a series -con- 
nected group of three flashlight cells, 
as shown in Figs. 22A and 22B. 

Correct connections for the electro- 
lytic condenser are shown in Fig. 22B. 
Observe that the three outside lugs, 
two with holes and one without, are 
all a part of the metal housing of the 
condenser; internally, this housing is 
connected to the - terminals of both 
10-mfd. electrolytic condenser sec- 
tions. The two terminal lugs in the 
center, one having a triangular cut- 
out alongside it in the fiber base, and 
the other having a square cut-out in 
the base, are the -f- terminals of the 
condenser sections. 

Since both sections are of the same 
value in this particular dual unit, it 
does not matter which central lug you 
use for the + terminal of your elec- 
trolytic condenser. Of course, you 
can use either of the outer lugs for the 
negative terminal, since they are con- 
nected together anyway through the 
housing. 

Observe that the negative terminal 
of the electrolytic condenser is con- 
nected to the negative terminal of the 
cell group in the circuit of Fig. 22B. 
This is the correct method of connect- 
ing an electrolytic condenser to a cir- 
cuit in which d.c. voltage is present. 
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With the N. R. I. Tester being used 
as a 0 -4.5 -volt d.c. voltmeter, measure 
the voltage across the 40,000 -ohm re- 
sistor and record your value in Table 
26. 

Step 6. Reverse the connections to 
the electrolytic condenser in the cir- 
cuit of Fig. 22A, so that the + termi- 
nal of the condenser now goes to the - terminal of the cell group. Again 
measure the voltage across the 40,000 - 
ohm resistor, and record your result 
in Table 26. 

Discussion: The resistance of the 
coil which you used in Step 1 is about 
200 ohms (230 ohms to be exact, but 
we can consider this to be 200 ohms 
for all practical purposes). Adding 
200 ohms to 1,000 ohms (the resistor 
value) gives a total circuit resistance 
of 1,200 ohms. We know that three 
dry cells connected in series aiding 
give a voltage of 4.5 volts, so we can 
easily determine the circuit current 
by means of Ohm's Law. The for- 
mula to be used is: I -E = R; di- 
viding 4.5 by 1,200 gives .00375 am- 
pere, and this is equal to 3.75 ma. 

Your measurement for Step 1 should 
confirm the 3.75 -ma. value for the cir- 
cuit current. You will recall that the 
voltage measured across a 1,000 -ohm 
resistor corresponds to the current 
through that resistor in ma.; there- 
fore, if you measured approximately 
3.75 volts across the 1,000 -ohm resis- 
tor, you know that you performed the 
experiment correctly. 

A current of 3.75 ma. flowing 
through the 200 -ohm coil will de- 
velop across this coil resistance a 
voltage of 200 X .00375, or .75 volt. 
If the voltage which you measured 
across the coil was approximately 3/4 
of a volt, you have confirmed the 
basic fact that a coil acts exactly like 
a resistance in a d.c. circuit. In other 
words, the only thing which limits the 
flow of current through a coil is the 



resistance of the wire used in winding 
the coil. 

A coil is intended primarily for use 
in a.c. circuits, for there it has a re- 
actance which opposes the flow of 
alternating current. 

Step 2 shows even more convinc- 
ingly the resistive nature of a coil in 
a d.c. circuit. This time, the resistor 
which replaced the coil in your cir- 
cuit has about the same ohmic value 
as the coil. Therefore, your meas- 
ured voltage values across the 200 and 
1,000 -ohm resistors should be essen- 
tially the same as in Step 1. 

When the voltage across the con- 
denser is measured in Step 3, you find 
that it is equal to the source voltage 
of 4.5 volts. Actually, the voltage is 
zero at the start, and builds up gradu- 
ally to this final value as the con- 
denser becomes charged. 

When you measure the resistance of 
the .25-mfd. condenser in Step 4, you 
encounter the same charging phenom- 
enon at first. The meter swings up- 
scale, then gradually swings back to 
the left. You must wait until the 
pointer has stopped moving before 
taking a reading. If your condenser 
is in good condition, it will have a re- 
sistance above 50 megohms. 

The one type of condenser which 
has a fairly low resistance is the elec- 
trolytic condenser. Between the 
plates of an electrolytic condenser is 
a paste or liquid which has consider- 
ably lower resistance than the mica, 
paper or air used between the plates 
in other condensers. Furthermore, an 
electrolytic condenser will allow more 
direct current to flow in one direction 
than in the other. This is why you 
must always consider polarity when 
connecting an electrolytic condenser. 

The correct polarity for an electro- 
lytic condenser is always such that 
the - terminal of the condenser goes 
to the - terminal of the voltage 
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source; this is the connection we use 
in Step 5. The voltage measured 
across the 40,000 -ohm resistor is an 
indication of the amount of current 
flowing through the condenser. We 
are not concerned with the exact cur- 
rent value at present, even though we 
could compute it by means of Ohm's 
Law. The important thing is to com- 
pare the measured voltage in Step 5 

with the measured voltage in Step 6. 

You should obtain a higher voltage 
in Step 6, indicating that a higher 
value of direct current flows through 

FIG. 22. Schematic (A) and semi pictorial (B) 
circuit diagrams for Step 5 of Experiment 26. 

an electrolytic condenser when it is 
improperly connected. 

Practical Extra Information. Your re- 
sults in Steps 5 and 6 indicate that an elec- 
trolytic condenser has a definite resistance, 
and that this resistance is lower for an im- 
proper connection than for the correct po- 
larity of connections. Since an electrolytic 
condenser is primarily intended for use 
as a capacitance, it is desirable to keep 
direct current through it at a minimum. 
With improper polarity of connections, ex- 
cessive current through the condenser causes 
it to overheat and destroy itself. 

Instructions for Report Statement 
No. 26. Radio servicemen frequently 
find it necessary to make continuity 
tests in order to determine whether a 
complete d.c. circuit exists between 
any two points in a piece of radio 
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10004 POT. 10004 

apparatus. Resistances of various 
parts in a circuit must also be checked 
to determine whether any, part is 
shorted or open. In many circuits, 
the part which is to be tested may be 
shunted by a paper condenser. You 
have proved that a paper condenser 
will not conduct direct current once 
it is charged; this means that you can 
ignore the presence of a paper con- 
denser across a part if you know that 
the condenser is in good condition. In 

BLACK 

10004 
RESISTOR 

I000Á POT. 1000,, 

1CLOCKWISE DIRECTION 
OF ROTATION 

10004 
POTENTIOMETER 

FIG. 23. Semi -pictorial (A) and schematic (B and 
C) circuit diagrams for Experiment 27. 

practical radio work, you can seldom 
be sure that a condenser is in good 
condition, so it is best to disconnect 
shunt condensers when making con- 
tinuity tests. 

For this report statement, make an 
additional test of this statement by 
setting up the circuit of Fig. 18, con- 
necting a .25-mfd. condenser across 
the 200 -ohm resistor, and measuring 
again the d.c. voltage across the 1,000 - 
ohm resistor. Compare the measured 
voltage value with that obtained orig- 
inaIly for this circuit set-up, then turn 
to the last page and place a check 
mark after the answer you obtain. 
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EXPERIMENT 27 

Purpose: To show that during no- 
load conditions the voltages across 
various parts of a voltage divider will 
divide exactly according to resistance; 
to show that application of a load 
across a part of the voltage divider 
affects the division of voltages. 

Step 1. To set up a simple voltage 
divider circuit, connect together in 
series the four flashlight cells, the 
1,000 -ohm potentiometer (Part 8-8) 
and the 1,000 -ohm resistor R (Part 
3-6A) according to the semi -pictorial 
wiring diagram in Fig 23A, so that 
you will have the circuit represented 
by the schematic diagram in Fig. 
23B. Use temporary soldered joints 
throughout. The potentiometer and 
the 1,000 -ohm resistor can be placed 
on the table, and connected to the 
group of four cells with lengths of 
hook-up wire as shown. Number the 
potentiometer lugs 1, 2 and 3 as indi- 
cated in Fig. 23A, by writing on the 
fiber base of the potentiometer along- 
side each lug. 

Measure the voltage drop across the 
potentiometer by placing the red clip 
on terminal I, and placing the black 
clip on terminal 3, as shown in Fig. 
23A. Set the selector switch at V, 
plug the test probes into the Vnc jacks 
(remember that the red probe goes 
into the + jack), turn on the N. R. I. 
Tester, read the meter on the DC 
scale, and record the value in Table 
27 as the voltage in volts across the 
1,000 -ohm potentiometer. 

Now measure the voltage across the 
1,000 -ohm resistor R and record its 
value in Table 27. 

Step 2. To demonstrate how the po- 
tentiometer can provide a 2 ariable 
voltage, measure the voltage between 
movable terminal 2 and fixed terminal 
1 on the potentiometer while rotating 
the potentiometer shaft from one ex- 



STEP NATURE OF 
MEASUREMENT 

YOUR VOLTAGE 
IN VOLTS 

N.R.I. VOLTAGE 
IN VOLTS 
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VOLTAGE ACROSS 
1000n POT. 

CV A J 
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VOLTAGE AT 
0 ROTATION 

O 
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VOLTAGE AT 
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44 ROTATION 
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,f 1.4 

VOLTAGE AT 
FULL ROTATION 2. / 

TABLE 27. Record your results here for 
Experiment 27. 

treme to the other. Do this by plac- 
ing the red clip on terminal I and the 
black clip on terminal 2 (terminal 2 
goes to the movable contact, as you 
can readily see by studying the con- 
struction of the potentiometer). The 
potentiometer has a slotted shaft, 
which can readily be rotated by in- 
serting a screwdriver in the slot. Af- 
ter rotating the potentiometer back 
and forth a few times to see how the 
meter pointer behaves, rotate the po- 
tentiometer to the extreme clockwise 
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position, read the voltage on the DC 
scale of the meter, and record it in 
Table 27 as the voltage for zero rota- 
tion. Now rotate the potentiometer 
through approximately 1/4 of its com- 
plete movement, read the voltage 
again, and record it in Table 27 as 
the voltage for 1/4 rotation. Repeat 
for 1/2, 3/4 and full rotation of the 
potentiometer, recording the voltage 
in Table 27 each time. 

Step 3. To prove that rotation of 
the movable contact of the potenti- 
ometer has no effect upon the voltage 
across the potentiometer when there 
is no load, connect the 0 -4.5 -volt d.c. 
voltage range of the N. R. I. Tester 
across the potentiometer (to terminals 
1 and 3) and watch the meter while 
you rotate the potentiometer shaft 
back and forth. 

Step 4. To study the action of your 
voltage divider circuit under loaded 
conditions, connect a 1,000 -ohm re- 
sistor R1 (Part 3-5B) between ter- 
minals 1 and 2 of the potentiometer 
by means of temporary soldered hook 
joints, as indicated in the schematic 
circuit diagram in Fig. 23C, so that 
this resistor will serve as a load across 
one section of the potentiometer. Ro- 
tate the potentiometer shaft to its 
extreme counter -clockwise position, 
so that R1 is in parallel with the en- 
tire resistance of the potentiometer, 
then repeat each of the measurements 
and tests called for in Steps 1 and 2 
and record your results in Table 27. 
Now disconnect one battery lead to 
open up the circuit and conserve bat- 
tery life. 

Discussion: Theoretically, the volt- 
ages which you measure across the 
1,000 -ohm resistor and 1,000 -ohm po- 
tentiometer in Step 1 should be equal; 
actually, they may not be equal for 
the reason that manufacturing toler- 
ances may make the values of these 
two parts higher or lower than 1,000 



ohms. Therefore, with the 6 -volt d.c. 
source, you should obtain somewhere 
around 3 volts across each of these 
parts. In other words, resistances of 
equal value connected in series will 
divide a voltage in half. 

With essentially 3 volts across the 
entire potentiometer, you would ex- 
pect to secure half of this value, or 
1.5 volts, when the movable arm is 
at the halfway position in Step 2. 
Likewise, at the 1/4 and 3/4 positions, 
you would expect approximately .75 
volt and 2.25 volts respectively. If 
you secure approximately these values 
in Step 2, you can consider your work 
as satisfactory. 

Step 2 thus shows that the varying 
voltage obtainable from a potentiom- 
eter is proportional to the resistance 
across which the voltage is obtained 
when there is no load connected across 
this resistance. This method for ob- 
taining a variable voltage is widely 
used in radio receivers for providing 
a control over volume. 

Varying the position of the movable 
arm of the potentiometer in Step 3 
has no effect upon the voltage across 
the potentiometer, simply because 
nothing is connected to the movable 
arm. 

When you connect a 1,000 -ohm load 
between the movable terminal and 
one end terminal of the potentiometer 
in Step 4, and rotate the potentiom- 
eter to its extreme counter -clockwise 
position, this 1,000 -ohm load is in 
parallel with the full 1,000 ohms of 
the potentiometer. Two equal re- 
sistors in parallel always give a com- 
bined value equal to half that of one 
resistor, and consequently the resist- 
ance between terminals I and 3 in 
your circuit is now 500 ohms. The 
voltage drop across this 500 ohms 
should be only half the voltage drop 
across the 1,000 -ohm fixed resistor; if 
you measured about twice as much 
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voltage across resistor R as across the 
potentiometer, you verified this fact. 

When the potentiometer arm is in 
its mid -position, you have the 1,000 - 
ohm load shunted across half of the 
potentiometer resistance, which is 500 
ohms. A 1,000 -ohm resistor in paral- 
lel with a 500 -ohm resistor gives a 
resultant or combined resistance of 
333 ohms,* and this 333 -ohm resist- 
ance acts in series with the remain- 
ing 500 -ohm section of the potentiom- 
eter and the 1,000 -ohm fixed resistor 
to give a total circuit resistance of 
1,833 ohms. By means of Ohm's Law 
now, it is possible to compute what 
the voltage drop should be across each 
section of this circuit. 

Computation. To find the circuit current, 
divide 6 by 1,833. This gives approximately 
.0033 ampere. To obtain the voltage drop 
across any section, we simply multiply this 
current value by the resistance of that sec- 
tion. Thus, the voltage drop across 1,000 - 
ohm resistor R will be approximately 1,000 
X .0033, or 3.3 volts. Across the unloaded 
500 -ohm section of the potentiometer, the 
drop should be 500 X .0033, or about 1.6 
volts. Across the loaded section of the 
potentiometer (across Rr), the drop should 
be 333 x .0033, or about 1.1 volts, when the 
arm is at the mid -position. If you meas- 
ured approximately this last value of 1.1 
volts for the 1/2 -rotation position in Step 4, 
you can consider your work satisfactory. 
Observe that you get less voltage across the 
loaded section of the potentiometer than 
across the unloaded section; this shows that 
the presence of the load disturbs the normal 
distribution of voltages in a voltage divider 
circuit. 

Practical Extra Information. The im- 
portant fact to remember in connection 
with Step 4 is that for a given setting of 
the potentiometer arm, the voltage will be 
less with a load than without a load. 
Furthermore, the lower the ohmic value of 
the load, the lower will be the voltage ob- 
tained. However, adjusting the potentiom- 

The method of calculating this combined resis- 
tance of two resistors in parallel is given here for 
students who are interested: 

Ri X R1 1,000 X 500 R-+ R-1,000+500 

R 
500,000 

1,500 
R - 333 ohms 



eter will compensate for increased load and 
give the required voltage in most circuits. 

In the voltage divider circuits of radio 
receivers, fixed resistors are generally used 
in place of potentiometers. This is possible 
because the value of the load across each 
resistor section is known, and its effect 
upon the voltage can be calculated by the 
set designer and compensated for. 

Instructions for Report Statement 
No. 27. In the variable voltage di- 
vider circuit shown in Fig. 23B, the 
fixed 1,000 -ohm resistor serves the 
purpose of reducing the maximum 
voltage obtainable across the poten- 
tiometer. You will encounter this 
series resistor quite often in radio cir- 
cuits, for oftentimes the source has a 
far higher voltage than can safely be 
applied directly to the terminals of 
the potentiometer. 

For this report statement, make an 
additional measurement to determine 
whether a change in the value of the 
fixed 1,000 -ohm resistor will have any 
effect upon the voltage provided by 
the potentiometer. To do this, con- 

nect the N. R. I. Tester to measure 
the voltage between terminals I and 2 
of the potentiometer, complete the 
battery circuit which was previously 
disconnected to conserve battery life, 
adjust the potentiometer until the N. 
R. I. Tester indicates the voltage of 
2 volts, then take your other 1,000 - 
ohm resistor and shunt it temporarily 
across the 1,000 -ohm resistor already 
in the circuit so as to reduce this 
series resistance to 500 ohms. Note 
the change in the N. R. I. Tester 
reading, then turn to the last page 
and place a check mark after the 
answer in Report Statement No. 27 
which describes your result. 

EXPERIMENT 28 

Purpose: To show that coils and con- 
densers offer a definite amount of op- 
position to the flow of current in an 
a.c. circuit. 

Step I. To set up a power supply 
circuit which will give you a 5 -volt 

A. C. EXPERIMENTS 
If you do not have 110 to 120 -volt, 50 to 60 -cycle a.c. power in 

your home or in the place where you plan to carry out future experi- 
ments in this practical demonstration course, you are temporarily 
excused from performing the a.c. experiments (28, 29 and 30). This 
applies also to students who have only 25 or 40 -cycle power. 

Read these experiments carefully, however, giving especial study 
to the discussions so that you understand the basic principles involved, 
but do not answer the last three questions in the report statements 
at the present time. In the margin alongside Report Statements 28, 
29 and 30 on the last page, write in pencil the words "NO A.C. 
POWER," and send in this last page for grading. Your grade for 
Manual 3RK will be based upon the seven experiments which you 
have performed. In the next assignment, you will be provided with 
special instructions for carrying out three similar a.c. experiments and 
future experiments requiring a.c. power. 

If you have 115 -volt, 50 or 60 cycle a.c. power in your home, you 
are expected to perform the following three experiments and answer 
all ten of the report statements. 
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a.c. voltage when it is connected to the 
115 -volt a.c. line, first secure a scrap 
piece of wood which is at least I/2 inch 
thick and at least 5 inches wide and 
7 inches long. Take the six -lug ter- 
minal strip (Part 3-12) and mount it 
on this board with two of the 3/8 -inch 
No. 6 round -head wood screws (Part 
3-13) in approximately the position 
shown in Fig. 24. 

Take the mounting bracket for the 
potentiometer (Part 3-9) and mount 
it on your wood baseboard with the 
remaining 3/8 -inch wood screw in ap- 
proximately the position shown in 
Fig. 24. 

Mount the 1,000 -ohm wire -wound 

terminal strip in the manner shown in 
Fig. 25B by placing the numbers on 
the baseboard directly under the re- 
spective lugs, and using either pencil, 
ink or crayon for marking purposes. 
The potentiometer terminals will al- 
ready be numbered 1, 2 and 3 from 
the previous experiment. 

b. Connect the 1,000 -ohm resistor 
(Part 3-5A) to terminals 4 and 5 by 
means of temporary hook joints, but 
solder the joint at terminal 4 only. 

c. With a suitable length of hook- 
up wire, connect potentiometer termi- 
nal 1 to terminal 7, but solder only 
the joint at terminal 1. 

d. With a suitable length of hook - 

FIG. 24. For Step 1 of Experiment 28, mount the terminal strip and the potentiometer bracket in approx- 
imately the positions shown here, on a wooden base -board approximately 5" wide, 7" long and Vs" thick. 

potentiometer (Part 3-8) on its mount- 
ing bracket by removing the hexagonal 
nut from the potentiometer shaft, in- 
serting this threaded shaft through 
the large hole in the bracket from be- 
hind, replacing the nut on the shaft, 
and tightening the nut with ordinary 
pliers while holding the potentiometer 
so that its three terminal lugs are at 
the top (the correct position of the 
potentiometer is shown in Fig. 24) . 

Assemble your a.c. power supply 
circuit on the baseboard according to 
the schematic circuit diagram in Fig. 
25A by making the connections ex- 
actly as shown in Fig. 25B, in the fol- 
lowing order: 

a. Number each of the lugs on the 

up wire, connect potentiometer termi- 
nal 2 to terminal 6, soldering both 
joints this time. 

e. With a suitable length of hook- 
up wire, connect potentiometer termi- 
nal 3 to terminal 5, but solder only 
terminal 3. 

f. Take the four 40,000 -ohm resis- 
tors (Parts 3-6A, 3-6B, 3-6C and 
3-6D) and connect them all together 
in parallel, with 3 -inch lengths .of 
hook-up wire serving as the leads for 
the group, in the manner shown in 
Fig. 25B. This can be done by cut- 
ting away or pushing back the insula- 
tion for about 1 inch from the end of 
a 3 -inch length of hook-up wire, wind- 
ing this bare end of the hook-up wire 
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several times around the group of four 
resistor leads, then applying solder to 
the joint liberally so that it flows be- 
tween all of the resistor leads. Do the 
same for the other group of four re- 
sistor leads. Now connect one of the 
leads for this resistor group to termi- 
nal 7, and connect the other lead to 
terminal 9, but solder only terminal 7 
at this time. Four 40,000 -ohm resis- 
tors in parallel give a combined re- 
sistance of 10,000 ohms. 

g. Take the 5 -foot length of power 
line cord with attached plug (Part 
3-11) , twist the bare ends if they have 
become untwisted, connect one lead of 
this cord to terminal 9 by means of a 
temporary hook joint, and connect the 
other lead of this cord to terminal 5 
in the same way. Solder both joints. 

h. Check all connections carefully 
against the semi -pictorial wiring dia- 
gram in Fig. 25B, for a single mistake 
here may result in your blowing the 
house fuse when you plug this circuit 
into the power line. Be sure that there 
are no wires or lumps of solder short- 
ing together adjacent lugs on the 
terminal strip. 

Step 2. To become familiar with 
the reading of the AC scale on the 
meter of the N. R. I. Tester, study 
carefully the actual -size reproduc- 
tions of this scale in Fig. 26. An 
analysis of the four examples which are 
given should enable you to read this 
scale at any position of the pointer, 
for the AC scale is read in essentially 
the same way as the DC scale. 

The AC scale on your meter is used 
for all four of the a.c. voltage ranges: 
V, 3XV, 30XV and 100XV. When 
using the V range, read the voltage in 
volts directly on this scale. When 
using the 3 X V range, multiply the 
reading on the AC scale by 3. When 
using the 30XV range, multiply the 
reading by 30. When using the 100 X V 
range, multiply the reading by 100. 
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Step 3. To measure the voltages 
which are present across various parts 
of an a.c. voltage divider circuit when 
there is no load, first set the N. R. I. 
Tester to measure the highest a.c. volt- 
age which you will encounter. This 
will be the 115 -volt a.c. line voltage, so 
set the selector switch to 30 X V. Plug 
the red probe into the left-hand VA 
jack (terminal 30), and plug the black 
probe into the -VAC jack (terminal 
28), which is THIRD from the left. 

LINE CORD AND PLU, 

1000n 3 1000n POT I I0,000n g o05v, 

60 
CYCLES 

PLUG 

\ / 

I 3 

I000A. 
POTENTIOMETER 

40ß90n 

n 
0 0 0 0 0 0 

4 5 6 7 6 9 
FIG. 25. Schematic (A) and semi -pictorial (B) 
circuit diagrams for the a.c. power supply source 

which you set up in Step 1 of Experiment 28. 

CAUTION: It is extremely important 
that you perform all a.c. experi- 
ments on an insulated bench or table. 
An ordinary wooden table is ideal, as 
also is a wooden table covered with 
linoleum or oilcloth, but a porcelain - 
top table is unsatisfactory because the 
porcelain is applied to a metal base. 
A.C. experiments should be performed 
at a location where you are out of 
reach of any grounded objects such as 
a radiator, water pipe, gas pipe, metal 
electric conduit, outlet boxes, or damp 
concrete basement floors. If your ex- 



periments must be done in a basement, 
any inexpensive rug or piece of lino- 
leum placed on the floor will eliminate 
the shock hazard from this source. 

The most important precaution for 
you to observe, however, is never to 
touch a terminal at which a.c. line 
voltage may exist, if you can possibly 
avoid doing this. As an added precau- 
tion, use only one hand while working 
with electrical apparatus with the 
power on. If you should accidentally 
touch a high -voltage terminal with 

FIG. 26. To illustrate how the AC scale on the 
meter of the N.R.I. Tester is read, readings corre- 
sponding to four different positions of the pointer 
are given in these examples. The readings are as 

follows: A-.5V; B -2.5V; C -4.3V; D -5.5V. 

one hand, and no part of your body is 
grounded, there will be no danger of 
shock. 

Safety Rules for A.C. Circuits 
Disconnect your equipment from the a.c. 

line at all times except when actually making 
a test or reading. 

Do not allow any part of your body to 
come in contact with a grounded object 
while working with a.c. equipment. 

Whenever it is necessary for you to han- 
dle equipment while power is on, use only 
one hand for this purpose. Many engineers 
keep the unused hand in their pocket to 
avoid using it unconsciously, such as for 
grabbing a part which may be falling over. 

Always connect the black clip of the 
N. R. I. Tester to the a.c. terminal which is 
nearer to ground potential whenever making 
a voltage measurement. Observing this pre- 
caution may prevent you from getting a 
shock when you touch the panel or chassis 
of the N. R. I. Tester. When you do not 
know which of the a.c. terminals is 
grounded, measure between each of them 
and a ground wire; the one which gives a 
voltage reading to ground will be hot, so 
the other will be grounded. 

To locate the terminal of your a.c. 
voltage divider which is nearer to 
ground potential, place the black clip 
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on a ground wire going to any con- 
venient ground such as a water pipe, 
and place the red clip on terminal 9. 
Insert the power cord plug in the a.c. 
outlet, note the meter reading on the 
AC scale, then reverse the position of 
the plug in the outlet and again note 
the meter reading. In one position the 
reading should be essentially zero, and 
in the other position the reading should 
be almost 4 on the AC scale, indicat- 
ing a voltage of about 4 X 30, or 120 
volts since the 30 X V range is used. 

The plug position which gives a 
reading near 4 is the safest position, 
so make a crayon mark both on the 
plug and on the outlet so that you 
will always replace the plug in this 
position during the next three experi- 
ments. This plug position makes ter- 
minal 9 hot, so do not touch this ter- 
minal (or the resistor leads on it) 
while power is on. 

Read the meter on the AC scale 
while the plug is in the safest posi- 
tion, multiply the reading by 30, and 
record your result in Table 28 as the 
voltage in volts between terminal 9 
and ground. Now pull out the plug. 

Move the red clip to terminal 5, 
leave the black clip on the ground 
wire, leave the N. R. I. Tester just 
as it is, then insert the plug into the 
wall outlet in its safest position. 

Read the meter on the AC scale, 
and record your result in Table 28 
as the voltage between terminal 5 and 
ground. Your result should be zero; 
because terminal 5 is now connected 
to the power line wire which is 
grounded at the power plant. Now 
pull out the plug, remove the black 
clip from the ground wire, and set 
aside the ground wire because it is no 
longer needed. 

Now place the black clip on termi- 
nal 5, place the red clip on terminal 9, 
set the N. R. I. Tester to 30 X V, turn 
on the tester, insert the plug in the 
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outlet, read the meter on the AC scale, 
multiply the reading by 30 and record 
your result in Table 28 as the a. c. line 
voltage between terminals 5 and 9. 
Pull out the plug and turn off the 
N. g. I. Tester. 

Measure the a.c. voltage across the 
10,000 -ohm resistor (the four 40,000 - 
ohm resistors in parallel are equiva- 
lent to one 10,000 -ohm resistor, and 
will therefore be referred to as a 
10,000 -ohm resistor during these ex- 
periments) , by placing the back clip 
on terminal 7 (this is closer to ground 
than terminal 9) and placing the red 
clip on terminal 9. Turn on the N.R.I. 
Tester, insert the plug in the outlet, 
read the meter on the AC scale, multi- 
ply the result by 30, and record it in 
Table 28 as the voltage existing be- 
tween terminals 7 and 9. Pull out the 
plug and turn off the N. R. I. Tester. 

Measure the voltage across the 
1,000 -ohm potentiometer by placing 
the black clip on terminal 5, placing 
the red clip on terminal 7, turning 
on the N. R. I. Tester with the selec- 
tor switch still at 30 X V, and insert- 
ing the plug into the outlet. Read the 
meter on the AC scale and multiply 
the result by 30; if this result is below 
16.5 volts (the maximum value on the 
next lower AC scale) , rotate the selec- 
tor switch in 3X V. Read the meter 
again on the AC scale, multiply the 
reading by 3 this time, and record it 
in Table 28 as the voltage in volts be- 
tween terminals 5 and 7. Pull out the 
plug and turn off the N. R. I. Tester. 

Step 4. To adjust the voltage be- 
tween terminals 5 and 6 to 5 volts, 
place the black clip on 5, and place the 
red clip on 6. Set taie N. R. I. Tester 
to the 3X V range, turn on the switch, 
insert the power cord plug in an out- 
let, then rotate the potentiometer with 
a screwdriver until the meter pointer 
is approximately at 1.75 on the AC 
scale (corresponding to 5 volts on this 

scale). This value is safely within the 
next lower range of your meter, so 

change the selector switch to the V 

range and make a more accurate ad- 
justment of the potentiometer to give 
meter reading of 5 on the AC scale. 
Pull out the plug and turn off the 
N. R. I. Tester, without changing the 
potentiometer setting. 

Step 5. To measure voltage and 
current values for a 1,000 -ohm resis- 
tor (R1) w.hich is connected between 
terminals 4 and 6 of the a.c. voltage 
divider to give the circuit shown in 
Fig. 27A, take one of your 1,000 -ohm 
resistors (Part 3-5B), shape the leads 

STEP 
NATURE OF 
MEASUREMENT 

YOUR VALUE 
IN VOLTS 

N.R.I. VALUE 
IN VOLTS 

VOLTAGE BETWEEN 
9 AND GROUND 

i 
i 

/20 

3 

VOLTAGE BETWEEN 
5 AND GROUND 

/ J O 
VOLTAGE BETWEEN 
TERMINALS SANDS 

/20 
VOLTAGE BETWEEN 
TERMINALS 7ANO9 / j 

L 
/08 

VOLTAGE BETWEEN 
TERMINALS 5 AND 7 /2 

5 

VOLTAGE ACROSS 
IOOOA R1 

) /.' 
` 

2.4 
VOLTAGE ACROSS 
R (SAME AS 
CURRENT IN MA.) 2. 5 

6 

VOLTAGE ACROSS 
.5 MFD. C 

/ / {{ 

1 

A 
/ 

% 9 
VOLTAGE ACROSS 
R (SAME AS CUR- 
RENT THRU C IN MA.) g 

¡' J 

7 

VOLTAGE ACROSS 
IO MFD. C (2, I. 9 
VOLTAGE ACROSS 
R (SAME AS CUR- 
RENT THRU C IN MA.) 

/'_ /' 4.6 

Ó 

VOLTAGE ACROSS 
IO HENRY L- 
VOLTAGE ACROSS 
R (SAME AS CUR- 
RENT THRU L IN MA.) 

/ 
t 
/ 

TABLE 28. Record your resulte here for 
Experiment 28. 
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so that one will touch terminal 6 when 
the other is on terminal 4 of the 
terminal strip mounted on your base- 
board, tin the end of each lead liber- 
ally with rosin -core solder, apply sur- 
plus solder to the tip of your soldering 
iron, then hold the resistor against 
these terminals in the manner shown 
in Fig. 28, and apply the soldering 
iron to each resistor lead in turn, long 

R 
10004 

10004 

10004 10,0004 

5 A 7 

AMMNM 
ORI 

z 
6 SET TO 5 VOLTS A.C. 

R 
1000n 3 10004 10,000n 

5 

.5MFD. B 
R 

2 7 
6 SET TO 5 VOLTS A.C. 

1000n 3 1000 I 10,000n 

5 

IOMFD. 10MF.D. 

©+II =---=1f' 

2 

6 SET TO 5 VOLTS A.G. 

10004 3 1000n 10,0004 

5 

10H. 

6ÖÒ860' 

7 

6 SET TO 5 VOLTS A.C. 

FIG. 27. Schematic circuit diagrams for the circuits 
which you set up in Steps 5, 6, 7 and 8 in Experi- 
ment 28 to determine how resistors, coils and con- 

densers behave in 60 -cycle a.c. circuits. 

enough to fuse the solder and give a 
temporary soldered lap joint at each 
terminal. 

This 1,000 -ohm resistor R, is now in 
series with 1,000 -ohm resistor R pre- 
viously mounted on the terminal strip 
between lugs 4 and 5; resistor R 
provides a convenient means for de- 
termining the circuit current when 
various radio parts are connected be- 
tween terminals 4 and 6, for the volt- 
age drop across a 1,000 -ohm resistance 
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is equal to the current in milliamperes 
through that resistance. 

Connecting a load between termi- 
nals 5 and 6 in this manner will make 
the voltage between these terminals 
drop below 5 volts, so readjust this 
voltage between terminals 5 and 6 to 
5 volts in the manner described in 
Step 4, then pull out the plug. 

To measure the voltage across R, , 

place the black clip on terminal 4 (this 
is nearer to ground potential) and 
place the red clip on terminal 6. In- 
sert the plug in the outlet, read the 
meter on the AC scale, and record the 
result in Table 28 as the voltage in 
volts across 1,000 -ohm resistor R,. 
Pull out the plug. 

To measure the current through R 
move the red clip to terminal 4, move 
the black clip to terminal 5, reinsert 
the plug, read the meter on the AC 
scale, and record this value in Table 
28 as the voltage in volts across R. 
This will also be the value in ma. of 
the current through R1. Pull out the 
plug, and turn off the N. R. I. Tester. 

Step 6. To measure voltage and 
current values for a .5-mfd. capacity 
which is connected into an a.c. circuit 
having a 5 -volt a.c. source, first dis- 
connect 1,000 -ohm resistor R1 from 
terminals 4 and 6, and remove the 
N. R. I. Tester clips. Connect a .5- 
mfd. capacity (two .25-mfd. condens- 
ers, Parts 3-2A and 3-2B, connected 
in parallel) to terminals 4 and 6 as 
indicated in Fig. 27B. Do this by tin- 
ning the condenser leads, holding 
them against terminals 4 and 6, and 
applying the heated soldering iron to 
fuse the solder and provide secure 
temporary solder lap joints, just as' 
you did for resistor R1 in Step 5. 

Adjust the voltage between termi- 
nals 5 and 6 to 5 volts again, by 
placing the black clip on 5 and the red 
clip on 6, setting the N. R. I. Tester to 
the 3X V range, and adjusting the po- 



tentiometer roughly to a meter reading 
of 1.75 on the AC scale, then switch- 
ing to the V range and adjusting the 
potentiometer until the meter reads 
exactly 5 on the AC scale. This is the 
same adjustment as described in Step 
4. Pull out the plug now. 

To measure the voltage across ca- 
pacity C, place the black clip on 
terminal 4 and place the red clip 
on terminal 6. Turn on the N. R. I. 
Tester, leaving it set at the V range. 
Read the meter on the AC scale, and 
record the value in Table 28 as the 
voltage in volts across .5-mfd. capacity 
C. Pull out the plug. 

To measure the current through 
C, place the black clip on terminal 
5, and place the red clip on terminal 4. 
Insert the plug in the outlet, read the 
meter on the AC scale, and record 
the value in Table 28 as the voltage 
across R. This will also be the value 
in ma. of current through .5-mfd. ca- 
pacity C. Pull out the plug, turn off 
the N. R. I. Tester, remove the two 
test clips, disconnect the .5-mfd. ca- 
pacity, then separate the two .25-mfd. 
condensers. Do not straighten out the 
hooks in the condenser leads yet. 

Step 7. To measure voltage and 
current values for a 10-mfd. electro- 
lytic condenser connected according. to 
the schematic circuit diagram in Fig. 
27C, take two 3 -inch lengths of red 
hook-up wire, connect one to each of 
the center terminal lugs of the dual 
10 - 10 - mfd. electrolytic condenser 
(Part 3-3), then connect one of these 
leads to terminal 4 and the other to 
terminal 6 by means of temporary 
soldered lap joints. This places the 
two sections of the condenser in series 
bucking, with their - terminals con- 
nected together internally through the 
common metal housing of the unit, 
but gives a resultant capacity which 
is essentially the same as the capacity 
of only one active 10-mfd. individual 
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unit; this is true only with electrolytic 
condensers. 

Adjust the potentiometer in the 
manner described in Steps 4 and 6, so 
as to give exactly 5 volts a.c. between 
terminals 5 and 6, then pull out the 
plug. 

To measure the voltage across the 
10-mfd. capacity, place the black clip 
on 4, place the red clip on 6, insert the 
plug, read the meter on the AC scale, 
and record your result in Table 28 as 
the voltage in volts across the 10-mfd. 
capacity C. Pull out the plug. 

FIG. 28. This illustration shows you how to make 
a temporary soldered lap joint for the purpose of 
connecting a radio part temporarily between two 
terminals. This technique allows you to hold the 
part with one hand (instead of holding the solder in 
that hand), and gives a joint which can easily be 

disconnected. 

To measure the current through the 
10-mfd. capacity, place the red clip 
on terminal 4, place the black clip on 
terminal 5, insert the plug, read the 
meter on the AC scale, and record 
the value in Table 28 as the voltage 
across R. This will also be the current 
in ma. through the 10-mfd. capacity 
C. Pull out the plug, turn off the 
N. R. I. Tester, remove the clips, and 
disconnect the dual 10-10-mfd. con- 
denser from terminals 4 and 6. 

Step 8. To study the action of a coil 
in an a.c. circuit, take the 10 -henry 
choke coil (Part 3-10), attach a 3 -inch 
length of hook-up wire to each of its 
terminal lugs by means of a tempo- 
rary soldered hook joint, connect one 



of these leads to terminal 4, and con- 
nect the other lead to terminal 6, so 
that you have the circuit arrangement 
shown in Fig. 27D. 

Adjust the potentiometer as previ- 
ously described, to give exactly 5 volts 
a.c., then pull out the plug. 

To measure the voltage across coil 
L, place the black clip on 4, place the 
red clip on 6, insert the plug, read the 
meter on the AC scale, and record 
the result in Table 28 as the voltage in 
volts across coil L. Pull out the plug. 

To measure the current through coil 
L, place the black clip on 5, place the 
red clip on 4, insert the plug, read 
the meter on the AC scale, and record 
the result in Table 28 as the voltage 
across R. This will also be the current 
in ma. through the 10 -henry coil L. 
Pull out the plug, turn off the N. R. I. 
Tester, remove the clips, then discon- 
nect the coil but leave the two leads 
connected to the coil terminals. Leave 
the remainder of the circuit set up 
for the next experiment. 

Discussion: If you have done any 
previous experimenting or if you have 
worked at all with a.c. house wiring, 
you undoubtedly know already that a 
110 -volt a.c. voltage can give you an 
unpleasant shock. Furthermore, under 
certain conditions this voltage can be 
dangerous. These dangerous conditions 
are quite easy to avoid, for they de- 
pend upon electricity going through 
your entire body, particularly through 
the region of the heart. 

By keeping all parts of your body 
away from any grounded metal object 
and by touching radio apparatus with 
only one hand whenever there is a 
possibility that power might be on, 
you make it impossible for current to 
find a path through your body. Under 
these conditions, you can work with 
110 -volt a.c. voltages with perfect 
safety. 

Every radio man must work exten- 

sively with 110 -volt a.c. apparatus, so 
form the proper safety habits right 
from the start. Safety rules are even 
more important when working with 
ordinary a.c. radio receivers; here you 
encounter stepped -up a.c. voltages 
approaching 1,000 volts, which are 
considerably more dangerous than 110 
volts, unless these same safety pre- 
cautions are used. 

Study of the schematic circuit dia- 
gram in Fig. 25A will show that you 
voltage divider consists of a 10,000 - 
ohm resistor and a 1,000 -ohm potenti- 
ometer connected in series across the 
a.c. line. This gives a total of 11,000 
ohms. 

With no load connected across the 
voltage divider (Step 3), you should 
find that the voltages divide exactly 
in proportion to the resistances, just 
as in the case of the d.c. voltage divid- 
er used in the previous experiment. 
There should be ten times as much 
voltage across the 10,000 -ohm resistor 
as there is across the 1,000 -ohm re- 
sistor, and these two voltages should 
add up to the line voltage. Looking 
at it another way, the potentiometer 
resistance is only 1/11 of the total re- 
sistance, and consequently the poten- 
tiometer voltage should be only 1/11 
of the total voltage. 

If the line voltage in your case is 
slightly high, say about 120 volts, the 
voltage across the 1,000 -ohm potenti- 
ometer will be about 11 volts. You 
are thus using this voltage divider to 
reduce the 120 -volt line voltage to 11 
volts a.c. for this experiment. 

In Step 5, you use a 1,000 -ohm re- 
sistor Rl as a load across one section 
of the potentiometer, with a 1,000 - 
ohm resistor R in series with this load 
for current -measuring purposes. The 
voltage drop across the 1,000 -ohm re- 
sistor R is exactly equal in value to 
the current in milliamperes through 
the load. 
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When you turn on the power after 
connecting 1,000 -ohm resistor R1 to 
terminals 4 and 6, you will find that 
the voltage between terminals 5 and 6 
is about 1 volt lower than the original 
no-load value of 5 volts. This proves 
that the same action holds true for 
a.c. circuits as for d.c. circuits, where- 
in the placing of a load across a por- 
tion of a voltage divider reduces the 
voltage available at that portion of 
the divider. 

Actually, in Step 5 you have two 
1,000 -ohm resistors connected in series 
across an a.c. voltage of 5 volts (be- 
tween terminals 5 and 6). According 
to Kirchhoff's Voltage Law, the volt- 
ages across the two resistors should 
add up to the 5 -volt a.c. voltage 
available between terminals 5 and 6. 
Furthermore, because the resistors are 
equal in value, the voltages across 
them should be equal (each should be 
2.5 volts) . Of course, practical con- 
ditions make it unlikely that the 
voltages will be exactly equal and 
practical limitations in your measur- 
ing instrument make it unlikely that 
the two measured voltages will add up 
to exactly 5 volts, but your results 
should be close enough to the expected 
values to verify the basic law in- 
volved. 

If the 1,000 -ohm resistor R1 were 
shorted out, there would be only 1,000 
ohms connected between terminals 5 
and 6, and you would measure the 
full source voltage across resistor R 
(between terminals 4 and 5). This 
means that 5 ma. would be flowing 
through this resistor. If you obtain 
a load current reading of about 2.5 
ma. with both the 1,000 -ohm resistors 
serving as load in Step 5, you can 
say that a resistor has exactly the 
same current -limiting characteristics 
in an a.c. circuit as it has in d.c. 
circuits. 

When using the N. R. I. Tester for 
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voltage measurements, make it a prac- 
tice to estimate first the maximum 
voltage which could exist between the 
points across which a measurement is 
to be made, then set the selector switch 
to a range which will include this 
maximum value. If your estimate is 
high and you find it difficult to read 
the meter accurately, simply lower the 
range one step at a time until you can 
secure a better scale reading. 

You may observe that when using 
the N. R. I. Tester as an a.c. voltmeter 
on the V range, a meter reading can 
be obtained when only one test clip 
is connected to an a.c. circuit. This 
reading is obtained simply because 
the test leads are picking up stray a.c. 
energy due to the house wiring. 

Even touching your finger to one of 
the disconnected test clips can cause 
an increase in the meter reading, for 
then your own body is picking up 
additional electrical energy, and the 
N. R. I. Tester is measuring your volt- 
age with respect to the other leads. 
The distributed capacity between 
leads is sufficient to complete the cir- 
cuit through the 10-megohm input 
resistance of the N. R. I. Tester, but 
does not affect meter readings at all 
when both clips are connected. 

In Step 6, you have a 1,000 -ohm 
resistor and a .5-mfd. capacity con- 
nected in series across the 5 -volt a.c. 
source. When you add together the 
voltages which you measure across 
the condenser and the resistor, you 
will find that they come to consider- 
ably more than 5 volts. Kirchhoff's 
Voltage Law for a.c. circuits says, 
however, that you cannot add volt- 
ages arithmetically in a.c. circuits 
having condensers or coils. You must 
add the voltages vectorially, taking 
phase into account, for the condenser 
and resistor voltages are 90° out of 
phase. 

When the N. R. I. voltage values 



across the condenser and resistor are 
added together vectorially in the man- 
ner shown in Fig. 29A, the result is 
about 5 volts. Your values should 
add vectorially to approximately 5 as 
well, but remember that exact agree- 
ment is seldom possible because of 
practical conditions. 

Adding Voltages Vectorially. For con- 
venience, let 1 inch represent 1 volt on 
your vector diagram, and use the resistor 
voltage as your reference vector. Choose a 
starting point for your diagram (point S 
in Fig. 29A), then lay out horizontally to 
the right from this starting point a line (IR 
in Fig. 29A) having a length which is pro- 
portional to the value of the voltage 
measured across 1,000 -ohm resistor R. Place 
an arrow at the end of this line. 

Next, from starting point S draw a vec- 
tor for the voltage across the added part. 
Since it is a condenser, draw the vector 
straight down from the reference point, be- 
cause the voltage across a condenser always 
lags the voltage across a resistor by 90°. 

Having plotted your two vectors for 
Step 6, add them together by completing 
the rectangle as indicated with dotted 
lines in Fig. 29A, then draw in the diagonal 
of the rectangle. This diagonal is the re- 
sultant vector, representing the sum of the 
two vectors acting 90° out of phase. 
Measure the length of this vector in inches; 
this value will be the resultant voltage in 
volts, and should be essentially 5 volts. 

Electrolytic Condenser Character- 
istics. When two electrolytic con- 
densers are connected in series but 
with their respective negative termi- 
nals tied together, as is done in Step 
7, one condenser always retains its 
desired capacitive properties despite 
the continual reversal of the a.c. volt- 
age which is applied to the condenser 
group. In other words, for any given 
point in the a.c. cycle, one condenser 
is acting as a true condenser but the 
other is merely acting as a conductive 
path. For this reason, the combined 
capacity of the two electrolytic con- 
densers is only the capacity of one of 
the units. 

As a matter of practical informa - 
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tion, this series opposition method of 
connecting electrolytic condensers is 
employed in actual practice whenever 
electrolytics are to be used in a.c. 
circuits. Otherwise, a single electro- 
lytic unit cannot be used as a con- 
denser in an a.c. circuit. 

When Step 7 was carried out in the 
N. R. I. laboratory, values of 4.6 volts 
across the resistor and 1.9 volts across 
the condenser were obtained, as indi- 
cated in Table 28. When these were 
added together vectorially in the man- 
ner shown in Fig. 29B, a resultant 
voltage of essentially 5 volts was ob- 
tained, giving additional confirmation 
of Kirchhoff's Voltage Law for a.c. 
circuits. 

Let us compare the relative current - 
limiting actions of the .5-mfd. and 
10-mfd. condensers in this a.c. circuit. 
We will use the N. R. I. values here 
for comparison, but you can do the 
same thing with those values you 
measured. 

The .5-mfd. condenser gave a cur- 
rent of .9 ma., while the 10-mfd. con- 
denser gave a current of 4.6 ma. This 
indicates that both condensers serve 
to limit the value of a.c. current flow- 
ing, with the smaller condenser offer- 
ing more opposition to current flow 
than did the larger condenser. This 
is exactly what you would expect 
from basic electrical principles, for 
the higher the electrical capacity 
value of a condenser, the lower is its 
reactance at a given frequency, and 
the less it limits current flow. 

When the 10 -henry choke coil was 
placed in series with the 1,000 -ohm 
resistor as a load for a 5 -volt a.c. 
source during the performance of Step 
8 in the N. R. I. laboratory, a voltage 
of .9 volt was measured across the 
1,000 -ohm resistor, and 4.7 volts was 
measured across the coil. Adding these 
together vectorially at right angles in 
the manner shown in Fig. 29C gives 



only 4.77 volts, which is a bit off from 
the applied a.c. voltage of 5 volts. 
The reason for this discrepancy is 
simply that the coil has considerable 
resistance, which is completely over- 
looked in the vector diagram in Fig. 
.29C. 

Your 10 -henry coil has a d.c. re- 
sistance of about 200 ohms. When 

IR =.9V 

IZI.47V. 

IXG4.9V. 

IR.9V. O , 

FIG. 29. These vector diagrams, based upon volt- 
age values measured in the N.R.I. laboratory for 
the various steps of Experiment 28, prove definitely 
that Kirchhoff's Voltage Law holds true for a.c. cir- 
cuits. One volt corresponds to '/2 -inch of vector 

length on these diagrams. 

this coil is used in an a.c. circuit, how- 
ever, certain a.c. losses make the re- 
sistance of the coil go up considerably. 
You will determine this value in the 
next experiment, but for purposes of 
clarifying the vector diagram in Fig. 
29C, let us assume that this a.c. re- 
sistance is 1,500 ohms. 

A voltage of .9 volt across the 1,000 - 
ohm resistor indicates a current of .9 

ma. through the circuit. This current 
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flowing through the 1,500 -ohm a.c. re- 
sistance of the coil gives a resistive 
voltage drop across the coil of .0009 x 

1,500, which is 1.35 volts. Knowing 
that the total voltage across the coil is 
4.7 volts and its resistive component 
is 1.35 volts, we can use the construc- 
tion shown in Fig. 29D to obtain the 
reactive component of voltage across 

IX': 4.49V. 

IR+IRL2.25V. 

the coil. Draw horizontal vector /RI 
to represent the voltage drop across 
the a.c. resistance of the coil. swing 
an arc whose radius is proportional to 
the measured coil voltage IZL, and 
draw a line vertically upward from 
the end of IRL until it intersects the 
arc. The length of this vertical line 
will now correspond to IXL, the re- 
active component of the coil voltage. 

Adding the resistive component of 
the coil voltage to the voltage drop 
across the 1,000 -ohm resistor gives 
1.35+.9, or 2.25 volts. We plot this 
horizontally in Fig. 29E, then draw in 
the reactive component of coil voltage 
as vector IXL, at right angles to the 
first vector. Completing the rectangle 
now gives vector IZo, whose length 
will be proportional to the total volt- 
age across the coil and resistor com- 
bined. For this vector we secure a 



value of 5 volts, which is correct. 
This experiment has shown you 

quite clearly that we must take phase 
into account whenever adding volt- 
ages in a.c. circuits. You have thus 
demonstrated for yourself Kirchhoff's 
important voltage law for a.c. circuits. 

Instructions for Report Statement 
No. 28. In an a.c. circuit, circuit con- 
ditions can be changed by shunting 
any part in the circuit with a resistor, 
a coil or a condenser, provided that 
the shunting part has a low enough 
resistance or impedance. For Report 
Statement No. 28, you will verify this. 

Using the voltage divides circuit 
shown in Fig. 25, connect between 
terminals 4 and 6 an 18,000 -ohm re- 
sistor (Part 1-16) and two .25-mfd. 
condensers, so that you have an 
18,000 -ohm resistor in parallel with a 
.5-mfd. capacity. Set the potentiom- 
eter to give maximum a.c. voltage 
(slightly over 10 volts) between ter- 
minals 5 and 6, as measured with the 
N. R. I. Tester, then pull out the 
power cord plug. Place the black 
clip of the N. R. I. Tester on terminal 
5, place the red clip on terminal 4, in- 
sert the plug, and read on the meter 
the voltage across 1000 -ohm resistor 
R (use the V range). Now pull out 
the plug, disconnect the two .25-mfd. 
condensers, insert the plug again, and 
note the voltage now indicated across 
1000 -ohm resistor R. Turn to the last 
page and check the answer which 
describes your result. 

EXPERIMENT 29 

Purpose: To show that when a coil 
and condenser are connected in series, 
a resonant effect exists, and one part 
will partially or totally cancel the cur- 
rent -limiting effect of the other part; 
to show that the a.c. resistance of a 
coil is higher than the d.c. resistance 
of the coil. 
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Step 1. Using the same a.c. voltage - 
dividing circuit employed in Experi- 
ment 28, connect one .25-mfd. con- 
denser (Part 3-2A) to terminals 4 and 
6 by means of temporary soldered lap 
joints; the circuit is given in Fig. SOA. 

Place the black clip on terminal 5, 
place the red clip on terminal 6, set 
the selector switch to 3 X V, turn on 
the N. R. I. Tester, insert the plug in 
the outlet, and adjust the potentiom- 
eter until the meter reads approxi- 
mately 4 volts (1.3 on the AC scale 
when using the 3X V range) . Now 
switch to the V scale and adjust ac- 
curately to 4 volts. (Note the change 
to 4 volts, as compared to the 5 -volt 
value used in the previous experi- 
ment.) Pull out the plug. 

To measure the voltage across the 

STEP 
NATURE OF 
MEASUREMENT 

YOUR VALUE 
IN VOLTS 

N.R.I, VALUE 
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TABLE 29. Record your results here for 

Experiment 29. 



.25-mfd. condenser, leave the red clip 
on 6 but move the black clip to ter- 
minal 4. With the N. R. I. Tester 
still set at V, insert the plug, read the 
meter on the AC scale, and record the 
value in Table 29 as the voltage in 
volts across .25-mfd. condenser C. 
Pull out the plug. 

To measure the current through the 
.25-mfd. condenser, place the black 
clip on 5, place the red clip on 4, and 
insert the plug. Read the meter on 
the AC scale and record the value in 
Table 29 as the voltage in volts across 
R and the current in ma. through R 
and C. Pull out the plug. 

Step 2. To measure current and 
voltage values in a series circuit con- 
sisting of 1,000 -ohm resistor R, 10 - 
henry choke coil L and .25-mfd. con- 
denser C, first disconnect the condens- 
er lead from terminal 4. Connect this 
condenser lead to one lead of the 10 - 
henry choke coil (Part 3-10), and 
connect the other choke coil lead to 
terminal 4, as indicated in the sche- 
matic circuit diagram in Fig. SOB. 

Adjust the voltage between termi- 
nals 5 and 6 to 4 volts in the manner 
described in Step 1, then pull out the 
plug. 

To measure the voltage across the 
.25-mfd. condenser C, place the red 
clip on terminal 6, and place the black 
clip on the junction of the condenser 
and coil leads. With the N. R. I. 
Tester set to the 3 X V range, insert 
the plug, read the meter on the AC 
scale, multiply your result by 3, and 
record the result in Table 29 as the 
voltage in volts across .25-mfd. con- 
denser C. Pull out the plug. 

To measure the voltage across coil 
L, move the black clip to terminal 4, 
and move the red clip to the junction 
of the coil and condenser leads. Leav- 
ing the N. R. I. Tester set at the 
3X V range, insert the plug, read the 
meter on the AC scale, multiply the 
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value by 3, and record the result in 
Table 29 as the voltage in volts across 
10 -henry coil L. NOTE: If the volt- 
age reading for the coil on the 3 X V 

range is less than 5.5 volts, change 
over to the V range in order to get a 
more accurate reading. 

To measure the current in this se- 
ries circuit, move the red clip to ter- 
minal 4 and move the black clip to 
terminal 5. With the N. R. I. Tester 
set at V, read the meter on the AC 
scale and record the results in Table 
29 as the vóltage in volts across R and 

R 
I000n 1000n 10,000n 

5 R T 
SET TO 4 VOLTS A.C. 

.25MFD. 6 

R 
1000n 1000n , 10,000n 
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B 

10H. 
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C 
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6 

FIG. 30. Schematic circuit diagrams for Experi- 
ment 29. 

the current in ma. through the R -L -C 
circuit. Pull out the plug and remove 
the clips, but do not disturb other 
parts of the circuit. 

Step S. In order to repeat Step 2 
with the condenser value in the circuit 
of Fig. SOB increased to .5 mfd., con- 
nect the other .25-mfd. condenser 
(Part 3-2B) in parallel with the .25- 
mfd. condenser already in the circuit, 
using temporary soldered hook joints. 

Now insert the plug in the outlet, 
readjust the voltage between termi- 
nals 5 and 6 to 4 volts, and repeat 
each of the measurements called for 



in Step 2. Record the results in Table 
29. Be particularly careful to set the 
voltmeter range first to 3X V for each 
measurement, lowering to the V range 
only when you are certain the voltage 
will not overload the meter. Pull out 
the plug. 

As a final measurement in this step, 
take the .05-mfd. condenser (Part 
3-1) and connect it in parallel with 
the group of two .25-mfd. condensers, 
soldering one lead by means of a tem- 
porary soldered lap joint to the com- 
mon junction of the coil and con- 
denser, but leaving the other lead un- 
soldered. With the red clip on ter- 
minal 6 and the black clip on the 
common junction of the condensers 
and the coil, and with the N. R. I. 
Tester set at 3X V, insert the plug 
in the outlet. Grasp the .05-mfd. con- 
denser by its paper housing and press 
the free lead against terminal 6. Read 
the meter on the AC scale, multiply 
the value by 3, and record the value 
in Table 29 as the voltage in volts 
across the .55-mfd. capacity. Pull 
out the plug, turn off the N. R. I. 
Tester, remove the clips, and unsolder 
the .05-mfd. condenser completely 
from the circuit. 

Step 4. To remove from your cir- 
cuit the 1.000 -ohm resistor which has 
been present in the previous steps for 
current -measuring purposes, discon- 
nect the coil lead from terminal 4 and 
solder it instead to terminal 5, as in- 
dicated in Fig. SOC. Adjust the volt- 
age between terminals 5 and 6 to ex- 
actly 4 volts in the manner previously 
described. Pull out the plug, set the 
selector switch to 30 X V, leave the 
red clip on terminal 6, but move the 
black clip to the common junction of 
the condensers and coil. Insert the 
plug in the outlet, read the meter on 
the AC scale as accurately as possible, 
multiply the reading by 30, and re- 
cord the result in Table 29 as the volt - 
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age across the .5-mfd. condenser. Pull 
out the plug. 

The meter reading will be very low, 
below 1 on the scale, indicating a 
voltage value somewhere between 15 
and 30 volts. You cannot estimate 
the value very accurately at this end 
of the scale, but can make a much 
more accurate reading on the 3 X V 
range if the voltage happens to be be- 
low the maximum value of 16.5 volts 
for this range. Therefore, switch to 
3 X V. If the meter pointer swings 
to the upper end of the scale, read the 
meter on the AC scale, multiply the 
result by 3, and record it in Table 29 
as the voltage for this measurement. 
If, however, the meter pointer merely 
vibrates around 0 when you switch to 
the S X V range, or reads slightly 
backward, do not attempt to get a 
more accurate reading. (It is a char- 
acteristic of the N. R. I. Tester to vi- 
brate near 0 when overloaded on any 
of the AC voltage ranges. A similar 
action, usually in the form of a re- 
versed reading, occurs during over- 
loading on any of the DC voltage 
scales. Whenever an overload indi- 
cation is secured, switch to the next 
higher range.) Remember that an 
overload will usually shift the 0 po- 
sition of the pointer. As previously 
pointed out, this condition can be 
corrected simply by touching the cali- 
brating clip momentarily to the 
-41/2C terminal on the battery block. 

To measure the voltage across coil 
L, place the black clip on terminal 5, 
and place the red clip on the common 
junction of the coil and condenser 
leads. Set the N. R. I. Tester to 
SO X V, insert the plug, read the meter 
on the AC scale, and multiply the 
value by 30. If the value comes out 
to be close to 16.5 or below this value, 
see if you can secure a more accu- 
rate reading on the 3 X V scale. Re- 
cord your final value in Table 29 as 



the voltage across coil L. Pull out 
the plug, turn off the N. R. I. Tester, 
remove the clips, and disconnect the 
coil and the condenser group, but 
leave the two .25-mfd. condensers con- 
nected together. 

Discussion: In Step 1, you have a 
.25-mfd. condenser connected in se- 
ries with the 1,000 -ohm resistor across 
the a. c. voltage source of 4 volts. At 
the power line frequency of 60 cycles, 
the reactance of a .25-mfd. condenser 
is 10,600 ohms." 

This is about ten times the ohmic 
value of the 1,000 -ohm resistor, so you 
should expect to measure about ten 
times as much voltage drop across the 
condenser as you do across the re- 
sistor. 

In the N. R. I. laboratory, the volt- 
age across C was just about 4 volts. 
The voltage across the resistor was 
very low and difficult to read, with the 
estimated reading being .3 volt. If 
these voltages are added together vec- 
torially, taking into account the fact 
that they are at right angles (90° 
out of phase), the resultant voltage 
across R and C together will still be 
about 4 volts; the source voltage. In 
other words, the circuit is essentially 
capacitive. The circuit current was 
about .3 ma. in this case. 

The insertion of a 10 -henry coil in 
series with the condenser and resistor 
to give the circuit shown in Fig. 
SOB, while keeping the a.c. source 
voltage at 4 volts, will make both the 
circuit current and the condenser volt- 
age go up. The fact that circuit cur- 
rent goes up is proof that the total 
impedance of the circuit has been low- 
ered. 

Now we obtain more .: voltage 
across the' condenser than we' have 
available at the source. From your 

The formula used for determining this reactance 
0value is: %c - 1,0X 

f C' 6.28 
where Io is the reactance 

in ohms. J is the frequency in cycles and C is the capac- 
ity in mfd. 

fundamental course you learned, how- 
ever, that the voltages across a coil 
and a condenser in a series circuit are 
180° out of phase; this means that the 
combined voltage across them is the 
difference between their numerical 
values. The reason the current goes 
up is simply because the inductive re- 
actance of the coil cancels out part 
of the capacitive reactance of the con- 
denser, thereby lowering the total im- 
pedance in the circuit. 

When the capacity in the circuit of 
Fig. SOB is increased to .5 mfd. in 
Step 3, you will find that the coil, 
condenser and resistor voltages go up 
considerably. Coil and condenser 
voltages will be almost equal, indi- 
cating a condition very nearly ap- 
proaching resonance. The difference 
between the coil and condenser volt- 
ages, when added vectorially to the 
resistor voltage, should presumably 
equal the source voltage of 4 volts. 
In the case of the N. R. I. values, 
however, adding the difference value 
of .6 volt at right angles to the resis- 
tor voltage of 1.4 volts does not give 
a value anywhere near 4 volts. We 
can be reasonably sure that this dis- 
crepancy is due to the a.c. resistance 
of the coil; furthermore, the voltage 
drop due to the a.c. resistance must 
be quite large. 

It is possible to make measurements 
from which both the a.c. resistance of 
the coil and the Q factor of the coil 
can be computed. You do this by con- 
necting the coil to a known a.c. volt- 
age source in series with a condenser 
whose value will bring about the ap- 
proximate condition of series reso- 
nance. Under this condition, the con- 
denser and the coil both have maxi- 
mum voltage values. The ratio of 
the coil voltage to the supply voltage 
is then the Q factor of the coil at thé 
frequency used 'for the test (60 cycles 
in our case) and for the current value 
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flowing through the coil in the case of 
iron -core coils. 

Knowing the Q factor, you can 
compute the a.c. coil resistance simply 
by dividing the reactance of the coil 
by the Q factor. This formula is cor- 
rect for series resonant circuits, be- 
cause at resonance the voltage of the 
source is dropped entirely in the coil 
resistance, and the a.c. resistance 
value therefore determines what the 
circuit current will be. 

FIG. 31. Equivalent simplified circuit diagram 
corresponding to Fig. 30B, and vector diagrams 
which prove that Kirchhoff's Voltage Law for a.c. 
circuits holds true in this particular circuit when 
tested out with the values obtained in the N.R.I. 
laboratory. One volt on these diagrams corresponds 

to 1/4 -inch of vector length. 

As an example illustrating how the 
computations are made, we will use 
the values measured in the N. R. I. 
laboratory. We can assume that .5 
mfd. tunes the coil essentially to res- 
onance, particularly if the addition of 
the .05-mfd. condenser in Step 3 made 
the condenser voltage drop. We know 
that at resonance, the reactances of 
the coil and condenser are equal. We 
do not know the coil reactance be- 
cause the inductance of this coil va- 
ries with the amount of current flow- 
ing through the coil (the rated value 
of 10 henrys applies only when rated 
current of 25 milliamperes is flowing) . 

Therefore, we can compute the con- 
denser reactance and assume that the 
choke will also have this reactance. 
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At 60 cycles, a .5-mfd. condenser 
has a reactance of about 5,300 ohms, 
so this will be used as our coil reac- 
tance value. 

The measured N. R. I. voltage value 
across the choke coil in Step 3 was 
7.5 volts. The supply voltage for the 
series resonant circuit is not 4 volts, 
however, because there is a drop of 
1.4 volts across the 1000 -ohm series 
resistor R. Subtracting 1.4 from 4 
gives 2.6 volts actually acting ón the 
coil and condenser. 

Remembering that Q factor is equal 
to coil voltage divided by the actual 
supply voltage, we divide 7.5 by 2.6, 
and get 2.9 as the Q factor for the 
coil only. Now, dividing the coil re- 
actance of 5,300 ohms by this Q factor 
value of 2.9 gives 1830 ohms as the 
a.c. resistance of the coil at 60 cycles. 

Knowing the a.c. resistance value, 
we can use the values for Step 3 and 
see if we can make Kirchhoff's Volt- 
age Law for a.c. circuits check in 
this case. The circuit diagram in 
Fig. 31A, in which the a.c. resistance 
of the coil is separated from the coil 
inductance, will help you to under- 
stand this circuit. 

To calculate the voltage drop across the 
a.c. resistance of the coil, multiply the 
a.c. resistance value by the circuit current 
value obtained in Step 3; 1830 x .0014, 
which is approximately 2.56 volts. 

Next, we must find the true voltage drop 
across the inductance of the coil. The drop 
across the a.c. resistance of the coil is 2.56 
volts, and the total coil impedance drop 
obtained in Step 3 is 7.5 volts. We draw a 
horizontal vector for 2.56 volts, then swing 
an arc having a radius proportional to 7.5 
volts, and draw a line vertically upward 
from the end of the 2.56 -volt vector until 
it intersects the arc, as shown in Fig. 31B. 
The length of this vertical line will now be 
proportional to the voltage drop across the 
inductive reactance of the coil. Using the 
values measured at N.R.I., this drop came 
out to be 7.05 volts. 

The resultant drop across the reactances 
in this circuit will be the difference be- 



tween 8.1 and 7.05, or 1.05 volts. If we add 
this reactance drop at right angles to the 
total drop of 3.96 volts (2.56 + 1.4) across 
the 1,000 -ohm resistor and the a.c. resistance 
of the coil in the manner shown in Fig. 
31C, we secure a resultant voltage vector 
which is just about 4 volts. Again we have 
confirmed Kirchhoff's Voltage Law for a.c. 
circuits. 

This experiment has established the 
fact that in a series circuit, the re- 
actances of a coil and a condenser 
cancel each other partially or com- 
pletely. Furthermore, this experiment 
has proved definitely that the a.c. re- 
sistance of a coil is greater than its 
d.c. resistance. Finally, the experi- 
ment has shown that when a coil and 
condenser are connected in series, the 
combined reactance will be less than 
the largest individual reactance. 

Instructions for Report Statement 
No. 29. An important principle to re- 
member in connection with resonant 
circuits is that a change in the ap- 
plied voltage does not affect the con- 
ditions of resonance. 

With your parts connected accord- 
ing to the circuit shown in Fig 30C, 
adjust the potentiometer until the 
a.c. voltage as measured between ter- 
minals 5 and 6 is 4 volts, then meas- 
ure the voltage across condenser C 
while observing the safety precautions 
emphasized in previous a.c. experi- 
ments. Make a note of the voltage 
value observed, then readjust the 
voltage between terminals 5 and 6 to 
2 volts, which is half of 4 volts, and 
measure again the voltage across con- 
denser C. Compare the two voltage 
values measured across C, then turn 
to the last page and place a check 
mark after the answer which applies 
to your observation. 

If the voltage across any part of 
the resonant circuit (such as across 
the condenser) drops proportionately 
when you reduce the source voltage 
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to half its value, you have proved the 
statement brought forth above. 

EXPERIMENT 30 

Purpose: To show that the combined 
reactance of a coil and condenser con- 
nected in parallel in an a.c. circuit is 
higher than that of the lowest reac- 
tance in the combination. 

Step 1. With the a.c. voltage di- 
vider used in Experiments 28 and 29, 
connect the 10 -henry coil between ter- 
minals 4 and 6 to give the same cir- 
cuit arrangement as is shown in Fig. 
27D. Set the N. R. I. Tester to 3X V, 
place the black clip on terminal 5, 
place the red clip on terminal 6, in- 
sert the plug in the outlet, turn on 
the tester, and adjust the potentiom- 
eter until you have 10 volts between 
terminals 5 and 6, as indicated by a 
reading of 3.3 on the AC scale. Pull 
out the plug. 

Place the black clip on terminal 5, 
place the red clip on terminal 4, in- 
sert the plug, and note the meter 
reading with the N. R. I. Tester set 
at 3X V. If the actual voltage indi- 
cation is below 5.5 volts, change to 
the V range to secure a more accurate 
reading. Record your final value as 
the current in ma. through R and L, 
then pull out the plug. 

R 
t000n 

7 
SET TO 10 VOLTS A.C. 

NOTE: If you can't get 
up to 10 volts, use the 
highest value your po- 
tentiometer will give. 

FIG. 32. Schematic circuit diagram for Step 2 of 
Experiment 30. 

Step 2. Place a .5 -mid. condenser 
in parallel with the coil as shown in 
Fig. 32 (use the two .25-mfd. condens- 
ers, Parts 3-2A and 3-2B, which you 



previously connected in parallel to 
give .5 mfd.). Use temporary soldered 
lap joints to terminals 4 and 6 for this 
purpose. Readjust the voltage be- 
tween terminals 5 and 6 to 10 volts 
in the manner specified in Step 1, then 
pull out the plug. Place the black 
clip on terminal 5, place the red clip 
on terminal 4, leave the N. R. I. 
Tester set at the V range, turn on the 
N. R. I. Tester, reinsert the plug, read 
the meter on the AC scale, and re- 
cord the result in Table 30 as the cur - 

STEP NATURE OF 
MEASUREMENT 

YOUR VALUE 
IN MA. 

N.R.I. VALUE 
IN MA. 

l RUANO L 
THRU 1. 7 

2 R,l AND 
CTNRU 

TABLE 30. Record your results here for 
Experiment 30. 

rent in ma. through R, L and C. Pull 
out the plug, and turn off the Tester. 

Discussion: In this experiment, you 
measure the current first through 
a 10 -henry inductance having a re- 
actance of approximately 5,300 ohms 
at 60 cycles, then through a parallel 
circuit consisting of the inductance 
and a .5-mfd. capacity which likewise 
has an impedance of 5,300 ohms. If 
you performed this experiment cor- 
rectly, you should find that the mere 
shunting of the coil with this con- 
denser serves to reduce the circuit 
current to 1/3 of the value for the 
coil alone. The parallel coil -condenser 
combination must therefore have a re- 
actance of about 3 times the 5,300 - 
ohm value for the coil alone, or 15,900 
ohms. 

The currents through the coil and 
the condenser are 180° out of phase, 
and therefore the total current drawn 
by these two parts must be equal 
to the difference between the cur- 
rents through the individual parts. 

The important fact for you to re- 
member in connection with this ex- 
periment is that when a coil is shunted 
by a condenser, the combined imped- 
ance is greater than the lowest re- 
actance. 

Instructions for Report Statement 
No. 30. Suppose we repeated this ex- 
periment with a large condenser 
shunted across the choke coil, so that 
the condenser impedance is much 
lower than the coil impedance. Would 
the fundamental rule presented in this 
experiment still hold true? You can 
easily check this by making the fol- 
lowing additional measurements. 

Starting with your apparatus con- 
nected according to the circuit of Fig. 
32, disconnect both the 10 -henry coil 
and the .5-mfd. condenser from ter- 
minals 4 and 6, then connect to these 
same terminals a 10-mfd. capacity 
(your dual 10-10-mfd. condenser con- 
nected for a.c. operation, as was done 
in Step 7 of Experiment 28). Adjust 
the voltage between terminals 5 and 6 
to 5 volts a.c., then measure the a.c. 
voltage across 1000 -ohm resistor R 
(between terminals 4 and 5) . Re- 
member that this voltage value is also 
the current in ma.; the higher this 
current, the lower is the impedance 
between terminals 4 and 6. 

Now connect to terminals 4 and 6 
the 10 -henry choke coil, so it is in 
parallel with the 10-mfd. capacity, 
and measure again the a.c. voltage 
across 1000 -ohm resistor R. Check 
your answer in Report Statement No. 
30. Pull out the plug, turn off the 
N. R. I. Tester, then disconnect the 
voltage divider. 

IMPORTANT: Do not discard any 
of the parts supplied to you in 
N. R. I. radio kits before you have 
completed your course. The parts 
will be used again in later experi- 
ments. 
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PHOTOELECTRIC CONTROL CIRCUITS 
WITH RELAYS 

Types of Relays 
YOUR study of light-sensitive cells 

has shown that these "electric 
eyes" change their electrical charac- 
teristics when the light on them 
changes. Thus, light causes a photo- 
conductive cell to change its resist- 
ance, this change being converted 
into either a current or voltage change 
by the cell circuit; a photovoltaic cell 
actually produces an e.m.f. directly, 
which is generally used to cause a 
current change in an electrical circuit; 
a photoemissive cell controls the elec- 
tron flow in its circuit, thereby pro- 
ducing changes in voltage and cur- 
rent. Now, the current changes are 
quite small-several milliamperes at 
most, and usually of the order of 
microamperes. To control electrical 
apparatus with light-sensitive cells, it 
is usually necessary to build up these 
comparatively small current changes 
in some manner. 

In most practical control circuits, 
the impulse or electrical power change 
originating at the photoelectric cell 
actuates an electromagnetic relay 
whose contacts either open or close 
the circuit to the device which is to 
be controlled by changes in light. 
The greater the current required by 
the device, the greater must be the 
pressure of one relay contact against 
the other, the larger must be the con- 
tacts, and the greater must be the 
power required to operate the relay. 
A sensitive relay can be used for small 
currents, but a husky power relay 
which has large contacts is needed if 
heavy cterents flow. 
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Many different schemes for linking 
the light-sensitive cell with the power 
relay have been introduced. Electro- 
magnetic relays connected in succes- 
sion, so the contacts of one control 
the input to the next, are widely used. 
For example, a photovoltaic cell may 
actuate a super -sensitive relay which 
controls a sensitive relay, and this 
secondary relay in turn operates the 
final heavy-duty relay. 

Because super -sensitive relays are 
expensive and require considerable 
attention, many methods have been 
developed to eliminate their use. A 
voltage change in the cell circuit can 
be amplified sufficiently by one or 
more vacuum tube amplifiers to oper- 
ate sensitive or heavy-duty relays. 
The voltage change originating at the 
cell can also be applied between the 
grid and the cathode of a gas triode 
(such as a "grid -glow" or a Thy- 
ratron tube), and a heavy-duty power 
relay can be inserted in the plate cir- 
cuit of the gas triode. In many eases 
the device being controlled can be con- 
nected directly into the plate circuit 
of the gaseous tube, in place of the 
power relay. 

Thus, you may find between the 
light-sensitive cell and the controlled 
device either an amplifier (contain- 
ing one or more gaseous or vacuum 
type amplifier tubes), an electro- 
magnetic relay, or a combination of 
the two. The intervening circuits 
may impart special characteristics to 
the complete photoelectric control 
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unit. In general, however, the final 
action is to open or close the circuit 
at the desired time interval after the 
light on the cell has changed by a 
certain definite amount. 

Choosing Relays. In selecting a 
relay for a particular application, 
certain fundamental facts must be 
considered. How much current is re- 
quired to make the relay contacts 
close? This current is called the 
pull-up current of the relay. At what 
value of current will the relay con- 
tacts open? This is called the drop- 
out current. Other important fac- 

the relay circuit must be considered, 
for relays are generally designed for 
either d.c. or a.c. use, but not for both 
(D.C. relays are usually more sensi- 
tive than a.c. relays.) The ohmic 
value of the relay coil is another im- 
portant factor, for the voltage drop 
across the coil must be considered in 
the design of the control circuit. 

Other factors affecting the choice 
of a relay are the current, the voltage, 
and the nature of the load in the cir- 
cuit being controlled. The contacts 
must be able to carry and break the 
current through the circuit without 

\ ADJUSTING 
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RELAY INPUT 

FIG. 1. A super -sensitive relay is basically 
similar to a moving -coil type meter; in fact, 
it is frequently called a meter -type relay. 

tors are: How long does it take after 
the current or voltage reaches the 
pull-up value before the contacts close 
completely? How much time elapses, 
after the relay current is reduced to 
the drop -out value, before the con- 
tacts are opened? Where rapid count- 
ing or fast action is required, fast 
relays are used; for certain jobs, such 
as illumination control applications, 
extremely slow relays are needed; 
where light changes on the cell are 
small, the difference between pull-up 
and drop -out currents must be small. 
The nature of the power supplied to 

serious arcing or sparking. The 
voltage must not be so high that cur- 
rent will jump across the contacts 
when they are open. When the load 
is inductive, the amount of current 
which can be carried is reduced un- 
less anti -sparking filters are used. 
Even then, the high surge voltage 
produced by breaking an inductive 
circuit may cause arcing across the 
contacts if they are too close to one 
another in their open position. 

Now that you know what the im- 
portant characteristics of a reeay are, 
let's make a detailed study of the 
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various types of relays used for photo- 
electric and electronic control systems. 

SUPER -SENSITIVE RELAYS 

From a practical viewpoint, super- 
sensitive electromagnetic relays are 
really modified moving coil type 
microammeters, with platinum -irid- 
ium contacts mounted on the moving 
pointer, and with adjustable contacts 
(one on each side of the pointer) 
mounted on the meter scale. Plati- 
num -iridium contacts are used because 
this alloy does not oxidize or tarnish 
in air, and resists the pitting (erod- 
ing) action of the current. 

The basic arrangement of a typical 
super -sensitive relay is shown in Fig. 
1. The two moving coil terminals are 
connected into the controlling circuit 
(light-sensitive cell circuit), and the 
remaining three terminals, going to 
contacts 1 and 2 and to pointer A, 
are for the controlled circuit. An in- 
crease in current through the relay 
coil will send arm A to contacts 1 or 2, 
depending on the direction of current 
flow in the coil circuit. The sensi- 
tivity of this relay depends on the 
strength of the permanent magnet, the 
number of turns on the coil, and the 
spring restoring torque (twist), just as 
with ordinary meter movements. 
Units which will make contact on cur- 
rents as low as 5 microamperes are 
obtainable. 

One commercial form of this relay, 
the Weston meter -type relay, is shown 
in Fig. 2. The minimum current re- 
quired to close the contacts is 15 
microamperes, and the contacts are 
rated to handle up to 200 milliamperes 
(non -inductive load) at 6 volts. 

A super -sensitive relay of this type 
can be used in the following three 
ways: 

I. With no current flowing through 
the relay coil, arm A (Fig. 1) is set 
midway between contacts 1 and 2, so 

a positive current (a current flowing 
in such a direction that it causes the 
pointer to swing clockwise) will move 
arm A to contact 1 and a negative 
current (making the pointer swing 
counter -clockwise) will move the arm 
to contact 2. The closer together the 
contacts are placed, the smaller is the 
current required to move the arm over 
to one of the fixed contacts. 

II. Arm A is made to center itself 
halfway between contacts 1 and 2 for 
a definite value of coil current, mak- 
ing contact with 1 when the current 
exceeds this value and making con- 
tact with 2 when the current falls be- 
low this mid -value. Moving contacts 
1 and 2 closer together gives relay ac- 
tion for smaller changes in current. 

III. Arm A is set to make contact 
with 2 for all coil currents from zero 
up to a certain definite value in the 
relay range; currents above this value 
then move the arm over to contact i. 
The reverse of this action is also 
possible. 

o-celu,r g9. > 
ANG IIVAM'. 

Courtesy Weston Electrical Inst. Co. 

FIG. 2. The Weston model 534 meter -type 
relay, capable of operating on coil currents 

as low as 15 microamperes. 

The speed of operation of meter 
type relays can be increased by mov- 
ing the fixed contacts closer together. 
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Only small currents and voltages, usu- 
ally not over 200 milliamperes at 6 

volts, can be controlled where fast 
operation is desired. There must be 
no appreciable inductance in the con- 
tact circuit which would cause serious 
arcing. 

Any current or voltage range for the 
moving coil of the relay can be ob- 
tained by using shunts and multipliers. 
Super -sensitive relays having ranges 
below 200 microamperes can be con- 
nected directly across dry or wet type 
photo -voltaic cells, or placed in series 
with a battery across photoconductive 

low current pull-up value, the Wes- 
ton Electrical Instrument Corporation 
has introduced their so-called Sensi- 
trol relay, shown in Fig. SA. 

The basic construction of this relay 
is like that shown in Fig. 1, except 
that a small soft iron piece or "rider" 
replaces the contact points on mov- 
ing arm A, and a small but powerful 
permanent magnet replaces the con- 
tact at 1. When the arm swings over 
to the right it is snapped up against 
the face of the magnet, making a solid 
contact. External force must be ap- 
plied to the pointer to free the rider 

E.rO:o 
RESET 
?PVICE '- 

Courtesy Weston Electrical Inst. Co. 

FIG. 3. The Sensitrol relay. The type at A has a manual 
reset knob, while the one at B is reset magnetically. 

cells. The contacts of the relay are 
usually connected through a 4.5- to 
6 -volt battery to the coil of a sensitive 
relay, which may in turn actuate a 
power relay. 

The extremely high sensitivity of 
the meter type (super -sensitive) relay 
is offset by a number of disadvan- 
tages. There is a tendency for the 
contacts to "chatter," or open and 
close repeatedly, when the actuating 
coil current is just about enough to 
make or break a contact. This re- 
sults in arcing, faulty operation of the 
relay, and eventual destruction of the 
contacts. To overcome this chatter- 
ing without depriving the relay of its 

from the magnet and break the con- 
tact. This can be done in either of 
two ways: by turning the reset knob 
in the center of the relay, which 
pushes the pointer back to its no - 
current position, or by using a solenoid 
(electromagnet) to reset the pointer 
electrically. The solenoid type Sen- 
sitrol is pictured in Fig. SB. 

Sensitrol relays can be obtained in 
many different types, to open or close 
a circuit on either an increase or a 
decrease in current. These relays usu- 
ally are used for installations where 
repeated or continuous control is un- 
necessary, such as in locations where 
an attendant can reset the relay after 
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each closing. However, time relays 
can be used in conjunction with the 
solenoid type Sensitrol to reset the 
relay automatically. Although the 
apparatus required is quite expensive, 
it gives the only practical solution to 
certain types of control problems. 

SENSITIVE RELAYS 

Relays of the sensitive type require 
currents of from .5 to 3.0 milliamperes 
for their operation. This type of relay 
is used in the plate circuit of a 
vacuum tube amplifier whose grid is 
connected to the control element 
(light-sensitive cell, thermostat, beat - 
frequency oscillator, etc.), and also 
in circuits where it is controlled by 
the contacts of a super -sensitive relay. 

Fig. 4 shows the construction of a 
typical sensitive relay. In general, a 
sensitive relay consists of a soft iron 
armature, pivoted at one end, which 
is attracted to the iron core of an 
electromagnet when the required cur- 
rent is passed through the electro- 
magnet coil. Contacts are placed on 
the free end of the armature. 

The electromagnet consists of a 
large number of turns of No. 30 to 
No. 40 B. & S. gauge enamelled or 
insulated copper wire, wound on a 
bobbin which slips over one leg of a 
U-shaped core. These coils are de- 
signed to have the greatest number of 
ampere -turns for a given operating 
voltage and current. The weaker the 
rated pull-up current of the relay, the 
greater must be the number of turns 
on the coil; increasing the turns means 
increasing the resistance of the coil. 
Relay coils have resistances varying 
from 1 to 10,000 ohms, depending 
upon the operating current. Sensitive 
relays for photoelectric work ordi- 
narily have resistances of from 1,000 
to 8,000 ohms. 

Relay coils generally are rated ac- 
cording to the power in watts required 

CONTACT C2 COMMON CONTACT 
TERMINAL 

ARMATURE 
PIVOT 

FIG. 4. A typical sensitive relay. The "com- 
mon contact" terminal connects to the arma- 

ture. 

to pull up the armature and close the 
contacts. This wattage rating allows 
relays of different voltage and current 
ratings to be compared as to sensi- 
tivity. 

Pivoted at one end of the U-shaped 
core (Fig. 4) is the soft iron armature 
which is attracted to the U-shaped 
core when the solenoid is excited with 
sufficient current. The armature is 
normally held against contact C2 by 
the action of the spring; when the 
pull-up current value passes through 
the coil the armature is pulled up 
against C1. Thus, by making the 
proper connections to contacts C, and 
C2, the opening and closing of one cir- 
cuit can be controlled by the relay, or 
two separate circuits can be con- 
trolled. 

It is important that the armature 
and the core of the relay coil be made 
of material which will not retain its 
magnetism when the current falls be- 
low the pull-up value.. Therefore, spe- 
cial alloys of iron with silicon are 
used; they change their magnetism as 
the magnetizing current changes and 
lose practically all magnetism when 
the current drops to zero. These al- 
loys have a high permeability, which 
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means that they produce a large mag- 
netic attraction for low values of am- 
pere turns. The lower the electrical 
power required to pull up the arma- 
ture, the more sensitive is the relay. 
Notice that one end of the armature 
(in Fig. 4) rests against one of the 
poles of the U-shaped core; this re - 

Courtesy Struthers -Dunn, Inc. 

FIG. 5. The Dunco CXB51 sensitive relay, 
which can be obtained with coils of various 

voltage and current ratings. 

duces the reluctance of the magnetic 
circuit, giving greater sensitivity. 

The armature must be properly 
balanced so it will move freely with- 
out wasting any of the attractive 
force, if maximum sensitivity is to be 
obtained. The electrical connection to 
the armature is ordinarily made at 
some point on the U-shaped core, with 
current passing through the pivot and 
out along the armature to the double 
contacts. Pigtails (flexible leads) are 
sometimes used to bridge the pivot 
and give a more dependable electrical 
connection. Sensitive relays of this 
type will handle about 2 amperes at 
110 volts a.c. or 1/4 ampere at 110 
volts d.c., provided that the loads are 
non -inductive. (When there is an in- 
ductive load, less current can be 
handled. However, placing a con- 
denser or a condenser -resistor filter 
across the contacts reduces the spark- 
ing and allows currents more nearly 

the rated values.) A typical sensitive 
relay is shown in Fig. 5. 

The Telephone Relay. Another 
type of sensitive relay, shown in Fig. 
6, is commonly known as a telephone 
type relay, because it is widely used 
in telephone circuits. The coil of this 
relay is about 3 inches long and 1 inch 
in diameter, and has a cylindrical soft 
iron core. At one end of the core, a 
rectangular soft iron armature is so 

pivoted that it is attracted to the core 
when current flows through the coil. 
There are no contacts on the arma- 
ture. Instead, there is an armature 
lever which has an insulated bushing 
at its tip. When the armature pulls 
up, this lever pushes against spring 
steel blades on which the contacts are 
mounted; these contact blades can be 
arranged either to open or close cir- 
cuits when the relay operates. The 
blades are very similar to those used 
on plug-in telephone jacks. Any num- 
ber of combinations of make -and - 
break circuits is possible. A, few of the 
fundamental contact possibilities are 
shown in Fig. 6. When the armature 
button moves in the direction of the 
arrow, the indicated "make -and - 
break" or "open -and -close" action 
takes place. 

The telephone relay is an extremely 
flexible device. With certain modifica- 
tions it can be adapted to any practi- 
cal speed or function. It will pull up 
in .02 to .05 seconds and drop out in 
the same time. A residual magnetism 
screw, set into the armature to pre- 
vent it from sticking to the core when 
coil current is zero, can be adjusted to 
reduce the movement of the armature 
and thus speed up its action. This 
screw, of course, must be made of non- 
magnetic material. 

The drop -out time of the telephone 
relay can be increased by preventing 
a rapid decrease in magnetic flux 
through the core. For instance, a 
medium speed relay is obtained by 
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Designing them this way provides a 
more positive action, particularly 
when small current variations are 
present. Once the relay closes, it is 
held firmly closed until the current 
falls to the drop -out value. Relays 
with differentials of 15% to 25% are 
available, but these usually require 
more frequent attention. They operate 
on small differences in exciting cur- 
rent, but this low differential makes 
for a less positive relay with a tend- 
ency to chatter. 

A.C. and D.C. Operation. The sen- 
sitive relay can be used in a.c. or pul- 
sating d.c. current control circuits if 
certain precautions are observed. It is 
often an advantage to use a.c. if it is 
possible to do so, for a.c. voltages are 
almost always easier to obtain in the 
exact values required, whereas bat- 
teries change in voltage and require 
constant replacement. 

A telephone relay (designed specifi- 
cally for d.c. use) may be used in the 
plate circuit of a tube which is rectify- 
ing a.c., provided a condenser is 

SACN STOP COIL 

placing a copper sleeve over the iron 
core (between the coil and the core). 
A slow speed relay is obtained when a 
heavy copper washer is slipped over 
the end of the core. The thickness of 
the washer determines the speed of 
operation of the relay. The principle 
of mutual induction explains why re- 
lays can be slowed up in this way; the 
copper washer or sleeve is really a 
single turn coil of low resistance, mu- 
tually coupled magnetically (by the 
core) to the relay coil. The thicker 
the washer, the lower its resistance 
and the longer it can prevent a change 
in the flux through the core. 

Super -sensitive relays are generally 
of the fast type. However, sensitive 
relays are made with fast, medium, 
and slow operating speeds. Fast, sen- 
sitive relays are recommended for use 
in the plate circuit of a vacuum tube. 

The most dependable relays have a 
drop -out current which is about one- 
half the pull-up current; this gives a 
relay differential (ratio of drop -out 
current to pull-up current) of 50%. 

ARMATURE LEVER 

RESIDUAL SCREW 

ARMATURE 

COIL MOUNTMO SCREW 

COL TERMINALS 
(FOR TWO WNDIIWS) 

INSULATOR 

CONTACT SPRATS 
TERMINALS 

FIG. 6. The telephone -type relay, so named because it is widely used in telephone work as 
well as in electronic control apparatus. Almost any contact arrangement is available; several 
are shown here. These basic contact arrangements are: A-make; B-break; G ---break 
before make; 0-make before break; E-break and make before break. A "make" arrange- 

ment closes a circuit when the relay is energized, while a "break" style opens a circuit. 
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shunted across the relay coil. The 
condenser and the coil then act as a 
filter to smooth out the pulsations in 
the current. The lower the coil re- 
sistance, the larger must be the con- 
denser capacity to prevent contact 
chatter. Always use the smallest ca- 
pacity which will prevent chatter. A 
2-mfd. condenser is about correct for 
a 5,000 -ohm relay coil. 

Special types of relays are avail- 
able for use in a.c. circuits. These are 
generally less sensitive than d.c. types, 
for power is lost because of eddy cur- 
rents and hysteresis. The cores and 
armatures of some a.c. relays are made 
up of very thin sheets of silicon iron, 

FIG. 7. In order to prevent chatter when re- 
lays are operated on a.c., a heavy copper shad- 
ing ring, like that shown here, is forced into 
a slot cut into that end of the laminated iron 

core which faces the armature. 

like audio transformers, while other 
types use solid cores having one or 
more slots along one side to reduce 
eddy currents. To help prevent chat- 
tering, the mass (weight and shape) 
of the moving armature, and the 
spring tension are made such that the 
moving system has a vibration period 
which is less than the frequency of the 
exciting current. As an additional 
check on chattering, that pole of the 
core which faces the armature has a 
split end, in which is imbedded a 
heavy copper ring, called a "shading" 
ring or coil; this is shown in Fig. 7. 

This ring acts like a short-circuited 
secondary winding, its induced current 
producing a flux which holds the arm- 

ature down during that part of the 
cycle when the current (and the main 
flux) drops to zero. All these factors 
tend to make a.c. relays less sensitive 
and more expensive than d.c. types. 

HEAVY-DUTY OR POWER RELAYS 

When the power that is to be turned 
on or off by a relay exceeds 200 watts 
a.c. or 25 watts d.c. (the maximum 
values which can be handled by the 
average sensitive relay) a power re- 
lay, controlled by a sensitive relay, is 
generally used to handle it. 

The coil of a power relay requires 
a d.c. input power of about 2 watts, in 
general, for satisfactory control of up 
to 1,000 watts a.c.; if a 100 -volt d.c. 
source is used to excite the power re- 
lay coil, the operating or pull-up cur- 
rent (I = P/E) will be 2 ± 100 or .02 
ampere (20 milliamperes). The re- 
sistance of the relay coil (R = E/I) 
should therefore be 100 - .02 or 5,000 
ohms in this case. The required re- 
sistance for any relay coil can be fig- 
ured in this manner. Generally, a.c. 
relays require a higher power input 
than d.c. relays. 

The principle of operation of the 
power relay is essentially like that of 
the sensitive relay. The same precau- 
tions are taken to prevent chatter on 

Courtesy Struthers -Dunn, Inc. 

FIG. 8. Dunco midget heavy-duty relay 
(Type CDBX1), having two contact blades 
mounted on the clapper type armature to 

give double -pole double -throw operation. 
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power relays designed for a.c. excita- 
tion. A typical power relay (also 
called an auxiliary relay) is shown in 
Fig. 8. It has a rectangular clapper 
type armature pivoted in front of an 
electromagnet. The clapper carries 
one or more contact arms which move 
between fixed contacts. The one shown 
is a double -pole, double -throw switch- 
ing relay: one circuit closes when the 
relay pulls up, the other closes when 
the relay drops out. A large number 
of make -and -break combinations are 
possible. In circuits where, a super- 
sensitive relay controls a sensitive re- 
lay which, in turn, actuates the power 
relay, the first two relays are essen- 
tially simple make -and -break types, 
which the power relay furnishes the 
desired switching (often quite com- 
plex). 

Another form of power relay, one 
which can apply heavy contact pres- 
sures, makes use of the suction or min- 
imum reluctance action of a magnetic 
circuit. A diagram of such a relay is 
shown in Fig. 9. When a.c. or d.c. is 
fed to the relay coil, the armature has 
a tendency to take a position which 
will make the reluctance of the mag- 
netic circuit a minimum (by making 
the air gap between the armature and 
the poles as small as possible). Thus, 

,14 -PULL-UP POSR1ON 
OF ARMATURE 

FIG. 9. Diagram illustrating the principle of 
operation of the minimum reluctance type of 
power relay. Dotted lines show pull-up posi- 

tion of armature. 

when the relay coil is actuated, the 
armature takes the position shown by 
the dotted lines and the contact arm 
moves from B to C. 

Both sensitive and power type re- 
lays can be made with a small latch 

Courtesy Weston Electrical Inst. Co. 

This power relay uses mercury tube switches 
instead of air contacts. As many as four 
separate mercury switches may be mounted 
on the relay, which is of the minimum reluc- 

tance type. 

or mechanical lock which will hold the 
armature in position once it has been 
attracted to the core. Relays with this 
device are known as latch -in relays; 
they must be released either mechani- 
cally (by pushing on the latch) or by 
an auxiliary electromagnet whose 
armature is attached to the latch. 
Latch -in type relays are useful when 
the relay -actuating current is an im- 
pulse (produced by pushing a button 
or interrupting a light beam) which 
must keep mechanisms in operation 
until the desired condition has been 
reached. The latch can then be re- 
leased by some type of limit switch, 
opening the relay in readiness for an - 
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other control operation. For example, 
when an intruder passes through a 
light beam, the photocell, through its 
relays, can be made to ring a bell con- 
tinuously until the owner of the estab- 
lishment releases the latch -in relay. 

SPECIAL RELAYS 

Although unique control arrange- 
ments can be obtained by using sensi- 
tive and auxiliary relays together, the 

Courtesy Micro Switch Corp. 

FIG. 10. A cut -away view of a Micro Switch. 
A slight pressure on the plunger (E) either 
opens or closes the contacts, depending on the 
contact arrangement. The parts shown and 
labeled are: A-part of the case or enclo- 
sure; B-the top of the unit; C-the spring 
arms; D-the anchoring blocks for the ends 
of the curved springs; E-the plunger which 
actuates the switch; F-the fixed contact 
faces; G-the movable contact; H-not a 
part, but the distance the contact must 
travel to touch the lower face; I-the ter- 
minals; J-the terminal anchors; K-a feed - 
through screw which ties the contact to a 

terminal. 

use of combinations of relays in this 
way is not entirely satisfactory in 
many cases, for each relay is a poten- 
tial cause of failure of the entire sys- 
tem. The ideal relay is one sensitive 
enough to operate on extremely low 
power inputs, yet capable of control- 
ling large amounts of power. The 
Micro Switch and the mercury type 

contacts, when used on ordinary sen- 
sitive relays, closely approximate the 
ideal relay. 

A Micro Switch is shown in Fig. 10. 
This switch operates with a snap when 
a pressure greater than 14 ounces is 
applied to the operating plunger, and 
releases with the same snap action 
when the pressure is reduced to about 
4 ounces. The actual travel of the 
plunger is approximately .0004 to .002 
inch. The moving contact is attached 
to one flat spring and two curved 
springs. The flat spring produces a 
downward force on the moving con- 
tact, while the curved springs pro- 
duce an upward, force on it. In the 
normal position, the downward force 
of the flat spring is slightly greater 
than the upward force of the curved 
springs. However, when the flat spring 
is depressed by the plunger, its force 
on the contact is decreased, and the 
lower springs bring the contact up to 
the fixed contact with a snap. Switches 
of this type are available in a number 

Courtesy Automatic Electric Co. 

A combination of a telephone -type relay and 
a Micro Switch. The relay operates the 

plunger of the Micro Switch. 

of simple make -and -break combina- 
tions. 

Vacuum contacts are used exten- 
sively on relay installations where 
sparking at contacts may cause an ex - 
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Courtesy Automatic Electric Co. 

FIG. 11. Vacuum contact switch mounted on 
telephone -type sensitive relay. Insulated knob 
on armature at left presses against glass lever 

%which extends into the glass vacuum tube and 
operates the contacts which are inside. 

!plosion and fire. Reasonably large 
,currents can be controlled with a sen- 
sitive relay and the special vacuum 
contact shown in Fig. M. The contact 
¡points, mounted in a glass tube from 
which all the gas has been evacu- 
ated, are -operated by a glass lever 
which acts through a flexible seal, 
lifting the tn,ovalble contact. Since 
the contacts are in a vacuum, in 
which there is no gas to cause ioniza- 
tion or arcing, only a small gap is re- 
quired between them. The eentacts 
therefore have a long life. As such as 
6 amperes at 220 volts a.c. or d.c. eai1i 

be controlled by the unit shown, re- 
gardless of whether the load is induc- 
tive or resistive, and as many as 40 

make -and -break operations per sec- 
ond can be made. 

Mercury Contact Switches. If you 
place a quantity of mercury on a flat 
sheet of glass you will observe that 
the mercury remains in a globule and 
that the slightest tilt to the glass will 
-cause the mercury to move. This char- 
acteristic, together with the fact that 
mercury is a metal and therefore a 

good electrical conductor, has resulted 
in the mercury contact switch. A 

quantity of mercury is placed in a 

small capsule -shaped glass tube hay- 

ing two (or more) contact wires sealed 
into the glass. The tube is sealed after 
air is pumped out; an inert gas is 
sometimes placed in the tube after 
evacuation, to prolong its life. When 
the switch is tilted as shown in Fig. 
12, the mercury makes contact with 
only one wire or electrode, but in a 
level position the globule of mercury 
spreads out over both electrodes, clos- 
ing the circuit between them. If both 
electrodes are placed at one end of 
the tube, tilting the switch in that di- 
rection will close the circuit. Many 
other arrangements of two and more 
contacts are possible. Mercury tube 
switches are available in many dif- 
ferent types, some with mercury -to - 
metal contacts and others where the 
mercury pools themselves form the 
contacts; some require large, others 
require small angles of tilt. Switches 
which must carry large amounts of 
power in general require more mer- 
cury, heavier contacts, a larger angle 
of tilt, and larger forces to cause the 
tilt. 

Mercury tube switches can be 
mounted on sensitive or low powered 
relays, in combinations capable of 
,eon trolling up to several kilowatts of 
power. Ala many mercury tube 
switches can he attached to a relay as 
are required for the çpn.trol opera- 
tions, when the desired ,contacts can- 
not be made by a single switch. 

Mercury switches haven disadvan- 
tage in that they must be mounted 
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FIG. 12. Tilted and level positions of a sim- 
ple mercury switch. When the switch is in 
the level position, a globule of mercury 
makes electrical connection between the two 

contacts. 



FIXEND BLOCK HEAT CAUSES THIS, 
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FIXED CONTACT SUPPORT 

CONTACT SCREW-. 1 
oTO CIRCUIT BEING HEATER £ 
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FIG. 13. Basic principles of the hi -metallic 
strip type time delay relay are illustrated 
here. The four connections are often reduced 
to three by attaching one heater wire to the 

bi -metallic strip. 

"level" and cannot be used in places 
where they would be subject to jar- 
ring. The vacuum switch is better for 
these cases. 

Time Delay Relays. Quite often a 
relay is needed which will not close its 
contacts for a definite interval of time 
(5 seconds to 3 minutes) after the coil 
is energized. For example, a time de- 
lay relay is needed in certain illumi- 
nation control systems. Here a single 
photocell is made to operate two sensi- 
tive relays, one of which turns on 
lights when room illumination drops 
below the desired value, and the other 
turns off the room lights when the 
photocell "sees" too much light. 
Clearly, steps must be taken to pre- 
vent either small clouds that momen- 
tarily hide the sun or passing objects 
from flashing the lights on and off. 
The usual solution is to use the sensi- 
tive relays to control time delay re- 
lays, which, in turn, control the light 
circuits. These time delay relays re- 
quire current for a definite period of 
time before their contacts close. 

Most time delay relays are heat -op- 
erated mechanisms. The control cur- 
rent supplied to one passes through a 
resistance wire, and the heat devel- 
oped causes some mechanical motion 
which is used to close or open con- 
tacts. Usually, this motion is pro- 

duced by a bi -metallic strip (a ther- 
mostat). If a nickel -steel strip and a 
hard brass strip are welded together, 
as in Fig. 13A, and one end is firmly 
anchored, a very positive motion will 
be obtained when heat is applied to 
the device. For a given temperature 
increase, the brass increases in length 
18 times more than the nickel -steel; 
the strip must therefore curl upward 
to allow the brass to stretch. This bi- 
metallic strip can be heated by send- 
ing current through a coil of resist- 
ance wire wound around it. If con- 
tacts are placed on the free end of the 
strip and fixed contacts mounted on 
either side, the strip can be used to 
open or close a circuit. The time re- 
quired to make contact can be 
changed by adjusting the positions of 
the fixed contacts. The contact is 
usually mounted on an adjusting 
screw, as at S. 

Figure 13B shows a simple but ef- 
fective time delay relay requiring 
about 6 volts of d.c. or a.c. for its op- 
eration and intended for use with a 

Courtesy Weston Electrical Inat. Co. 
A time delay relay with the cover removed. 

The heater coil operates from 6 volts d.c. 
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sensitive relay. The time delay con- 
tacts will handle about 25 watts a.c. 
(1/4 ampere at 110 volts). If more 
power is to be handled, a heavy-duty 
relay must follow the time delay re- 

lay. This relay always requires 60 

seconds for a complete make -and - 
break operation, but it can be ad- 
justed to make contact in an interval 
varying from 15 to 45 seconds. 

Care and Adjustment of Magnetic 
Relays 

Prevention of Sparking at Con- 
tacts. To obtain long contact life 
from relays, sparking must be reduced 
to a minimum. The most effective 
protection for a super -sensitive relay, 
where sparking is especially serious, 
is to connect a condenser C and a re- 
sistor R in series across the relay con- 
tacts, as shown in Fig. 14A. The time 
constant of the combination of R and 
C should be much lower than the 
speed of the relay (R in ohms times C 
in mfd. gives time in microseconds; 
divide by 1,000,000 to get time in sec- 
onds). In general, a 1 mfd. condenser 
in series with a 100 -ohm resistor will 
be satisfactory. In a.c. circuits the 
reactance of the condenser must be 
sufficiently high (the capacity low) so 
current passing through the condenser 
will not operate the power relay or 
other device being controlled by the 
contacts. The condenser should have 
a working voltage of at least 400 volts 
for circuits using 110 volts or less. 

When the relay contacts are con- 
nected into the coil circuit of another 
relay, it is wise to shunt the coil of 
the second relay with a resistor like 
Rs in Fig. 14B whose resistance is at 
least five times the coil resistance, so 

that it will not appreciably raise the 
pull-up current. This resistor tends to 

neutralize the inductance of the relay 
coil and lessen the tendency towards 
sparking at the contacts which are in 
series with that relay coil. 

Cleaning Contacts. To begin with, 
relays exposed to the air should be 
kept in dust -proof housings or at least 
partially protected from dust, chemi- 
cal fumes, and foreign particles. Re- 
lays should be cleaned regularly with 
an air bellows or air pressure line. All 
contacts and moving parts should be 
cleaned with carbon tetrachloride 
(Carbona). When flat type contacts 
become pitted or corroded, they 
should be filed flat and bright by plac- 
ing a thin file (such as that used in 
cleaning automobile distributor con- 
tacts, or a jeweler's file) between the 
contacts, squeezing the contacts to- 
gether and slowly drawing out the file, 
repeating the process as often as nec - 
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FIG. 14. Spark filters. The R -C filter A will 
tend to prevent sparking at the relay con- 
tacts. The resistor across the relay coil at B 

will reduce relay contact sparking when the 
relay is used to control the coil current. 
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essary. When the contacts are shaped 
(rounded or cylindrical) they should 
be polished with fine "crocus" cloth. 
Never oil or grease the moving parts 
of relays, for they are designed to give 
free action without a lubricant. These 
instructions apply only to sensitive 
and power relays; super -sensitive re- 
lays must be handled just as carefully 
as meters. 

Adjusting Relay Contacts. All re- 
lays come from the manufacturer 
properly adjusted for pull-up and 
drop -out current. Tampering with the 
adjustments should be avoided, but if 
adjustments are necessary, the follow- 
ing general rules, which deal specific - 

PULL -UP STOP 
IOR CONTACT)--; (OR CONTACT) 

ARMATURE GAP 
ARMATURE 

PIVOT POINT 

J 

FIG. 15. A test circuit used to send an ad- 
justable current through the relay coil of a 
sensitive relay. This circuit is necessary in 

order to adjust the relay properly. 

cally with sensitive relays, will be 
helpful: 

1. Connect the relay in the test cir- 
cuit, shown in Fig. 15, which is ca- 
pable of supplying enough direct cur- 
rent to operate the relay. With a cur- 
rent near the pull-up current flowing 
through the coil, loosen the spring ten- 
sion screw, then adjust the pull-up 
stop (this is also the pull-up contact 
in most cases) so the gap (called the 
armature gap) between the armature 
and the soft iron core or pole piece is 
about .002". If there is a copper cap 
or copper stud in the pole piece (to 
prevent the armature from sticking), 
adjust for zero air gap, being certain 
that good contact is being made be- 
tween the armature and the pull-up 
contact. 

2. Reduce the coil current to the 
desired drop -out value and gradually 
increase the spring tension until the 
armature drops out. 

3. Turn out the drop -out stop, ad- 
just the current to the desired pull-up 
value, then slowly turn in the drop- 
out stop, bringing the armature nearer 
to the coil core, until the armature 
pulls up. The relay is now properly 
adjusted for the desired pull-up and 
drop -out currents. 

Check the adjustments by varying 
the current back and forth to the 
drop -out and pull-up values, to lip 
sure the relay operates properly. rf 
the armature drops out sluggishly, in- 
crease the armature gap and repeat 
adjustments 2 and 3. If the armature 
pulls up sluggishly, turn in the drop- 
out stop a little more. 

Always adjust the relay in the po- 
sition in which it is to be used. A re- 
lay may be adjusted just as easily in 
its final operating circuit, following 
the procedure given above while using 
operating conditions for pull-up and 
drop -out currents. 

Ordering Relays. In ordering re- 
lays or getting a quotation as to cost, 
you must decide first upon the type 
(meter, sensitive, power, mercury con- 
tact, etc.) and the manufacturer, after 
studying the catalogs of different re- 
lay manufacturers. You will find that 
each type of relay can be secured in a 
number of different voltage and cur- 
rent ratings. In most cases, it is best 
to let the manufacturer use his own 
judgment in making the final choice. 
When you write to a manufacturer, 
always supply at least the following 
information: 

1.4 

1. Catalog number and name of the 
type of relay you desire. 

2. Pull-up and drop -out current (or 
voltage) values required. 

3. Whether the exciting current will 
be a.c. or d.c. 



4. Contact arrangements desired. 
5. Power to be handled by contacts 

(voltage and current) ; whether a.c. or 
d.c. power is used, and whether or not 
load is inductive. 

6. Speed of pull-up and drop -out, or 
time for one complete operation (if 
important in your case) . 

7. Special information as to how re- 
lay will be used. 

Photoelectric Controls Using Only 
Relays 

Inasmuch as a super -sensitive relay 
will operate on currents below 1/4 
milliampere-currents which photo- 
voltaic and photoconductive cells will 
produce with normal changes of light 
-these cells may be connected di- 
rectly to super -sensitive relays. Pho- 
toemissive cells, however, are not suit- 
able for direct connection to a relay, 
as the safe current which they can 
pass is generally insufficient for relay 
actuation. 

While some photoconductive cells 
will pass enough current to actuate a 
sensitive relay directly, the photo- 
voltaic cell (which can supply ample 

between a photovoltaic cell and a re- 
lay is best demonstrated by the circuit 
shown by the heavy lines in Fig. 16. 
P is a Weston Photronic Cell and R1 
is any one of the 0-200 microampere 
super -sensitive (or meter type) relays. 
The contacts of relay R1 control the 
exciting current to relay R2, which 
can be either an ordinary sensitive re- 
lay or one with micro -contacts, vac- 
uum, or mercury contacts. When the 
control circuit is to be on intermit- 
tently and only for short intervals, 
the battery B may be used, but a.c. 
should be used if the control circuit 
is to operate frequently. If the sen - 
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FIG. 16. Typical photovoltaic cell circuit using two relays. 

current for a super -sensitive relay) is 
the only type of cell which is used 
commercially to operate a relay di- 
rectly. The current outputs of the 
photoemissive and photoconductive 
cells are first amplified by vacuum or 
gaseous tubes in practical commercial 
equipment. 

The simplicity of tho Connections 

sitive relay is of the d.c. type, a volt- 
age step-down transformer and a full - 
wave rectifier can be used to permit 
operation on a.c.; if relay R2 is of the 
a.c. type, a step-down transformer is 
all you need. Simply remove battery 
B and connect the rectifier unit or the 
step-down transformer to points x and 
y. In the circuit shown in Fig. 16, the 



supersensitive relay operates when 
light falls on P; this relay closes the 
circuit to relay R2, and its contacts 
close the circuit to the load. If il- 
lumination on P is to disconnect the 
load from the power source, connect 
lead f to contact e instead of to d. 
If interruption of a light beam di- 
rected on P is to actuate relay R2, 
connect lead a to contact c instead of 
b. Should a time delay be desired in 
the control, the super -sensitive relay 
can be connected to a time delay re- 
lay, which in turn can actuate a power 
relay. 

Only your imagination plus a 
knowledge of the relays available is 
needed to develop any desired type of 
photoelectric control, using this basic 
circuit. 

For example, you could use the cir- 
cuit in Fig. 16 as an illumination con- 
trol by putting P near the window of 
an office and connecting R2 to a power 
relay which controls the office lights. 
As long as the light on P is sufficient, 
R1 and R2 will remain actuated, but 
if the illumination drops below the 
desired level these relays will drop 
out. The power relay, controlled by 
R2, will then turn on the lights. For 

this arrangement, R2 should be a time 
delay relay so momentary light 
changes will not make the lights go on 
and off (or a time delay relay can be 
inserted between R2 and the power re- 
lay, if you prefer). 

The circuit could also be used to 
count moving objects if you arranged 
a light beam so that it falls on P, and 
replace R2 with an electromagnetic 
counter. Then an object passing 
through the light beam will cause R1 
to drop out and so operate the 
counter. 

Recommendations. A photovol- 
taic cell delivers its largest current 
when its terminals are shorted. In 
selecting a relay which is to have a 
given pull-up current rating, that 
which has the lowest coil resistance 
will give best results. When the illu- 
mination on the photovoltaic cell is 
too low to give relay operation, use 
two or more cells in parallel to get 
the current output required by the 
super -sensitive relay. In figuring the 
speed of a relay system, add the 
speeds of the individual relays; the 
more relays used, the slower the sys- 
tem will be. 
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Vacuum Tube Amplifiers for Sensitive 
Relay Operation 

The necessity of continually clean- 
ing the contacts of a meter -type re- 
lay and the high initial cost of the 
device are two factors influencing the 
choice between photovoltaic cells and 
the other two types of cells for a par- 
ticular photoelectric control job. In a 
good many cases, control engineers 
have a decided preference for a vac- 
uum tube amplifier connected be- 
tween the light-sensitive cell and a 
sensitive relay. To be sure, the am- 
plifier tube must be replaced period- 
ically (the estimated life of the av- 
erage tube is the equivalent of 1,000 
hours of continuous use), and power 
must be supplied constantly. When 
these features are not objectionable, 
then rugged, positive, and reliable 
controls are possible. Photoemissive 
cells of the gas type and photocon- 
ductive cells are generally used. 

The basic circuits are of three 
types: 1, the rise and fall type, where 
the photoelectric cell causes the vac- 
uum tube plate current to rise or fall 
in value; 2, the impulse- type, where 
a rapid change in light is converted 
into an electrical impulse causing 
quick positive relay . action; 3, the 
light differential circuit, where the 
vacuum tube amplifier operates the 
relay when light falling on one photo- 
electric cell differs from that falling 
on another cell. The amplifier tubes 
generally used have maximum oper- 
ating values of 2 to 12 milliamperes. 
In many cases, these values can be 
reduced more than 50 per cent, giving 
longer tube life if sufficiently sensitive 
relays can be used. When the .light 
change is too small to actuate a relay 
through a single vaclium tube stage, 

two or more direct coupled amplifiers 
may be employed in cascade. 

RISE AND FALL CIRCUITS 

Forward Type. If the current in 
the plate circuit of the vacuum tube 
rises when the illumination on the 
cell is increased, we have what is 
commonly called a forward circuit. 
Fig. 17A shows a simple practical 
forward circuit which can be used 
with a selenium cell. Fig. 17B is a 
forward circuit for a photoemissive 
cell. 

To operate these circuits, the po- 
tentiometer K1 is adjusted, with il- 
lumination removed from the cell, 
until the relay armature drops out 
and makes contact with L (this is the 
armature position for low or drop -out 
current). Now, when the cell is illu- 

FIG. 17. Forward photocell circuits. A sele- 
nium cell is used at A, while B is for a pho- 

toemissive cell. 
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mìnated normally, the resistance of 
the cell reduces in value. This causes 
an increased current flow through the 
3-megohm resistor. The positive pul- 
sations on a.c. (or the normal drops 
on d.c.) make the grid end of this 
resistor positive. The grid, originally 
highly negative, thus becomes more 
positive with respect to the cathode, 
plate current increases, and the relay 
pulls up. Potentiometer K2 should be 
adjusted so that just enough plate 
current will flow to make the pull-up 
contact pressure strong enough to 
prevent chattering. 

up level of illumination is reached. 
If the photoemissive cell (used in 

Fig. 17B) is a gas type, it should 
never be operated at a peak voltage 
greater than that recommended for 
the cell used, and a resistance of at 
least one megohm should be in series 
with the cell to limit the current in 
case the voltage is accidentally ex- 
ceeded. (Note that a 3-megohm re- 
sistor serves for this purpose in Fig. 
17B.) To increase its life, the photo- 
conductive cell (Fig. 17A) should be 
operated at the minimum voltage 
which will give satisfactory control. 

'FIG. 18. A reverse circuit for a photoemis- 
sive cell. 

The negative half of the a.c. cycle 
is ignored, as the tube does not pass 
current when the plate is negative. 
Thus, the average positive value 
across the 3-megohm resistor sets the 
pull-up point. 

The control action of this circuit, 
then, is that the relay pulls up when 
one level of illumination is reached 
and drops out when the illumination 
drops below another (lower) level. If 
the illumination is high at first, then 
decreases, the relay will remain 
pulled up until the drop -out level is 
reached. Conversely, if the illumina- 
tion is low at first, then increases, the 
relay will remain out until the pull- 

In general, in a forward circuit, 
the C bias voltage (controlled by K1) 
is varied to cause drop -out at the de- 
sired minimum value of illumination,. 
and the cell excitation voltage (con- 
trolled by K2) is adjusted to give re- 
lay pull-up with the desired max- 
imum value of illumination, if the 
control circuit is to work between 
definite limits of light values. Only 
the grid bias control (K1) is needed 
in circuits where light is completely 
cut off to secure the control operation. 
Here, either the light beam intensity 
ór the relay contacts can be adjusted 
to vary the value . of illumination 
which actuates the relay. 
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 If the load is connected to termi- 
nals C and H in Fig. 17B, a reduc- 
tion or interruption of the light will 
open the load circuit; if it is con- 
nected to terminals C and L, light 
reduction or cut-off will connect the 
load to its supply. The circuit to use 
depends on whether the load circuit 
is to be turned on or turned off when 
the light is reduced or cut off. In 
both cases the relay armature is 
pulled up as illumination on the cell 
increases, so this is still a forward 
circuit, even though a reversed action 
is obtained. 

Reverse Circuit. When the control 
unit is to be in operation for long 
periods of time, and the cell is illu- 
minated the greater part of the time, 
the amplifier tube is passing max- 
imum current most of the time and 
its life is consequently shortened. A 
control circuit can be designed in 
which illumination on the light-sen- 
sitive cell produces a low plate cur- 
rent, so that a reduction in light 
causes the plate current to increase 
and actuate the relay. This reverse 
circuit, as it is called (where the re- 
lay closes when light is decreased), 
gives longer amplifier tube life and 
consequently less attention need be 
given the unit. Such a circuit using 
a photoemissive cell, is shown in Fig. 
18; a photoconductive cell can be 
used also in this circuit. 

The variable arm of potentiometer 
Kl in Fig. 18 is adjusted so the relay 
drops out when maximum light is on 
the cell. The photocell current pass- 
ing through the 3-megohm grid leak 
places a high negative bias on the 
amplifier tube. (The a.c. supply for 
the photocell is out of phase with 
that for the tube plate so negative 
pulses are applied to the grid at the 
time the plate is positive.) This bias 
is varied by the potentiometer to get 
the desired minimum value of plate 

current. When the light is reduced 
or cut off, little or no cell current 
flows through the grid leak. The grid 
bias becomes practically zero, rais- 
ing the plate current and pulling up 
the relay armature. If the load cir- 
cuit is now connected to H and C, 
light cut-off connects the load to its 
supply; if thè L and C terminals are 
used, light cut-off disconnects the 
load from its supply. 

You can easily tell whether a vac- 
uum tube amplifier control circuit is 
of the forward or reverse type. In a 
forward circuit the photoelectric cell 
connects between the grid and a point 
more positive than the cathode; in a 
reverse circuit the cell connects be- 
tween the grid and a point more 
negative than the cathode. Figs. 17A 
and 17B are forward circuits; Fig. 18 
is- a reverse circuit. 

The circuits used in Fig. 17 em- 
ploy low -drain battery type tubes 
(such as the 30 1G4, etc.) even on 
a.c. The resulting low -power require- 
ments and the absence of a power 
transformer make for an economical, 
light -weight and small unit. How- 
ever, the use of a power transformer, 
as in Fig. 18, is desirable as a wider 
variety of voltages is available, and 
the transformer isolates the unit from 
the power line. Tubes such as the 
27, 56, 6C5, 6J5, etc., can be used. 
Incidentally, the circuit in Fig. 18 
can be made either the forward or the 
reverse type by using separate wind- 
ings on the power transformer and by 
making the proper polarity connec- 
tions. 

IMPULSE CONTROL CIRCUITS 

The principal objection to circuits 
of the forward and reverse types us- 
ing photoconductive cells is that they 
are rather insensitive to small 
changes in illumination. Where 
simple, rapid off -on light conditions. 
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exist, this objection may be elimi- 
nated by employing a circuit which 
utilizes the charge and discharge 
ability of a condenser. 

A simple impulse or so-called trig- 

ger circuit, using a selenium (photo- 
conductive cell is shown in Fig. 19. 
A photoemissive cell can be used as 
well, provided its anode is connected 
to the potentiometer arm. The unique 
feature of this circuit is that the grid 
of the amplifying tube is blocked by 
a condenser, so that there is no d.c. 
path back to the cathode. When the 
cell is illuminated with any steady 

by some of the electrons in the plate 
current, and retains them (since they 
have no place to go) . Eventually, this 
process will build up a negative 
charge on the floating grid, making 
its potential about zero with respect 
to the cathode. Once this happens, 
very few more electrons strike the 
grid, because they are repelled by the 
electrons already on it. The floating 
grid therefore stays at about cathode 
potential once it has reached it. 

Since point A is considerably above 
cathode potential, and the grid is at 
cathode potential, a potential dif- 

FIG. 19. One form of the impulse circuit, 
using a selenium cell. The relay, normally 
closed, drops out when illumination on the 
cell is cut off suddenly. The relay remains 
pulled up for all constant values of illumina- 
tion, and pulls up by itself at a definite time 

after each interruption of light. 

light value, the plate current is a 
definite value which is fixed by the 
potential of the floating grid. 

The impulse circuit operates in this 
manner: Assume that the cell is il- 
luminated, current therefore flows 
through it, making point A positive 
with respect to the cathode K. The 
grid in this tube, under these condi- 
tions, is what is known as a "float- 
ing" or "free" grid, because no source 
of voltage is connected directly to it. 
A floating grid always has a zero, or 
slightly negative, potential with re- 
spect to the cathode. The reason for 
this is that a floating grid is struck 

ference (voltage) exists across the 
grid condenser. This makes the con- 
denser charge up with the polarity 
shown in Fig. 19. As long as the il- 
lumination on the cell stays constant, 
this condenser voltage has no effect 
on the tube plate current. The grid 
stays at about zero potential, and a 
rather high plate current flows. 

However, a marked effect is pro- 
duced if the light on the cell is cut 
off quickly. The cell current then 
drops rapidly bringing point A down 
almost to cathode potential at once. 
The charge on the condenser cannot 
disappear quickly, so the voltage on 
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the condenser remains. This im- 
mediately makes the grid (which is 
connected to the negative end of the 
condenser) considerably negative 
with respect to the potential of the 
cathode, for the positive end of the 
condenser is now at about cathode 
potential. Plate current therefore de- 
creases considerably, dropping out the 
relay. The charge on the condenser 
gradually leaks off, and the grid 
"floats" again: plate current then 
rises, and the relay picks up. When 
light comes on again, the condenser 
recharges, and the circuit returns to 
its initial condition. 

An increase in the light on the cell 
will have no effect on the relay, since 
it will cause no change in the tube 
plate current. The only effect the 
light increase has is that it increases 
the cell current, and so raises point 
A higher above the cathode in poten- 
tial. This, in turn, raises the voltage 
across the condenser, which means 
that the "trigger" action of the cir- 
cuit will be stronger (the negative 
bias of the grid will be greater) when 
light is cut off. We can produce this 
stronger trigger action by moving the 
potentiometer arm nearer the plus 

FIG. 20. Another form of impulse circuit, 
which uses an extra tube to secure d.c. op- 
erating voltages. Here the relay pulls up 
only when light on the cell is suddenly inter- 
rupted, and drops out automatically in a 
definite time interval. Current flows through 
the tube circuits only during the half of 
each cycle for which polarity is as indicated. 

end: doing so increases the voltage 
across the cell, increasing the current 
through it and producing the same 
effect as an increase in light. 

A gradual decrease in the light on 
the cell will not cause this trigger 
action, because the charge on the con- 
denser will have time to leak off while 
the potential of point A is going 
down, and no negative bias will be 
placed on the grid. To sum up: Our 
trigger circuit works only if the light 
on the cell is cut off quickly. An in- 
crease in light at any speed or a slow 
decrease, will not affect the plate cur- 
rent of the tube, and the relay will 
remain in its pull-up position. The 
relay always returns to its pull-up po- 
sition shortly after it drops out, even 
if the cell is not illuminated again. 

A more practical impulse circuit 
which insures long cell and tube life 
and strong, positive trigger action is 
shown in the circuit of Fig. 20. As 
d.c. is supplied by the rectifier, the 
grid condenser may have a large 
capacity. With normal light on the 
cell the 5,000 -ohm cathode variable 
resistor is adjusted to give a negative 
bias to the grid, so the relay drops 
out. 

With normal light the cell resist- 
ance is low, the voltage drop across 
the cell is consequently low, and the 
.25 mfd. condenser receives only a 
low charge. When the light is cut off 
the cell resistance rises, there is a 
larger voltage drop across the cell, 
the + terminal of the condenser be- 
comes more positive, and electrons 
flow up through the 2-megohm grid 
leak to make the - terminal of the 
condenser correspondingly more 
negative. These electrons flowing 
through the grid leak produce in it a 
voltage drop which reduces the nega- 
tive bias to zero or even swings the 
grid positive, and plate current rises, 
actuating the relay. 
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FIG. 21. This diagram shows a two -stage amplifier in an impulse circuit. 

When the condenser becomes 
charged fully (the time required de- 
pends on the time constant of the 
charging circuit) the grid leak cur- 
rent reduces to zero, restoring the 
normal high negative bias, and the 
relay drops out. When the cell light 
comes on again the cell resistance 
drops, and the fully charged conden- 
ser partly discharges through the C 
bias circuit, driving the grid more 
negative but, as the relay has already 
dropped out, no further relay action 
takes place. 

In any of these impulse circuits, 
increases in resistance of the selenium 
cell with age and use can be offset 
by increasing the ohmic value of the 
grid leak resistor. 

Two or More Amplifier Stages. 
Where the change in light is small, 
sufficient change in current for relay 
operation can be obtained by adding 
a second vacuum tube amplifier. With 
normal light change, the use of a sec- 
ond amplifying stage permits the 
direct use of a heavy duty relay. As 
the variation in light is generally not 
a cyclic change, but is irregular in its 
occurrence, direct coupled amplifiers 
are needed. Impulses or slow cur- 

rent changes thus are relayed through 
the amplifying circuits. 

A typical two -stage direct -coupled 
photocell control circuit is given in 
Fig. 21. A photoemissive cell is 
shown, but a photoconductive cell 
may be used just as well. The circuit 
is shown operating a heavy-duty re- 
lay. If small light changes are used 
for control, the power tube is re- 
placed with a high -mu triode voltage 
amplifier tube which feeds into a sen- 
sitive relay, and the operating volt- 
ages are adjusted for the new tube. 
Although an impulse or trigger type 
input circuit is shown, a forward or 
reverse photocell connection can be 
used with good results. A gas cell 
can be used by lowering the excita- 
tion voltage; a tap on the voltage 
supply divider resistance will give the 
required low voltage. 

This circuit works in the following 
manner. Grid G1 is biased negatively 
by resistor R1; grid G2 is biased nega- 
atively by the plate voltage drop in 
resistor R2 (terminal 1 is nearer ground 
or B- potential than is terminal 
2) . With normal light on the photo- 
cell, the plate current of the second 
tube is large enough to keep the relay 
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pulled up. When the light to the 
photocell is cut off, grid G1 becomes 
more positive, increasing the plate 
current of the 27 tube (this impulse 
circuit is practically the same as that 
in Fig. 20) . This plate current increase 
causes the voltage drop across resis- 
tor R2 to increase, driving the grid of 
the second tube more negative. The 
plate current of the second tube 
drops, releasing the armature of the 
relay. As the power tube plate cur- 
rent will drop from about 35 ma. to 
10 ma., a heavy-duty relay may be 
used. A more sensitive circuit can 
be designed by using a screen grid 
tube in place of the triode in the first 
stage. 

LIGHT DIFFERENTIAL CIRCUITS 

Quite often a circuit is desired 
which will respond to a difference in 
light from two light sources. Color 
matching of liquids (such as dyes) is 

MIRROR 

LENS 

MIRROR 

SAMPLE 

STANDARD 

in the two beams caused by their 
passing through the solutions will 
actuate a meter or start some control 
operation. 

A typical light differential circuit 
is shown in Fig. 22, where the light of 
a single lamp is split by two lenses, 
making two light beams. Each beam 
is reflected from a mirror, one beam 
being directed through a glass con- 
tainer holding the standard liquid, 
the other beam passing through the 
glass container in which is the liquid 
whose color or density is being com- 
pared. The beam emerging from each 
container is viewed by a photoelectric 
cell, which can be either of the emis- 
sive or conductive type. 

With both containers removed, the 
arm of potentiometer K is adjusted 
until meter M reads mid -scale. When 
the standard and sample products are 
introduced into the light paths, any 
difference in the light transmitted 

FIG. 22. A light differential circuit. 

a typical case. In color matching, 
two beams of light, each of the same 
color content and intensity, are used. 
One beam is sent through a standard 
solution, the other through a sample 
of the solution being compared with 
the standard; then both beams are 
allowed to fall on photocells con- 
nected in a control circuit. This cir- 
cuit is so arranged that any difference 

to the cells shows up as a deviation 
of the meter from mid -scale. A 
darker sample causes deflection in one 
direction, while a lighter sample 
causes a deflection in the opposite 
direction. A relay is used sometimes 
in place of the meter to give a de- 
sired control operation when the two 
solutions differ in characteristics by 
a specific amount. 
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Gas Tubes for Direct Power Relay 
Actuation 

A heavy-duty or power relay can 
be operated directly from a single 
amplifier tube circuit without using 
any sensitive relays, provided that 
the amplifier tube is of the gas or 
vapor type. 

When triode amplifier tubes have 
gas in their envelopes, as in the case 
of Thyratron tubes, they are no 
longer suitable for linear amplifica- 
tion, but have properties which are 
valuable for electronic control cir- 
cuits. The action of such a tube is 
briefly this: When the tube is given a 
definite plate voltage and the grid 
bias is gradually varied from zero up- 
ward to a certain positive value, 
breakdown occurs and a very large 
current suddenly starts to flow 
through the tube. Now, no matter 
how the grid voltage is varied, the 
grid has no further control over the 
plate current. Only the plate voltage 
determines the amount of plate cur- 
rent, and this voltage must be re- 
duced to about 20 volts before the 
current stops flowing. Once the plate 
current is stopped, the anode voltage 
can be raised to its original value and 
current will not again flow through 
the tube until the grid voltage is 
raised to the "striking" or "firing" 
potential. The higher the negative 
grid bias, the higher the plate volt- 
age required before current flows. 
Likewise if the C bias is reduced or 
made positive, the required plate 
voltage will be reduced. 

Thus, the tube either passes full 
plate current or no plate current- 
there is no in-between value. The 
sole purpose of the grid voltage is to 
determine the point at which plate 
current starts to flow for that partic- 
ular plate voltage. Once started, cur- 

rent can be stopped only by reducing 
the plate voltage below the 20 -volt 
extinction value. 

As the removal of plate voltage is 
necessary to restore the original con- 
ditions, some form of interrupter 
must be used if the supply is d.c. 
However, the tube is ideal for an a.c. 
supply, as here the anode voltage 
must drop to zero during the half - 
cycle when the plate is negative. 
Hence, the grid can resume control 
every half -cycle, if its voltage has 
fallen below the striking potential. 

HOT CATHODE TYPES 

Gas triodes and pentodes are de- 
signed to have an oxide cathode of 
large surface so large quantities of 
electrons can be emitted. (Gas pen- 
todes work exactly like triodes ex- 
cept that the screen grid protects the 
cathode and reduces the grid cur- 
rent.) The anode voltage is limited 
to a value which gives a safe cur- 
rent: If this current is exceeded, the 
cathode emitting surface is bom- 
barded by positive ions and de- 
stroyed. Although mercury vapor is 
used in certain tubes which operate 
on high voltages and deliver high 
plate currents, argon, helium, and 
neon gases are preferred for low 
voltage and low current tubes; these 
gases result in tubes which are fairly 
independent of temperature. Gas 
tubes are called Thyratrons by the 
General Electric Company (G.E.), 
and grid -glow tubes by the Westing- 
house Electric and Manufacturing 
Company (W.E.&M.). Mercury vapor 
tubes are made in sizes capable of 
passing up to hundreds of amperes, 
but for control purposes 1/2 ampere 
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tubes are sufficient to control the 
heaviest power relays needed. 

Grid current will flow in hot 
cathode gas tubes even when there is 
no plate current. It is highly im- 
portant that this grid current shall 
not flow directly through the light- 
sensitive cell; the cell current should 
supplement the normal grid current 
which is made to flow through a grid 
resistor. 
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FIG. 23. Characteristic curves of a typical 
hot -cathode gas filled tube, the Westinghouse 
type KU -610 grid -glow tube. D.C. starting 
characteristics for rated anode current are 
given at A; the test circuit used appears at B. 

Figure 23A shows the characteris- 
tics of a typical low -power grid -glow 
triode tube, in this case the W.E.&.M 
type KU -610, which has a maximum 
rated plate current of 3/4 ampere. The 
circuit used to obtain these character- 
istics is shown in Fig. 23B. The 1,000 - 
ohm resistor prevents the tube from 
acting as a short circuit across the 
load when breakdown occurs and the 
tube passes current. This resistor is 
adjusted to give rated plate current. 

This tube uses neon gas and has a 
constant anode -cathode drop of about 
22 volts when passing current, which 
means that the 1,000 -ohm resistor 
must waste the remainder of the 
source voltage. The .1-megohm and 
2-megohm resistors serve to stabilize 
the circuit. Although the tube 
characteristics shown are for d.c. 
voltages and currents, they also 
represent instantaneous values in the 
case of a.e. power. 

The curves are used as follows: 
Assume that the tube is to operate at 
a plate voltage of 110 volts a.c.; the 
peak voltage is then 110 X 1.41, 
which equals about 155 volts. Refer- 
ring to the Ep curve, we find that 
about + 23 volts on the grid will just 
allow breakdown of the tube at this 
plate voltage; any grid voltage below 
+23 volts will not ignite the tube, 
but if the grid potential ever reaches 
this value, the gas will ionize. The 
grid current before breakdown is 
about 100 ma., and after breakdown 
it is about 300 ma. 

Now, let's see how this tube works 
in the praticai gas tube relay circuit 
shown in Fig. 24A. Although a photo- 
conductive cell of a type which has a 
low minimum resistance and a large 
dark -to -light resistance ratio is used 
here, photoemissive cells can be used 
also. The connections to the sec- 
ondary of the transformer are such 
that when the plate of the KU -610 
tube is positive with respect to the 
cathode (here the filament), the grid 
is also positive with respect to the 
cathode. The potentiometer across 
the 60 -volt secondary winding fur- 
nishes the grid bias for the tube by 
varying the potential of the cathode 
with respect to the grid. With light 
on the cell, this potentiometer is ad- 
justed so that (on the positive half of 
the a.c. cycle) the voltage between P 
and A minus the voltage drop in Rs 
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is just below the value which allows 
the tube to break down. The drop 
across Rg is caused by the photocell 
current and the gas tube grid cur- 
rent. Now when the cell is darkened, 
the cell current drops, the voltage 
drop in Rg becomes less, and the grid 
becomes more positive. When the 
grid becomes positive enough, break- 
down occurs and the grid loses con- 
trol. The plate current rises, actuat- 
ing the relay. 

PLATE 
CURRENT 
LIMITING 
RESISTOR 

FIG. 24. The circuit at A is a practical pho- 
to -conductive cell circuit, using a Westing- 
house type KU -610 grid -glow tube to operate 
a power relay directly. When plate and grid 
voltages of the grid -glow tube are in phase, 
plate current passes for that part of a cycle 

shown shaded at B. 

The action is best understood by 
studying Fig. 24B, which shows the 
phase relations between the grid and 
plate voltages. As the circuit is es- 
sentially non -reactive, the grid and 
the plate voltages can be made to be 
either entirely in phase or 180° out 
of phase, simply by reversing connec- 
tions to the 60 -volt winding. The out - 
of -phase condition is undesirable be- 
cause, as the plate swings positive, 
the grid swings negative and too -high 

plate voltages are required for break- 
down or firing. With both grid and 
plate swinging positive simultane- 
ously (in phase), firing occurs at the 
plate voltage indicated at point A, 
since this is the first point in the cycle 
at which the plate and grid voltages 
together allow breakdown. At point 
B the plate voltage is below 22 volts, 
and so is no longer enough to sustain 
plate to cathode ionization; the plate 
current therefore stops. Of course, 
when the plate and the grid swing 
negative on the next half of the cycle, 
no plate current can flow, and the 
tube is ready for the next cycle of 
operation. If the cell is dark, then 
pulses of current will flow on the 
positive half -cycles as long as this 
condition remains. However, as soon 
as the cell is sufficiently illuminated, 
the grid voltage will fall below the 
firing potential and current will be 
cut off. 

COLD CATHODE TYPES 

A hot cathode is not needed to 
cause ionization in a tube, as you al- 
ready know from your study of 
gaseous rectifier tubes. When a gas 
such as neon is used, an appreciable 
tube current can be obtained with a 
cathode having no electron emitting 
surface. Ionization of the gas takes 
place at a voltage depending on the 
amount and nature of the gas and 
upon the distance between the anode 
and the cathode; this ionization re- 
sults in liberation of the electrons re- 
quired for the tube current. A grid 
can be used to control the breakdown 
or firing voltage. The more negative 
the grid, the higher the voltage re- 
quired to start ionization and a flow 
of current. 

The arrangement of the internal 
elements of a cold cathode grid -glow 
tube is shown in Fig. 25. The shield, 
when connected to the cathode 
through a 2- to 10-megohm resistor, 
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insures greater uniformity and 
stability of operation. 

The Westinghouse KU -618 is a 
typical high sensitivity, cold cathode 
grid -glow tube, which has an anode - 
to -cathode drop of 180 volts when 
plate current is flowing. In the basic 
operating circuit for this tube, shown 
in Fig. 26, the tube is connected in 
series with a relay coil and a 6,000 - 
ohm resistor across the 440 -volt sec- 
ondary winding of the transformer. 
This current -limiting resistor is used 
to prevent the tube current from ex- 
ceeding 100 ma., for excessive cur- 
rents would destroy the tube. 

In actual practice the A and G 

terminals of the gas tube are shunted 
with either a resistor RA of 10- to 100- 
megohm value or a 0- to 50-mmfd. 
variable condenser CA, while the G 
and K terminals are shunted with 
either a resistor or a condenser (RK 
or CK) of the same value. When re- 
sistors are used, it is customary to in- 
sert a high ohmic value leak at point 
X to improve stability; the highest 

FIG. 25. Cut -away view of a cold -cathode 
grid -glow tube, showing arrangement of 
electrodes. The anode is inside a porcelain 
tube which in turn is surrounded by a metal 
cylinder, the shield. The grid is simply a 
thin band or ring of metal surrounding the 

exposed tip of the anode. 

FIG. 26. Basic operating circuit for the West- 
inghouse KU -618 grid -glow tube. A photo - 
emissive cell or a photoconductive cell of high 
resistance can be substituted for either of the 
resistors or condensers connected to the grid. 
The arrow in the tube symbol represents the 

cold cathode. 

value which will give satisfactory 
operation is used, and may be as 
much as 250 megohms. The values 
of R,, and RK determine the potential 
of the grid; increasing RA or lowering 
RK makes the grid less positive and! 
prevents the tube from firing. If 
condensers are used instead of resis- 
tors, increasing the impedance of CA 

(by lowering its capacity) or de- 
creasing the impedance of CK makes 
the grid less positive. A voltage 
divider made up of a resistor and a 
condenser can be used if desired. In 
any case, either a resistor or a con- 
denser is made variable to allow ad- 
justment of the grid potential. As 
it is inconvenient to secure variable 
resistors of such high values, one ele- 
ment is usually a variable condenser. 

In actual practice a light-sensitive 
cell or other device having either a 
high ohmic resistance or a low ca- 
pacity that will change in resistance 
or capacity as a result of the action 
which is to be controlled is connected 
in place of one of the resistors (or 
condensers), and is used as the pri- 
mary control. The other resistor (or 
condenser) is made variable to per- 
mit adjustment of the point at which 
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control action occurs. This cold cath- 
ode glow tube has many electronic 
control applications. 

For a light-sensitive control, vacu- 
um type photoemissive cells are best, 
as they have large dark resistances 
(as much as 5,000 megohms), and 
will operate safely on high excitation 
voltages (500 volts is a common 
value for small cells) . In one prac- 
tical circuit a photoemissive cell is 
connected between the anode and the 
grid, and a 0-50 mmfd. variable con- 
denser is connected between the grid 
and the cathode terminals. The con- 
denser is adjusted so the grid -glow 
tube does not ignite when the cell is 
dark. Illuminating the cell swings 
the grid more positive and causes the 
relay to pull up. When the cell light 
is cut off, the relay drops out. 

Photoemissive type cells also can 
be connected between the grid and 
the cathode. With this connection, 

the variable condenser is placed be- 
tween the anode and the grid. The 
condenser is adjusted so the grid -glow 
tube does not ignite when the cell is 
illuminated. Now, the tube will break 
down and pass current, causing the 
relay,to pull up, only when the cell is 
darkened. 

The anode of the photocell should 
be connected to the anode of the gas 
tube when the cell is placed between 
A and G. The cell anode should be 
connected to the grid of the gas tube 
when the cell is wired to G and K. 

A light-sensitive control using a 
cold cathode gas tube has the advan- 
tage that no power is used in the con- 
trol circuit when the control circuit is 
idle, yet heavy-duty relays can be 
actuated directly. Note that the 
power used to feed the filament of a 
hot cathode gas tube is eliminated. 
Furthermore, the cold cathode tube is 
extremely sensitive. 
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DANGERS OF CRITICISM 
If you can't say something good about a person, 

keep silent. Even when a person asks you outright 
to criticize, be careful. People often fish for compli- 
ments and praise in this indirect way, and criticism 
is definitely NOT what they want. It's your job 
then to find something which you can honestly 
praise. Be frank only when you're absolutely sure 
that your technical or personal opinion is really 
wanted. 

There's some good in everything, if we'll only look 
for it. Praising the good, no matter how little it be, 
will make you a thousand times more popular with 
people than criticizing even the most serious and 
glaring faults of others: 

A multi -millionaire executive used these words to 
praise a Pullman porter, "I wish I could do my job 
as well as you do yours!" A thoughtful business 
man brightened the entire day for an overworked 
postal clerk during the Christmas rush by comment- 
ing justifiably and sincerely, "I wish I had hair like 
yours!" There are even sincere ways to praise an 
old radio set: "It was one of the finest sets made in 
that period," or "That highboy cabinet is certainly 
a fine piece of furniture." 

J. E. SMITH 
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