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RADIO SERVICING COURSE

RADIO is today's opportunity field. In spite of the tremendous
increase of the use of television, more radio receivers have been sold
in the last few years than ever before. Amplifiers for public address
use are finding extensive application and are serviced and installed by
radio servicemen. The use of frequency modulation is increasing and
this subject is covered in a complete lesson in this course-book. The
study of television requires a background of radio knowledge and this
text will give such training.

Study this course with a will to learn, slowly, going over the
more difficult parts several times. Other technical radio reading
will help you. Be sure to keep up with the latest developments by
reading technical radio magazines. For practice build radio sets
and test equipment available in kit form. Study real radio receivers
and other electronic equipment whenever you have the chance.

This course is adaptable for the use of a beginner, but the sub-
ject matter goes beyond the elementary and will prove of aid to the
professional serviceman who wishes to brush up on basic facts and
modern service methods. We have hundreds of letters from users
of the earlier editions of this course, who have expressed their thanks
for the aid given them by this course. May your success in radio
also improve through the study of this course.

Copyright 1955,
By SUPREME PUBLICATIONS

L
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LESSON 1

INTRODUCTION AND FUNDAMENTAL FACTS

Originally the text to this course was prepared by the staff of in-
structors of the Radio Technical Institute. This material has teen
revised several times and brought up to date. These lessons were
the stepping stones to success for thousands of men. You will enjoy
and benefit through your study. Here is your complete training in
radio and background for future study of television.

Although modern radios use complex circuits, their function is
based on surprisingly few principles that can be easily mastered. Once
the material presented in these lessons is clearly understood, you will
possess the knowledge essential to be a first class radio serviceman
and will be able to continue your studies in television. But you need
not wait until you finish this course to begin to earn extra money ser-
vicing sets. After only a few lessons you will be ready to purchase
a simple tester and begin to do some types of radio repair work.

Since the entire purpose of radio is to receive sound in the form
of voice or music, a few basic facts about sound are of interest and
importance to radio servicemen. Sounds must be conducted through
some medium. In general, solids are good conductors of sound, but
porous materials are poor conductors. Air is the most useful medium
for sound conduction. In air the velocity of sound is about 1,090 feet
per second, at 0° C, This velocity increases about two feet per second
per degree C. The velocity in other media differs. In water the ve-
locity of sound is about four times as great as in air.

Vibrations are either transverse or longitudinal. Water waves
are transverse to the line of motion. There is no forward movement
of the water itself, but there is a rising and falling motion as the water
wave advances. Any single particle of water on the surface will rise
and fall, but will move neither forward nor backwards.

When a body vibrates, the air immediately in front is first com-
pressed and then released. The cone of a loudspeaker acts in this
manner, In this way, a series of condensations and rarefactions is
produced. This train of waves is longitudinal since it takes place in
the direction of motion. There is but little movement of the air for-
ward since each pulse communicates its energy to the air directly
in front of itself,
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A single cycle is completed when the vibrating body completes
two vibrations (one forward and one backwards) and returns to the
original position. A period is the time required to complete one such
cycle. The number of cycles per second is the frequency (per second)

As a radio serviceman you may expect to be called upon to repair
and install public address amplifiers and high fidelity systems, there-
fore it is important to you to understand the behavior of sound in en-
closed rooms. A few fundamentals will be discussed now while a more
advanced lesson will deal with practical problems of this nature.

Crowded lines represent condensations, the other

TR T T

Acoustics is the science that deals with the behavior of sound. All
sounds created proceed outwards in spherical waves until they strike
the boundaries of the room. Upon striking the walls and other objects,
sounds are absorbed, reflected, and transmitted in varying amounts
depending upon the character of the object. Sound energy is dimi}jhed
with each reflection because of the absorption, and this action finally
results in the sound dying out. Continuous reflection has the advantage
of loudness, but always introduces prolonged existance of each sound.
This prolongation or reverberation is the most common acoustic fault
found in auditoriums.

When you actually begin to do radio repair work you will find that for
majority of repairs one or more replacement parts will be needed. All
parts that may be required for replacement are sold by radio parts dis-
tributors also known as jobbers. The location of such firms may be known
to you or you may be able to find their addresses in a telephone book. If
you do not live in a large city, mail order houses will be glad to aid you
and distribute free catalogs listing parts.

Usually you are able to secure replacement parts at 40% discount from
list prices and in charging your customers you make a profit by making
your bill out for the actual list price. This is a fair profit to you since
you must spend time and effort in buying needed parts or carry a small
stock of popular parts on hand. Of course, your service charge is in ad-
dition to any profit you may be making on the parts themselves.

It is a good idea to introduce yourself by mail or in person to a near-
by jobber and secure his suggestions and assistance, You can especially
benefit by his suggestion of parts that should be included in your stock so
that you need not waste time each time a part is needed.

DU Y S
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As a future radio serviceman you should begin reading technical radio
magazines. The magazines with the greatest circulation in this field are
"Radio & TV News, " and ""Radio-Electronics.' There are other excellent
magazines as well. Besides finding helpful articles in these publications
you will benefit by reading the advertisements that offer lists of parts for
sale as well as free catalogs.

To do actual experiments and repair of radios, you should have a
place to work., This may be a basement work shop, garage, or even a
corner in a kitchen. In time when you begin to do more serious and
profitable radio repairing you can consider expanding to a rental location,

On page 10 you will find symbols for commonly used radio parts.
While the function of these parts may not be clear to you at this time you
could readily understand that these symbols are a shorthand method for
illustrating parts used in radio receivers, Since in actual radio receivers
these parts are interconnected with wires or with conducting surfaces in
printed circuits, some method must be used in illustrating the same con-
nections. This is done in diagrams by means of straight lines joining the
parts and providing the same electrical path as exists in the radio set
itself.  We illustrate a simple radio circuit with the names of the parts
next to most of the symbols.
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As you study this course you will realize that circuit diagrams and
other service data are not only helpful but actually are essential to con-
serve time. As you probably know, Surpreme Publications issues an-
nually a manual covering all popular radio sets and a separate volume
covering television receivers. These are low price manuals and contain
practically all material that you will need in your work. Certainly they
will serve well at first and the more expensive volumes of other publish-
ers can be considered at a much later date.

Your initial tools are illustrated below. Probably you already have
these tools in your procession and will not need to spend any additional
funds at the present time,

Majority of connections in radio sets are made electrically secure with
solder and a soldering iron is needed for disconnecting parts and for making
new connections. For most radio work an electrically heated iron is
employed.

These are common radio tools needed for radio repairing
and construction work. (A} Long-nose pliers, (B) Gas pliers, (C)
Dx?gonal cutters, (D) Pocket knife, (E) Flat file, (F) Small screw-
driver, (G) Medium-size screwdriver, (H) Scale.

To do a good soldering job, the tip of the soldering iron must be prop-
erly shaped and tinned. Tinning an iron is a process whereby a thin, uniform
layer of solder is former upon the tip of the iron. The transfer of heat from
the tip to the work occurs most easily if the surface is bright as the result of
tinning. When the tip of the iron becomes 'pitted" by the action of the rosin
core in the solder, the iron must be filed and re-tinned. The iron can be kept
clean for long periods of time by wiping the tip with a rag whenever corrosion
accumulates.

The soldering iron must actually heat the joint to be soldered to a
temperature that will readily melt solder. The solder will then run into
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each crack in the joint and form a good electrical bond. Hot smoothly
flowing solder has a bright silver luster; as it cools, its appearance
changes to a duller gray, setting shortly after this change. If the joint
cools with a rough surface, the soldering job is not well done; a dirty
contact, improper heating, or movement of the wires may have been the
cause,

It is advisable for a radio repairman to carry an inexpensive wood
finishing kit obtainable at paint stores. A great deal of good will can be
secured by touching up any mars or scratches that are noticeable on the
cabinet of the radio being repaired. It is also possible actually to offer
this service on a fee basis and this manner supplement your income.

Your first radio repair jobs will come from friends and acquaintances.
Do not hesitate to accept work even at an early stage in your study. You
will derive a great deal of valuable experience by trying to carry out the
repair. In most cases only a simple fault may be present and you will be
able to correct it, Should the job prove beyond your ability at this early
stage in your career, you can make arrangements with a more experienced
serviceman to take over such work from you and allow you a percentage of
his charges as a commission for finding this work.

Several of the larger manufacturers of radio tubes offer shop garments
and tools with the purchase of a quantity of tubes. Since a great many of
repairs you will be makirg will require replacement of tubes, by joining one
of these plans you will be able to secure various items needed to establish
your business practically free of charge. Sylvania Electric Products offers
imprinted stationary at a very low price. The reason that this is done is

to secure the good will and publicity resulting by imprinting a small message
about Sylvania tubes. We suggest that you write to this firm at Emporium, Pa,

REVIEW QUESTIONS

1. Roughly what is the speed of sound in water?

2. What happens to sound when it strikes a wall? How different is this
behavior when sound strikes a cloth drape?

3. Name ten different parts used in radio sets.

4, How can you tell if a connection was properly soldered?

DO NOT RUSH YOUR PROGRESS, KNOW EVERYTHING IN THIS LESSON.

L
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LESSON 2

ELEMENTARY ELECTRICITY

For comparative purposes of the quantities that are
encountered in electrical circuits, selected units are
employed. These units are inter-related and are based on
absolute basic reactions. DBecause of the nature of electric-
ity and the assoclated force magnetism, we cannot measure or
note these forces directly with our senses, but must resort
to indirect indicators (meters, lights, etc.) operated by
these forcas.

Electrical current in a circuit consists of a large
number of electrons flowing in a complex manner through the
conductor such as a wire cord. Since electrons are negatively
charged particles, the current actually consists of a motion
of negative electrical charges. The measurement of quantity
of current, therefore, is the measure of the sum of all the
charges. An electric or magnetic charge may be measured
by the force of attraction or repulsion which exists between
this charge and some other charge. It is important to
remember that unlike charges attract, and like charges repel.

If we connect two bodles that have different charges
(one positive and one negative), a current will flow. The
positive body lacks electrons, and the negative body has an
excess of electrons; the current is the passage of these
electrons from the negative body to the positive onse.

Electro-motive force, E.M.F., which will force electrons
to flow through a conductor can be generated in a number of
different ways. Friction was the earliest known method, but
is not used commercially today. In dynamos a conductor is
moved in a magnetic field. Chemical changes generate an
electrical current in batteries.

The flow of electricity is the passage of electrons
between the heavier atoms of the conductor. The so0lid sub-
stances which conduct electricity best are the metals. Copper
is the best conductor of the materials practical to employ for
this purpose. Other metals, iron, alloys 6f nickel, have
greater opposition (resistance) to the flow »f electric current
and find certa;n special applications.

/

It is ‘evident that some substances are very good elect-
rical gonductors, others have greater resistance, while still
others have almost no conductlng properties and are called
insulators. Hard rubber, bakelite, glass, porcelalin are used
extensively as radio insulators to separate parts that should
not have electrical current flowing between them.
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For the beginner student we have included & number of
Illustrations of radio parts that are excellent examplsess of
conductors and ‘insulators. Note the coil form which is made
of special insulating material, Isotex; while the terminal
jacks are of good conducting metal. The application of these
parts may not be clear at this time, but will be explained
later.

Many different insulators
are shown on the right.
These are employed for
varlous applications in
antenna systems, trans-
mitters, and recelvers.
Special ceramic materials
are used to reduce the
electrical losses and make
the units better insulators.

Every radio part, naturally,
mist have some conducting
material. In coils we have
the wire, in condensers the
metal plates — and every
circuit has the many parts
wired and interconnected
with copper hook-up wire.

The radio serviceman has his own language of radio
symbols. Circuits are always shown in these symbols and
the radio manuals use them. There are only a few used and
once these are mastered, the understanding of radio becomes
a simpler problem. These symbols will appear as we progress
with the course.
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Much information on new developments is presented in
You, as a future radio

many technical radio magazines.
serviceman,

stage of your career,

REVIEW QUESTIONS

1. Of what potential are electrons?

should begin reading these magazines at an early

2. Name two ways an electric current can be generated.

3. Name several good conductors of electricity.

4. Make a sketch showing the connection of a fixed
condenser and a fixed resistor connected to a meter.

5. Examine several circuits in radio magazines and name
each part used.
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LESSON 3

RADIO BATTERIES

A cell is a unit that produces electrical energy by means
of chemical action. A battery is a combination of two or more
cells connected in series or parallel. A primary cell is a
unit that produces an electrical current because of a chemical
reaction. Once the acting material is used up or an equalibrium
1s reached, no further appreciable current can be produced.

The ordinary flash-light battery is of this type. This "dry" I
cell has an outside f2il of zinc that acts as the negative elect- !
rode and a center positive electrode of carbon (copper could be
used instead). There is also a chemical solution in paste form.

The common type "B" batteries are made up of a great number of

these cells connected in series and thereby furnishing relatively |
high voltages. Different methods of connecting cells are

illustrated below.
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While A.C. operated receivers are used in the majority
of homes, battery type radio sets are still} finding widespread
use in rural communities that as yet have not been electrified,
and for portable use. Some house sets and all the modern auto
sets obtain their operating power from a single 6 volt storage
battery. Means are Incorporated in the set to change the
available low D.C. voltage to high voltage for plate supply
requirements. Some battery sets still use "B" and "C"
batteries and we refer the student to the circuit Yelow, This
is a simple set using a detector and a single audio stage.
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The storage battery 1s a sscondary battery because it
cannot produce an electrical current of itself, but must at
first be charged. The current used for charging is stored and
may be obtained when needed. The battery actually does not
store electricity, it stores chemical energy created by the
charging current. When the current is used during the discharge
period, chemical energy is used up. Radio storage batteries
are tested with a hydrometer since the specific gravity of the
solution changes with the "charge" condition of the battery.
The acid level should be at 1.275 when the battery is fully
charged, and the battery should be recharged when the level
reaches the 1.150 point.

The storage battery may be recharged by means of a charger
from a 110 volt line, or a generator rotated by the wind may
be used in conjunction with the battery to kesp it always in
operating condition. There are now also available inexpensive
gasoline driven generators for quickly charging batteries.
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LESSON 4

CIRCUITS-MAGNETISM-ELECTROMAGNETS

A coulomb is d definite quantity of electriclty just like a
gallon of oil is a quantity of oll. An ampere is the rate of
current flow and is the passage of one coulomb per second. For
measuring small electric currents a unit, milliampere, equal to
1/1000 of an ampere is used. 1,000 milliamperes are equal to one
ampere. Meters used to measure electrical current are called
ammeters or milliameters depending upon the currents they are
designed to measure.

A current passes along a conductor because of an electro-
motive force (e.m.f.) or a potential difference. The volt is
commonly used to measure potential difference and e.m.f. is often
referred to as voltage.

The e.m.f. developed by a single standard dry cell, such as
a flash light cell, is 15 volts. A single storage battery cell
fully charged has a potential (voltage) slightly over 2 volts.

All conductors of electricity oppose the flow of current
through them. They have electrical resistance. The unit of
resistance 1s the ohm. In radio circuits very high resistance
are sometimes encountered and the term megohm 1s used for
1,000,000 ohms., The student should memorize all the terms
underlined as they are of prime importance in radio work. If
an Encyclopedia is available at the library, the history of
each term should be looked up.

NUMBERS, FRACTIONS, DECIMALS, SIMPLE FORM&LAS EXPLAINED AS A TOOL

Mathematics is a symbolic way of explaining and analyzing
physical occurances. Arithmetical numbers represent quantity.
Ten volts is ten times the standard measure — the volt. Numbers
tell how many, is it larger or smaller, is it too small ... all
these are measures of quantity. Algebralc symbols (usually
letters of the English and Greek alphabet) represent specifilc
measureable quantities. For example, E usually stands for
voltage in electrical work. This is really another way of writ-
ing "voltage", i.e. we write E instead of the word voltage. 1In
a 1ike manner we usually write I for current, and R for resist-
ance. Using letters saves time and greatly simplifies the
writing of formulas. The Ohm's Law may be written in words as:
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Voltage = Current (multiplied by) Resistance

\

or in symbols as E =1 x R
O0f course, the algebraic way of writing is much simpler.

Sometimes in the same problem there are two different
voltages, such as the grid and plate voltages in a vacuum tube.
Here agaln we may use some letter, as "E", to represent voltage
and use small letters after E and a little below it, to stand
for grid and plate voltages respectively. Asr:

Eg —— grid voltage

Eyp ————> plate voltage

Many times in radio work quantities are parts of a whole unit
and are called fractions. 3 volt is a fraction of a volt. 5-1/4 is
a whole number and a fraction. The number above the line 1is called
the numerator and the one below the denominator. The denominator
tells what part of the whole, the numerator tells how many parts.

Decimals are more convenient than fractions and, therefore,
find greater application. Multiplication and division by ten or
some multiple of ten simply shifts the decimal point. Fractions,
of course, may be expressed as decimals, and vice versa. For
example, 5 2/5 may be written as 5.4. The number 5. representing
the whole part of the fraction, and 2/5 changed to tenths becoming
4/10 and written .4, In radio work, decimals are almost exclusi-
vely employed.

A number multiplied by itself is said to be squared.

2
Ax A=A

The small ralsed © indicates that "A" has been multiplied by A:
that is, by itself.

The square root sign { means that 1t is required to find
a number that multiplied by itself will giye the number under the

sign. For example, find vV 9. A number that multiplied
by iltself will give 9, is 3, so thats

Jo =3 3 - 9
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OHM 'S LATW

We now come to an important relation between voltage,
current, and resistance. It is easily seen that the greater the
voltage, the larger is the number of electrons flowing or the
larger is the equivalent current. But the larger the rasistancs,
the smaller is the current. In mathematical words, the current
in amperes equals the voltage in volts divided by the r=sistance
in ohms.

where I stands for current, E for voltage, R for resistancse.
This equation enables us to calculate the current when the
voltage and the resistance of the circuit are known. For ex-
ample, in a 110 volt circuit the resistance is 10 ohus.
Dividing 110 by 10, we obtain 11 ampsres which 1s the current.

Ohm's Law may also be written as E = I x R

- ——

The voltage is equal to the product of the current by the re-
sistance. If a currsnt of 2 amperes flows through a resistor of
6 ohms, the voltage drop is (2 x 6) or 12 volts. In some devices
the voltage drop produced In a resistance is used to reduce the
over all high voltage. 1In some other cases, the current 1s made
to flow through a resistor purposely to create a voltage drop

for some special need. This latter applicatior is used for "C"
bias in vacuum tube circuits.

By means of Ohm's Law, 1f the voltage and current are known,
the eircuit resistance may be found. For thls purpose the formula
below 1s ueed. i

R=—
I

56 In the circuilt to the left, a resistor
+ R is used to create & negative bias on the
grid of the vacuum tube. There i1s & con-
stant D.C. current I passing through the
tube and the sssociated resistor R. The A.C.
component of tube-current 1is by-passed by
condenser C. The voltage difference between
points A and B, will be equal to the IR drop
of the D.C. Point B will be more negative
since electrons will move from point B to

A, snd then from cathode to the positive
plate. Since the grid 1s connected to point
B through the coil winding of low D.C. resistance, ths grid
will be at IR lower potential than the cathode connected to A.
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A formula is an equation used to represent a relation
between a number of related factors. Usually a formula is
applied to find one unknown factor when the others are known.
The Ohm's Law 1s a simple formula:s

E=1IzxR

Suppose in a certain circuit we know that I = 2, and R = 50,
substituting these values in the formula above, we are able to
find the unknown E.

E=2 x 50

1

B 100 volts

1

In this case by knowing the current and the associated resistance
and by applylng the Ohm's Law formula, we were able to find the
value of the voltage.

WATTAGE OR ELECTRICAL POWER

Electricity can do work or create heat and is therefore a
source of power. The unit of electrical power is the watt. The
watt i1s the power produced by one ampere flowing under the press-
ure of one volt. Numerically the power in watts equals the
product of volts by amperes of current.

W=Ex1

where W stands for watis, E stands for 'the voltage, and I stands
for the current. The filament of a common type 56 vacuum tube
operates 'on 25 volts and requires 1 ampere of current. The
filament wattage is, therefore, 2% x 1 or 2% watts. If current
and voltage are known, wattage can be calculated.

By recalling from Ohm's Law that E = IR and substituting
in the equation above, another important formula for wattage in
terms of current and resistance is obtained.

W = I°R

This means that the wattage is equal to the current multiplied
by itself, and multiplied by the resistance. This formula is
useful in finding the wattage dissipated (handled) by a re-
sistor. For example, a current of 1.5 amperes passing through a
resistor of 2 ohms, dissipates (1.5 x 1.5 x 2) or 4.5 watts.
This power is actually lost as heat.

It is important in working on a radio circuit to have
clearly in mind the relation existing between the different
electrical factors. The Ohm's Law applies only to Direct
Current, but is also applicable with certain modification to
Alternating Current.

\




RADIO SERVICING COURSE '7

The resistance of any Jire 1s directly proportional to 1its
length., A piece of wire 10 feet long has twice the resistance
of a similar plece 5 feet long. On the other hand, the larger
the cross sectional area of the conductor the smaller is the
resistance. The wire slizes are rated according to a number of
different systems, but in the United States the B. & S. gauge
1s usually used. The larger the gauge number, the thinner 1is
the wire. In radio work,wire sizes from # 12" to # 38 are
commonly employed. Wire is obtainable with different insulation
such as enamel, cotton, silk, or the combination of these
materials.

Carbon composition resistors are commonly employed in
radio circuits., For conveniency in determining the size of a
resistor in repalr work, resistors are color coded according to
a standard code adopted by the R.M.A. Three indications are
employed: the body, the end, and the middle dot. Ten colors
are used, one for each number from 1 to 9, and 0. The table
below glves color-figure code.

RESISTOR COLOR CODE

The ohmic value of a resistor can be deter-
mined by means of the color code. There are
two standard methods of indicating this value.

In Fig. A, the body (A) and end (B) indicate

(B) the first and second digits of the value while
BETMA COLOR CODE CHART the dot (C) indicates the multiplier to be used.
COLOR VALUE MULTIPLIER The tolerance of the unit is indicated by the
Black 0 1 end color (D). For example, i the body (A) Is
Brown 1 10 green the number is 5; if the end (B) is grey
Red 2 100  tne second number is 8. If the dot (C) is red
Orange 3 1000 the multiplier 1s 100 or two zeros should be
g::l:;' ; l;g'ggg added. The resistor is then a 5800 ohm unit.
Blue 6 1'000:000 If the end (D) has no color, the tolerance is
Violet 7 10,000,000 20%.
Grey 8 100,000,000 In Fig. B, the first two stripes Indicate the
White 9 1,000.000.000 first two digits; the third stripe the multiplier;
TOLERANCE CODE the fourth stripe the tolerance. Thus, if stripe
Gold—*5% Silver—+10% (A) is green, (B) is grey. (C) is red, and (D) is
No Color—=+20% silver, the resistor 1s a 5800 ochm, +10% unit.

Besides belng rated in ohms, every resistance possesses
another electrical rating corresponding to its power handling
ability or wattage. Composition-type carbon resistors are rated
from 1/4 to 2 watts depending on their size. Wire-wound resistors
begin with about 5 watt size and go up to larger silzes.

The power dissipated by the resistor is changed to heat;
1f the heat is excessive due to overloading the resistor by more
than Just the normal current flow, the heat so developed may in-
Jure the resistor element. The rating commonly given is for
open air mounting and where there are no close parts that may be
injured by the heat. In mounting resistors in a closed chassis
adjacent to other easily harmed parts, it is best not to load
the resistor more than 50% of their rated wattage.
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HOW TO TELL WHAT RESISTOR TO USE

RESISTANCE POTENTIAL DROP POWER DISSIPATED CURRENT
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If a resistor of 3 ohms, carries a current of 2 amperes, what
is the wattage dissipated?

) 2
W=IR=2 x3=223x2zx3z=12 watts

A.bigsing resistor causes a drop of 30 volts, with a current of 15
milliamperes (.015 amperes). What is the wattage of the resistor?

W=IzxFE = ,015 x 30 = .45 watts

Rheostats have a single end terminal and a connection to
the movable contact. Potentiometers have two end terminals and
a movable arm., Volume controls are a form of variable resistors.

Resistances are used not only individually, but are combined
in series, in parallel, and sometimes in more complex networks.
The total resistance of two resistors R, and RZ connected in

series is the sum total of the individual resistances. In a like
manner 1f more than just two resistors are connected In series,

the total resistance is the sum total of all individual resistances.
If we let Rg stand for the total resistance of a circuit having

series resistances, than:

Rs =R, + Ry + ... (all the other resistors present)

1

If in the series circuit above voltage E 1s impressed acros:
the two resistors, the voltage drop across each resistor will be
equal to IR;, and IRy, where I 1s the current. These two voltage

drops together will equal to E,

B = IRl + IR2




20 RADIO SERVICING COURSE

The larger voltage drop will be across the larger resistance, and

by selecting proper sizes for Rl’ and Rz, E may be subdivided in
any way required. Care must be taken that neither of the resistors
is overloaded. The wattage formula should be applied as a test.

| R, |
E
| Re
SERIES
|
E A, A
|
APARALLEL

In a four tube midget radio set, three tubes are of the
type that require 6.3 volts each, and one requires 25 volts.
All thesé tubes are connected in series and use a current of
0.5 amperes. The total voltage required to operate all these
tuves in series is the sum of the individual voltages, or 43.9
volts. We can round this figure into 44 volts. If the set is
to be used on a 110 volt line (110 - 44) or 66 volts must be
lost in a series resistor. Recalling Ohm's Law and solving:

E=T1xR 66 = 0.3 x R

1 R1 = 220 ohns

1

WVnat wattage will this resistor dissipate?
2
Using the formula W = I R
W= (.3)2 x 220 = .09 x 220 = 19.8 watts

A twenty watt resistor could be used, but a slightly larger size
would be better. Sometimes line cords are built with the proper
resistor already incorporated.

What is the total resistance of the four tubes in series?

Ry = E 2 8(6:3) 4262 4L = 146,7 ommo 2 =

- 0.3 .3 [ - —

=
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The table on the next page and the explanation below have been
reprinted from the ''Aerovox Worker."

The chart covers a range which should be large enough for all
radio and TV work. The ranges are from 1 to 1000 volts, from 0.1
ma. to 10 amperes, from 0.1 ohm to 10 megohms, and from 0.1 mil-
liwatt to 10 kilowatts.

The lines are plotted on regular full logarithmic coordinate paper.
Current is measured along the horizontal axis (X-axis), and voltage
along the vertical axis (Y-axis). When this is done, the locus (position)
of all points representing a given resistance will form a line making
an angle of 45° with the X-axis. All these lines are parallel, slopping
upwards to the riéht. All points representing the same power are
situated on a straight line which makes an angle of 135° with the ho-
rizontal, slopping upwards towards the left.

A few examples will help you understand the use of this chart.
Suppose the EMF in a circuit is 100 volts and the current is 100 ma.;
what is the resistance of the circuit and power consumed? Beginning
with the 100 ma. mark on the horizontal axis, and follow the vertical
line upwards to the intersection with the horizontal 100 volt line. This
junction is also the intersection of related slanting lines. Following
the slant-line going upwards to the left read 10 watts for power; and
following the other towards the upper right read 1000 ohms.

If a 5000 ohm resistor has a power rating of 20 watts, what is
the maximum current and corresponding voltage with which this re-
sistor may be used? Following the 5000 ohm slant line until the 20
watt slant line is reached, observe the junction point. From this
point follow the vertical lines down, and interpolating by estimation
read 63 ma. Then follow the horizontal lines from the junction point,
and at the left read 316 volts.

The total resistance of two resistors connected in parallel is
less than the resistance of either resistor. For many resistors R,
Ro, R3, etc. connected in parallel, the total resistance
1
1 1 1
XIRTR

Ry =

i .

for only two resistors, this formula simplifies to:

R R ,
Rp 1lx 2 (See also page 46.)

R R
142
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In the preceding formula if we let Rl = 3, and R2 = 5 ohms,

=3 x5 = _15 = hm
Rp -—s—fs—- 5 1.875 ohms

If a total current It flows in the circuilt, only a fraction of

this current will be in each resistor. However, the full voltage
E will be across each resistor. The current In the resistors may
be found from the formulsas:
- _B B
I, = %5 In = -~
1 Ry 2 Ry

and, of course, .cesesascce I; = Il--r-I2

The power handled by each resistor may be found easiest by

applying the formula: ““:é%

In circuits wheres more complex combinations of resistances
are present, individual parts are solved separately and combined.
This process is best illustrated with an example.

In circuilt A, we may consider R_ and R5 as parallel resistors.

2
*34 E RI:S R“+ Eszats ] '3
10 [{¢] ‘
Rs=l @ Rs=1 ©

Now we can replace circuit A by B, placing a single resistor R,; in
place of R, and R,. Consider now R,;, R,, and R; as a single series
circuit.

R,..,=R,, + R, + R, =2 +4 10 + 1 = 13 ohms

We now can replace B, with circuit C. This circuit is a simple
parallel circuit having two resistances of 5 and 13 ohms.

5% 13 65
—__ — 3.6 ohms
5+ 13 18

Total equivalent resistance =

This method of solving complex circuits is always used. While
the steps may appear a little difficult the actual work is quite
simple. The student should draw some circuits having resistors
in series and parallel combinations, and solve these circuits
for practice, The student may also examine the circult diagrams
in later lessons for actual examples of similar use of resistors.,



24 RADIO SERVICING COURSE

MAGNETTISM

Magnetic force plays a very important role in the operation

of many radio components. Transformers of all types, phonograph
pickups, loud-speakers operate on the principle of magnetism.
In other fields of electricity, magnetism also is of a great im-
portance. Being similar to electricity we cannot actually see
or feel magnetism, but the effects of this force can be noticed
and accurately measured.

There are certain natural magnets found already magnetized.
If a pieco of hard steel is stroked continuously in the same
direction with a plece of natural magnet, the steel will become
magnetlzed. For practical use, small percentage of nickel,
chromium, cobalt, or tungsten are added to steel for making
permanent magnets that have greater magnetic strength and other
desirable properties.

Just as in the case of electrical charges,
UNLIKE MAGNETIC POLES ATTRACT EACH OTHER
LIKE MAGNETIC POLES REPEL EACH OTHER.

Also it is important to remember that the force of attraction
or repulsion between two magnets 1s inversely proportional to
the square of the distance. A north and south magnetic poles
will attract each other four times as much at 1 inch distance,
as at 2 inch distance. This is why the space between the field
and the armature In a generator is made as small as practical.

If either end of a bar magnet 1s dipped into iron filings,
most of the filings will stick to the pole indicating that the
attractive force 1s the greatest at the poles. This magnetic
effect is noticeable for a considerable distance around the
magnet., This force constitutes the magnetic field and is made

up of lines of force. The filings around the magnet follow the
lines of force.

Ve ” BT S )
A P, '
DR g ees 2 -
- - = % N S ’:{-:‘fl' BN N
/,"1;"1," SRRIRN b % > H
L T AL Y :

SNRIz s e oo ;
BAR MAGNE
i ELECTRIC CURRENT
HORSE SHOE
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If a strong magnet is dipped iIn a barrel of nails made of
soft iron, many nails will be picked up. Some nalls in turn
will hold other nails becoming themselves temporary magnets.
However, once these nalls are removed from the magnet, theilr
magnetism will be lost. Hardened steel substances on the other
hand will retain some magnetism once they are brought into con-
tact with a magnet.

ELECTROMAGNETTIGSM

Although many devices employed in radio circults depend on
permanent magnets for their operation, magnetism produced by the
flow of electric current through a conductor finds even greater
application. Every wire carryling electric current has an assoc-
jated magnetic field proportional to the current strength and
the arrangement of the wire.

The fact that an electric current in a conductor has an
associated magnetic field may be easily proven. If a compass
1s held near the wire, the needle of the compass (actually a small
magnet on a pivot) will take a position at right angles to the
wire. If no current 1s present in the wire, the needle will
assume its natural N — S position.

An electromagnet is made by winding a number of turns of
wire in the form of a coll, a much stronger magnetic field can
be created since ths flelds of all the individual turns will add
up. Since the magnetic field of force of each turn adds to that
of the next turn, the greater the number of turns of wire the
coil has, the stronger will be the magnetic fleld.

The total magnetic flux (lines of force) depends on the
number of turns and the current strength. If the current 1is
strong, relatively few turns of thick wire will be needed to
produce a given magnetic field. On the other hands, if the
current is very minute, a great many turns of fine wire will be
needed,

If a bar of iron 1s placed in the center of the coil, the
iron will become magnetized when the current will flow through
the coll, but will loose its magnetism once the current 1s
stopped. This principle is used to operate relays, door bells,
and other devices.

After a certain value, the effect of the applied electro-
magnetizing force will be diminished and, if the force 1s in-
creased past a definite 1limit, no further effect will be noticed.
The substance is then said to be saturated. For example,
Wrought Iron will have a very strong flux when inserted in a l
coll of 10 ampere-turns. Increasing this to 20 ampere-turns
only Increases the lines of force per square inch from 89,000
to 97,000. At 40 ampere-turns this figure is only 106,000 lines
per square inch. Saturation is reached when a further increase
In ampere-turns has no effect on the flux. [
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ELECTROMAGNETIC INDUCTION

We have learned that an electrical current in a conductor
sets up an associated magnetic field. If a conductor, connected
to some indicating instrument such as a sensitive galvanometer,
is moved across the magnetic field of a permanent magnet, a
current will be noticed to exist in the circuit. The current
will only be present while the motion continues and will be
proportional to the rate of motion, the number of turns of wire
being swept across, and the total flux or the number of lines
of force. This principle of current generation.is employed in
all electrical dynamos.

It 1s also possible to induce a current in one conducting
circuit by means of the magnetism produced by the current flow-
ing in another associated, but not electrically connectedy cir-
cult. The flux set up by the first circuit induces a current
in the second circuit. This action takes place only while the
current in the first circuit is changing (increasing or decreas-
ing), as in the case when the first circult is connected to a
source of Alternating Current (A.C.) that is periodically ris-
ing and falling. The circuits must be located closely together,
that is coupled. A device used to transform electrical energy
by Induction 1Is called a transformer. A transformer does not
create energy, 1t simply-separates two circults, or steps up or
down voltage. When any voltage is stepped up by means of a
transformer, the current correspondingly in the same ratio is
stepped down.

The coll receiving the original current is called the
grimarz, and the coll in which the current is induced by electro-
magnetic induction is called the secondary. In the illustration
it is evident that since only a part of fge lines of force set
up by the primary link the secondary coll, the current induced
1s not as great as would be in case all the lines of force link-
ed the secondary. The lines of force not linking the secondary
and, therefore, not being useful are termed the leakage flux,

To keep the lines of force in the desired path, soft steel
material is used for the core.

CHANGING . SENSITIVE
) YoLTAGE LI METER,
CENERATOR | ‘i1 (O } 1)
Y e
PRIMARY 1 secovoary
| C/IRCUIT CIRCUIT

Transformers and inductors taving air cores are used in
radio receiving circults where the frequencies encountered are
very high and would create heavy losses due to eddy currents and
hysteresis if iron cores were used. Where the frequencles are
relatively low as in the case of audio frequencies, (commonly
employed 30 to 12,000 cycles per second) and power frequency of
60 cycles, iron laminated cores are used.
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SELF INDUCTION

An electric current flowing through a conductor sets up a
magnetic field around the wire. If the current is varied, the
magnetic field also varies correspondingly. This varyirg field
sets up in the wire itself, a counter or self-induced e.m.f.
which opposes any changes. A voltmeter connected in the
battery circuit illustrated above to the right, will incicate
the battery voltage when the key 1s closed. Upon agaln opening
the key, the voltmeter will momentarily lndicate a large aif-
lection (voltage) in the opposite direction. This action in-
dicates that the magnetic lines of force around the coil have
broken down to refrain the current of the coll from changing.
This effect is similar to that of inertia found in mechanical
devices. Inertia tends to oppose any changes in the speed or
direction of motion. The effect of self-induction is especially
noticeable in a solenoid (coil) since the inductance 1ls consen-
trated in a small space. The unit of inductance is the Henry.
The symbol for inductance is L.

KEY

S

k7'\ Audio chokes which may
be used in this test.

The Henry is a relatively large unit and while some audlo
coils having special iron cores have an inductance of several
hundred henries, the inductance encountered in coils used in
radio frequency work and having air cores is only a small
fraction of a henry. One/thousand of a henry is a millihenry,
and one/million part of a henry is called a microhenry. Colls
used for tuning the broadcast frequencies are in the order of
250 microhenriles,

Inductive coils may be connected in series, in parallel,
and in other combinations without the magnetic fields inter-
linking to any degree. When inductors are connected in seriles,
the total effective inductance is the sum total of the in-
dividual 1Inductances.

If a coil having an air core has a given current passing,
a magnetic flux of a certain value will be produced. If an
iron core is slipped in, replacing the air core, the elect-
romagnet so formed will have a flux 200 times as strong. By
using special nickel-iron material for the core, the strength
can be made even greater., The ratic of the strength cof the mag-
netic field with a given substance to the strength of the fileld
when air is used as the core is the permeability. The permeab-
111ty of air is taken as 1, all magnetic substances hgve a per-
meability greater than one.
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10.

ll.

12,

13.
14.

15.

16.

REVIEW QUESTIONS

What does the prefix "milli" mean?

Since each cell in a "B" battery generates 13 volts,
how many cells are connected in series to produce
the full voltage of 45 volts? Do you understand why
a "C" battery has 45 volts and not 5 volts?

Rewrite the following decimals as fractions: 0.5,
4,25, .05, 2.3, and 0.1.

Rewrite the following fractions as decimals: 1/10,
3/100, 3/50, 3/2, and 1/3.

What is the square root of 81?2 Of 497 Of 2.25%
In a 110 volt D.C. circult an electric bulb takes
1/2 ampere of current. What is the resistance of

the bulb? (Use the Ohm's Law relation).

A 100 ohm resistor is connected across a 10 volt
battery. iWhat current is being taken from the battery?

In Question 7, what power is being used?

Examining a radio ecircuit, estimate the current in
the various resistors and calculate the voltage drops
and power dissipated. You may use the chart for this
purpose.

If a 12 ohm and a 6 ohm resistors are connected in
series, what is the equivalent resistance?

If a 4 ohm and a 8 ohm resistors are connected in
parallel, what is the equivalent resistance?

Make up your own complex circuit of resistors and
solve it following the example given in the text.

On what two factors does the magnetic flux depend?

Make a sketch of a buzzer and battery and explain
how this unit operates?

How are power transformers made? What materials are
used and how does the transformer operate?

What effect does a choke coil have upon the changing
current in a circuit?
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LESSON 5

RADIO FREQUENCY INDUCTANCES

MUTUAL INDUCTANCE

In the section on Self-Inductance, above, the definition of “Self-
Inductance,” and the properties thereof were briefly explained. If,
in the example of the bunched winding, half of the turns formed
one circuit and the remaining half formed another circuit, a change
in magnetic flux occasioned by a change in current in one winding,
would induce two voltages, one in its own winding opposing the
change in current, and the other in the second coil. This phenomenon
of a voltage induced in the turns of one coil by a change in current
in another coil is known as “Mutual Inductance.”

The unit of Mutual Inductance is the “henry” defined as that
value of mutual inductance in which one volt is generated across
the terminals of one coil when the current in the other coil is chang-
ing at the rate of one ampere per second.

The practical units for Mutual Inductance are the same as those
for self inductance, namely the Henry, Millihenry and Microhenry.

A very convenient property of mutual inductance is that the
mutual inductance existing between two dissimilar coils is the same,
whether the current change is in the large coil and the voltage is
measured in the small one or vice versa, regardless of how dis-
similar the coils may be.

This phenomenon called mutual inductance makes the formulae
for inductances in series or in parallel much different from the for-
mulae for resistances. In the latter case, the equivalent resistance of
two resistances in series is the sum of the individual resistances;
but in the case of two inductances in series, there may be a mutual
inductance between the coils that may seriously disturb that simple
relationship. If the two. coils are placed so that the wires of one
coil and those of the other coil occupy practically the same space, as
in the case of winding the second coil as a single layer directly over
the first single layer coil, or between the turns of the first coil, the
overall inductance of two equal coils wound as above, will be twice
the sum of the inductances of the two individual coils, if the coils
are connected “Aiding” and will be practically zero if connected
“Opposing.” This is a special case which seldom occurs, but shows
one of the extremes of mutual inductance which can influence the
equivalent inductance of two coils connected in series.

The general expression for any case in-
volving only two coils in series is: overall
inductance equals the sum of the individ-
ual inductances plus or minus twice the
mutual inductance. The reason for this {4
relationship is given in the following ex- -0
planation. //" 5

A current change in coil No. 1 induces
in itself a voltage proportional to its in-
ductance, and similarly in coil No. 2 a voltage proportional to the
inductance of coil No. 2. The current change in coil No. 1 induces a
voltage in coil No. 2 proportional to the mutual inductance between
the two coils, and similarly the current change in coil No. 2 induces
a voltage in coil No. 1 of the same magnitude because the mutual
inductance is the same whether measured from the first to the second
coil, or in the reverse direction. The overall inductance is propor-
tional to the total voltage induced, and is consequently equal to the
sum of the individual inductances plus or minus twice the mutual
inductance. The “plus or minus” provision is made because the
voltage induced in one coil by a current change in the other does
not necessarily aid the self-induced voltage in the coil. Inductances
themselves are positive, there being no negative inductances; nor,
strictly speaking, are there any negative mutual inductances; but a
mutual inductance may be connected into a circuit so that its effect
may oppose some other effect and can be considered as a negative
mutual inductance swhen so connected.

(o i
LA ; o

0

COUPLING COEFFICIENT

When two coils are arranged so that some definite mutual induct-
ance exists, the coils are said to be magnetically coupled.

In many calculations, it is frequently convenient to express the
amount of coupling as a percentage of the maximum that could
possibly exist, rather than a numerical value of mutual inductance.
In such a case, the term applied to this percentage is “coupling
coefficient” which, for inductance, is defined as the quotient resulting
from dividing the existing mutual inductance by the maximum pos-
sible mutual inductance (square-root of the product of the two
separate inductances).

The losses in a coil may be divided into the following classes:

1 — Ohmic or D.C. losses in the wire

2 — Eddy-current losses in the conductor

3 — Eddy-current losses in the shield

4 — Eddy-current losses in the core material

§ — Skin effect

6 — Dielectric loss in the wire insulation

7 — Dielectric loss in the terminal strip

None of these items is independent of the others, and a change
to improve one usually changes one or more of the remaining factors.

Since all of the losses in a coil taken together make up the radio
frequency resistance of the coil, a single number can be used to
express this quantity, but the resistance alone does not give sufficient
information -to_judge the electrical excellence of the coil. Resistance
18 usually the undesired quantity in a coil, and practically all coil
designs attempt to make it as low as possible. Reactance is the de-
sired characteristic of the coil and is the product of frequency, in-
ductance and the usual multiplier, 2¥. A special term has been
given to the ratio of the desired to the undesired characteristic of
the coil. This term is “Q” which is defined as the reactance divided
by the resistance.

ANTENNA COILS

The basic types of antenna coils have high-impedance inductive,
high-impedance capacitive, low-impedance inductive and low-im-
pedance capacitive couplings. Typical values of capacity, self ih-
ductance and mutual inductance for these four types of broadcast
coils are shown in Fig. 3.

HIGN - IMPEDANCE INDUCTIVE COUPLING MHIGH - IMPEDANCE  CAPACITIVE COUPLING

Tw;cm-' Tuning Condemer | Grid
N 2\ ==
‘5.':": 240 microhanry 230 microhenry
-‘_.“;_ sscondary inducionce 3w0 secondory Inucsnce
mmid. !
tductanco 4‘

3 e

Figre 3 Typical Antenna Coils
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HIGH-IMPEDANCE PRIMARY

High-impedance magnetic coupling, usually spoken of as “High-
Impedance Primary” is the most universal type of coupling on t!':e
broadcast range of household receivers. It has good image ratio,
reasonable gain, and, when properly designed, almost negligible
misaligning of the first tuned circuit as the size of antennas is
changed. With the usual design of coil, this type of coupling re-
sults in higher gain at the low-frequency than at the high-frequency
end of the tuning range. Sometimes, to compensate for this 'de-
ficiency at the high frequency end, a small amount of high-im-
pedance capacity coupling is used. This capacity is connected from
the antenna to the grid terminals of the coil. Its size is from 3 to
10 MMF.

Jt is to be noted that capacity coupling can reduce as. well as
raise the gain of a high-impedance magnetically coupled trans-
former, depending upon the polarity of the windings. If capacity
coupling is to aid the magnetic coupling, a current entering
the antenna terminal of the primary and the grid terminal of
the secondary must go around the coil form in opposite direc-
tions, and the coupling capacity must be connected between
these two points.

LOW-IMPEDANCE PRIMARY

Antenna coils with low-impedance primaries, although cheaper to
manufacture than high-impedance primaries, are rare on the broad-
cast band of modern home radio receivers. .

This type of coupling, when used with any of ghe conventional
household antennas, gives a great deal more gain at _the high-
frequency end than at the low-frequency end of the tuning range.
This gives rise to very poor image-ratio when used in a super-
heterodyne receiver. )

The closely coupled low-impedance primary reflects _the antenna
capacity across the tuned circuit in an amount depending upon its
inductance and coupling coefficient. Without attempting to de_nve
an expression for the actual magnitude of this effect, suffice it to
say that if the primary is large enough to give reasonable gain at
the low-frequency end of the frequency range, the reflected antenna
capacity will be so high that the secondary tuning condenser will
not be able to tune to the high-frequency end of the band, and
every different antenna capacity would change the amount or mis-
tracking. Because of this sensitivity to changes in antenna capacity,
and because of poor image ratio, the low-impedance primary is
seldom used on broadcast-band antenna coils.

On short-wave coils, the low-impedance primary is used almost
exclusively because the antenna gain is usually higher than with a
high-impedance primary, and the antenna is usually resonant in or
below the broadcast band. For this reason, the image-ratio does not
suffer nearly as much as in the case of using low-impedance broad-
cast coils in place of coils with high-impedance primaries.

HIGH-IMPEDANCE CAPACITY COUPLING

The high-impedance capacity coupling scheme consists essentially
of connecting the antenna directly to the grid end of the first tuned
circuit through a capacity, usually from 1 to 10 mmf. This method
of coupling has been popularly used on amateur receivers of simple
design, where simplicity of coil construction was imperative, but
is not used in broadcast receivers by recognized manufacturers be-
cause of the very poor image-ratio that results.

Practically speaking, the only use for high-impedance capacity
coupling in a broadcast receiver is as reinforcement to a high-im-
pedance primary, as discussed in the paragraph on “High-Im-
pedance Primaries.”

LOW.IMPEDANCE CAPACITY COUPLING

Low-impedance capacity coupling, familiarly known among radic
engineers as the Hazeltine coupling system, consists of coupling the
antenna directly to the junction of the low side of the tuning in-
ductance with the high side of a_high-capacity coupling condenser
which is connected to ground. (See Fig. 3.) The voltage across
this coupling condenser is multiplied by the resonance phenomena
of the tuned circuit to give appreciable voltage at the grid.

This circuit is particularly adapted to receivers that must use a
high-capacity shielded lead-in such as an automobile radio receiver.
In such a circuit, the shielded lead-in is made part of the coupling
capacity because of the circuit arrangement and, practically speak-
ing, causes no loss in voltage as would be occasioned if this capacity
would be connected across a high-impedance primary. For this state-
ment to be strictly true, it is necessary that the shielded lead-in
have a good power factor or else the losses in the lead will slightly
reduce the effective circuit “Q,” thereby bringing down the gain in
the antenna coil by a corresponding amount.

This type of coil has high gain and excellent image-ratio. The
drawbacks to its use are that the R.F. amplifier circuit, if used,
must have a value of capacity included in its tuned circuit equal

to tli:e antenna coupling capacity in order that proper tracking may
result.

R. F. COILS

R.F. coils may be divided essentially into four types: high-im-
pedance magnetic, low-impedance magnetic, high-impedance mag-
n_etic_.with high-impedance capacity coupling, and choke-coupled
circuits,

The high-impedance magnetically coupled R.F. coil has charac-
teristics very similar to the high-impedance antenna coil and there-
fore needs little discussion.

The low-impedance magnetically coupled R.F. coil has the same
deficiency as the similar antenna coil and is consequently seldom
used in the broadcast range of a superheterodyne receiver. Like the
antenna coil, it has possibilities for higher gain than the high-im-
pedance type, but usually the selectivity is enough worse to rule out
this type of coupling on modern receivers.

In the shortwave range, this is the most popular type of circuit,
because it is the one giving the highest gain and since, with a fixed
capacity of gang condenser, it becomes increasingly more difficult
to obtain high gain as the frequency is increased, this circuit with
its high gain is the almost universal choice in spite of its deficiencies
in image-ratio.

The R.F. coil employing a high-impedance primary in combina-
tion with high-impedance capacity coupling is the most flexible
design, and is popularly used for that reason. By shifting the pri-
mary resonant frequency and by changing the amount of capacity
coupling together with changes in “Q” of the secondary circuit, the
overall gain of an amplifier stage can be made to have almost any
desired shape with respect to frequency; that is, it may give high
gain in the middle, at the high-frequency end, at the low-frequency
end, or almost any shape desired, to compensate for the frequency
characteristics of the other stages employed in the receiver.

The choke-coupled R.F. circuit is very similar to the high-im-
pedance primary with high-impedance capacity coupling, except
that, in choke coupling, the magnetic coupling has been made zero,
but design still requires that the choke have as much inductance as
a_primary would have, in order that the resonance of the primary
circuit may fall outside of the tuning range of the secondary.

IF TRANSFORMERS
Intermediate-frequency transformers used in radio receivers have
taken a variety of forms and have operated at many different
frequencies. They may be divided into several classes according to
the number of selective circuits: untuned or self-tuned, single-tuned,
double-tuned, and triple-tuned.
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SINGLE-TUNED IF TRANSFORMERS

The single-tuned IF transformer has taken two important forms,
the bi-filar coil and the double coil types.

In the former case, the two wires constituting primary and
secondary are wound simultaneously, forming a coil that is a single
physical unit yet having two independent circuits. The start of the
primary was usually the plus “B”, connection and the start of the
secondary was ground. The outside of the primary was the plate
connection and the outside of the secondary was the grid connection.
These transformers were characterized by very high gain and com-
paratively little selectivity.

1 F TRANSFORMER LEADS

Blue Green

Plate Grid or Diode

Green-Black ¢ 1 Wave Diode

Red Black

B+ Gnid, or Diode Return,

AVC, or G

With this transformer redesigned to have two physically separate
coils wound side by side, the objectionable features of leakage, cor-
rosion and hum transfer are reduced to a very small per cent of
their original importance, and transformers acceptable in today’s
critical market can be produced. The largest remaining objection
to the single-tuned transformer is selectivity. In a low-frequency
amplifier operating at 125 KC or 175 KC, the transformers are too
sharp for good audio fidelity, and at the higher intermediate fre-
quencies such as 456 KC, the transformers do not add sufficient
adjacent-channel selectivity.

Single-tuned transformers may be divided into two classes ac-
cording to the circuit tuned; some have their primaries tuned
while the remainder have their secondaries tuned. As far as sec-
ondary voltage is concerned, there is not a great deal of difference
regardless of which winding is tuned, but if there is a question of
single-stage oscillation in the tube driving the single-tuned trans-
former, greater stability is had by tuning the secondary than by
tuning the primary.

DOUBLE-TUNED IF TRANSFORMERS

The double-tuned IF transformer is, by far, the most popular
type. It is simple in construction, has negligible leakage, no measur-
able hum transfer into diode circuits and can have its selectivity
curve made as sharp as two single-tuned transformers in cascade,
or can be considerably broader at the “Nose” of the selectivity
curve than two cascaded single-tuned transformers, yet on the
broader part of the selectivity curves maintain practically the
same width as the cascaded single-tuned transformers.

If the coupling on a double-tuned transformer is made sufficiently
loose, the transformer is quite selective and has a resonance curve
of the same general shape as a single circuit, except sharper. As the
coupling is increased, the gain will go up until the point of “critical
coupling” is approached where the gain of the transformer is prac-
tically constant but the selectivity curve is changing, particularly
at the ‘“nose” of the curve. As the coupling continues to increase,
first there is a decided flattening on the nose of the selectivity curve,
after which continued increase in coupling produces an actual hol-
low in the nose of the curve. Still greater increase in coupling can
spread the two “humps” and deepen the “hollow” in the nose of
the response curve until a station can be tuned in at two places on
the dial very close together.
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TRIPLE-TUNED IF TRANSFORMERS
Triple-tuned IF transformers have been used for two general pur-
poses: greater adjacent-channel selectivity without increasing the
number of tubes and transformers, or a better shape on the nose of
the selectivity curve to produce better audio fidelity than is produced
by double-tuned transformers.

CAPACITY-COUPLING IN IF TRANSFORMERS

The ordinary circuit diagram of a double-tuned IF transformer
is as shown in Fig. 6, but actually the circuit in Fig. 7 is more
representative of true conditions.

The capacity coupling, shown in dotted lines, is a very important
part of the coupling in practically all transformers operating at fre-
quencies above 400 KC. This statement applies with even greater
emphasis as the frequency, or the “Q,” of the coils is raised.

The capacity that is effective in the above mentioned ‘“‘capacity
coupling” is that which exists between any part of the plate end of
the primary circuit and any part of the grid end of the secondary
circuit; to be more specific, the capacity between the plate and grid
sides of the trimmer condensers, the plate and grid ends of the
coils, the plate and grid leads, the grid lead and the plate end of

g
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Figure 6

Figure 7

the primary coil, and between the plate lead and the grid end of
the secondary coil. !

The capacity between the two high-poten-
tial plates of a trimmer condenser such as
the Meissner unit shown in Fig. 8 is 0.35
mmfd. if both trimmers have an even num-
ber of plates and the bottom plate of each
trimmer (on the same base) is a high-poten-
tial (either grid or plate) electrode. If an
odd number of plates is used on both trim-
mers, the capacity drops to 0.07 MMF. The
difference between these two coupling capacities, amounting to only
0.28 MMF. is sufficient to make quite a difference in the gain of
transformers operating above 400 KC.

Double-tuned IF transformers may be built with the magnetic
coupling either aiding or opposing the capacity coupling. For rea-
sons of production economy, both coils on one dowel are usually
wound simultaneously, which means they must be wound in the
same direction. For reasons of productidn uniformity, the insides of
both windings are usually chosen as the high-potential ends of the
coil so that the outside (low-potential) ends of the coils will auto-
matically act as spacers to keep the high-potential hook-up wires
from approaching the high-potential ends of the coils.

Triple-tuned IF transformers, particularly output transformers
where diode and plate leads both pass through the open end of
the shield can, are particularly subject to gain and selectivity varia-
tions as a function of variation in capacity coupling.

As an example, in a particular triple-tuned output transformer
where the plate and diode leads ran close together, it was found
that in attempting to align the transformer, the middle circuit was
effective as long as ecither the input circuit or the output circuit
was out of tune, but as soon as both input and output circuits
were aligned, the center circuit had a very peculiar action. If the

Figure 8

Amplificotion

gain of the transformer is plotted A

against the capacity of the middle T

that there is one adjustment (A) I

that produces an increase in the

circuit is contributing to the selec- Fig I

tivity of the transformer. At another point (B) the amplification
in amplification. At all other settings of its tuning condenser, the
center circuit is so far out of resonance that it has no effect upon
When the capacity between the high-potential input and output
leads was reduced to a very low value by keeping the leads in op-

circuit, a curve similar to Fig. 11

was obtained. From this it is seen |

overall amplification of the trans-

former. At this point the center W) pdr @ G
Ehrough the center circuit opposes the capacity coupling from the
input to the output winding and results in a considerable decrease
the gain of the transformer, which for all practical considerations,
may be assumed to be a double-tuned capacity-coupled transformer.
posite corners of the shield can, the transformer behaved as a triple-
tuned transformer should, with all three circuits effective.
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RADIO

COILS

Exampzes of the type of coils commonly used in radio receivers

are 1llustrated.

each type.

Please read the descriptions carefully and be
able to identify any of the types.

Notice the advantages of

Selector switches are used in multi-band receivers.

The loop antenna has replaced the antenna coil in most portable

and midget radio sets.

TRF AND SUPERHETERODYNE COILS
DUO-LATERAL WOUND _

Single-section, Litz-
wire-wound duo-
lateral secondary.
High-impedance
primaries. Wound
on treated hard-
wood dowel with
bakelite terminal
plate. Use with
000365 mid. vari-
able condenser.

HIGH GAIN SERIES

N Sectional wound duo-lateral second-

3 ) ary, using No. 15/41. Litz»wirg
) High-impedance primaries for uni-
form gain with any screen grid
tubes. Wound on XXX bakelite tub-
ing. Use with .000365 mid, variable
condenser.

IRON CORE COILS

Sectional-Duo-lateral-
wound on Armite sleeves.
Special iron-core provides
extremely high "Q" in
minimum space. Especi-
ally adapted to auto and
aircraft receivers. Use
with .Q00365 mfd. vari-
able condenser. Antenna
coil has a low-impedance
primary for operation on

mobile antenna equip-

ment. R.F. Coil has high-impedance primary for maximum gain.

TWO BAND COILS

Especially designed for the
constructor who wishes to
build an inexpensive 2-band
receiver covering standard
broadcast band and either of
two short-wave bands. Adapt-
able to Marine receivers.
Wound on high-grade bake-
lite tubing. Assembled in
aluminum shields with trim-
mer condensers. For use with
.000365 mtd. variable condens-
er and 455 KC LF. Amplifier.

AIR CORE UNSHIELDED CHOKES
Duo-Lateral-Wound, single-section, Radio Fre-
cations wherein a moderately priced unit is required.
These chokes are wound with silk-covered wire, on
impregnated hard-wood dowels. A bakelite terminal
eyelet, providing for single-hole mounting with a #8% machine
~serew. The winding on these chokes is impregnated to prevent any
moisture absorption. Inductance values accurate to within three per-

guency Chokes are ideally suited for receiver appli-
plate, 138" in diameter, is fastened to the dowel with a tubular brass
cent.

MICA COMPRESSION TYPE
DOUBLE TUNED AIR CORE

Mica:-Compression trimmers used in I. F. Transformers are
treated with our exclusive automatic cycling heat treatment con-
sisting in allernately heating to 200°F and cooling to 90°F through
S complete cycles. This heat treatment results in a much higher
degree of capacity-stability, which insures perfect alignment of the
I. F. Transformer under conditions of varying temperatures encount-
ered in modern Radio receivers. All Shields Aluminum.

REPLACEMENT I.F. TRANSFORMERS
DOUBLE TUNED

These Transformers are an essential part of the stock
of every service man and dealer. In many cases they
give better performance than the original unit. Only the
finest materials are used. Every precaution is taken to
insure a long and trouble-free life. Coils have Duo-
lateral windings on treated hardwood dowels. Double
tuned, Heat-Cycled, Low-Drift, Mica-Com-
pression Trimmers. Impregnated in special moisture-
resistant wax. Pretuned to nominal frequency. Easily
identitied, color-coded leads. Assembled in ''Okite”
finished Aluminum shields. Spade-bolt mounting.

BAND SELECTOR SWITCHES

The successful operation of a multi-band
receiver depends to no little degree
upon the excellence of the switch used.
These switches are of a positive self-
cleaning type with silver plated con-
tacts. All switches are provided with an
adjustable stop

LOOP ANTENNA

Loop Antenna 1s applicable to most
portable-receiver assemblies. The inductance ot the loop is high to
permit removal of turns to match different sets. The loops are wound
from low-distributed capacity wire and are of the flat, pancake type
of winding.
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7.
8.
e

10.

11.

12,
13.

14.

What is the unit of mutual inductance?

What three factors must be considered in designing R.F.
colls?

Name several losses that may be present in a coil.
What factors determine the value of Q?’

What 1s the advantage of high-impedance primaries in
antenna coils?

What type of primary is used on short wave coils? What
advantages are obtained because of this?

What type of IF transformers are most commonly used?
Why 1is the bi-filar type IF transformer not used very much?

Name some advantages of a double-tuned IF transformer.

Were the early "single-dial control" receivers really
such? Why not? How about present day sets?

What new design in antenna coils eliminated the "Antenna
Compensator'?

Why are trimmers used in gang condensers?

What effect will poor alignment have on the operating
efficiency of a four tube receiver?

Make a pictorlal sketch of an antenna coil.
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LESSON 6

il If a condenser is connected to a source of D.C.
lr potential such as a battery, the negative sidse

will become charged with electrons. If the
battery connections are removed and the con-

T= denser shorted, a spark will jump across the
point of contact, and the two plates will agaln
be in electrical equilibrium or will be neut-
ral. The strength of the charge will depend

+_—"-—~—‘*-1 on a number of factors as we shall see later.
~=f 4 A condenser must have two plates made of con-
L__w___w_j ducting material, and a separatlon of a non-

conducting materlal or vacuum. The material

between the plates is called the dielectric.
Any insulator will serve as the dlelectric, but only a limited
number of insulators have characteristics that make them especially
well suited for this application. Every condenser has certain
losses which are almost negligible in a high quality unit.

For one thing, there is an actual resistance loss in the
conducting plates of the condenser. The dielectric, whlle having
very high insulating value, does permit a certain leakage. A
practical condenser, therefore may be assumed to be a perfect
condenser with no losses, with a resistor connected in series to
represent the loss in the conducting plates, and another resistor
in parallel to represent the leakage. Because of
the leakage loss, a charged condenser will soon
loose its charge. There are also other losses, ) -
but they are not of importance from the prac-
tical point of view.

LaarK 33( LOSS

aﬂAc

The degree of ability of a condenser to
store electrical charges is known as the ca-
pacity of the unit. Since the quantity of the
electrical charge depends directly upon the

COMDUCTING LOSS
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E.M.F. (voltage) of the source, capacity is defined in terms of not
only how much charge 1s stored, but also in terms of how much volt-
age 1s applied. The unit of capacity 1s the Farad. The farad 1is
equal to the capacity of a condenser that wlll store one coulomb of
electricity at the pressure of one volt.

The Farad is much too large a unit for radio applications,
the microfarad, or mfd. equal to one-millionth of a farad, is
commonly used. Condensers of very small capacity are also rated in
still smaller units of micro-microfarads or mmfd. being equal to
one/millionth of a microfarad.

Condensers, similarliy to resistors, may be connected in series
and in parallel. When condensers are connected in parallel, the
final capacity is greater than that of any condenser used in the
combination. The total capacity is equal to the sum of all the
individual condensers connected in parallel.

C=@, 3 € & -,

3

Where Cp i1s the total capaclity of units in parallel. This formule

suggests a means of obtaining larger capacity from a number of
smaller units. FEach condenser used, however, must be able to
withstand the applied voltage of the circuit. Should 15 mfd. be
required and only 5 mfd. units be on hand, three of these may be
employed and connected in parallel with equally satisfactory
results as might be obtained from a single 15 mfd. condenser.

It I !
i 1] 1§

¢, Cp c - =
Cs - Cp C, Tea TJea

When condensers are connected in series, the final capacity
of the combination is always less than that of the smallest used
in the combination. It is very rarely that condensers are used in
series, except when all are of the same capacity. In such cases,
the total capacity C

)
(o =
n

where n = number of condensers of capacity C,connected in series.
There are three factors affecting the capacity of a condenser.

The type of dielectric used

The area of the plates in contact with the dielectric

The actual thickness of the dielectric, or what 1s the same
thing the separation between the plates.

I~
(G IRV oo
e e

It has been found that the capacity of a condenser using
alr and other substances for the dielectric changed for each
definite substance used. For example, certaln wax employed for
the dielectric made a condenser have twice the capacity as when
this same condenser had an air dielectric. Bakelite gave a value
6% times as large as air, etc. This property of different mate-
rials used for the dielectric of condensers 1s known as the
dielectric constant. Air is taken as standard and its dielectric
constant 1s assumed to bs 1.
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The actual capacity of different condensers may be calcu-
lated from formulas, but the serviceman uses commercial units
already supplied with the capacity indicated ard for the service-
man there will be 1little need for such calculations. Certain test
analyzers have provisions for indicating the capacity of paper and
electrolytic condensers directly.

FIXED CONDENGSERS

Condensers commonly used in radio sets are so constructed
that their capacity is fixed at one definite value. The exception
{s the variable condenser used for tuning the radio circuits into
resonance. For low capacity, under .02 mfd., mica Insulation is
employed. Such condensers are molded in bakelite and are uneffected
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by moisture. The value of capacity is marked on the case and for
service work suitable similar replacements are easily obtained.
Larger sizes are made with paper dielectric and in tubular form.
We urge you to carefully note (1) the relation of capacity, break
down voltage or the working voltage, and the physical size, (2)
the general appearance of the units, and (3) the general methods
used for connecting the units into the circuits.

While special condenser testers may be used to detect the
faults iIn condensers, a simple ohmmeter will serve the purpose.
A small capacity fixed condenser should test open on an ohmmeter.
If the condenser has noticeable low resistance (below 50,000 ohms)
or is completely shorted, the unit should be replaced. A good
test 1s to connect the condenser momentarily to a source of D.C.
potential between 25 and 100 volts., Quickly disconnect the con-
denser and connect the terminals together. A spark should be noted
at the point of contact if the condenser is in good condition.

s - Electrolytics can be quickly

J: “;;>;? Ohmme tex tested by the ohmmeter method.

They will first upon being con-
o, s e S Test nected show a shorted condition,
but the resistance will quickly
increase., The ohmmeter must be
25¢o 135 correctly connected, i.e. posi-

,_m_IOﬂ rK tive side of the battery to the
| :I“‘V”" _r%L) positive side of the electrolytic

condenser. The D.C. potential
Discharge Test dlscharge test may also be used.

In replacing fixed condensers, the serviceman need not be
too critical. A slight difference of capacity will ordinarily not
upset the circuit and this is especially true if the unit is used
as a filter. 8 or 12 mfd. units may be used for 10 mfd. However,
the rated working voltage 1s important and must not be overworked.
Condensers rated at 550 volts D.C. may be used on any voltage up
to this maximum rated voltage, but not above. A.C. voltage peaks
are 1.4 higher than the measured and indicated R.M.S. voltage. For
example, 110 volts A,C. has peak voltage of 110 x 1.4 or 154 volts.

CONSIDERATIONS OF ELECTROLYTIC CONDENSERS

An electrolytic condenser 1s a fixed condenser of high capa-
city and compact size suitable for use with voltages not exceeding
about 550 volts. These condensers must further be used only with
D.C. or pulsating D.C. Because of these characteristics, electro-
lytic condensers are especially well suited for use in radio filter
circuits where these advantages over paper type condensers are,
fully realized, and their limitations are of no consequence.

The electrolytic condenser consists of an anode to which the
positive connection is made, the cathode used in conjunction with
the negative connection, and the electrolyte. Aluminum 1s usually
used as the anode in condensers for radio application. Other
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metals such as tantalum and magnesium find some use; the chief
advantase of tantalum being its ability to withstand acid corro-
sion. For the cathode either aluminum or copper 1s used in connec-
tion with an aluminum anode.

The dielectric film forms electro-chemically on the surface
of the anode. The properties of the electrolytic condenser are
due to this film formation. The exact nature of this film 1s not
known, but it is extremely thin making possible high capacity per
unit area. The capacitance of a film formed at 300 volts on alu~
minum is 0.12 mfd. per square inch, about eight hundred times that
of a paper condenser for this voltage.

In the actual circuit when the potential is first applied,
the current is only limited by the resistance of the electrolyte
and the external resistance present. Naturally under thls condi-
tion high currents flow. The film forms quite rapidly, however,
and the leakage current drops tc a safe value of about 0.2 milli-
amperes per microfarad. A radic rectifier circuit takes care of
this leakage current without difficulty.

CAPACITOR COLOR CODE

MOLDED PAPER MOLDED MICA CERAMIC
Color Multiplier Tolerance Multiplier Tolerance Multiplier Tolerance
Black 1 200% 1 209% 1 209, or 2.0uufd.*
Eae 10 10 10 1%
Red 100 100 20% 100 2
Orange 1000 1000 394 (RETMA) 1000 2.5(% (RETMA)
Yellow 10,000 5% 10,000 10,000
Green 5% (RETMA) 50% or 0.5uufd.*
Blue
Violet
Gray 0.01 0.25uufd.*
White 10 0.1 100% or 1.0uufd.*
Gold 0.1 5% 0.1 5% (JAN)
Silver 1007 0.01 1003 *Capacitance
None ZO% less than 10uufd.
Capacitance is given in pufd.
Colors have same values as on MOLDED PAPER MOLDED MICA CERAMIC
resistors, except as indicated in TUBULAR RETMA 6 0OT T 6 COLOR RADIAL LEAD

(u}gles. Colors (A) and (B) are

HITE A B BLACK A B

for first two digits; (C) is for T JABCD
multiplier. (D) is for tolerance. —{ 000 ]'— ‘{ 0o0o0 5 COLOR RADIAL LEAD
(E) and (F) give voltage rating FLAT JAN TYPE ) EEEE

in hundreds of volts; (E) is used SILVER A 8 BUTTON SILVER MICA -

only for ratings less than 1000 c oo : 5Hc:|_gnc:xmL LEAD
volts, (E) and (F) for first two —{ ® 00 '— G@“

digits of ratings 1000 volts or SRR b i —{?%g%%]:}-
more. Values of colors for (E) Jriar comL. Trpes OBSOLETE RMA SYSTEMS 5 COLOR STAND-OFF
and (F) are same as in resist | g scx gopy £ “A_B 3 DIGIT 5 poT v

ance values, (G} is class or A H

3 ;
poT o 0o HABCD

B C
oL lerSeet (o5
characteristic of capacitor, (H), TBC ABC
T

(1), and (J) give temperature co- A B s 5 COLOR 3 COLOR
oD BLANK  FRONT | DISC obisc
gl REAR 8

efficient. (G), (H), (I), and (J) are

not listed in the tables, since ABC 80 TS A C
o e ot —| @t |2 oo i
this information is seldom need- poT (2.2 O ED
A8 C ABC

od by the average home builder, A BC

m 0 W

i

o
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SOME IMPORTANT PRACTICAL FACTS CONCERNING CONDENSER REPLACEMEN TS

When there 1s sometaing wrong with the radio which you are
servicing, you are almost safe in saying, "It's a condenser."
Of course, there are a great many different types of condensers
used in a radio set -- more condensers than any other parts. And
also stresses occuring in circults usually result in higher volt-
age on some condenser. Keeping this in mind, you will want to
know how to find a faulty condenser and how to make the replace-
ment quickly and inexpensively.

You know that condensers do not pass D.C. If they do,
you better start replacing the condenser, liow most condensers
used in circuits have a higher potential on one side than the
- other. Test for voltage across such units -- if there is no
voltage there must be a short in the unit. You may proceed to
shunt similar condenser across each unit suspected. If the
condenser under test is In good operating condition, the test
condenser will take a charge at the voltage impressed on the
original unit. The discharge may be noticed and will be an
Indication that the unit is not shorted.

What about open condensers? The test suggested will
take the place of the defective condenser when used in the
circuit for test. Therefore, if this is the fault, during
the moment the test is being made operation will be restored.
Then just replace the condensers and the radio is repaired.

Are the values of condensers important? Voltage rating
1s lmportant only in so far as the new unit used for replace-
ment must have equivalent or higher rating. Notice that a
higher rating can always be used. In fact it is advisable
to use a replacement condenser for higher voltage rating to
prevent the same fault to re-appear again.

Condensers used for by-pass purposes may be replaced
Oy similar units but either larger or smaller in capacity.
For example, a 0.1 mfd. cathode condenser can be replaced
with a condenser anywhere from 0.0l to 1. mfd. capacity.
Filter condensers are in the same line. Larger capacity
is strongly recommended.

REVIEW QUESTIONS

1. If a total of 20 mfd. capacity is needed and only 4 and 8
mfd. units are available, how can the required capacity be
obtained?

2. What three factors determine the capacity of a condenser?

3. Why cannot electrolytic condensers be used in A.C. circuits?

4. If a single section of a multi-section electrolytic con-
denser was at fault, would you replace the entire unit,

or would you install an extra condenser to replace the
damaged section? Explain why.
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LESSON 7

ALTEZINATING CURRENT THEORY & FILTERS

In our discussion of batteriss, we talked about direct current,
(D.C.). This current is of constant or varying value but flows in
one direction all the time. When the magnitude of D.C. changes, therse
results pulsating direct current. Alternating current (A.C.) has
a changing magnitude and direction., First one terminal is posltive
having its value rising, see chart A to B. Then the value begins to
fall, but the polarity remains the same, see B to C. At C
the voltage present is zero,
and then it begins to rise 1in

+
B the opposite direction. The
process is repeated, but the
A c terminals are reversed. The

Zr2 . usual A.C. generated forms
e AC. Sine sine waves which graphically
- Wove appear as the one illustrated.

When the voltage has started from zero, has risen to i1ts maxi-
mum value in one direction, returned to zero, risen to the maximum
value in the opposite direction, and then returned to zero, one
complete cycle has been completed. The common power line frequency
is 60 cycles per second; this means that sixty such changes occur
every second. This explains why in dealing with A.C time must be
considered.

Inductance opposes changes in current intensity. Because in
an A.C. circuit the voltage is constantly varying, the current too
will vary in accordance. But the inductance present will attempt
to prevent a change in the current, and the current will lag behind
the voltage. In a purse 1nduct1ve LlPCUlt (no resistance being pre-
sent), the current will lag 90° hehind the voltage and no power will
be used In actual circuits, of course, resistance is always present
and the phase angle by which the current will lag behind the voltage
will always be less than 90°.

Since, in A.C. circuits, current changes continuously, an induc-
tence will show a definite "resistance" or opposition to the flow of
A.C. current. This opposition is known as reactance. The reactance
of a coil in ohms may be calculated if the frequency ¥, and inductance
L in henries are known.

INDUCTIVE REACTANCE X = 6.28 x F x L (in Ohms)

Since every circuit contains resistance, in fact an inductance itself
uses wire and, therefore, has resistance, both the reactance and the
resistance constitute an impeding force. Please bear in mind that
this ovposition is equivalent to resistance in a D.C. circult and

by itself has nothing to do with the time lag. The relation between
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the inductance and the resistance of the circuit will determine the
angle of the lag; the frequency does not enter directly in this case.
The total opposition to the current is that of the resistance and

the reactance and is expressed as the impedance of the circuit, de-
signated by the symbol Z. Impedance like reactance is expressed in
ohms. The formula given 1s used to compute the impedance.

Z =yR~ + XI.

This means that the impedance Z is the hypote-

Z nuse (long, slant side) of a right triangle

X that has the resistance R, and the reactance

X, as 1ts two sides; see figure. From these
two formulas we see that where inductance is

R involved, the impedance and reactance increase

with the frequency.

In a radio filter circuit, the current that comes from a full
wave rectifier tube contains a large 120 cycle component. It is
interesting to see what impedance is offered by a 10.henry choke
coil having 300 ohm D.C. resistance, to this 120 cycle component.
Substituting the values and solving:

Xj, = 6.28 x F x L = 6.28 x 120 x 10 = 7,536 ohms

V/(SOO)Z + (7,556)2 = 7,542 ohms

Z

The 120 cycle component receives a reactance from the choke of
7,536 ohms as compared to the 300 ohm resistance offered to D.C.
The impedance or the combined effect of the choke's reactance and
resistance is equal to 7,542 ohms.

CAPACITANCE REACTANCE If a D.C., voltage is impressed across the
plates of a perfect condenser, there will
be an initial rush of current which will

charge the condenser to the supply voltage. After this, there is

no further flow of current if the voltage remains constant., If
the plates are short-circuited, current will flow out of the con-
denser,

The current in a capacitance circuit tends to keep the voltage
constant and leads the voltage. This is exactly opposite to the
action of an inductance. Therefore, the capacitance reactance is
assumed to be opposite to inductive reactance and when both appear
in a circuit the following formula is applied to calculate the
capacitance reactance. This formula is also used when the capacity
exists in a non-inductive circuit.

1
T 628X fXC

¢

Here also I i1s the frequency and C is the capacity in farads. Use
the simplified formula 159.236

‘T fXxC
when C 1s expressed in microfarads.
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If a circuit has both inductive and capacitance reactances,
their effects will be opposite to each other and the larger will
predominate. For example, in a 60 cycle clrcult there 1s an in-
ductance of 3 henries and a condenser of 10 mfd. connected in series.
Figuring we find the inductance having a reactance of 1130.4 ohms,
the capacitance reactance equal to 265.4 ohms. The total reactance
is equivalent to 1130.4 — 265.4 = 865. ohms and the circuit will
behave inductively.

The impedance formula for circults having capacity and re-
sistance is similar to the one we already had where inductance was
present instead of the condenser. X, is simply substituted for XL

c
Z = J R2 + Xc2 in ohms

If both inductive and capacitance reactances are present, X the
total reactance is the algepraic sum of the two, vis:

2
Z = ¢[R + (XL - Xc)2 Notes XL AYD X, are always
taken to be opposite in sign.

The student should design simple series circuits envolving resistance,
capacity, and inductance and apply these formulas.

FILTERS Filters are electrical circuits that show varied "shut-out"
discrepancies to different frequencies present. 1In other
words, filters change their impedance to different frequen-

cies., By utilizing capacity and inductance (also resistance some-

times) in circuit combinations, it is possible to vary the amount of
suppression of any group of frequencies. By combining a number of
similar sets of filters, much sharper and more exact results may be
obtained.

The use of filters in radio receivers and similar equipment
i{s large. By-pass condensers across blas resistances, detector
radio frequency chokes, and power supply chokes and condensers
are but a few representative examples.

In one manner filters may be divided into four classes,
depending upon the functions they are called to perform. Filters
may be low pass, high pass, band pass, and band elimination types.
The classification is relative to the frequencies passed or atte-
nuated (kept out)

TUNED CIRCUITS A radio frequency air core transformer is used

to couple the antenna to the radio set. In a
practical input R.F., clircuilt, the secondary

of the transformer is shunted with a variable condenser C. for
practical purposes we may assume that the antenna picks up all sig-
nals equally well. These signals are transformed to the secondary
with a slight voltage step ug. On first appearancse, the secondary
of the Ytuning” transformer and the condenser seem to be In a paral-
lel circuit, however, this is not so. ‘The voltage in the tuned
circuit is induced in the windings of the secondary coil, and 1is
in series with the winding.




RADIO SERVICING COURSE

REACTANCE AND RESISTANCE*

IN PARALLEL

When a resistance is in parallel with a reac-
tance (either inductive or capacitive), the re-
sultant impedance of the combination is found
from the expression

7 — XR

y mrx

Sometimes Z and R are given and X has to
be found or Z and X are given and R is the
unknown. In that case the equation can be
solved for X and R and we have

X — ZR R— zX

‘I Rz — 72

‘I X2 — 72

by R, we have Z = 0.1961 x 1000 = 196.1

ohms.
IN SERIES

The impedance, Z, of a combination re_sist—
ance, R, and a reactance, X, in series is given
by the equation

s BT

When Z is given and either X of R is the
unknown, this equation can be re-written:

R=‘I 7 — X2

X=‘I Z: — R*

'

In all these equations all three quantities
are expressed in ohms and X can be either
capacitive reactance (1/6.28 fC) or inductive
reactance (6.28 fL).

The table, Figure 4, gives the value of all
three quantities for the case that either X or
Z is equal to 1. In other cases, find the ratio
R/X or X/R refer to the table and find the
corresponding ratio Z/X or Z/R. The table
can also be used when Z is given together with
one of the other quantities. It was for this
reason that the table had to be extended for
values of R/X or X/R from .1 to 10 since
otherwise it would have been sufficient to in-
clude values from 1 upwards or downwards but
not both. Example: suppose X = 1,600 chms
and R = 1,000 ohms. Then X/R == 1.6; the
table shows Z/R == 1,8868. Then 7 equals
1.8868 R or 1886.8 ohms.

b In t&;lll thrse of the attf;)ve eq)lgatig)gg i(L can
e either inductive reactance =6, or
it can ge capacitive in1 Whil_(jh (ca}zlse X=1/()g.28 REACTANCE AND RESISTANCE
f C) where f is in cycles, in henries and C
f C) whe VALUES IN SERIES
) X/R Z/R X/R Z/R X/R Z/R
The table, Figure 3, has been prepared to . N iy .
permit the ﬁnd!i{ng of any one Olf) t;'Ae three G L OLRZZ%S G LEfhe R B ER Ly G Z428
quantities X, R or Z when the other two are 0.10 1.0050 0.70 1.2207 4.1 4.220%2
given. When X and R are given, divide the 0.11 1.0060 0.71 1.2264 4.2 43174
larger of the two quantities into the smaller 0.12 1.0072 0.72 1.2322 4.3 4.4147
one and thus get a ratio less than 1. Find 0.13 1.0084 0.73 1.9381 4.4 4.5122
this ratio in the left column and multiply the . . ) e ) Ao
number obtained in the second column by R 0.14 1.0097 0.74 1.2440 4.5 4.6098
or X whichever is the larger and find Z. 0.15 1.0112 ).75 1.2500 4.6 4.7074
0.16 1.0127 0.76 1.2560 4.7 4.8052
Suppose R equals 1000 ohms and X is 200 0.17 1.0144 0.77 1.2621 4.8 4.9030
ohms, which makes X/R = .20. The table 0.18 1.0161 0.78 1.2682 1.9 5.0009
shows us that Z/R is then 0.1961. Multiplying 0.19 1.0179 0.79 1.2744 5.0 5.0990
0.20 1.0198 0.80 1.2806 5.1 5.1971
0.21 1.0218 0.81 1.2869 5.2 5.2952
0.22 1.0239 8.33% 1.393‘2; 5.3 5.3935
0.23 1.0261 0 -299 5.4 5.4918
REACTANCE AND RESISTANCE 0.24 1.0284 gg; ig?gg 5.5 5.6901
0.25 1.0308 . . 5.6 5.6885
VALUES IN PARALLEL 0.26 1.0333 0.86 1.3190 5.7 5.7871
0.27 1.0358 gg;’ 13325 gg 5.8856
' . . . 5.9841
X/R Z/R X/R Z/R X/R Z/R Sas A 0.89 1.3387 6.0 PO
or R/X or Z/X or R/X or Z/X or R/X or Z/X 0.30 1.0440 0.90 1.3454 6.1 6.1814
0.10 0.0995 0.49 0.4400 0.88 0.6606 0.31 L.0469 8g§ }gs’ié 6.2 6.2801
0.11 0.1093 0.50 0.4472 0.89 0.6648 0.32 1.0499 0.93 WiEe 6.3 6.3789
0.12 0.1191 0.51 0.4543 0.90 0.6690 0.33 120530 e Wa7o% & 6.4777
0.13 0.1289 0.52 0.4613 0.91 0.6730 0.34 0552 0.95 Weioa 6.5 6.5764
0.14 0.1386 0.53 0.4683 0.92 0.6771 0.35 1.0595 0.96 13862 6.6 6.6752
0.15 0.1483 0.54 0.4751 0.93 0.6810 0.36 1.0628 0.97 575 6.7 6.7741
0.16 0.1580 0.55 0.4819 0.94 0.6849 0.37 1.0662 0.98 1.4001 o S
0.17 0.1676 0.56 0.4886 0.95 0.6888 0.38 1.0698 0.99 Wi 6.9 6.9720
0.18 0.1771 0.57 0.4952 0.96 0.6925 0.39 1.0733 L.00 L4141 7.0 7.0711
0.19 0.1867 0.58 0.5017 0.97 0.6963 0.40 1.0770 11 1.4866 7.1 7.1701
0.20 0.1961 0.59 0.5082 0.98 0.6999 0.41 1.0808 1.2 1.5621 7.2 7.2691
0.21 0.2055 0.60 0.5145 0.99 0.7036 2 1.0846 1.3 1.6401 7.3 7.3681
0.22 0.2149 0.61 0.5208 1.00 0.7071 0.43 1.0885 A 1.7205 7.4 7.4671
0.23 0.2242 0.62 0.5269 1.10 0.7400 0.44 1.0925 L5 1.8028 7.5 7.5662
0.24 0.2334 0.63 0.5330 1.20 0.7682 0.45 1.0966 1.6 1.8868 7.6 7.6654
0.25 0.2425 0.64 0.5390 1.30 0.7926 0.46 1.1007 1.7 1.9723 .7 7.7646
0.26 0.2516 0.65 0.5450 1.40 0.8137 0.47 1.1049 1.8 20501 7.8 7.8638
0.27 0.2607 0.66 0.5508 1.50 0.8320 0.48 1.1092 1.9 2.1471 7.9 7.9630
0.28 0.2696 0.67 0.5566 1.60 0.8480 0.49 1.1136 2.0 2.2361 8.0 8.0623
0.29 0.2785 0.68 0.5623 1.70 0.8619 0.50 1.1180 2.1 2.3259 8.1 8.1615
0.30 0.2874 0.69 0.5679 1.80 0.8742 0.51 1.1225 29 2.4166 8.2 8.2608
0.31 0.2961 0.70 0.5735 1.90 0.8850 0.52 11271 2.3 2.5080 8.3 8.3600
0.32 0.3048 0.71 0.5789 2,00 0.8944 0.53 1.1318 2.4 2.6000 8.4 8.4694
0.33 0.3134 0.72 0.5843 2.20 0.9104 0.54 1.1365 25 2.6926 8.5 8.6680
0.34 0.3219 0.73 0.5895 2.40 0.9231 0.55 1.1413 2.6 2,7857 8.6 8.6576
0.36 0.3304 0.74 0.5948 2.60 0.9333 0.56 1.1461 2.7 2.8792 8.7 8.7572
0.36 0.3387 0.75 0.6000 2.80 0.9418 0.57 1.1510 2.8 2.9732 8.8 8.8566
0.37 0.3470 0.76 0.6051 3.00 0.9487 0.58 1.1560 2.9 3.0676 8.9 8.9560
0.38 0.3562 0.77 0.6101 3.20 0.9545 0.59 1.1611 3.0 3.1623 9.0 9.0554
0.39 0.3634 0.78 0.6150 3.40 0.9594 0.60 1.1662 3.1 3.2573 9.1 9.1548
0.40 0.3714 0.79 0.6199 3.60 0.9635 0.61 1.1714 3.2 3.3526 9.2 9.2542
0.41 0.3793 0.80 0.624€ 3.80 0.9671 0.62 1.1765 3.3 3.4482 9.3 9.3536
0.42 0.3872 0.81 0.6289 4.00 0.9702 0.63 1.1819 3.4 3.5440 9.4 9.4530
0.43 0.3950 0.82 0.6341 5.00 0.9807 0.64 1.1873 3.5 3.6400 9.5 9.5524
0.44 0.4027 0.83 0.6387 6.00 0.9864 0.65 1.1927 3.6 3.7362 9.6 9.6518
0.45 0.4103 0.84 0.6432 7.00 0.9902 0.66 1.1981 3.7 3.8327 9.7 9.7512
0.46 0.4179 0.85 0.6477 8.00 0.9921 0.67 1.2037 3.8 3.9293 9.8 9.8507
0.47 0.4254 0.86 0.6520 9.00 0.9939 0.68 1.2093 3.9 4,0262 9.9 9.9503
0.48 0.4327 0.87 0.6564 10.00 0.9950 0.69 1.2149 4.0 41231 10.0 10.0499
Figure 3 Figure 4

*Reprinted from Aerovox Research Worker.
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Use this graph to find impedance Z, when resistance R and reactance X, connected in series, are given.
Holding the page sideways so that resistance R-scale (10 to 10,000 ohms) is at the right, you will find the
reactance X-scale at the top. You will find that fC scale corresponds to X scale provided C is taken in
microfarads. For example if the product of frequency f and capacity C in mfd. equals 5000, reactance
X is 32 ohms. Check this above. In a similar way fL scale corresponds to the X scale values, but here
L is taken in henries. For any given values of X and R, find their junction. The chart has a mark for
X=100 and R =200 ohms. Notice that this junction is close to the heavy line representing Z = 200 ohms,
but is somewhat at a distance towards the 300 value. By interpolation you can estimate that Z =220 ohms
is about the right value. In this manner other problems involving X and R in series can be solved.

5000

6000

7000

8000

9000

0

Z=20,000 OHMS
Z-30,000




RADIO SERVICING COURSE

45

CAPACITY FREQUENCY INDUCTANCE
A,B A B A B
MICRO-MICROFARADS KC MC MICROHENRIES
- 500 1000 10
: 250 § 25 900 ¥ 9
£-400 800 -+ 8
, 00 3 .
: 200 7
400 % 4
250 500 5
500 5
200
600-%- 6 400 +4
700+ ?
T 150
800-%-8 300 +3
9009 250F-2.5
1000 410
=100 2002
90 \\\\\\
80 \\\\
1500 15 150 1.5
70 \ T ———
60 -~
¢ - 159000 2000120 T
50 ke = -_C—E— 1001
Sufd X Buh 2500 §- 25 90 +-0.9
40 80 0.8
| N 70 £ 0.7
-~
R S 2
25 50 %05
5000 - 50
20 .
600060 40304
72000-F70
15 E 03
8000 =80
9000 £-90 25 3 025
10,000 100
1-10 20 4+-0.2
— 9
8
15,000 150 15 0.1%
7
)
20,000 200
5 10-Lo1
When any tawo of the quantities F. L. or C are known the third can be found by drawing a straight line.

Example: 100 mmfd. and 100 microhienries tune to 1590 ke, (reading all 4 scales) or 100 mmjd. and I microkenry reonates

et 159 mc. (rcading all B scales).

Keproduced Through Courtesy of RADIO NEWS
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HANDY RADIO FORMULAE

Direct Current Relations
VOLTS = |R W YRW

|
AMPERES = k- 4 VW
onms = £ 4 £
WATTS = EI IR 2

Resistance Relations

RJ&TAL { [
, — — 3 3 &
v . Rromd 3Ry 3R FR
R, R, Rs t i " efc.

Rrorac = R1+ R2 +R3etc. RT o~ -&— -+ Rz+ —I-R—sem

Two Resistances Only

° < r 4 :
$ s 3 1
Rrorac ( 3Ry 3R: Rr { ¥Rt 2 Unknown
3 3 3 3
< 3

DESIRED

<
3

Rrorar = H Unknown = H‘
Capacity Relations
CTOTAL _I- -L ] etc.
_." AF CTOTM.{ %1
Cs Cz ‘I(II; :E‘ F?- .C

I Y i I
Crom =G + Ca + Czefc.

Two Capacities Only

Cr (vesiren)

Crota = C1 +C2 + Csetc.

Crorar

e ——

i -
Ci Cz Ct  Unknown
CroraL = %:’(ngi Unknown = —g" X %1’_

Simple Reactance

XL 5& - _ Xe
—~000—  —— 000000 —

XL = 2T FL "°=2':7'—Fc Xe=27FL~

-1 __
27FC

Complex Impedance

e M—
Z =VREI+ATILIFE Z = —2WLRF

2 =V R+ g 2 ~{amReEE
Resonance Formulae

- - I _ [
F=zavit L=aEFrc C=a%rC
Where F is in cycles, L is in henries, ond C in Farads

LB T E
L [ &

2n p - L\
At Resonance: At Resonance:
Z = Q27FL

Z =R

Coupling Coefficient

L L2
T g % ¥ %mmﬁgmml
o — M
M )
M M
L|+Lz Lf"M L2+M

gty '3 %::@
m M

— C3xCa
Where Cm Gy +Ca

When you have a circuit problem requiring a mathemtical solution, refer to this
page for an applicable formula to help you secure the correct answer.
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10.

11.

12,

REVIEW QUESTIONS

How many changes of direction does 60 cycle current have
each second?

In an induétive circuit, does voltage lead the current?

What is the inductive reactance of a 20 henry choke in a
60 cycle A.C. circuit?

“hat is the total impedance if this choke is connected
in series with a 1,000 ohm resistor? Work this problem
and then check with the chart.

What reactance does a 0.1 mfd. condenser offer to 500 cycie
current? What happens if a 1.0 mfd. is used instead?

In a series circuit, the resistance is 4 ohms, the inductive
reactance 11 ohms, and the capacitive reactance 8 ohms.
Find the equivalent impedance.

What kind of filter would be needed to eliminate the high
frequencies in an audio amplifier?

Is it true that when a condenser and a choke are connected
in series, the resulting impedance is in value smaller than
the inductive reactance or the capacitive reactance taken
separately? Why?

Set up several circuit problems and solve them with the aid
of the charts included.

Using a coil of 220 microhenries and a condenser that can
be varied from 20 to 400 micro-microfarads, what frequency
coverage will be secured?

\
Refer to the "Handy Radio Formulae" listing and make up a
problem with real values for each of the formulae. Then
proceed to solve these problems.

Remembering the results obtained in problem 10, try to see
the reason why several different coils must be used for
all-wave coverage.,




48

RADIO SERVICING COURSE

LESSON 8

Practical Aspects of Radio Servicing

In being called to repair a defective radio set you should inquire from
the owner just what was observed to be wrong. Such information may be
of aid to you in trouble shooting. In general, although a radio set is a
complex instrument you can assume that it was in good working condition
before the particular fault developed and, therefore, only a single fault
must be found. This fact greatly simplifies your work since by using a
simple test procedure you can isolate a section of the set at fault and then
find the particular part or adjustment requiring repair.
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First examine the A, C. cord connection and antenna connection (if
used). If found in order, the radio chassis should now be removed from
the cabinet. Usually this will require the removal of front control knobs
and unscrewing bolts below and in back of the cabinet.

When the set is out of the cabinet, it may be examined for any notice-
able fault such as a broken grid cap, leaky condenser, or burnt out coils.
You will also be able to see if the radio tubes light. In an AC-DC set one
burnt out tube will prevent the filaments of other tubes from lighting. In
A.C. sets using transformers, the filaments are connected in parallel and
receive their operating current independently.

If your examination does not disclose any obvious fault a quick test
may be made by touching with your screw driver the control qrids of the
various tubes. A click should be heard each time this contact is made and
this click reproduced by the loudspeaker should become louder as you move
from the grid of the stage next to the speaker to stages closer to the an-
tenna. If along your testing no click is heard at a particular stage, that
stage is at fault.
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The test to determine if plate voltage is present may be made by
taking an electrolytic condenser and making temporary contact with +
lead to a point where positive plate voltage may be expected (cathode of
rectifier tube, plate or screen grid of output power tube) and the neg-
ative connection to a ground or a common chassis. After making this |
contact, the two wires of the condenser are brought almost in contact and
a spark will indicate that a voltage existed and charged the condenser.
Lack of spark suggests lack of voltage. |

The main reason for introducing some of these simple tests at this
early stage of your study is to convince you of the ease and simplicity of
finding radio faults. Once the fault is found the actual repair is usually
mechanical in nature and presents no problems in itself. You should have
some understanding how a radio signal is produced. At the radio station
equipment is employed to produce a radio frequency signal and this in turn
is modulated (varied in intensity for AM stations) by the audio frequencies
resulting from the amplification of music or voice picked up by a micro-
phone. The carrier frequency when modulated occupies a channel twice
the width of the audio frequency. Since the present day broadcasting
channels are 10 KC. (kilocycles) wide or 5 KC. on each side of the carrier,
the program transmitted may have audio frequency up to 5,000 cycles per
second.

At the receiver the antenna (which may also be a coil or loop in the
set itself) is excited by all frequencies of all stations. However, only
near-by stations have a pronounced effect and the combination of coils and
condensers used select the desired station and descriminate against the
others. The selectivity is accompanied with amplification in the R.F. and
I.¥F. stages that precede the detector.

yAwWa
\V

Carrier Wave _Audio Fregquency Modulated Wave

The detector removes from the modulated R.F, (or I.F.) the audio
signal which in turn is further amplified in the audio stages. The audio
output stage not only amplifies but also supplies power to the loudspeaker
while it is excited by voltage variations. The loudspeaker, of course, is
a device for changing electrical energy of audio frequencies to actual sound.

Since the majority of repairs will require the removal of a defective
part and the replacement of this part with one in good condition, you will
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Several different condensers may be enclosed in a single container.
In making a repair, only the section at fault need be replaced.

have to understand how radio parts are mechanically mounted in place.
We will talk about such parts as require replacement from time to time.
Items such as tube sockets, tuning condensers, etc. seldom need replace-
ment.

Radio tubes plug into sockets and are removed with a pull upwards while
a slight rocking motion is introduced. A guide pin or irregular placing of
holes prevents insertion of tubes incorrectly. Some types of electrolytic
condensers in more modern sets twist into position. Fuses (more commonly
found on TV sets) are mounted in several different ways but usually are
removed by snapping them out of the terminals.

Power transformers are bolted or riveted originally. Rivets in this
instance or when found holding other parts that need removal must be
drilled out. The replacement transformer need not be identical physically
with the unit originally used in the set but should provide correct voltages.
Some replacement transformers are called universal and are designed to
mount in almost any position.

HORIZONTAL VERTICAL UNDERWRITERS

With the power transformer burned out, With the new Universal unit, serviciqg 5'3 simple—the finished product is neat. Th{ee ppss!'ble methods
the set originally looked like this. of mounting the unit without drilling holes, are shown. Half shell mounting is just as easy.
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Parts that are mounted on pigtails (wire leads) are simply cut off and
a replacement condenser or resistor mounted in their place in the same N
fashion. Printed circuit plates which contain several components may be |
replaced with suitable similiar unit or just a defective component may be
replaced in the circuit provided both the leads to this compenent are used
for external wiring of the plate.

Unshielded coils are usually held in place with small brackets that are
bolted to the chassis. The replacements are mounted in the same manner.
I.F. transformers and other coils that are shielded should be replaced with
units of identical electrical characteristics and mounted in cans of about
the same physical size.

To simplify assembly at the factory and to reduce cost several resis-
tors and condensers are combined to form a 'plate." Centralab makes
these units under the trade name '"Couplate." A number of such units that

are used in radio receivers are illustrated together with their circuits and
values of parts employed.

R1 = 6.8 Meg
Rz = 470K
R3 = 470K
C1 = 2000 mmf. AUDET
C2 =220 mmf.
C3 + C; = 250 mmf. OUTPUT STAGE
C4 = 5000 mmf.
Ry = 500K B
Rz = 500K ‘
Ci1 = .0l mid.
| Cs + Cg = 500 mmf. STANDARD COUPLATE

R1 = 4.7 Meg

Rz =1 Meg

R3 = 2.2 Meg

c1 = 500 mmf.

C2 =50 mmf. PENTODE
Cg = 2000 mmf.

R; = 82K

Rz = 39K

C; = .001 mfd. PEC

Cz = .002 mfd. 5 IAL
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Tuning is needed in order to select the wanted station from the signals
of all others. As you know from previous lessons this is done with a coil-
condenser combination. In most radio sets the coils for any one band are
fixed and the condensers are varied (capacity is changed). The inductance
of the coil may be altered to permit tuning in some sets. In some push-
button tuning sets, a number of semi-fixed condensers are used and are
selected one at a time by means of a switch.

A gang tuning condenser is used for tuning in many modern sets. Such
a unit may have two or three gangs turning on a common shaft (electrically
and mechanically common), each such gang tuning a different coil. With
proper adjustment (alignment), these stages will produce tuning selectivity
required. In superhet sets, one such rotating gang may be somewhat smaller
and is called cut-section. This section is used with the oscillator coil to
give a required higher frequency to mix with the signal frequency to produce
a new signal for the I,F. stages.

The rotors of a gang condenser are connected to the frame and are
grounded to the chassis through the mounting bolts. The stationary plates
are insulated from the frame. The terminal lugs to the stator plates are
on one side or on both, Small adjustable condensers, called trimmers,
may be placed on one side and are connected in parallel with the corres-
ponding tuning gang. These trimmers are adjusted to compensate for dif-
ferences in capacity of gangs and associated leads. Slotted plates permit
slight bending for alignment purposes. Of course, the rotary plates must
not touch stationary plates at any point for this would produce a short cir-
cuit and stop reception.

Quite often the tuning condenser or other type of tuning unit is driven
with a dial cord. The pointer may rotate or may slide along a long ruler-
like dial. Service data usually gives dial-cord restringing instructions for
more complex applications. In most cases the method used can be figured
out from the examination of the remains of the old cord or from a study of
the dial, pointer, and pulleys. Dial cord should be used for replacements.

ORIVE CORD, TREBLE CONTROL

INDICATOR

~, 7’
SHOWN WITH DRUM < RV
IN EXTREME CLOCK- O

WISE POSITION
(CONDENSER CLOSED)

Two typical dial-cord restringing diagrams are shown above, Before
putting on a new cord, see if all rotating parts turn freely. If necessary,
use light oil in very small amount. You will find that a piece of tape can be
of great help in holding the cord in place while you are working at another
part of the dial-cord drive system.
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Practically all modern auto sets provide pushbutton tuning and a great
many pre-War home sets also included pushbutton tuning of various types.
In the older home sets one type of pushbutton control connected trimmer
condensers across coils. These trimmers were adjusted to tune specific
local stations, and in this way each button automatically tuned a different
station. In majority of sets buttons rotate the tuning condenser to the ex-
act position for a particular station. This is done mechanically with a
separate cam position for each station, the buttons being connected to ad-
justable push-rods. In other types of mechanical pushbutton tuning, gear
action is combined with a rocker bar to move the tuning condenser to a pre-
selected position of each wanted station.

In pushbutton tuning sets using trimmers for tuning, each set of
trimmers is adjusted for one local station. The trimmers with most
capacity (most plates) are used for low frequency stations, while those
with least capacity are used for higher frequency stations of the broad-
cast band. The L. F. transformers are aligned in the usual manner and
this is explained in a later lesson. Then the trimmers are adjusted for
maximum signal for the corresponding station for which they are used.

On page 54 important practical facts on replacing parts and carrying
out repairs in printed circuit chassis are given. This material is reprinted
through the courtesy of Emerson Radio and Phonograph Corp.

In conventionally wired circuits it may be important to properly posi-
tion wires moved or replaced in making a repair. In general, it is a good
rule to make all connections as short as possible and to place wires close
to the metal of the chassis. Do not run parallel wires carrying the actual
signal, such as leads connecting to grid and plate terminals of tubes.

REVIEW QUESTIONS

1. What can be wrong with a radio set that can be repaired without re-
moving the set from the cabinet?

2. Can a voltmeter be used to determine if plate voltage is present?
Where would you make the connections for this test?

3. Examine the chassis of a radio you have at home. List at least three
different methods used for mounting some of the parts.

4, Examine the printed circuit at the bottom of page 51. Note that if C2
condenser becomes open a repair can be made by wiring a .002 mfd.
capacitor across terminals 2 and 3. Can a repair be made without
replacing the entire plate if any one of the other components opens?
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Service Hints for Replacing Parts on Printed Circuit Chassis

’/cur

Cut resistor or capacitor leads as close to the component as possible, then

connect the replacement part to the remaining section of the original leads and
carefully solder.

HEAT AND
PULL OUT

Cut resistor or capacitor leads as close to the chassis as possible. Heat con-
nections just long enough to melt salder and remove leads from bottom one at
atime. Clean area around the mounting holes and insert leads from replace -
ment part through hales provided. Clip off excess lead, leaving a small piece
to bend over and solder.

WIGGLE AND
CUT LUGS aS RELLéASEN
SHORT As ONE SIDE
POSSIBLE AT A TIME

Cut transformer lugs (including spring clips) as close to chassis as possible,
Heat connections (an one side) leng enough for salder to melt, then wiggle
loose first one side end then the other. Clean area around mounting holes and
insert replacement part through same holes. Carefully resolder connections.

NOTE: The position of the part number with respect to the transformer lug
numbers are fixed. When putting in a new transformer make sure the position
of the part number with respect to the chassis is the same as the original.

HEAT, REMOVE SOLDER
AND STRAIGHTEN ALL LUGS.

a MELT SOLDER
&~ AND PULL

TUBE SOCKET
/4

Melt ond brush excess solder from socket pins and straighten out bent pins
{one at a time). Remove solder from center ground lug of socket and remove
socket (it may be necessary to reheat some of the lugs). Clean the area

- around mounting holes and insert new socket {with tube in it) in same holes.

Bend socket lugs over and then carefully solder.

HEAT AND
RELEASE
ONE SIDE OF
MOUNTING

Cut the volume control and a.c. switch leads close to top of chassis. Heat
these clipped leads from under the chassis and pull out with long nose pliers.
Melt solder around mounting bracket lugs and straighten out these lugs if bent.
Clip these lugs off as close to chassis as possible. Heat and remove one side
of mounting bracket and then the other. Clean area around mounting holes and
insert new part, bend lugs over slightly and carefully solder all connections.

Cut off the section of the printed wiring strip that has lifted from the chassis
and replace this section with a small piece of regular insulated wire. Bare
wire may be used to replace short sections.
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LESSON 9
RADIO TUBES

The basis of all vacuum tubes operation, be they rectifiers,
or multi-purpose tubes, in glass or metal envelopes, 1s electron
emission., Electrons are emitted from an electrically heated fila-
ment or from a covering placed over this filament and insulated
from it. This later type of emission is called indirect. The
element emitting the electrons is known as the cathode. Some sub-
stances are far better emitters than others. Coating a poor
emitter with an oxide of certain metals may raise the emission
thousand times. The emission also increases with the termperature.

In 1883, Thomas Edison discovered that when an additional
@lectrode was placed inside an incandescent lamp and this electrode
connected to a positive potential with respect to the filament,

a current passed through the circult. This is actually a simple
vacuum tube of the diode type. It contains but two elements, the
cathode to emit and the plate (anode) to receive the electrans.
Under the influence of. a positive.potential applied to the plate,
electrons will flow from the cathode to the positively charged
plate. An increase in the plate potential will Increase the plate
current, The complete action is easy to analyze.
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From a heated cathode many electrons venture out, forming

a cloud around it. If a negative potential is applied to the plate,

the electrons around the cathode will be repelled back into the
cathode and no current will pass between these two elements. If,
however, the plate becomes positive with respect to the cathode,
the electrons around the cathode will be attracted to the plate,
since unlike charges attract, and current will pass. In a recti-
fier an alternating current is applied, during the positive cycle
current will flow, but not during the negative. 1In this manner
the alternating current will be recified into pulsating direct

current.

=y




Of the electrons leaving the cathode, not all, of course,
reach the plate. Many return to the cathode while others remain
for short periods of time botween the cathode and the plate form-
ing a space charge.
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Since this charge consists of electrons, it is electrically
negative and has a repelling force exerted upon other electrons
and thereby Impedes the passage of current between cathode and
plate. By increasing the plate voltage, more electrons will be
attracted and the tendency to form a space charge will be reduced.

Once the plate voltage reaches a certain maximum when all
the electrons leaving the cathode are attracted to the plate, a
further increase of the plate voltage will have no effect on the
plate current. This maximum current is known as the saturation
current.

Tubes having a third electrode for control purposes are
known as triodes. This control electrode is usually called the
grid because it is made of fine wire in a form of a mesh. The
purpose of the grid is to control plate current. Vith a negative
voltage on the grid, the grid exerts a force on electrons in the
space between cathode and grid. This force drives the electrons
back to the cathode. 1In this way, the negatively charged grid
opposes the flow of electrons to the plate. When the voltage on
the grid is made more negative, the grid exerts a stronger repel-
ling force on the electrons and the plate current is decreased.
When the grid voltage is made less negative, there is less repel-
ling force exerted by the grid and the plate current increases.
When the voltage on the grid is varied in accordance with a signal,
the plate current also varies with the signal. Because a small
voltage applied to the grid can control a comparatively large
amount of plate current, the signal is amplified by the tube.

The grid, plate, and cathode of a triode form an electro-
static system, each electrode acting as one plate of a small con-
denser. The capacitances are those existing between grid and pla te
plate and cathode, and grid and cathode. The capacitance between
grid and plate ls of greatest importance and, in high gain radio-
frequency circuits, this capacitance may produce undesired coupling
between the input and output circuits.

’

A much smaller change in the grid voltage will produce the
same change In the plate currrent as-.a much larger plate voltage
change. The ratio of the small change in the plate voltage (Ep)

to the smaller change in the grid voltage (Eg) that will vary the

plate current by an equal small amount is called the amplification
factor, or & (mu). Mathematically:

17==-———4? where d means the differential, a very small change.
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For example, a type 56 triode tube operating in a conven-
tional circuit with

Eg = -13.5 volts, Ep = 250 volts, Ip = 5 milliamperes

will have one milliampere less of plate current (Ip) by elther a
change of 0,87 volts in Eg’ or a change in Ep of approximately
12 volts. The ratio of the two will give about 13.8 as the mu
of this particular tube.

The plate resistance (r) of a tube is the resistance to
the alternating current of a path between the plate and the
cathode. It is the ratio of a small change in plate voltage (Ep)

to the corresponding change in the plate current (Ip). This is:

dE,
dI,

r, = when E; is constant

The grid may be made to assume either positive or negative
values with respect to the cathode. When the grid 1s negative
with respect to the cathode, the grid will not attract electrons
and no current will flow between it and the cathode. This means
that the grid will not take power from the circuit connected to
it. In this manner, minute power can be used to control compara-
tively large plate power. Becmuse of this and other reasons, 1t
is desirable to keep the grid at some negative potential at all
times. The negative potential applied to the grid must, there-
fore, be at all times larger than the greatest positive swing of
the grid input voltage.

This constant negative potential is called the bias and may
be obtained from batteries, but usually a section of the voltage
divider is tapped off for this purpose or a resistor of a correct
value is placed in the cathode return circuit and causes a drop
of potential because of the passage of the direct plate current.

A by-pass condenser offering very low impedance to the alternat-
ing current component of the plate current is employed to act as
an easy path for all currents except the direct current component.

& ==
Battery Bias Voltage Divider Bias Self FBias
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The detrimental effect of the grid-plate capacitance is
reduced greatly by the introduction of a fourth electrode, called
the screen grid, placed between the grid and the plate. This
screen in ordinary application is connected to a positive poten-
tial somewhat lower than the plate potential. Since the screen
voltage largely determines the electron flow, large variations
in the plate voltage will have but little effect on the plate
current.,

Electrons striking the plate dislodge other electrons from
it. This indirect emission of electrons from the plate is called
secondary emission in contrast to primary emission from the heated
cathode. 1In the diode or triode, this action does not cause any
difficulties because of the absence of any positive bodies in the
vicinity of the plate. 1In the screen grid type tetrode, however,
the screen is positive and close to the plate and does attract
olectrons emitted by the secondary emission action. This effect
lowers the plate current and limits the permissible plate swing.

This limitation in turn may be removed by a further intro-
ductlon of another electrode, known as the suppressor, between
the screen and the plate. The suppressor may be connected direct-
ly to the cathode or, as in some tubes for special applications,
have an external prong. Since such tubes have five elements they

are called gentodes.

BEAM POWER TUBES A beam power tube makes use of a different
method for suppressing secondary emission.
In this tube there are four electrodes, a cathode, control grid,
screen grid, and plate so spaced that secondary emission from the
plate is suppressed without an actual suppressor. Because of the
way the electrodes are spaced, electrons traveling to the plate
slow down when the plate voltage is low, almost to zero velocity
in a certain region between the screen and plate. In this region
the electrons form a stationary cloud, a space charge, repelling
secondary electrons emitted from the plate and cause them to re-
turn to the plate. In this manner, secondary emission is supp-
ressed. Another feature of the beam power tube is the low current
drawn by the screen, as well as economical operation.,

BIAS DETECTOR After about 1929,
detectors were
operated at the lower bend of
their characteristic curves by
using sufficient bias. Detec-
tion took place because a posi-
tive swing in the grid voltage
caused a much larger increase
in plate current than a corres- '
ponding decrease when an equal —
negative grid voltage was app-
lied. ©Notice the rectification- (:: r{%
detection that takes place in ; q s
the illustrated example of a ::) o5
simple sine wave. Q gg

Plate Current
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The bias may be obtained in any of the ways described
previously; i.e., C batteries, voltage divider, or self biased.

GRID LEAK DETECTOR Working on a different principle, grid leak
detectors were extensively used some time ago.
However, these detectors have many disadvantages when considered

for use in modern radio receivers and find but little present day
applications.

Plate Characteristice, 46 Class A

Plate characteristic
curves are useful in deter-
mining the best operating
conditions of a tube. The
plate current is plotted
as the ordinate, and the
plate voltage as the ab-
scissa. Keeping the grid
potential fixed at some
: : value, the variations in
PYC AR ARRE S A A S A S A ’ ;‘ plate voltage are plotted

' > : against the corresponding
. variations of plate cur-
D 356 rent. By repeating this
process for a number of
different grid potentials, a group of similar curves arse obtained,
as 1llustrated for type 46 tube in class A operation. It will be

noted that an increase in negative grid potential shifts the curve
to the right.
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To plot the load line having been given Eg = =31 volts

Ep = 250 volts, Ip = 22 milliamperes, Load resistance = 6,400.

First, find where the given Ep and Ip intersect, mark this point

P. Place a straight edge on point P; rotate it until the value
of plate voltage intersected divided by the plate current also
intersected, will equal the given load resistance, 6,400 ohms in
this case. The edge will cut 58 milliamperes and 371 volts at
the same time. Since 371/.058 = 6,400, this is the correct line.

If the grid swing may be considered to be between zero and
the value twice the fixed bias, then the formulas below may be
applied in calculating the amount of second harmonics and power
output. Second harmonics are frequencies twice the signal fre-
quency generated by the tube and usually not wanted.

At any value of grid potentilal, the plate current value 1s
directly to the left of the load 1ine and that grid potential
intersection; the plate voltage is directly below this intersec-
tion. For example in the previous graph, when E_ =—10, the plate
voltage is 150, and the plate current is about € 34 milliamp.

POWER OUTPUT = Emglgi_lix (Brogpx —Emin)
8

Imox % imin =21 )
% 2na HARMONICS = 50 x — 2B T _nin = ““avorafo
max= -mnin
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I'he functions of vacuum tubes are varied. In a receiving
radio set, vacuum tubes are used primarily as voltage and power
amplifiers, and to a limited oxtent as detectors and oscillators,
The current change in the plate circuit of a vacuum tube may
produce a voltage variation across a-resistance, a high impe-
dance, or the impedance of the primary of an audio transformer
or a R.F. transformer. If the plate current is passed through
a high resistance connected between the plate and the positive
side of the plate voltage supply, voltage variations will be
produced in proportion to the changes in the plate current. The
voltage drop will distribute itself in proportion to the resistan-
ce of the tube (r) and the load resistance (R). The voltage
amplification will be a fraction of the amplification factor
4, expressed by the relationts

e e “ZR
Voltage Amplification = T+ R

In case the load is an impedance Z, it may be substituted for
R in the above formula.

The types 6E5, 6G5, and other tuning indicator tubes are
finding extensive use in modern sets, and may be added to any radio
having automatic volume control. The tube's filament is simply
wired in series with other tubes in AC-DC type sets, or connected
to the power transformer filament winding. Usually the transformer
can easily handle an additional tube. 1In sets using 2.5 volt
tubes, type 2E5 must be employed.

The adapter sockets supplied (as illustrated) have an inter-
nal screen resistor and are simply connected to the filament supply,
B-plus point, chassis or negative return, and a point of the
correct A.V.C. voltage. Complete instructions are always supplied
with the unit you may purchase.

There are a great many different type of tubes used in radio
sets. All these types are listed in the Sylvania tube chart be-
ginning on page 65. A great many types are identical except for
the fact that one series is for 2.5 volt operation, and another is
for 6.3 volt use. Note, for example, the correspondence between
types 58 and 78, or 55 and 6V7G. Also in the same series there may
be many types almost alike, see 6C6, 77, and 6J7. There are tubes
to serve in A.C., sets, in AC-DC sets, in battery sets, in auto sets,
and for many special applications.

All the metal tubes have equivalent glass types. For example,
6K7 has a glass equivalent 6K7G. The G-type tubes may be used for
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metal or vice versa, provided space permits and the glass tubes
substituted are provided with shields in certain cases. There are
also many G and GT type tubes not having metal equivalents, see
6K6GT, or 28A7GT.

Now you have already noticed that the first column of the
chart gives type numbers. The next column tells style of bulb and
class. Is the tube a triode, a pentode, or a dual type? Next 1s
the base data. The code letters refer to base connections applil-
cable and these are shown at the bottom of each double page. Look
up type 6A8 for practice. You will note that it 1is a heptode (6
elements). Base comnections given under 8A-1-0. You find dlagram
8A and note that this tube uses a grid cap and an octal socket.
The figure -1 tell you that the external shield (metal envelope)
is connected to lug #1 of the socket. The next figure -0 tells
you that internal shielding is not used with an outside terminal.

The filament current and voltage for each type are glven
in next listing. Here alsois stated whether the emltter 1s of the
cathode or filament type. The capacitances stated in the next
column are average between grid-plate, input, and output. 1In the
column marked "Use'" the usual application of each type of tube is
ziven. The average operating conditions given in other columns
will permit you to check operating conditions in sets or even to
design actual circuilts.

In checking a stage of a radio using any cne particular tube,
you can refer to these characteristics. The correspondlngz values
of voltage and current should be found within wide limits. For
example, 6BA6 is used as an I.F. tube in an A.C. set with about
250 volt plate supply. Plate and screen grid current should be
within ten or twenty percent of stated values. Such information
can be used to find faults.

For practice, look up the information for all tubes 1in a
few radio sets. See if the tubes are used for purposes recommended
and if correct bases are used. If you have a multimeter use 1t
to measure voltage and current of each type and compare to data
given in chart.

On page 96 you will find technical information on crystal
diodes. These units work in the manner of old style crystal de-
tectors, passing current only in one direction. Crystal diodes
are used in some radlos, but find their greatest application in
television circuits. Do not bring your soldering iron too close
to these units. If you must unsolder a lead from a crystal dlode,
do so quickly with a small iron.

Crystal diodes have a 1ife much longer than vacuum tubes.
To test, remove one lead from circulit. Measure resistance with
ohmme ter both directions (reverse leads). The reading one way
should be one hundred or so times as great as the other. For
1N34 diode, your reading may be 1,000 and 200,000 ohms.
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The basic type A transistor consists of s conventlonal
crystal dlode modified with an additional (second) cat-whisker
contact. The two contacts are spaced close together at the point
of contact with the semiconductor. Please examine the illustration
of an early type A transistor, as shown below. The small metal
tube is about 3/16 inch in diameter and 3/4 inch long; about the
size of a half-watt resistor. The 11lustrations and much of the
material on transistors in this lesson are reproduced courtesy of
the Aerovox Research Worker published by Aerovox Corporation.

The basic electrical circuilt of a simple transistor is
shown below. The input electrode called "emitter is maintsained
at a small positive potential with respect to the germanium block.
The impedance in this direction is small and the small vositive
"blas" voltage under a volt causes an appreclable "forward" cur-
rent to flow in the emitter circuit. Also, because of this low
impedance to forward currents, a small increment in emitter vol-
tage caused by a change in the impressed signal will result in
8 large increase in electron current flowing from the semiconductor
to the cat-whisker. The static voltage-current characteristic of
the emitter circult, when considered alone, is similar to that of
the typical germanium point-contact rectifier, and this is shown
below at right.

‘ i, s ~ METAL L 40
1 ol SHELL EMITTER . . COLLECTOR
CIRCUIT z==---~ N ELECTRODE ,  ,”  ELECTRODE "
LEADS T~ 5N v g;,___ 5@
=4 |__--INSULATING w
¥ L3 BEAD >
[ 8 ey =
: : J1-20
! SIGNAL =)
CAT-WHISKER @ INPUT s
CAT-WHISKER | | : _CAT- N
(EMITTER) ", J = L4+~ (COLLECTOR) GERMANIUM
I Fe- BLOCK 10
| COL(L)ECTOR EM:T%R
= . | VOLTS VOL
CHOUNDINCENS gk G | y ]l -30 -20 -10 1.0 2.0
BISE TR 1 WAFER DL + - e L i
‘,;' BASIC TRANSISTOR CIRCUIT PP s

On the other hand, the "collector" or output contact of
a8 transistor is blased negatively with respect to the germanium,
At this polarity the impedance to current flow is relatively high
(exceeding 10,000 ohms), so that 30 volts may be applied to the
collector before appreciable "back" current flows in the semi-
conductor. The dotted line in the graph above represents the
static characteristic of the collector circuit in the absence
of the emitter.

The close proximity of the two cat-whiskers with their
respective operating voltages modifies these characteristics
considerably. It is the ability of the transistor to transfer
an emltter voltage change to the collector circuit in the form
of a resistance change that gives thils device its name and comes
from the words: transfer resistor. This property results in
effective power gain of 100 times being possible.
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current in a semiconductor is carried In one of two
possible ways. Semiconductors that have free electrons are
of the n-type, while those that lack the normal amount of elec-
trons (possess positive holes) are of the p-type. Usually the
type of impurity added determines the conducting quelities.

Similar to the point contact type A transistor 1s the
bead type which is essentlally a miniaturized version of this
type. Another form is the coaxlal configuration. Here the two
cat whiskers make contact with opposite sides of the semicon-
ducting germenium made only .004 inch thick by concave grinding
on both sides. See figures below.

COLLECTOR

e == WeE TRANSISTOR |  NEAREST V.T.
CIRCUIT {  EQUIVALENT
1
—— l -
PLASTIC ~~- .
BEAD |
__-BASE |
TAB
Bead Transistor (a) GROUNDED GROUNDED GRID
BASE
“ DIMPLED "
GERMANIUM PELLET — —
EMITTER %
! ’
‘ COLLECTOR
;
o— o— —o
S (b) GROUNDED
BASE i GROUNDED CATHODE

Coaxial Transistor ]

By employing tubes that draw the same value of current
(but not necessarily of the same filament voltage), it 1s possible
to wire such tubes in series. This is a practice in AC-DC sets
and eliminates the need for & power transformer. If the voltage
rating of the tubes wired in series do not add up to 110 volts
(1ine voltage), a resistor of some sort must be wired in series
to produce this additional voltage drop.

Usually resistor tubes or line cords are used to produce
additional voltage drop in AC-DC sets. The four or five tubes
used required, as for example, 69 volts, and the remaining 46
volts of the 115 volt supply was lost in the ballast tube. At
times several such tubes were used in series. In modern sets,
using 12 or 14 volt series tubes requiring .15 amperes and designed
to operate at falrly high voltages, all the available line voltage
is used up in the tube filaments.

The serviceman does need to replace resistor tubes in older
sets. Sometimes non-standard ballast tubes are used, and the
actual wiring has to be altered. In almost every case the resis-
tor in the tube 1is tapped for use with a pilot light of smaller
current drailn.
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VIRE-WOUND TUBE TYPE RESISTORS

In the standard series, the first letter K means that a
6 to 8 volts, 150 ma. pilot bulb is to be used. L means a 250
ma. bulb. The number following means the voltage drop in the
resistor of the tube. The last letter deslignates the base wirihg
as illustrated above. Of course, at all times a plain wire-wound
rosistor of proper power rating can be substituted.

REVIEW QUESTIONS

l. In the consideration of plate current and plate voltage of
a vacuum tube, what is the saturation point?

2. Can any element in a tube, having a negative potential in
respect to the cathode, attract electrons?

5. How does thae scroen grid of a tstrode reduce the capacity
between the control grid and plate?

4. What is the meaning of amplification factor?

9. In radio receiving circuits, why must the control grid be
biased negatively?

6. How does secondary emission take place?
7. What advantages do beam power tubes have?

8. Zxamining the chart, state the average amplification of
triodes? Pentodes?

9. What is the advantage of metal type tubes?
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HOW TO USE THIS CHART

The types are listed in numerical and alphabetical order. The second column now lists the Bulb size or
style of construction, whichever is most helpful in describing the type. Lock-in is, of course, well known, but
the letters “T" and “ST"” may need explaining. “T'" means tubular bulb and “ST" is the dome topped bulb
as now used in Type 6D6, 24, etc. The following number gives the nominal maximum diameter in eighths
of inches. Subminiature types are marked T3, T2 or T1 depending on the bulb diameter.

Columns are included to show the type of emitter, (cathode or filament), and for interelectrode capacitances
on those types having capacitance ratings. On converters the capacitances shown are respectively, Signal Grid
to Plate; R-F Input; and Mixer Qutput. The capacitance values shown are for a shielded tube when the data
are available, since this is the latest standard method. Except in the case of obsolete (or newly announced)
types, more complete technical data may be found in the SYLVANIA Technical Manual.

EVISION TUBE CHARACTERISTICS CHART

The ““Basing Diagram'’ column indicates the internal and external shield connections. For example, this
column now shows the basing for Type 7A7 to be 8V-L-5. This means that the active elements are connected
as shown in the base diagram 8V, and that the external shielding (in this case the Lock-in base) is connected to
the lug (L) and the internal shield to pin 5. This avoids having a separate base diagram for types with a minor
difference in shielding. The figures 0-0 indicate no external and no internal shielding respectively.

When replacing tubes in series string television receivers, attention should be given to the complete type
number including the suffix. Prototypes should not be substituted for series string types.

Heater voltage, heater current and heater-cathode voltage ratings of the new series string tubes may, due
to the requirements of such operation, differ widely from those of their prototypes. All the new series string
types have controlled heater warm-up time for series string operation. In addition, heater current production
tolerances have been tightened on all series string tubes to insure proper steady state voltage distribution. Two
examples are shown in the following table.

Series Proto- Series Proto-
String Type Type String Type Type

5AQ5 6AQ5 6SN7GTB 6SN7GTA
Series String Controlled Heater
Warm-up Time.................. YES NO YES NO
Heater Voltage.................. 4.7 6.3 6.3 6.3
Heater Current (ma)............. 600 450 600 600
Tolerance (ma).................. +25 +40 +25 +50
Heater-Cathode Voltage.......... 200 200 200 200

It should be noted that the 5SAQS5 and 6AQS5 differ in all characteristics shown except for heater cathode voltage.
The 6SN7GTB and 6SN7GTA are identical except for heater current tolerance and controlled series string
heater warm-up time. However, substitution of a 6SN7GTA in a series string receiver may, due to the absence
of the controlled series string heater warm-up characteristic and wider heater current production tolerance,
cause premature failure.

Se.ries.string. types differ from their prototypes only in those characteristics necessary to insure dependable
operation in series string television receivers. All other characteristics and ratings are identical to those of
the prototypes.

NOTICE

. This chart contains. the very latest radio and television tubes in addition to many out-of-date types. It
is designed to be of maximum use to servicemen as a quick reference chart.

. Please note that all types listed are not available from Sylvania. They are included for your reference
in finding substitutes, etc. Consult our price list for types currently available.

The data published here have been compiled from various sources and while believed to be accurate, no
responsibility can be assumed in case of error.

Mention or reference to patented circuits does not constitute permission for their use. The license agree-
ment under which Sylvania tubes are sold is enclosed in the tube carton.
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