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One of the latest radio developments is the radio ear. The Chevrolet Motor Company has proved that radio 
equipment operates satisfactorily in an automobile without the use of a "ground." 

The possibilities that this portable radio receiving station offers include an almost limitless field of use and 
with such tremendous strides as these made in its development, it is bound to become one of the indispensable 
utilities of modern civilization. 

With a car equipped in this fashion it is possible for a 'family to drive anywhere within 100 miles or so of 
a broad-casting station and picnic while the radio in their car amuses or instructs them with music, serinons, or 
wireless telegraphy. Education and entertainment can be transported to wherever people congregate. With a 
few cars equipped as this one is, a minister could talk to a dozen congregations at once. If the United States 
Department of Agriculture had similar radio equipment in the hands of its county agents, department experts could 
talk to thousands of farmers at once and thus bring the tremendous added benefits to our agriculture that would 
be made possible through a greater broad-casting of its work. 

If the political candidate had a broad-casting station available he could send a radio equipped car to every 
voting area in his state, and talk to all of his constituents at the same time, thus saving his vocal chords and 
making it possible for his hearers to stop listening when they were tired. 

The installation of this equipment in the Chevrolet car is so simple that it is possible to adapt it to many 
uses, and therefore we may expect to see many cars similarly equipped in the future. It is also only a matter of 
a few moments to remove the radio equipment from the car when it is not desired for use there. It can then be 
used in the home or the office, or any other place desired. 

Just as anywhere on the high seas ships can keep constantly in touch with ports and other ships through 
the use of the radio, now the automobile—the land ship—can immensely facilitate distribution of information to 
the great benefit of mankind. 

One ingenious amateur, by utilizing the power of the generator on his car, not only receives messages, bul 
also transmits them. 

Such equipment makes possible the use of motor cars as scouts or reports of crop, weather or news mes-
sages from a rt of the country. 

The •eporter need no longer be obliged to beat his rivals to the wire. With a car equipped to talk 
instantly ectly with the radio office of his paper, he is free of all restrictions or competition. 
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A RADIO MAP OF UNITED STATES 
SIZE 32 by 36, IN COLORS 

SHOWING, in addition to general features, with principal cities and railroads 

RADIO INFORMATION 
UP TO DATE 

Broadcasting Stations and Their Radii, Registered Call Letters, Wave Lengths 
Time Differences, Mileages, Hours of Broadcasting, Programs, etc., etc. 

This all-around Radio and Reference Map is invaluable to the individual for 
Home, Business or Radio Use. 

PRICE 50c POSTPAID 

THE GEORGE F. CRAM COMPANY 
Radio Map Headquarters 

111 No. Market Street, Chicago 
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IMPORTANT NOTICE: Due to a conflict in names which would naturally cause 
confusion, two publications appearing in this city under the same name: Radio Digest, we 
decided to adopt the above name and we feel that the cover design of this issue will read-
ily portray to the buyer that this is the second issue of what was formerly Radio Digest. 
Our policy and aim will continue the same: to give the reader the latest and most authentic 
information pertaining to the now all-absorbing subject, Radio. 

The Theory of the Vacuum Tube 
By Daniel E. Moore 

Associate American Institute, Electrical Engineers, 
Associate Institute of Radio Engineers. 

We are led to believe from the great 
number of questions asked about it that 
an explanation of the operation of the vac-
uum tube in radio work is not amiss. 

The theory of operation is based on the 
emission of electrons and the control of 
such electrons. That may sound a bit tech-
nical but really is not quite as bad as it 
appears to be. • 

Scientists have come to the conclusion 
that when a metal is heated a vibration is 
set up in the small particles which constitute 
the metal; they are disturbed and are shuf-
fed around and if a certain degree of heat is 
attained some of them are pushed off the 
metal—it would be better to say they are 
"flipped" off, much as the fellow on the end 
of the "whip" is flipped off when boys crack 
the whip on the ice. These particles which 
are "flipped", off are called electrons and are 
really small negative charges of electricity. 
In being flipped off the heated metal they at-
tain a very high speed. Certain metals are 
capable of "flipping" off more electrons for 

a given temperature than others. Mr. Ed-
ison noticed this effect during his experi-
ments with the incandescent lamp. 
Consider for a moment the ordinary elec-

tric lamp with which we are all pretty 
familiar. It consists of a glass bulb, inside 
of which there is a loop of wire, the ends 
of which come through the glass and are 
fastened to a suitable base for connecting it 
to a source of electricity. Figure 1 shows 
such a lamp connected to a battery and also 
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4 RADIO INSTRUCTOR 

shows a device called a rheostat which is 
used for controlling the amount of current 
we allow to, flow through the filament. 

Now when the current is allowed to flow 
through such a circuit as shown in Figure 
1, the lamp can be made to light brightly or 
dimly by varying the rheostat and just as 
soon as it is lighted it starts to emit or "flip" 
off these electrons we have spoken of. If 
the filament is allowed to be bright there is 
a great discharge of electrons and if it is 
dimmed down, the discharge of electrons 
falls off. 

If we light the lamp brightly and allow it 
to remain so lighted for a few minutes, this 
is what occurs: the electron emission com-
menc.es as soon as we light the lamp, the 
elections flying toward the inside of the 
glass and pretty soon the discharge will fall 
off. because the inside of the bulb becomes 
charged with negative electricity and a neg-
ative electric field is established around the 
filament, which will repel any electrons 
which have a tendency to fly off the filament. 
(Like charges repel, unlike attract.) 

The Plate 
However, if a second element is intro-

into the bulb at the time of its manu-
Mcture, a continuous stream of these elec-
tron's can be cared for as follows: 

At the time of manufacture, beside the 
filament and its terminals, a metal plate is 
built iri the bulb and a terminal brought out 
from this plate and connected to a source 
of E.M.F., such as a battery, in such a way 
that the plate is at a positive (±) potential 
with respect to the filament, then the nega-
tive charges (electrons) from the filament 
will be attracted toward this plate. So dense 
is this stream of electrons when the proper 
relation is established between the filament 
temperature and the voltage of the plate, 
that if a sensitive current measuring device 
(miliammeter) is introduced into the cir-
cuit as shown in Figure 2, it will be noticed 
that quite a perceptible current flow is es-
tablished between the filament and the plate. 

11 the battery which is in the plate circuit 
("B" battery) is provided with means for 
varying the potential of the plate, by tap-
ping the bagery or other means, it will be 
noticed that as the yoltage of the plate is 
increased the miliammeter will show an in-
crease in current and as the voltage is de-
creased the current will fall off. This, with-
in certain limits, as it will be found that 

PIG. 2 
when a certain plate potential is reached any 
further increase in the plate voltage will not 
cause an increase in current between the 
filament and plate. When this point is 
reached it is known as the "saturation" 
point and indicates that all the electrons 
which are emitted by the filament are being 
absorbed by the plate. However, if the fila-
ment temperature is now raised slightly, 
then by increasing the plate potential, a fur-
ther increase in current is indicated by the 
miliammeter. 

All bulbs have a potential filament tem-
perature at which the electron emission is 
best and this is found by experimentation. 
A curve showing the current flow de-

scribed above is shown in Figure 3. 

The Grid 
It is readily seen that if some means can 

be used to prevent some of the electrons 
from reaching the plate and this means con-
trolled, we can vary the filament plate cur-
rent without changing the filament temper-
ature or the plate voltage. This is what is 
done in the modern three element (or elec-
trode) vacuum tube by introducing at the 
time of manufacture a third element known 
as the "grid". This "grid" takes any one 
of several forms; sometimes it is made up 
as a metal screen or rather fine mesh; some-
times as a spiral of metal and sometimes as 
a ladder-like frame, but regardless of its 
shape or style of structure, it is always be-
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tween the filament and the plate. It is con-
nected into the circuit in such a way that it 
is at a negative potential with respect to 
the filament in its normal condition. This 
is shown in Figure 4. 
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However, if means are provided to change 

the potential of the grid with respect to 
the filament so that at one instant it is more 
negative than the filament and the next it 
is less negative than the filament, the mili-
ammeter will indicate a change in current 
flow in accordance with these changes in 
potential. This is due to the fact that as the 
grid becomes more negative than the fila-
ment, the electrons are repelled by the grid 
and prevented from reaching the plate, 
while if the grid is made less positive than 
the filament, the electrons pass through it 
to the plate, some of the electrons, of course, 
clinging to the grid. 

Figure 5 is a curve showing the change 
in plate filament current with a change in 
grid voltage. 
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Advantage is taken of these characteris-

tics of the vacuum tube and cause its wide-
spread use in radio work. 

By referring to Figure 4 we notice the 
similarity between it and the ordinary sim-
ple vacuum tube receiving circuit. If we 

modify it slightly as shown in Figure 6, 
we have a simple radio receiving circuit. As 
will be noticed, we have inserted a grid con-
denser and a primary and secondary induc-
tance and substituted a telephone receiver 
for the miliammeter. 
Now as electromagnetic waves sweep 

across the antenna and through the primary 
inductance coil, they induce a current in the 
secondary inductance, and as they are al-
ternating currents their potential changes 
from zero to positive and back through zero 

G. G. 

e 
to negative and so on, inducing changes in 
the secondary and thus the grid. If these 
pulses or changes in potential are at an aud-
ible frequency, the changes in the current 
flow between the filament and the plate, 
through the receivers will be at an audible 
frequency and will be detected in the tele-
phones. 
There is a particular value of normal grid 

potential which is best for radio work, and 
the simplest method we can use to 
obtain this value is by means of the grid 
condenser and grid leak shown in Figure 6. 
The leak is used to allow excess negative 
charges to flow away from it, since if means 
to allow this is not provided, the vacuum 
tube becomes "paralyzed" and no signals 
are obtained and the electrons are repellea 
by the excessively negative grid. These 
leaks are best determined for each tube by 
experiment and may be made by fastening 
a strip of paper across the terminals of the 
grid condenser and drawing pencil lines be-
tween the terminals until the proper value 
is found. 

Regeneration 
It will be seen from the foregoing that 

the greater the change in potential of the 
grid or controlling device, the greater will 
be the change in current flow through the 
receivers and since we know that the energy 
received on the antenna is comparatively 
small, other means which would allow great-
er changes to take place in the grid potential', 

PHCWE 
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would give stronger signals. One of the 
means which is utilized to accomplish this 
is by means of the "tickler" coil. This is 
an inductance coil introduced into the plate 
circuit of our receiving set and arranged 
so that it can effect the secondary coil. Now 
whatever current flows through the filament 
plate circuit, also flows through the tickler 
coil, setting up a field which will induce 

stronger or weaker changes in the secondary 
and hence the grid. In this way very small 
primary circuit potential changes can be 
made to produce large changes in the grid 
and consequently the plate circuits. 

It is to be hoped that the foregoing will 
clear up some of the mystery which has sur-
rounded the workings of the vacuum tube. 

The Part Played by the Antenna in Radio Transmission 
Every transmitting set consists of an os-

cillatory circuit containing capacity and in-
ductance and the necessary apparatus to 
produce a high voltage for charging the ca-
pacity. 

The antenna is a part of the oscillatory 
circuit and its mission as applied to trans-
mission will be discussed here. 

In order that the range of transmission be 
as great as possible, it is necessary to ar-
range the oscillatory circuit in such a way 
that the electric field which is established 
when oscillations are set up in the circuit, 
will be of suitable shape, and of appreciable 
strength at great distances. This is accom-
plished by making either the condenser or 
the inductance of the oscillatory circuit of 
large physical dimensions. Generally it is 
the condenser which is made large—this 
takes the form of the antenna. 

There are various shapes and forms of an-
tenna — the "L" type, the "1- type, the 
"Cage" and the " Loop". The dimensions as 
well as the shape and style vary in practice. 

About the simplest type is the "L", and 
may consist of a single horizontal wire, sup-
ported at a predetermined height above the 
earth and insulated therefrom. This is the 
aerial part of the antenna and forms one 
side of the condenser of the oscillatory cir-
cuit. The ground is the other side or plate 
of the condenser or this second plate may 
take the form of a counterpoise, i. e., a sec-
ond wire like the aerial may be laid on the 
ground or close to it, directly under the aer-
ial. Both the aerial side of the antenna and 
the ground or counterpoise are connected to 
the ends of the inductance coil which is in-
cluded in the oscillatory circuit. 

One of the important features of the an-
tenna is the so-called "directional" effect. 
When the antenna circuit is made to oscil-
late the range of transmission due to the in-

tensity of the electric field is decidedly great-
er in the direction of the end at which the 
lead in wires are connected than in any other 
direction. 

Advantage may be taken of this when 
erecting an antenna so that the greatest ben-
efit may be derived if there is a choice of sta-
tions with which one wishes to work, by 
pointing the aerial wire toward that station 
with which it is desired to communicate and 
connecting the lead in wire at the end clos-
est to that station. A noticeable falling off 
in range occurs with any other method of 
installation. 
The "V" type antenna consisting of two 

diverging horizontal wires is another which 
is quite decided in its directional effect. This 
effect is in the direction of the apex of the 
"V" where the lead-in should be connected. 
The umbrella type consists of a number of 

wires supported at their upper ends by a 
mast and radiating outward from the mast 
much the same as the ribs of an umbrella. 
The lead is attached to the upper ends of the 
ribs and the outer ends of the ribs are insu-
lated from the ground. This type of antenna 
in connection with the transmitting aerial. 
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has no directional effect, the field strength 
being equal in all directions. 

The "Loop" antenna usually consists of 
one or a few more turns of wire around a 
special frame and is generally used for 
short wave transmission. They are direc-
tional in their plane. 

Too much cannot be said about the im-
portance of keeping the resistance of the 
open oscillating circuit as low as possible. 
One of the best ways to accomplish this is 
by using the "counterpoise" instead of 
ground. At most of the stations which are 
reaching out and covering the greatest dis-
tances. will usually be found a counterpoise 

Single Circuit Receivers 
About the first things a person does after 

deciding to enter the radio field is to look 
up some friend who has a receiving set and 
obtain dope on just what kind of a set, the 
materials necessary and how to wire it, gen-
erally following pretty closely in his friend's 
footsteps. H,wever, after once being able 
to receive signals his natural inquisitiveness 
leads him to investigate on his own hook 
with an idea toward getting better results 
out of his equipment or as good results with 
less equipment or greater ease of operation. 

With the advent of honeycomb coils on 
the market, it is rather easy for different 
circuit combinations to be hooked up which 
will allow the entire band of wave lengths 
now in use in this country and in foreign 
countries to be tuned in, and this without a 
particularly apparatus layout, and without a 
great deal of expense. 

With this in mind the circuits accompany-
ing this article are submitted. They use 
a single coil at a time, and by changing 
coils stations transmitting on any wave 
length in use at present may be "tuned in", 
amplifiers be used to bring the signals up 
to the desired strength. These circuits will, 
no doubt, suggest others to the mind of the 
investigator. With honeycomb coils rang-
ing from twenty-five to one hundred 
turns, used with different antenna, these 
circuits are very well adapted to the recep-
tion of radio telephone signals. 

The condensers shown may be fixed con-
densers except the one in the antenna-
ground lead which must be variable in order 
to get the best out of the circuits and to 
allow tuning to the different wave lengths. 

No. 1 is an excellent oscillator, tuning be-
ing very sharp, but when receiving spark 
signals regeneration is not so easily con-
trolled as with some of the other circuits. 

tigure 

No. 2 seems at times slightly more sensitive 
than No. 1, but it is not so good an oscillator. 

feure 3 

No. 3 is a good oscillator and is sensitive, 
but requires more A and B battery than 
either of the circuits No. 1 and No. 2. No., 
4 requires less A and B battery than the 
other circuits and is the 'best oscillator of 
all the circuits tried. One prominent radio 
engineer states that with this circuit a single 
Marconi V.T. has brought in several trans-
oceanic stations. Of all the circuits tried 
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employing a capacity feedback, No. 5 was 
far superior to the rest. Arc signals are 

strong and c ear; spark signals are strong 
but the circuit is better for the reception 
of undamped waves. 

It is well to mount the various apparatus 
on a panel and "screen or shield" it to re-
move the capacity effects of the operator's 
hand in making adjustments. This is done 
by installing a copper or zinc plate behind 
the panel and grounding it, being careful 
that it does not touch any of the apparatus 

parts. 

Very satisfactory results will be obtained 
with these circuits and although some diffi-
culty may be experienced in selectivity, still 
the ease with which various stations may 
be found compensates for this disadvantage 
to a considerable extent. 

An Easily Made 
The average experimenter with vacuum 

tubes is always looking around for a "B" 
battery which he may readily put together 
himself and renew as he finds necessary. 

If one is possessed of a charging outfit, 
a good "B" battery can be easily constructed 
and kept in condition without much trouble, 
but there are apt to be a good many who do 
not happen to have access to a suitable 
charging set and would have to depend upon 
someone else to keep their high voltage bat-
tery supply up. It is for the latter that this 
description is given. 

This battery will give plenty of current 
and will last a year or more under average 
operation. The first thing to obtain is a set 
of glass test tubes 4" long and 1" in diam-
eter. These may be obtained from a supply 
house at a cost of about five cents each. One 
tube will be required for each volt and a 
quarter needed in ti' battery so that for a 
detector "B" battery about eighteen tubes 
are required. Then obtain some carbon rod 
such as used for arc lamps and cut into sec-
tions four and one-half inches long, and flat 
sheet zinc, one-eighth inch thick, and cut it 
into strips four inches long and three-eighths 
inches wide. One carbon rod and one strip 
of zinc will be required for each cell of bat-
tery. Bore an eighth inch hole through one 
end of the carbon rod and bore a hole slight-
ly larger than the carbon in a block of wood. 
Fill the hole with molten lead and dip the 
end of the carbon which has the hole in it, 
into the lead, thus forming a cap on the car-
bon or the end of the carbon may be fitted 
with a binding post by drilling for an 8/32 
screw and locking up with nuts. A wire 

éélief Battery 
can be soldered to the zinc and we are now 
ready to assemble. 

Place the zinc and the carbon in the test 
tube and fit a disc of 1- akelite in the tube, al-
lowing the carbon and zinc to project 
through about one-half inch or the tube may 
be filled with fine sand to a half inch from 
the top and asphaltum compound melted 
and poured into the tube filling it. While 
the asphaltum is melted fit a small glass tube 
in the top or allow it to cool and then drill 
a small hole through it to allow the removal 
of the fine sand and also the pouring in of 
the electrolyte. 
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After the desired number of cells are made 
up a box may be built which will accommo-
date any number of the cells. Old cigar 
boxes are very useful for this purpose. Pour 

FIRST LAYER OF WAX 
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in a layer of wax and stand as many cells 
as will be readily accommodated in it and 
then fill the box with more wax of asphalt-
um compound. The electrolyte, consisting 
of a weak solution of salammoniac and wa-
ter may be poured into each tube. Connect 
the cells in series and the units are ready for 
work. Figure 1 shows details of the cell 
and Figure 2 an assembly in a box. 

In Figure 1, G is the test tube, A is the 
carbon rod; Z the zinc; T, small tube or hole 
in the top filling. 

Any number of these cells may be connect-
ed up and will be found perfectly reliable 
for drain up to one hundred fifty miliam-
peres f several hours at a time without any 
great drop in voltage. 

A Further Discussion of Wired Wireless 
So many requests have reached this office 

concerning the "wired wireless" which was 
mentioned in a former issue of this paper 
that it is proposed to satisfy those interested 
by describing a little more in detail this sys-
tem of transmission. 

it seems that during the war it was found 
to be a good plan to try out some method of 
communication which would be reliable and 
at the same time save wire and the labor at-
tending the laying of such wire deep in the 
ground in order to protect it from damage. 
It was known that communication by radio 
was possible between submarines when they 
were submerged so that radio waves evi-
dently passed through water. With this end 
in view the Signal Corps of the United 
States Army began experimenting with bare 
copper wire laid in the water, using radio 
instruments for the transmitting and recep-
tion of the signals. 
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Using a No. 18 phosphor bronze antenna 
wire laid in the Potomac River near Wash-
ington and reaching from shore to shore, 
satisfactory results were obtained with both 
telegraph and telephone signals. 

One of the Signal Corps sets in use at the 
time was connected at each end. The receiv-
ing end set had its grid connected directly 
to the bare wire from the opposite shore but 
had the usual ground connection left open. 

The set was tuned to a wave length corre-
sponding to 600,000 cycles per second. 

Further experiments were made by bury-
ing a strip of wire netting in the snow out-
side the C.S.O. office in Washington, and 
bringing one end into a vacuum tube re-
ceiving set located on the second floor. Sig-
nals from various points in the United States 
were readily received. During these experi-
ments the type of antenna called the "reso-
nance coil" was developed. This is in the 
form of a helix with a large number of turns 
of wire, having a metal band around it which 
may be slid along to any point on the coil, 
the point of highest potential being connect-
ed to the grid of a vacuum tube. This res-
onance coil has decided directional effects 
when used as an antenna and may be used 
as part of the antenna or as the antenna it-
self. The sliding band may be seen in the 
accompanying photograph. 

Mr. Paul F. Godley, a foremost radio ex-
pert, proposes the passage of a law which 
will prohibit the indiscriminate use of the 
"ether" for the purpose of free advertising 
and we heartily endorse his proposition. 

Capt. Leroy Boylan is in charge of the 
organization of 33rd Signal Co., a new unit 
of the Illinois National Guard. The com-
pany will have an elaborate radio equip-
ment. 
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The Construction of an Efficient Radio 
Receiving Set 

(The first article of this series appeared in the May issue.) 

(A limited number of the May issue may be had from putlisher.) 

(Continued from the May Issue) 
The problem of assembling the apparatus 

now confronts the builder. 
Various layouts of the apparatus suggest 

themselves to one's mind but the one to be 
described has been found to be a good one. 
Toward the right-hand side of the panel, 

along one of the short edges, the tuning 
coil may be mounted so that it is inside 
the edge of the panel about one-half inch 
when standing on end. 
Three inches from the bottom of the panel 

and two and one-half inches in from the 
edge, drill a hole large enough to take the 
shaft of the switch lever specified in our 
first article. Insert the switch lever shaft 
and press down on the blade, turning the 

A 

the close adjustments which must be ob-
tained at times are more readily had than 
if the hand has to be held high as the natu-
ral tremble prevents critical adjusting. 

The mounting of the vacuum tube socket 
is best accomplished by drilling two holes 
through the panel and two corresponding 
holes in the edge of the socket, the last 
two being tapped for a 6/32 flat head ma-
chine screw. This allows a safe clearance 
between the vacuum tube and the back of 
the panel. 

The rheostat for controlling the filament 
current may be fitted to the panel imme-
diately below or to the side of the vacuum 
tube socket. 
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switch lever through half a circle, thus 
marking the panel slightly. Then lay off 
on this semi-circle points where the holes 
will be drilled for the switch points ( or 
screws). 

At the opposite side of the panel a hole 
must be drilled for the shaft of the variable 
condenser. 

It is a good practice to mount the con-
denser low enough on the panel to allow 
the operator's arm to rest on the table as 

A hole i4" in diameter should be drilled 
in the panel directly in front of the vacuum 
tube to allow for ventilation and observa-
tion of the tube. 

Holes must be drilled for the binding 
posts, the arrangement of which is left to 
the fancy of the constructor. 

However, one thing which must be kept 
in mind, is to keep the various leads as 
short as possible and endeavor to not run 
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wires parallel to each other for any great 
distance. 

If one of the new vernier rheostats which 
have lately appeared on the market can 
be obtained it is advisable to do so, as they 
allow a very close regulation of the fila-
ment and it has been found that with the 
modern vacuum tubes, a very critical ad-
justment is necessary to obtain the proper 
relation between filament and plate poten-
tial, which adjustment is readily obtained 
with a vernier rheostat. 

After the various small parts are assem-
bled on the panel, the last step is to mount 
the coil, using the brass brackets described 
=n our first issue. 

We are now ready for wiring and a good 
place to start is right at the coil itself by 
soldering the "taps" to the switch points. 

The remainder of the wiring is readily 
done by following the diagram. 

By using a cabinet eight or nine inches 
deep to enclose the set when completed, 
the "B" battery can be enclosed with the 
balance of the apparatus and a very porta-
ble receiving set is obtained. 

The circuit shown and used in the set 
which has been built in the laboratory of 
this magazine has proved very sensitive and 
is well adapted to long wave reception by 
increasing the size of the inductance coll. 

One must be careful that the moving 
plates and stationary plates of the condens-
er do not short circuit as this will exhaust 
the "B" battery in short order. 

The Operation of the Set 
Connect the aerial and ground leads to 

the proper binding posts, also the six-volt 
storage battery and the head receivers. 

Turn the rheostat lever around until the 
filament of the vacuum tube is brightly 
lighted at which time a sound is heard in 
the phones. If this is in the form of a 
strong hiss, reduce the filament current 
slightly. Move the switch lever over the 
points and as each new point is reached, 
revolve the condenser slowly until signals 
are heard. Once a signal is heard, careful 
adjustment of the rheostat and condenser 
is necessary to bring it in loud and clear. 

Patience is rewarded by the results ob-
tained. 

International 

Selected Men Learn Radio Work at Chicago 
High Schools 

Selected limn due for the second and following drafts, 
who have passed a physical examination, are being in-
structed in radio and buzzer work in three of Washing. 
ton's high schools. 

The U. S. Army is looking to these men, trained in 
the proper course, to furnish 15,000 men needed for 
the signal corps. 
The student at these radio classes who has reached 

the required standard of sending and receiving twenty 
words a minute will receive a certificate giving the 
name of the student, his draft number, residence. num-
ber of hours of attendance at the course. This will 
serve him when he is called to appear for examination 
at the second and succeeding draft. 

Photo shows an expert radio operator Instructing 
clams of selected men in one of the Washington high 
school& 

International 

College Students Have Radio School 

Students at Union College, Schenectady, N. Y., en-
joy the privileges of the Radio School at the college, 
and have extended the privileges to hiph school students 
of the city. The radio clase is part of the college 
work, there being no charge for those outside the 
college who wish to attend the radio classes, at which 
operation and receiving of radio sets are taught. The 
only requirement is the ownership of a pair of re-
ceivers, so that all may get in on the same connection. 
Here's the clue in session. 
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Radio (High) Frequency Amplification 
The average "Radio Fan" is not long in 

the game before he finds it desirable to 
equip his station with some form of ampli-
fying apparatus. Usually this apparatus is 
of the so-called "audio" frequency type. 
That is, the radio signals are detected and 
rectified with some form of detecting de-
vice, a crystal set or a vacuum tube and 
then amplified to the desired volume with 
additional vacuum tubes and iron core 
transformers. 
There is one very good thing about audio 

frequency amplifying apparatus; it is sim-
ple to construct and operate and is adapted 
to a wide range of wave lengths. 
For the benefit of those who are not fa-

miliar with this type of equipment, a brief 
description is not out of place. 
The ordinary vacuum tube detector cir-

cuit will be taken as a base. We see from 
Figure 1 that the head receivers are in se-
ries ith the plate of the detector tube, the 
"B" batteries and the filament. To provide 
the first stage of amplification, the head 
phones are removed from the detector cir-
cuit and in their place the primary winding 
of an amplifying transformer is connected. 
There are several types of these transform-
ers on the market, which range in price 
from three dollars and a half to seven dol-
lars. They consist of an iron core around 

A.7: 

F/G. I 
which is first wound several thousand turns 
of copper wire (the size varies with the 
manufacturer's idea) forming a "primary" 
winding. Around the primary is wrapped 

impregnated paper or other insulating ma-
terial and on top of this a "secondary" 
winding consisting of several thousand turns 
of wire, is wound. 

If the number of turns of wire in each 
winding is the same, a coil known as a one 
to one ( 1/1) ratio coil is obtained but if the 
primary winding has only one-half as many 
turns as the secondary, we obtain a so-
called two to one ratio and so on. 
The coils on the market range from three 

to one ratio to ten to one ratio. 
There seems to be quite a difference of 

opinion among experimenters as to the best 
ratio coil to use. H wever, a great deal de-
pends upon the particular vacuum tubes 
one is using for amplifiers. 
The writer has experimented considera-

bly with the two most generally used tubes 
now on the market in a two stage amplifier 
and has obtained very satisfactory results 
using a ten to one coil in the first stage and 
a three and one-half ratio coil in the second. 
This arrangement gives a high voltage am-
plification in the first stage and a fairly 
high power output from the second stage. 
From ninety to one hundred and thirty volts 
are used on the plates of the amplifier tubes. 
But we are getting away from our story. 

The secondary of the amplifying trans-
former is connected as follows: one terminal 

C.E/Ve/f' 

is connected to the grid of the amplifying 
tube and the other terminal of the second-
ary is connected to the negative side of 
the "A" battery. 
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This is the type of amplifying apparatus 
found to-day in thousands of radio stations. 
giying, if not the best results, very satis-
factory ones. ( Fig. 1.) 

Certain circuit refinements may be insti-
tuted in the above described method which 
will improve the quality of the signals ob-
tained. One of these is to experiment to-
ward finding out just where the terminal of 

fication. With this method the incoming 
signal is amplified before it ie rectified (or 
detected), then detected and heard direct 
or may be then amplified with one or sev-
eral stages of audio frequency amplification 
and finally heard through the phones or 
loud speaker. This is a method which has 
been used by the more advanced experi-
menters for some time hut is little kneiwn 

A.T. 

the secondary winding which goes to nega-
tive "A" battery should be connected to give 
the best results by trying out different 
points on the filament rheostat and when the 
proper point is found soldering the secon-
dary lead to it. This will probably vary with 
different tubes, some requiring one and a 
half volts negative potential on the grid and 
some more. 

Another improvement is obtained as fol-
lows: connect a retardation coil in parallel 
with the primary winding of the amplifying 
transformer and a one micro farad con-
denser in series with it. (Figure 2.) 

However, audio or low frequency ampli-
fication has its limitations also. It has not 
proved to be the best form of amplification 
for the high frequencies corresponding to 
the shorter wave lengths, that is, those 
ranging from 180 meters to 1,000 meters. 
The best way to handle these higher fre-
quencies is by "radio" frequency ampli-

to the more recent entrants into "Radio-
dom." 

There are several ways in which radio 
frequency amplification may be accomplish-
ed but the method about to be described 
is about the simplest all round method 
which the writer has found and about which 
data is at hand. 

The circuit diagram is shown in Figure 
3 and is self-explanatory. The high fre-
quency transformer is the only part of the 
equipment with which the -aperimenter 
may not be familiar and so the following 
data is supplied: 

This consists of a coil with an air core 
and may be wound on a solid sod of bake-
lite or other like material or on a tube one 
inch in diameter and two and one-half inch-
es long. On the tube or rod chosen, wind 
a single layer of No. 36 B. & S. gauge in-
sulated copper wire, preferably silkwound. 
After the first layer is wound, a layer of 
insulating paper or linen is put on and then 
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a second layer of the wire. These two wind-
ings form the primary and secondary of the 
transformer. 

A transformer so constructed will cover 
a range of wave lengths from 200 meters 
to 1,000 meters and will be found to give 

FREQUENCY 
TRAN.SFORoleR 

place of the tubular form of coil a disc may 
be used to wind the primary and secondary 
on. 

A station equipped with radio frequency 
amplifiers is better equipped to operate dur-
ing the summer months than one which is 

RH cos TATD PoreN7701,1E71ER 
  :14 11 

FIG. 3 

very good results. It is well for the reader 
to know that windings other than the ones 
given may be constructed on larger or small-
er cores and substituted in the circuit shown 
so that a very wide band of frequencies 
may be covered with sets of coils wound 
for the different bands of wave lengths. 

The chief point is that the radio frequen-
cy amplification demands that the amplify-
ing coil used be constructed with enough 
inductance and capacity to give it a natural 
frequency close to the frequency of the 
signai which it is desired to receive. In 

 4 

TO 
TUN/N6 
CIRCUIT 

not, as greater freedom from "static'. dis-
turbances is obtained with this system. 
It is well to "shield" the different parts of 
a receiving circuit from each other and es-
pecially important is to where radio fre-
quency amplifiers are used. This is accom-
plished by surrounding the coils and other 
apparatus, each with a metal box of copper. 
zinc or aluminum and grounding all the 
boxes. Although this causes losses due to 
the "shield" absorbing energy from the ap-
paratus, more stable operation is obtained 
as wéll as freedom from disturbances out-
side the receiving set. 

It is said that red hair and large ears are 
an asset to those desiring to become wire-
less operators. 

Young women of Radcliffe College have 
installed a radio set to keep in touch with 
their home towns. 

For the first time in history election re-
turns were broadcasted by several stations 
in Chicago, Tuesday, April 11. 

Song hits from the student opera were 
broadcasted in advance of the performante 
by the students of the University of Illinois. 



e'8ae'rcl: 

Sun're 

rT% 

\ 

Pesadona 
Or000a 

RADIO PHONE 
BROADCASTING 

STATIONS 
11,1es  

e00 o  SC .00   

The 6opoe F Craps Co C`n:a-99. 
120. BY 

deM. 
Wave 
Length 

WILK 360 Montgomery, Ala. Montgomery Light & Power Co. 
WOK 960 Pine Bluff, Ark,. Pine. she Co. 
KFU 360 Berkeley. Cal.._ Maxwell Electric Co. 
KFU 360 Gridley   The Precision Shop 
KGC 360 Hollywood  Electric Lighting & Supply Co. 
KLP Los Altos Colin B. Kennedy Co. 
/US Los Angeles  Bible Institute of Los Angeles 
KOG Los Angeles  Western Radio Electric Co. 
KQL Los Angeles Arno A. Kluge 
KYJ Los Angeles  Leo J. Meyberg 
EEC Los Angeles  Western Radio Electric Co. 
DDV 380 Monterey   Noble Electric Works 
KU; Oakland  Warner Bros. 
KZM Oakland   Hotel Oakland 
KZY Oakland   Atlantic Pacific Radio Sup. Co. 
KLB Pasadena J J. Dunn Co. 
HOT Pomona.  Pomona Tixtuie and Winos Ou. 
KVQ Sacramento J C. Hobrecht (Sacramento Bee) 
AGI Ian Francisco  Signal Corps Presidio 
KDN San Francisco  Leo J. Meyberg Co. 
KG) San Francisco  K. C. Lords. 

York 
sey 

- - 
DAKOTA 

SOUTH 

WY ONNsic • — 

— • — — • — 
NEbNASKA 

Omaha 

L Incol:p" 

. . 
KANSAS 

. . 
()KLAN() 

• 7. 

M E XI C 

o 

oc 
es cones 

MI SOURI 

Jo fter5cc 
C,ty 

A FIKANS• 

lOUISIANA 

GULF 

1f,  si/PtAtog 

-ruCKY 

or MEXICO 

SO° 

'd• 

7 

—  D 
75° 

75. 

HUG 
KYY 
KQW 
KJQ 
KWG 
KIT 
KIZ 
WQB 
WCJ 
WDM 
WDW 
W.TH Washington. D. C „White & Boyer 
VTWX1160-1980 Washington, D. C. P. 0. Dept. 
3YN 980 Washington, D. C. National Radio Inst. 
4C1) 200-375 Atlanta, Ga Carter Electric Co. 
KYW Chicago, Ill Westinghouse Elec. & Mfg. Co. 
WBU Chicago, ID City of Chicago 
WOO 880-481 Kock bland, 111 Karloara Radio Co. 
WLIC 360 Indianapolis, Ind Hamilton Mfg. Co. 
WOK . 880 IncUanapolis, Ind Hatfield Electric ' Co. 
WOZ «0.485 Richmond, Ind Palladium Printing Co. 
WOE' Ill De* Moines Register Tribune 

 Examiner Printing Co. 
 Radio Telephone Shop 

 Chas. D. Herrold 
C O. Gould 
,ortable Wireless Telephone Co. 
The Radio Shop 
Reynolds Radio Co. 

San Francdsoo 
San Francisco 
San Jose 
Stockton 
Stockton 
Sunnyvale   
Denver, Colo 
Hartford, Conn ... C. D. Tusks Co. 
New Haven A C. Gilbert Co. 
Washington, D. C..1hurch of the Covenant 
Washington D. C. .Radio Constr. & Electric Co. 

9YA 360 Iowa City  University of Iowa 
 Darrel A. Downard 

w9AGRIU 826000 Louisville ,Medfor d   iKllsyide, Ms. American Research & Radio Corp. 
Westinghouse Elec. & Mfg. Co. 

WBZ 380 Springfield   
WWJ 360-485 Detroit, Mich The Detroit News 
WHW 485 East Lansing, Mich Stuart Seeley 
WLB 360 Minneapolis. Minn.   University of Minnesota 
WOS 485 Jefferson City, Mo. Missouri State Marketing Bureau 
WOQ 360-488 Kansas City, Mo tWr0eisyteerrsnityRa0dfio Nebraska 
9YY 360 Lincoln, Neb  
W01/ 360.485 Omaha, Neb  Metropolitan Utilities District 

WOV 360 Omaha, Nob  R. B. Howell 

WHO 380 Jersey City, N. J  Jersey Journal 

N. /*  LTersHeyamRbeervigeel: and Co. 
2d.j 200 Jersey City, 
WOE 380 Newark, N. J 
WM 980 Newark, N. J Westinghouse Elec. & Mfg. Co. 
WDY 360 New York City, N. Y.Ship Owners Radio Service 
VvJK 380 New York City N. Y.DeForest Rad. T. de T. Co. 
wycz 1450 New York City, N. Y. Amateur iiadio Reserve 
WHQ 880-485 Rochester, N. Y Rochester Times Union 
WGY 360 Schenectady, N. Y. • .. General Electric On. 
WIL 880 Schenectady, N. Y• • Union College 

8UX 960 Akron, Ohio  Radiaart Store 
WLW 360 Cincinnati, Ohio Crosley Mfg. Co. 
WIIH 360-485 Cincinnati, Ohio Precision Equip. Co. 
WHK 360 Cleveland, Ohio Warren R. Cox 
8BYV 200 Columbus, Ohio Electrical Specialty Co. 
BYO 275 Columbus, Ohio Ohio State University 
WFO 380-485 Dayton, Ohio Hike Humler Co. 
WA/ 360 Dayton. Ohio U. S. Army 
WL2 360 Fairfield, Ohio U. S. Army 
WRK 360 Hamilton. Ohio Doren Broa. Electric Co. 
W1111 380 Toledo, Ohio  Wm. B. Duck Co. 
WJK 360 Toledo, Ohio  Service Radio Equip. Co. 
WSZ 380-485 Toledo, Ohio   Marshetl-Gerken Co. 
WGL 360 Philadelphia, Pa  Thos. J. Howlett 
KDKA 960 Pittsburgh, Pa  Westing ous . Co. 
KQV 860 Pittsburgh, Pa  Doubleday Hill Elec. Co. 
WEB 380 Pittsburgh, Pa  Newspaper Printing Co. 
WEIL 450 Dallas, & Fire Signal Dept. 
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wire 380.485 Madison, Wis University of Wisconsin 

200  



18 RADIO INSTRUCTOR 

all, making a total of 109 feet 7 inches of 
wire, but it is best to obtain about 125 
feet of wire, which will leave a sufficient 
amount of wire for the starting and finish-
ing ends. After the wire is all wound on 
the form, it shouLd be given a coat of shel-
lac. Just before the wire gets firm and solid 
on the form, wedge apart the wires over 
the hold so as to allow the shaft to be 
pushed in tight. This secondary shaft 

r 

C. P 
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should be about five and one-half inches 
long and one-eighth inch in diameter. On 
the front end of it should be soldered a one 
and one-quarter inch knob and pointer. In 
front of this pointer have a 180 degree 
celluloid or brass scale. In back of the 
panel this shaft is threaded its entire 
length. It will have nuts drawn up close 
to the secondary form at the back and front 
at each end on the secondary form as this 
will serve to hold the secondary coil very 
firm and tight, thereby allowing it to re-
volve very easily within the primary form. 
At the front of the panel the pointer will 
indicate on the scale the degrees revolved. 

The contacts used for the filament con-
trol, and the B battery plate control 
switches are one inch long with a head 
3/16-inch long and 3/4-inch diameter, of either 
copper or brass. The switch knob is one 
and three-eights inches in diameter and 
swings in a radius of one and one-half 
inches. This three-contact switch is for 
the purpose of using either filament of the 
Audiotron at will and the seven-contact 
switch is for the purpose of regulating the 
positive flow of the B battery to the plate. 
Six of these contacts are connected with six 
different taps on the B battery in the back 
of the panel, the seventh contact is idle. 

The transmitter used is of the ordinary 
carbon type. 

The binding posts can be either copper 
or brass, whichever the constructor pre-
fers; it is advisable to have a screw about 
2 inches long and 3/16 of an inch in diam-
eter; use plain brass washers, there are 15 
binding posts in all. 

The purpose of the two binding posts 
at the B battery is meant for testing out 
B battery, but the average B batteries are 
test them unless you disconnect them. The 
primary coil has two binding posts so that 
if the operator would like to shunt a con-
denser across the posts, it could easily be 
done. It is best to use one with .005 mfd. 
capacity. If a condenser is used, the sec-
ondary has two binding posts in order to 
shunt a condenser with a capacity of 0.001 
mfd. This condenser is essential as other-
wise the outfit would not prove a success. 

Figure 2 gives a good description of the 
general hook-up and connections of this 
outfit. 

The writer has used a rheostat with a re-
sistance of from 6 to 15 ohms, and in fact 
the ordinary battery rheostat will do very 
nicely. The filament is lighted with a 6-
volt storage battery. 

The writer used from 10 to 15 No. 703 
Eveready flashlight batteries wired in 
series. There are six taps taken from the 
last six batteries, these taps running to 
switch contacts on the front of the panel, 
thereby regulating the B battery current. 
In Figure 3 is shown the method of mount-
ing the B batteries at the back of the panel 
between the two bracket braces as well as 
the method of mounting the telephone 
transmitter. As will be seen in Figure 2 
the wiring is very simple and there are not 
many wires to contend with. 

The Department of Commerce has pub-
lished a book for the benefit of "ether talk" 
enthusiasts. It is called "The Principles 
Underlying Radio Communication". Ele-
mentary electricity dynamo-electric ma-
chinery, radio circuits, electro-magnetic 
waves, apparatus for transmission and re-
ception, electron tubes, are the titles to some 
of the subjects treated. It may be obtained 
at the Government Printing Office, Wash-
ington, D. C. The price is One Dollar. 

The word "volt" so commonly used in 
electricity is derived from the name of the 
inventor, an Italian—Alexandro Volta. 

IP 
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A Radio Phone 
The operator who has confined his work 

to the transmission of radio telegraph sig-
nals and the reception of both radio tele-
graph and radio phone, will sooner or later 
break into radio phone transmitting. Here 
he will encounter greater difficulties than he 
has experienced in radio telegraphy due to 
the different character of the waves he has 
to handle. 

It is the purpose of this article to describe 
the general construction of a radio phone 
transmitting set which will allow anyone 
interested to get started. 
The apparatus can be mounted on a panel 

12"x12" in a manner shown or modified 
to suit the constructor's ideas. Figure 1 
shows a panel laid out to include one of the 
old audio iron tubes, but any tube which 
proves to be a good oscillator is satisfactory. 
The best material to use for the panel is 

bakelite, three-eights or one-quarter inch 
thick. 

Provision should be made for the "B" 
batteries in the rear of the set. From sixty 
to two hundred volts will be required and 
the transmitting range will be found to dif-
fer with the voltage applied to the plate. 
The primary form of the variometer is 

of heavy cardboard or bakelite, and its di-
mensions are respectively 2 inches long, 

inches in diameter, and with walls Ye-
of an inch thick. It is advisable to paint 
the form with a good coat of shellac and 
let it stand to dry before winding the wire 
on it. After the form has dried, drill an 
eighth inch hole through the center, allow-
ing the placing of a one-eighth inch shaft 
for the purpose of rotating the secondary 
coil within the primary coil. There is also 
a small hole drilled at each end of the coil 
to permit two small screws with nuts to be 
fastened on. To these screws will be con-
nected the start and the finish of the coil 
windings. Connected from these screws 
will run a flexible wire to the binding posts 
on the panel, thereby eliminating the possi-
ble chance of the wires getting broken off 
short. These flexible wires may be made of 
No. 18 lamp cord. 
Now we are ready to pass on to the 

winding of the primary coil. It will be 
wound with No. 26 S.S.C. magnet wire 
and the winding will start one-eighth inch 
in and continue to one-eighth inch from the 
end. There will be 91 turns of wire in all, 

Transmitting Set 

making a total of 98 feet 8 inches of wire, 
but it is best to obtain about 120 feet of 
wire, which will leave a sufficient amount 
for the starting and finishing ends. It is 
also advisable to purchase one-eighth 
pound of wire in case the constructor would 
like to make up several of these coils, Af-
ter the wire is all wound on the form, it 
should be given a coat of shellac. Just be-
fore the wire gets firm and solid on the 
form wedge apart the wires over the hole 
so as to allow the secondary rotating shaft 
to be pushed through, allowing plenty of 
freedom for the shaft to work. Now that 
the coil is ready to mount on the panel, it 
is best to mount it with two small brass 
wood screws. There is an eighth-inch 
space at each end, which will give plenty of 
room for the two screws. These screws 
should be about one-half inch long, that 
length being ample enough to hold the coil 
very nicely. 
Now for the make-up of the secondary 

coil which is similar to the primary coil. 
The secondary form of the variometer di-
mensions are respectively 2 inches long, 
3 3/8 inches in diameter, and with walls of Ye-
inch thickness. It should be shellacked, 
drilled, etc., just as was done before on the 
primary coil form. After this coil is dry 
it is ready for the winding, and it should 
be wound with No. 30 S.S.C. magnet wire. 
The winding will start one-eighth inch in 
and continue to one-eighth inch from the 
end. There will be 134 turns of wire in 
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Fundamental Principles of Radio 
(Continued from the May issue.) 

in a previous article we saw the two 
fields (electromagnetic and electrostatic) 
which exist around a conductor which is 
carrying a current of electricity. 

If the current in the conductor is an alter-
nating one the fields surrounding the con-
ductor will be alternating. varying in inten-
sity and direction with great rapidity and 
spreading outward from the conductor at 
the rate of 186,000 miles per second or 300,-
000,000 meters. ( Let us keep the speed in 
meters in our mind.) 

It is generally conceded at present that 
a medium known as "ether" pervades a 11 
space, surrounding the conductor much the 
same as water would surround an object 
placed in it. 
For a moment, think what happens when 

a rock is dropped into a still pool of water; 
quite a splash occurs in the immediate vicin-
ity of the spot where the rock was dropped 
and circles of ripples start out, spreading 
in all directions, apparently traveling across 
the water toward the shore. 
Now, some parts of them are intercepted 

by obstacles and never reach the shore, 
but it is evident that the water has been 
disturbed. 

Just so when an alternating current is 
caused to flow in the conductor which we 
have under consideration. Invisible ripples 
or waves spread out in all directions causing 

5 

FIG. 4. 

a disturbance in the "ether" and carrying 
with them charges of electricity. 

If the conductor happens to be the anten-
na of a radio transmitting station the alter-
nating current is interrupted by means of a 

key for sending code or modulated by means 
of a telephone transmitter and the waves 
in the ether vary in accordance with the in-
terruptions. 
When these electromagnetic waves come 

in contact with the antenna at a receiving 
station they produce an alternating current 
in it and if suitable receiving apparatus is 
connected to the antenna, it is possible to 
hear the signals produced at the transmit-
ting station. 

Oscillatory Currents 
Alternating current is divided into three 

general classes—low frequency, moderately 
high frequency and high frequency. 
High frequency currents are called "oscil-

latory currents". Currents having a fre-
quency of twenty thousand cycles per sec-
ond and up, come under this head. 

In order to get a picture of what occurs 
in an electric current which has an oscilla-
tory current in it, let us consider for the 
moment the following: 

If one end of a steel spring is clamped in 
a vise and the free end is pulled to one side 
and then released, it will not only return 
to its normal position but continue past the 
center point for quite a distance and then re-
verse, coming back almost to the point 
where it started from. This• vibration will 
continue for some time, gradually dying 
down until finally the spring will come to 
rest. 
When the spring was released after hav-

ing been pulled to one side it returned to 
normal because of its elasticity. It did not 
stop at the center point the first time it ar-
rived there but continued past, because of 
its inertia. 

It gradually came to rest after the energy 
which had been stored up in it had been ex-
pended in friction. 

In an electrical way the storing of the 
energy corresponds to capacity and the in-
ertia is called inductance. 
We find an electrical analogy to the vi-

brating spring in Figure 4, where C is a 
condenser, L is an inductance coil and S 
is a spark gap, the three comprising an os-
cillatory circuit. 

Considering Figure 4, if we gradually ap-
ply electric charges to the condenser C, 
raising its potential, a potential will finally 
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FIG. 5. 

be reached which will cause a spark to jump 
across the gap S. Once the gap breaks down 
the energy stored in the condenser causes 
the current to rush across the gap to the 
other side of the condenser and on account 
of the inductance L (inertia) it really over-
shoots the same as the steel spring did and 
then starts to surge back, this occurring 
several times before the energy is used up 
in heat and the potential between the two 
sides of the gap is equalized so that the 
jump across the gap ceases. 
This discharge across the gap takes 

place in a series of decreasing oscillations 
much the same as the spring gradually re-
duced its swing from side to side. When 

the oscillations die down very rapidly they 
are called "highly damped" oscillations; 
when they die down gradually they are 
known as "slightly damped" oscillations 
and if they persist in amplitude and do not 
die down they are known as "undamped" 
oscillations. 

Figure 5 shows a wave train of highly 
damped oscillations. 

Figure 6 represents a train of slightly 
damped oscillations and in Figure 7 is seen 
a train of "undamped" or "continuous" os-
cillations. Special means, other than the 
spark gap must be used to produce "un-
damped" oscillations. 

FIG 6. 
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FIG. 7. 

Milli° nths of a 

Frequency of Oscillation 

As the frequency of vibration of the steel 
spring depends on its elasticity, weight and 
distribution, so the oscillation frequency or 
"period" of an electrical circuit depends up-
on several things, namely: the inductance 
in the circuit and the capacity. 

If the product of the inductance and ca-
pacity is large, the frequency of oscillation 

will be low. The reverse is also true; a 
small product will give a high frequency. 

A simple formula, used for determining 
the frequency of a circuit is 1 ---,.-- 6.2832 x 
square root L C where C is the capacity of 
the circuit in Farads and L is the inductance 
in Henries (2 =6.2832). 

(To be continued.) 

international 

Pershing "Listens In" at the Radio 
General John J. Pershing, commander of the Ameri-

can army, is another victim of the radiophone. Gen-
eral Pershing has had a set installed at his office in 
the War Department, and so is able to get in on all the 
news floating around in the air. 

Sgtator Harry S. New addressed the 
"Ne* for Senator" club over the radio tele-
phone and intends to do much of his future 
campaigning by radio. 

The S. S. Yale plying on the Pacific coast 
has installed a powerful receiving set for 
the benefits of her passengers. Comforta-
bly seated in the salon they may "listen in" 
to market reports, weather and entertain-
ments which are broadcasted from Los An-
geles and San Francisco. 

Internatiena I 

Hammond's Wireless Laboratory 
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Inductance Coils for use in Radio Work 
The experiments carried on by the aver-

age radio fan from time to time require the 
construction of inductance coils of various 
sizes. These may be required in receiving 
circuits, transmitting circuits or for use with 
wave meters. In order that information may 
be readily available, the following tables 
and formulae are given which will enable 
anyone to construct proper coils to meet 
the requirements of the moment. 

The inductance of a solenoid ( single layer 
coil) may be calculated from the Nagaoka 
formula, 
L=(3.1416) 2 d2 n2 1 k, where 
L=desired inductance 
d=the diameter of the coil in centimeters 
1=the length of the coil in centimeters 
n=number of turns per centimeter 
K=a constant depending upon the ratio 

of d/l. 

The calculation of the required inductance 
to allow tuning to a certain wave length 
may be done by using the formula wave 
length=1,885 V LC where L=inductance in 
M. H. and C=Capacity in microfarads. 
Where dimensions are given in centime-

ters multiply by 2.54 to obtain inches. 
Table one gives the inductance of single 

layer coils ranging in diameter from four to 
eighteen centimeters and wound with wire 
twenty turns to the centimeter. If the wire 
varies from twenty turns per centimeter, cal-
culate as for twenty turn wire and multiple 
by X2 . 

.202 

For working with short wave lengths the 
single layer coil is well adapted but when 
it is desired to tune in the longer wave 
lengths from six thousand to thirty thous-
and meters, single layer coils become of 
such size that they are very unwieldly and 
so recourse must be had to some ether type 
of coil. 

If one wishes to purchase the so-called 
honeycomb type of coil, he will find them 
well adapted to these higher wave lengths, 
but if it is desired to make the coils, some 
method other than winding in a single lay-
er must be used. Data for constructing 
honeycomb coils has appeared in various 
publications from time to time so that by 
reference to it, it is perfectly possible to 
construct that type. 

However, there are other designs of wind-
ing which give satisfactory results if care 
is used in winding. It must be borne in 
mind that the method of winding one layer 

I 1. 1. Two-layer Banked Winding 

of wire on a tube for its entire length and 
then starting back to wind a second layer is 
not satisfactory on account of the distribu-
ted or rather self-capacity of the coil which 
results from such a winding. 

One method of winding a coil which will 
result in a very satisfactory coil is what is 
known as "banked winding". This may be 
carried through several layers although if 
more than five or six layers of winding are 
put on, capacity asserts itself and some of 
the desired gain in efficiency is lost. 

In the case of "banked" winding a layer is 
not wound complete before passing on to 
the next, but the wires are arranged to pass 
from one layer to the other and back again 
with the result that the voltage set up be-
tween adjacent turns will not be that of an 
entire layer, but will be the voltage across 
a few turns. In this way the capacity of the 
coil is kept fairly low. 

Various methods of winding such coils 
are shown in Figures one and two. A two-
layer and a four-layer bànk winding being 
shown. The successive turns in these wind-
ings are numbered so that their order of 
winding can be easily followed and the 
drawings self-explanatory. Variations may 
be tried but the results will probably not be 
as good as if the diagrams are followed. 

An ordinary multilayer coil, that is one 
made by winding a complete layer and then 
another layer and so on may be greatly im-
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Fig. 2 

proved if it be broken up into section as 
shown in Figure three. 

One of the effects of high frequency cur-
rents, which must be kept constantly in 
mind in radio work is that known as "skin 
effect". This causes the resistance of a coil 
or any conductor to be higher at high fre-
quencies than when low frequency or di-
rect current passes through the conductor. 
"Skin Effect" is caused by the forcing out 
from the center of the wire toward a com-
paratively thin "skin" near the surface, of 
the current in the conductor. It will there-
fore be seen that the entire cross section of 
the conductor is not available for carrying 

current, but only this outside "skin". 

Moreover, the effective resistance of a 
conductor when it is wound into coil form 

is considerably greater than it would be 

Fig. 3 

were it stretched out straight, when high 
frequency current passes through it, owing 
to the proximity of the several turns of the 
coil to each other. This causes an increase 
in the skin effect and one of the reasons for 
it is the self-capacity of a conductor or a 

coil. 

If we think of the self-capacity of a coil 
acting as a condenser connected across the 
terminals of the coil, it may be shown that 
self-capacity causes another increase in the 
resistance of the coil to high frequency cur-

rents. 

TABLE I. 

Inductance of a oalcnoid woung: 20 turns pee .-/n. Inductancet in microhenriea 
Diameters of solenoid in ma 

1.4801 

Diameter a ecacnoid. 

nna. I 
4 5. 6. 7. 1 & 9. 10. 12 14., 16. 18. 

1 23 32 41 50 . 60 70 80 — — — — 
2 66 93 122 155 185 218 253 324 399 478 559 
3 118 169 224 283 346 389 480 623 784 932 1099 
4 174 252 338 432 531 636 745 974 1221 1480 1749 
5 232 340 460 590 719 881 1040 1370 1725 2095 2482 
6 292 430 587 761 945 13)1 1350 1790 2270 2795 3300 
7 351 523 717 932 1165 1415 1680 2240 2850 3490 4180 
8 413 617 850 1109 1390 1695 2016 2710 3454 4250 5110 
9 474 711 985 1291 1624 1980 2360 3200 4080 5025 6050 
/0 537 807 1120 1472 ; 1858 2275 2120 3680 4725 5857 7050 
12 666 997 1395 1842 i 2345 2870 3440 4700 6074 7546 9130 
14 786 1193 1673 2216 2810 3475 4185 5740 7450 9310 11290 
16 911 1390 1951 2593 3300 4090 4940 6800 8880 11140 13600 
18 1031 1583 2231 2972 3800 4711 5700 7880 10310 12980 15850 
20 1162 1779 2512 3352 4290 5330 6460 8970 11780 14860 18190 
22 1287 1975 2794 3734 4820 5960 7230 10360 13250 16750 20560 
24 1414 2170 3005 4115 5290 6590 8000 11160 14730 18670 22940 
26 1536 2370 3357 4502 5790 7380 8780 12270 16230 20610 25370 
28 1666 2565 3642 4883 6290 7840 9600 13390 17730 22550 27810 
30 1792 2761 3922 5264 6790 8480 10330 12500 19230 24500 30260 
32 1910 2958 4207 5652 7240 9110 11100 151/20 20750 26460 32730 
34 2044 3155 4490 6040.7600 9519 11930 16730 22260 28650 35200 

Referring to Figure four we see an in-

ductance coil Lo having the capacity C, 
bridged across it and connected to the ter-
minals A and B. Such an arrangement may 

Lo 

Rol 

Fig. 4. 

 oA 

 cc 

at certain frequencies behave as an enor-
mously high resistance between A and B. 
Thus no current could flow through it be-

tween A and B. 
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Suppose such a combination should be 
connected in a receiving circuit, it may be 

TABLE 2 
d 

Ratio—diameter bare to diameter covered. 
D 

Gauge 

Single 
Silk 
d 

Double 
Silk 
d 

D.C.C. 
d 

20 0.947 
22 0.94 
24 0.934 
26 0.915 
28 0.899 
30 0.888 
32 0.88 
34 0.86 
36 0.838 

0.905 
0.911 
0.879 
0.855 
0.83 
0.804 
0.81 
0.783 
0.773 

0.781 
0.737 
0.687 
0.643 
0.597 
0.553 
0.545 
0.535 
0.487 

TABLE 3 
Turns per cm.—covered wire. 

Gauge Single Double 
Silk Silk 

20 
22 
24 
26 
28 
30 
32 
34 
36 

10.4 9.9 
13.2 12.8 
16.7 15.7 
20 18.7 
23.9 22.1 
28.2 25.5 
32 29.6 
36.8 33.6 
43.3 40 

D.C.C. 

8.6 
10.7 
12.3 
14.1 
15.9 
17.6 
19.9 
22.9 
25.2 

seen that at the natural frequency of the 
combination no current would flow through 
because of the infinitely high resistance. 

It is to be hoped that this information 
may be beneficial to those who wish to ex-

periment with coils of different inductance 
values. 

A radio telephone license has been issued 
by the Department of Commerce to the Uni-
versity of Texas. The equipment is very 
complete and a corps of students are organ-
ized to keep the station open at all times 
of the day aim' night to receive communica-
tions. The call assigned is U.M.C. and the 
operator is authorized to use 485 meter 
wave length. 

Secretary of the Navy, Denby, has sus-
pended the use of the naval radio for the 
broadcasting of political addresses and lec-
tures. 

Miss Rachel Thompson, of Cambridge, 
Mass., is, as far as we know, the only wom-
an instructor in radio in this country. She 
is a licensed operator and one of the best 
authorities in the east. 

The Gimbel store of Milwaukee will 
broadcast programs from 2 to 5 P. M., and 
7:30 to 9:50 P. M. This station will cover 
a radius from 800 to 1000 miles and will be 
the only privately owned and operated 
broadcasting station in this station. 
broadcasting station in this section. 

Radio telephony played detective in the 
search for Rulif Martin, a Kansas City war 
veteran who disappeared from home on 
March 27. Descriptions of the missing man 
were broadcasted from several stations. 

The purpose of this section is to enable 
those interested to keep abreast of the de-
velopments in radio. It is hoped that en-
gineers and others will avail themselves of 
our records and possibly save themselves 
time and effort thereby. 

Receiving Crop 
International 

Reports by Wireless 
No science in recent years has made such rapid 

strides with the general public since the advent of 
automobiles as radio. The Chicago Board of Trade 
has inaugurated a system of broadcasting market re-
ports for the information of farmers and those directly 
interested in the production and marketing of America's 
grain crops in the great grain producing sections of the 
Central West. The University of Illinois, under the 
management of its electrical society, is instructing farm-
ers in the use of radio. Photo shows Mr. Charles 
Daugherty, who is a farmer in Champaign, Ill., re-
ceiving crop reports by wireless over an instrument 
which was perfected for him by members of the Elec-
trical Engineering Society of the University of Illinois. 
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A Relay Recorder for Remote Control 
By Radio 

By F. W. Dunmore 

RADIO LABORATORY, BUREAU OF STANDARDS 

Review of the Subject.—Relays have been 
used for many years in wire telegraphy and 
other electrical work. The practical opera-
tion of relays actuated by received radio 
signals is a comparatively recent develop-
ment, and has been made possible by the 
development of the electron tube amplifier. 

This paper describes the development and 
the operating principles of a type of relay 
recorder which is designed to operate from 
the output terminals of a radio receiving set 
and which may also be operated by any oth-
er source of audio-frequency signal. 

By the use of special electron tube cir-
cuits, the audio-frequency signal is caused 
to operate an ordinary telegraph relay. 

In order to avoid the necessity for using 
a very sensitive relay, designed to operate 
on currents of a milliampere or less, which 
would have delicate adjustments and light 
contacts and spring tension, advantage was 
taken of an electron tube amplifier, which 
has now become a reliable radio instrument, 
to increase the input voltage to the relay 
circuit thus making possible the use of a 
simple ordinary high-resistance telegraph 
relay. The relay device has therefore been 
developed to operate from the output circuit 
of any suitable amplifier in place of the or-
dinary telephone receivers. 

The operation of the relay may serve to 
work a sounder, buzzer, tape register or 
any mechanism for remote control by radio. 

Two types are described.. One type is 
designed to be operated from batteries. The 
other type is designed to operate entirely 
from any 60-cycle 110-volt lighting circuit 
and this feature makes this type simple and 
inexpensive to operate, durable and practi-
cal. Another unique feature is described 
which is that of tuning to different audio-
frequencies whereby any one of three sig-
nals, each of a different audio pitch, may be 
caused to operate the relay to the exclusion 
of the others. 

Curves and diagrams are shown illustrat-
ing the principles of operation. 

By the usc of two of these relay record-
ers connected in series across the output ter-
minals of a single receiving set, two mes-
sages sent on practically the same wave 
length of different audio-frequencies, have 
been accurately received simultaneously. 

Contents 
Type A—For Use with Batteries. 

1. Object of Development. (20 w.) 
2. Requirements. ( 100 w.) 
3. Circuit Used. (280 w.) 
4. Principle of Operation. (275 w.) 
5. Method of Increasing Sensitivity and 

Selectivity. (275 w.) 
6. Speed of Operation. (75 w.) 
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9. Portability. (25 w.) 
10. Uses. (230 w.) 

Type B—For Use on the 60-Cycle, 110-volt 
A-C Supply. (330 w.) 
Type A—For Use with Batteries 

1. Object of Development. The object 
of this investigation was to develop a relay 
which would operate by received radio sig-
nals. 

2. Requirements. To be satisfactory as 
a relay recorder the device should have the 
following characteristics: (1) it must be of 
simple construction with few adjustments; 
(2) it must be easy to adjust and capable of 
being put into operation quickly; (3) it 
must be selective and as free from static and 
such disturbances as possible; (4) it must 
be capable of operating at a speed of at least 
12 times per second; (5) it must respond 
to weak signals; (6) it must be of strong 
design, durable and capable of maintaining 
its adjustments; (7) it must be portable. 

3. Circuit Used. In order to avoid the 
use of a very sensitive relay designed to 
operate on currents of an adjustment nec-
essary is that of an ordinary telegraph relay. 

Fig. 1 shows the wiring diagram. A is a 
telephone plug for connecting the relay de-
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vice to the amplifier output. B is a phone 
socket, so that if desired the operator may 
listen to the received signal in the ordinary 
way. C is an audio transformer of the type 
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Fig. 4—Type A Relay Recorder for Use with Batteries 
Fig. 6—Type B Relay Recorder for Use on the 110-

Volt A-C Supply 
1—Circuit Diagram of Relay Recorder for Use 

with Batteries 
Fig. 2—Tube Characteristic Showing Principle of 

Operation of Relay Recorder 
Fig. 5—Circuit Diagram of Relay Recorder for Use ell 

the lilt-Volt A-C Supply 

used in audio amplifiers, the type used at 
present being a Signal Corps Type C-21. 
E is a two-megohm, grid leak. Q is a 0.0006-
microfarad variable condenser or 0.0003-
microfarad fixed condenser. D is a 60-volt 
variable "C" battery variable insteps of ap-
proximately three volts. J is a 160-volt dry 
"B" battery self-contained within the 
set. K. is a type UV-201 Radiotron. F 
and H are each a one-microfarad paper con-
denser. T is an ordinary telegraph relay 
rewound with 12,000 turns of number 38 
S.S.C. enamel wire. A is the output to be 
connected to the apparatus to be controlled. 
L is a step-down transformer for operating 
the tube filaments from the 110-volt a-c. 
supply when such a supply is available. 

4. Principle of Operation. The principle 
of operation is illustrated in Fig. 2. By 
means of the variable "C" battery D, the 

grid voltage is adjusted to approximately 
30 volts at which value the plate current is 
from —30 to —40 colts is not effective in 
causing a plate current to flow due to the 

fact that —30 volts is already sufficient to 
reduce the plate current to zero. The result 
will be a pulsating direct current of 10 mil-
liamperes, maximum amplitude, in the plate 
circuit. This current, flowing through the 
plate circuit and condenser F causes an in-

e—g-"--creas-e—ift the plate current at the keying 
frequency, which change, passing through 
the relay coil will pull the relay armature 
over, making contact at T, which contact 
may control any mechanism desired. With 
the "C" battery grid voltage adjusted for 
maximum sensitivity it was found that stat-
ic induction, etc., operated the relay. When 
these disturbances are not as strong as the 
signal their effect on the relay may be over-
come as shown in Fig. 3. For example, the 
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"C" battery " s shown increased to —35 volts, 
the critical value for maximum sensitivity 
being —30 volts. The disturbances due to 
stray currents, etc., merely reduce the "C" 
battery voltage to —30 which is not suf-
ficient to cause plate current to flow. How-
ever, the signal, being of greater intensity 
than the stray currents, reduces the voltage 
to —25 which causes a plate current of five 
milliamperes. It will be seen therefore that 
all disturbing effects, if of less intensity than 
the signal, do not affect the relay. 

5. Method of Increasing Sensitivity and 
Selectivity. During the development of 
this relay it was found that the rectified 
audio-frequency current in the plate circuit 
caused the relay armature to chatter rapidly 
and make a poor contact with the fixed con-
tact point through which the circuit is 
closed. This was overcome completely, 
however, by the addition of a one-micro-
farad condenser across the relay coils. This 
served the purpose of an audio-frequency 
by-path for the highly inductive winding of 
the relay, thus greatly decreasing the re-
sistance of the circuit. The change of plate 
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current due to this audio-frequency caused 
a second change which occurred at the key-
ing frequency. This latter change passes 
readily through the relay coils and exerts a 
strong steady pull on the relay armature 
without the least chattering. 

It was also found that the 0.0006 micro-
farad variable condenser, Fig. 1, across the 
secondary of the input audio transformer 
made possible audio tuning, which increased 
the selectivity considerable. This tuning 
was very sharp and it was found that Euro-
pean stations could be made to operate the 
relay while a high power station here in the 
United States would fail to operate it, al-
though the high power station was coming 
in on the same wave length and slightly 
stronger. This was made possible by ad-
justing the heterodyne note of the European 
station to a frequency different from that of 
the local station and then tuning the secon-
dary of the audio transformer to that fre-
quency. The 0.0006 microfarad variable 
condenser may be replaced by a 0.0003 mi-
crofarad fixed condenser and the audio tun-
ing accomplished by adjusting the hetero-
dyne note to the resonant frequency. By 
means of this audio tuning one of three sta-
tions transmitting simultaneously has been 
selected and caused to operate the relay al-
though all were of equal intensity. By the 
use of two relay recorders connected in 
series across the output terminals of a sin-
gle radio receiving set, two messages sent 
on practically the same wave length, but of 
different audio frequencies, have been ac-
curately received simultaneously. 

6. Speed of Operation. Tests showed 
that with a signal strength sufficient to pro-
duce a plate current of 10 milliamperes the 
relay could be operated at a speed of 48 
contacts per second, the contact being suf-
ficient to operate a buzzer. With three 
milliamperes in the plate circuit a speed of 
27 contacts per second was obtained. With 
one milliampere a speed of 19 per second. 
In each case the relay armature spring ten-
sion was adjusted for the best operation. 

7. Sensitivity. As stated above, this re-
lay was designed primarily with the inten-
tion of obtaining a device which should be 
durable, simple in operation, and strong in 
construction. Sensitivity is obtained by 
means of radio-audio amplification thereby 
increasing the voltage input to the relay cir-
cuit and eliminating the necessity of ex-
treme sensitivity in the relay. Tests at 600 

cycles showed that the relay circuit was 
fairly sensitive, as approximately 1.3 volts 
at the input terminals of the audio trans-
former in the relay circuit, caused a current 
of five milliamperes to flow through the re-
lay coil in the plate circuit. 

8. Durability. As the relay instrument 
used in this recorder is of the ordinary tele-
graph type its durability is well established. 
The only elements requiring occasional re-
newal are the two electron tubes, the 60 volt 
"C" battery, and the 160 volt "B" battery. 

9. Portability. The complete recorder 
with the exception of the filament lighting 
battery is contained in a cabinet 7 in. by 13 
in. by 11 in. as shown in Fig. 4. 

10. Uses. 

1. As an ordinary receiver it has advan-
tages over reception with telephone receiv-
ers, for one may receive by buzzer or sound-
er with all induction and interfering noises 
eliminated ( if not louder than the signal.) 

2. A tape or drum-type recorder may be 
used and a copy made without a trained 
radio operator. 

3. Time signals may be recorded. 

4. A call system may be worked by a 
time switch connected to close the filament 
circuit for a given time at set calling inter-
vals. 

5. Any form of mechanism may be oper-
ated by an incoming signal. 

6. A receiving station may be located re-
motely from the transmitting station and 
the radio signals relayed by wire to the 
operating room some miles distant. 

In conclusion it may be stated that a re-
lay of this type should operate satisfactor-
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ily, without attention, on an airplane where 
mechanical vibration may be excessive as 
the pull on the armature with three mil-
liamperes, or over, in the relay coil makes 
possible the use of a spring tension on the 
relay armature sufficient to keep it from 
moving due to mechanical vibration of the 
relay. 

It would seem that the above mentioned 
feature makes this remote control relay 
more serviceable than those now on the 
market which require delicate adjustment 
of spring tension, contact points, and sus-
pended vibrating elements. 

Type B—For Use on the 60-Cycle, 110-Volt 
A-C Supply 

This recorder is similar in construction 
and operation to the Type A recorder, ex-
cept that the plate and grid voltages (B and 
C battery) are supplied from the 60-cycle, 
110-volt a-c supply. The current for oper-
ating the tube filaments is also obtained 
from this source, so that the recorder is 
operated entirely independent of any form 
of batteries. It is only necessary, there-
fore, to connect to the 110-volt a-c line and 
the recorder is ready to operate. 

The method of operating the recorder 
from the a-c supply consists in the use of 
the two receiving tubes as rectifiers as 
shown in Fig. 5. The tubes Y and Z are 
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used as half wave rectifiers, one supplying 
the plate voltage, and the other grid volt-
age. When used as rectifiers, receiving 
tubes should have the grids and plates elec-
trically connected together. A special trans-
former M with six windings is used. Two 
of the windings G and J, supply the fila-
ments of the two rectifier tubes. A third, 

I, the filaments of the recorder tubes. A 
fourth, U, the high voltage for the plate. 
The fifth, L, supplies the grid voltage, and 
the sixth, E, is the 110-volt primary wind-
ing. The rectified alternating current is 
smoothed out by means of four microfarad 
condensers P and R, connected across the 
output terminals. As the currents in the 
grid and plate circuits are small, smoothing 
out inductance was found unnecessary. It 
was found necessary to put 40,000 ohms as 
shown at 0, across the output circuit of the 
rectifier tube supplying the voltage to the 
grid, as the grid is otherwise insulated from 
the filament of tubes K by the rectifier tube. 
By means of the filament rheostat, X and 
W, the grid and plate voltages may be var-
ied over any ranges desirable for the most 
efficient operation of the recorder. By the 
use of binding posts with straps as shown in 
Fig. 6, the type B recorder may be operated 

from A, B and C batteries for supplying the 
filament, plate and grid voltages respective-
ly in cases where the a-c. supply is not 
available. 

In cases where very high-speed operation 
is desired, the ordinary relay may be re-
placed by one designed for high-speed 
operation. 

(Presented at the Spring Convention of 
the A. I. E. E., Chicago, Ill., April 19-21, 
1922. 

Reprinted from the Journal of the Ameri-
can Institute of Electrical Engineers.) 
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Questions and Answers 
Q. Can a 3500 meter receiving transfor-

mer be used in the circuit described in the 
article by C. Y. Davis in your May issue, 
instead of the variometer? (Various other 
apparatus is listed which is being used with 
a crystal detector at present.) 

I. F. Micholsky, Forest Park, Illinois. 

A. Yes, the primary of your transformer 
can be connected as shown for the stator of 
the variometer and the secondary as the ro-
tor, but provision must be made to "loose-
ly" couple the two coils. All the other ap-
paratus you mention may well be used with 
a tube set. 

Q. R. L., Batavia, Ill., asks if the set de-
scribed in our May issue can be used for 
receiving Newark and Paris radiophone 
messages. 

A. Yes, it will receive Newark if used 
with an aerial of 125 feet or over. The sig-
nals will be weak but clear. However, I do 
not think you will be able to get Paris with-
out the use of amplifiers. I know of no set 
on the market which has reached out that 
far from Batavia on radio telephone signals 
without using amplifiers, however, I have 
in front of me a set like the one described, 
a tuning and detector unit without ampli-
fiers on which I regularly get Detroit, Sche-
nectady, Pittsburgh and Newark. 

Thanks for the boost you gave our pub-
lication.—Ed. 

Q. 1. Is a loose coupler better than a 
double slide tuner? If so what size wire 
would you use and method of connecting. 

2. What determines the receiving dis-
tance? 

3. Is enameled wire all right for winding 
couplers? 

H. M. Woods, Madison, Wis. 

Answer-
1. A loose coupler is better for receiving 

than a double slide tuning coil as it is more 
selective than the tuning coil. The primary 
may be wound with the No. 22 D.C.C. and 
the secondary with No. 26 or No. 28 D.C.C. 

2. The receiving range is determined us-
ually by the location of the station, the care 
used in making the installation and the 
character of the apparatus used. 

3. Enameled wire may be used but cot-
ton or silk insulated wire is better for the 
purpose you mention. 

Q. W. R. Fairgrieve, Hillsdale, Michi-
gan, wishes data on a crystal set to enable 
him to hear Detroit. 

A. On a tube 4" in diameter wind 50 
turns of No. 18 bare copper wire spacing 
the winding in order that a second winding 
of No. 24 D. C. C. may be wound in between 
the turns. Attach a sliding arm to operate 
over the bare copper winding connecting 
ground to the slider and the aerial to one 
end of the No. 18 bare coil. Connect the 
ends of the secondary to a crystal detector 
set and you are all set to hear stations 
farther away than Detroit if they are not 
using a wave over 400 meters. 

The Electrical Contractors Association of 
Brooklyn, N. Y., have announced plans for 
their first radio and electrical exposition to 
be held May 6 to May 20, inclusive. 

The Indiana state prison has installed a 
radio receiving set for its inmates. 

It is said that Floyd Hanson, a barber of 
Neillsville, Wis., can hear radio messages 
without the aid of an electrical device what-
soever. Hanson has intercepted messages 
sent on a 360 meter wave length. 

It is estimated that the radio army is 
growing at the rate of 3,000 daily. 

Cyrus Pierce & Co., a bond concern of 
Stockton, Cal., will transmit the latest finan-
cial news, bond quotations and advice to 
their branch office and customers. 

The University of Yale Publicity Depart-
ment announces that the results of football 
games and other events may soon be broad-
casted by radio. 

The Chicago Public School system is in-
stituting the instructorless class room. One 
instructor through the agency of radio can 
listen to several classes in various locations 
at the same time. 
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Causes of Distortion 
The output or amplified current may be 

distorted by any one of the following four 
conditions: 

1. If the normal grid voltage is positive 
a current will flow from the filament to the 
grid and this will reduce the maximum value 
of the voltage of the positive half cycle of the 
incoming oscillation, resulting in distortion 
of both input and output currents. 

2. If the incoming signal voltages are ex-
cessive, the plate current will not oscillate 
within the straight line part of the charac-
teristic. 

3. If the input voltage is not applied to 
the straight line portion qf the plate cur-
rent-grid voltage characteristic. 

4. If the transformers and associated ap-
paratus are improperly designed distortion 
will result. 

Freedom from distortion requires a tube 
having a substantial straight line plate cur-
rent-grid voltage characteristic at negative 
grid voltages. An amplifier cannot be op-
erated at a normal grid voltage of 0 without 
distortion, but must be operated at some 
negative value of grid voltage so that this 
value, plus the maximum positive voltage 
of the incoming signal will not produce a 
positive voltage on the grid. 

The results from the operation of a vac-
uum tube depend largely on the operating 
position on the plate current-grid voltage 
characteristic curve as determined by the 
normal grid voltage. This value can be 

in Amplifier Circuits 
fixed by the use of a C battery with poten-
tiometer between the grid and filament. 
These facts are presented with the thought 
that many experimenters will find it inter-
esting to conduct experiments with vacuum 
tubes as detectors and amplifiers using a 
C battery. Some of the results obtained 
will prove very surprising. The vacuum 
tube can be operated as a detector without 
grid condenser or grid leak by using a C 
battery to locate the operating point at the 
point of maximum curvature on the plate 
current-grid voltage characteristic. 

Internal Impedance 
The current flow across the filament plate 

space is maintained by the difference of po-
tential between 'the plate and heated fila-
ment, the plate being maintained positive by the 
B battery. As an electron is emitted from the 
filament it is subjected to the electrostatic 
field between the plate and filament and 
travels at an increasing speed until it col-
lides with the plate where its kinetic energy 
is surrendered to the plate as heat. The heat 
liberated at the plate represents an expen-
diture of energy on the part of the plate 
battery of a nature similar to that due to 
the ohmic resistance of a metallic conductor. 
The internal resistance of a vacuum tube is 
a function of grid and plate potentials and 
filament temperature. If the capacities of 
the plate to the filament is neglected the in-
ternal plate impedance of a three member 
vacuum tube can be construed as a pure 
ohmic resistance. 

Special to New Subscribers 

The reception accorded Radio Instructor in its 
initial issue was most gratifying. Few new mag-
azines ever received so many voluntary subscrip-
tions. We are holding 500 copies of the May issue 
which we will send free to every subscriber who 
sends us $2.00 for a year's subscription beginning 
with the July issue. Send your name and address 
with remittance to 

RADIO INSTRUCTOR 

800 N. Clark Street Chicaga, Ill* 

"Chi-Rad" Storage "B" Battery 
The hit of the season—a real Storage 

"B" Battery with pasted plates which can 
be re-charged as easily as your "A" Battery. 
22 Volt Battery, $6.00. (Add postage on 
8 lbs.) 

Specifications 
Block size, 4/4"X9". 
Tubes, 1" Diam. 5" high. 
Voltage per cell, 2 volts. 
Shipped dry with simple directions for 

setting up and' charging. 
Capacity 2 Amp. Hours—will operate 1 

tube 1000 hours on one charge. 

Chicago Radio ;Apparatus Co., Inc. 
415 S. Dearborn St. Chicago. Ill. 



re, 1922 31 

4 

Radio Conference in Washington 
On February 28th of this year, the Coin 

mission which has been chosen by the Sec-
retary of Commerce, for the purpose of mak-
ing a study of the radio situation and sub-
mitting new regulations as well as modifica-
tions in the old for the control of radio in the 
United States, met in Washington, D. C. 
This committee liad for its members the fol-
lowing: Dr. Alfred N. Goldsmith, Secretary 
of the Institute of Radio Engineers; Dr. S. 
W. Stratton, Director of the Bureau of 
Standards; Major E. H. Armstrong, Colum-
bia University; Mr. Hiram Percy Maxim. 
President of the American Radio Relay 
League; Senator F. B. Kellogg, Representa-
tive W. H. White, Jr.; Prof. L. A. Hazeltine 
of Stevens Institute, Hoboken; Prof. C. M. 
Jansky, University of Minnesota; Mr. R; B. 
Howell, Omaha; the Army, Navy, Dept. of 
Agriculture and Post Office being repre-
sented by Major General George O. Squier, 
Captain G. W. Bryant, Mr. W. A. Wheeler 
and Mr. J. C. Edgerton. 

The above committee did what every old sol-
dier calls "making an estimate of the situa-
tion" and then called upon representatives 
of the larger commercial companies and rep-
resentatives from among the amateurs to 
answer questions. 

Representatives from the Radio Corpora-
tion, Westii.g,house, American Telephone 
and Telegraph, Western Electric, Ship Own-
ers Radio Service and various other trade 
companies were on hand the first day. 

The patent situation or rather existing 
agreements concerning patent rights and ex-
changes of those rights between some of 
the companies were discussed. The ama-
teur's case was ably presented by Mr. Paul 
F. Godley of "Trans-Atlantic Test" fame. 
The final recommendations of the Commis-
sion simmered down to the following: 

There are to be four classes of broadcast-
ing: 
Government, Private. Public and Toll. 

Wave Lengths 

Below 150 meters—Reserved 

150- 275 

200- 275 

275- 280 

—Amateurs 

—Technical and 
Training Schools. 

--City and State 
Broadcasting 

310 —Special Amateur 
Telegraphy 

— Private and Toll 
Broadcasting 

—Aircraft 

—Mobile Radio Te-
legraphy 

— Mobile Radio Tele-
phony 

—Government a n d 
Public Broadcast-
ing, 700 miles inland 

—Radio Compass 
—Aircraft Radio 

—Radio Beacons 

—Government a n d 
Public Broadcasting 

—Aircraft Radio 

—Fixed Station Tele-
phony 

—Government Broad-
casting 

— Mobile Radio Tele-
phony 

--Fixed Station Tele-
phony 

— Transoceanic Tele-
phony 

It is to be hoped that the present law will 
be strengthened by the adoption of some 
such change in the allocation of wave 
lengths, resulting in less interference with 
its attendant complaints. 

310- 435 

500- 525 

525- 650 

650- 750 

700- 750 

750- 850 

850- 950 
950-1050 

1050-1500 

1500-1550 
1550-1650 

1850-2050 

2500-2650 

2850-3300 

5000-6000 

ADVERTISING RATES 

Radio Instructor 

Per line agate $ .60 

Page rate (254 lines) $150.00 
Classified, 8c per word in advance. 

Above figures based on 115,000 circulation for 
May issue. For space discounts address Adver-
tising Manager. 

National Commander Hanford Mac-
Nider of the American Legion, addressed all 
members of the Legion Auxiliary on April 
15 by radio from Station W.W.J of the 
Detroit News. 

Mrs. Aimee McPherson, a noted evangel-
ist, delivered a sermon by air on April 3rd 
from the Rock Ridge Radio Station at Oak-
land, Calif. 



- L-11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 1111111111111111111111111IL 

Mum» 

ffl••••• 

mamba,. 

omide 

e1•11.• 

ml••••• 
mlarmim. 

AMOUR 

Maliffl 

MOM» 
Mfflmie 

= "Me.  

Mfflwdo 

MAGNET WIRE 
at lowest prices yet 

The prices we quote below are per 4 lb. and include 

cost of spool and parcel post charges. 

- REMIT WITH ORDER - 
= 
= 
= B. & S. SI NGLE DOUBLE ENAMEL SINGLE DOUBLE 

SILK GAUGE COTTON COTTON SILK - 
No. 20 .35 .40 .30 .52 .56 ..... = 
No. 22 .48 .53 .33 .57 .62 = 
No. 24 .52 .57 .36 .62 .68 = -==-
No. 26 .58 .63 .39 .68 .75 = 
No. 28 .68 .73 .42 .75 .88 = = 
No. 30 .80 .90 .45 .88 1.00 = 

No. 32 . 95 1.05 .48 1.00 1.20 
= 
= 

ANTENNA WIRE -= = _ 
No. 14 Enamel per 100 feet 65c post paid = 
No. 15 " " 100 "  60c 6 6 6 l = 

= 

No. 16 `` 100 "  50c ‘‘ ,l .7 
mom» 

All other kinds, sizes and quantities. 

We supply dealers at 

attractive discounts 

RADIO SUPPLY STORES CO. 
P. 0. BOX 896 

NEW HAVEN, CONNECTICUT 
(The Wire City) 
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