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RADIO SERVICING COURSE

Reprinted by Supreme Publications

1 HIS Text material has been carefully prepared by the staff

of consulting engineers and instructors of the Radio Technical

Institute. The subject material has been selected from the latest TR
sources and is up to date. The pre- B
M sentation is made in the simplest
manner without the sacrifice of cor-
rectness. & &
RADIO TECHNICAL INSTITUTE
CHICAGO, ILLINOIS

LESSON 1

A WELCOME AND INTRODUCTION TO YOU

There was a time when any Jjack-of-all trades could have
successfully serviced a radio set. Modern radios, however,
are complicated machines employing many circuits and requiring
exacting adjustments. And yet the entire science of radio is
based on surprisingly few simple principles that can be easily
mastered. The complete material of this carefully prepared
course will enable any one of average intelligence and ambition
to grasp the principles of radio theory and practice. With
the data given in these pages mastered, and the commercial
practices and equipment described clearly understood, you will
possess the knowledge essential to be a first class radio ser-
viceman. But you need not wait until you finish the course
to begin to earn extra money servicing sets. When you study
Lesson 11 and are ready to purchase your first radio tester,
you are ready to do simple service work.



The entire course is written in a simple, straight from
the shoulder manner. Study carefully, reading the hard to
understand parts three or four times until these facts are
clear to you. If you have any questions write to us and we
will help you. When you enroll at the Radio Technical
Institute you become a life member and it is our business to
serve you. Your success is our responsibility.

Now let us begin the interesting study of Radio.

lthough we are primarily interested in learning how to
service radio receivers, that is how to correct any faults )
that develop in radio sets, in order to do so well and quickly
a clear understanding of radio theory and practice as well as
a knowledge of many related subjects 1s essential. The main
need for radio servicing is due to people's desires to listen
to broadcasting stations. Radio frequency waves are merely
instrumental in radio transmission; sound waves in the form
of speech or music are the waves that must be transmitted.
Therefore, sound is a subject of importance to radio service-
men and must be studied. All words underlined are to be
looked up in the dictionary. '

MEANING OF SOUND - MEDIUM - VELOCITY - AMPLITUDE - PITCH

Sound must be conducted through some medium. In general
solids are very good conductors of sound, but porous materials
such as cotton, sawdust, etc. are poor conductors. Liquids
are better media for sound than gases. For us the air is the
most useful medium for sound conduction.

The physiological meaning of sound is entirely within us.
It is the actual experience of sensation that we undergo. The
physical meaning of sound is the existence of a disturbance
in the air or other media consisting of a succession of alter-
nate waves of compression and rarefaction that tend to travel
outwardly in all directions away from a vibrating body.

The velocity of sound in air has been carefully determined.
In air at 0°C. the velocity of sound is 1,090 feet per second.
As the temperature rises the velocity also increases. This
rate of increase is about two feet per second per degree C.

The velocity of sound in many other media has also been
determined. 1n water it is approximately four times as great
as in air. The table below gives the velocity of sound in
some common materials. The velocity in any medium is inversely
proportional to the square root of the density. A solid having
greater weight per unit volume, all other factors being equal,
will have lower velocity. The velocity is also directly re-
lated to the elasticity of the material. The elastic constant
of any substance 1s the degree that the substance resists de-
formation. Soft rubber has a very low elastic constant.



VELOCITY OF SOUND IN SOME COMMON MATERIAIS
(In feet per second)

Aluminum ....0e00.. 16,700 Silver ..eieseeeeess 8,770
Beeswax ® o 000D &0 0 o 2’820 Steel ® 0 0 0 0 0 000 00 00 16’220
Brick seececeseeses 11,000 Tin ..eeeecenceness 8,160
Glas8 ceverieeceesss 17,000 Wood:

Iron ® @ 0 00 000 00 00 00 16’800 ASh ® o 0 00 92 0 0000 15,300
Lead ® 0 6 5 & ¢ 0 0 00 000 4’020 Elm ® & & 0 0 5 0 00 b9 0o 13’500
Marble secceceeeses 12,480 Fir ceeecececeses 17,220
Platinm P & 6 0 0000 00 8’800 Pine ® @ 0 8 ¢ 0000 0o 10,880

Vibrations are transverse or longitudinal. Water waves
are transverse to the line of motion. There is no farward
movement of the water itself, but there is a rising and falling
motion as the water wave advances. Any particle of water on
the surface will rise and fall, but will move neither forward
nor backwards. If the motion of the particle was pPlotted
against time, it would describe a curve similar to the wave.
The wave itself, of course, results because a great many such
particles move up and down in the correct order.

of sound on & medium.

C_:rowded lines represent condensations, the other
H‘H ‘ ‘ HHH ‘ ' ’ ““Hl “ lines rarefactions, in this analogy of the effect

When a body vibrates the air immediately in front is
first compressed and then released. In this way a series of
condensations and rarefactions is produced. This train of
waves 1s longitudinal, since it takes place in the direction
of motion. There is but little movement of the air forward
since each pulse communicates its energy to the air directly
in front.

A single cycle is completed when the vibrating point
completes two vibrations and returns to the original position.
The period is the time required for the completion of one
cycle. 1t is also the time it takes the vibrating body to
pass a point while traveling in the same direction. The
number of cycles per second is the frequency.

Any sound wave, no matter how complex, may be shown to
be made up of a number of simple sine waves. One of these
is the original wave and the others the harmonics or over-
tones of this wave. The character of sound depends only on
three things: (1) pitch, (2) loudness, and (3) quality.



The pitch is the characteristic which enables us to
distinguish between notes of various frequencies, the high,
medium, low-frequency notes for instance. Pitch is a direct
function of the frequency of the vibrations. 1In simple and
complex tones the pitch 1is usually determined by the fundamen-
tal frequency. In some complex tones, however, this is not
the case as shown by recent research work.

The second characteristic, loudness, depends on the
energy of the vibration. Our ears respond to loudness in
logarithmic proportion and not in direct ratio. A ten-fold
increase of loudness would appear to the average listener
only as twice as loud. 3ignals of equal intensity but of
different frequencies usually appear to be of different

loudness.

Quality or timber of sound is the characteristic that
enables us to distinguish sounds of identical pitch and loud-
ness but produced by different people or instruments. Every
one knows that the same notes played on a violin and piano
equally loud will sound entirely different. This is because
while both, being of the same pitch, have the same fundamental
frequency, the harmonics present in each greatly differ in
number and their relative intensities.

To the future radio servicemen, in view of greater every-
day application of sound amplification, it is important to
understand the behavior of sound in enclosed rooms. The
actual selection of the equipment and the placement are
directly related to the way sound will be directed and acted
upon in the particular location. Acoustics 1is that branch of
sclence that deals with the action of sound. All sounds
created proceed outwards in spherical waves until they strike
the boundaries of the room. Upon striking the walls, sounds
are absorbed, reflected, and transmitted in varying amounts
depending upon the character of the walls. Sound energy 1is
diminished with each reflection because of the absorption,
and this finally results in the sound dying out. Continues
reflection has the advantage of loudness, but always intro-
duces prolonged existance of each sound. This prolongation,
or reverberation, is the most common acoustic fault found in

auditoriums.

A person talking in an auditorium having a high reverbe-
ration time can be understood only with difficulty. Each
sound instead of dying out quickly persists for some time, s0
that spoken words blend with their predecessors and set up a
mixture that produces confusion. This acoustic difficulty
may be corrected by the introduction of sound-absorbing
materials to reduce the reverberation time.

In the case of music similar, but less objectionable,
effects are produced because of prolonged reverberation. Good
acoustic conditions are obtained when sound rises to a suitable
intensity, with no echoes or other types of distortion, and
then dies out quickly enough not to interfere with the succeed-
ing sounds. This is a very hard condition to fulfill, but
considerable departure from the ideal is not very objection-
able to an average listener.
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it means all shown, not only the lobe that is signified in everyday speech by the word "ear.

No discussion of sound would be complete without due
consideration of the human ear. The ear is an organ especially
adapted to receive sound vibrations and to transform them into
nervous impulses.

Anatomically the ear is divided into three separate and
distinct parts. These parts are so interconnected that sound
waves are transmitted from one part to the next. These parts
will now be briefly analyzed.

EXTERNAL EAR. This consists of the external parts, in-
cluding the part we commonly call the ear. There is also a
short tube about one inch long along which sounds pass in-
wards to a sort of a drum.

MIDDLE EAR. This small cavity lies on the other side of
the membrane of this drum. By means of the Eustachian tube
this cavity is connected with the throat and, thereby, the air
within is under the same pressure as the air in the external
ear. This arrangement cleverly releases extreme strains on
the membrane between these two sections. Stretching directly
across the cavity of the middle ear is a chain of three very
small bones, called the hammer, anvil, and stirrup. These
bones are bound together and transmit vibrations from the
tympanic membrane between the external and middle ear, to
the portion of the inner ear known as the cochlea.



INNER EAR. The inner ear receives the ultimate terminat-
ions of the auditory nerves and is the essential part of the
organ of hearing. Without going into detailed anatomy, the
inner ear may be said to consist of a system of small bony
spaces and tubes within which lies a membranous labyrinth.
Forming part of the lining of the membranous labyrinth are
sensitive cells between which are the endings of the nerve
fibers. These nerve fibers conduct the impulses to the brain.

The vibrations that can be perceived by the ear lie with-
in certain limits. These limits, of course, are subject to
considerable individual differences. Usually the lowest
frequency is placed at 30 cycles per second, although some
people respond to vibrations as low as 16 cycles. Below this
limit, if any reaction occurs at all, it is due either to
pressure sensation or the presence of harmonics.

The high limit of audibility is about 40,000 cycles.
Very great variations in this connection exist in different
individuals. The ability to hear high-pitched sounds also
decreases with age. However, sounds of frequencies higher
than about 10,000 cycles are usually overtones and are not
missed except by a trained critical listener.

Considerable variation in loudness must occur before
the change is noticed. In general the ear is not a critical
apparatus. It does not discriminate well between different
degrees of loudness, fails to notice small percentage of

distortion, fills in missing gaps, and possesses tonal gaps
and tonal 1islands.

REVIEW QUESTIONS

1. Can sounds be conducted by a vacuum?

2, If 0° ¢. corresponds to 32° F., at 70° F. is the velocity
of sound greater than 1,090 feet per second?

3. What is a cycle? How is frequency of sound determined?
4, How would you overcome prolonged reverberation in a hall?

5. Looking at the cut-away view of the human ear, explain
how sounds are heard. _

6. What frequencies are audible to human beings?

7. What makes a middle C note of a piano and a violin sound
differently?

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




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. Because of the nature of electric-
ity and the associated 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 forces.

Electrical current in a circuit consists of a large
number of eleotrons 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 electrical or magnetical 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 bodies 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 one.

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. 1In dynamos a conductor is
moved in a nagnetic 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 solid 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 of nickel, have
greater opposition (resistance) to the flow of eleotric current
and find certain special applications.

It is evident that some substances are very good elect-
rical conductors, others have greater resistance, while still
others have almost no conducting properties and are called
insulators. Hard rubber, bakelite, glass, porcelain are used
extensively as radio insulators to separate parts that should
not have eleotrical current flowing between them.




For the beginner student we have included a number of
illustrations of radio parts that are excellent examples 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 many
parts may not be clear at this time, but will be explained
later.

Many different insulators
of the National make are
shown on the right. These
are employed for various
applications in antenna
systems, transmitters, and
receivers. Special ceranic
materials are used to re-
duce the electrical losses
and make the units better
insulators,

Every radio part, naturally,
must 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.

In radio work it is impor-
tant to have good insulators
and good conductors. There
is no need for half -way
measures.

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.
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Much information of late character is presented in many
technical radio magazines.
man, should begin reading these magazines at an early stage
of your career.

You,

REVIEW QUESTIONS

1. Of what potential are electrons®

as a future radio servioce-

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,

S. Examine several circuits in radio magazines and name
each part used.




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
is reached, no further appreciable current can be produced.

The ordinary flash-light battery is of this type. This "dry"
cell has an outside foil 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 N H4 Cl in paste
form. The common type B batteries are made up of a great number
of these cells connected in series and thereby furnishing rela-
tively high voltages. Different methods of connecting cells
are illustrated below.

- - - T T - T - = - - = ="
. e J S
- : / T - m ﬁgf G—3—& |
____44(‘_—@ O\(.’ : \ (\’f—'—'—‘- ~ —-(! -'gg ' P ) . ‘
: | / g - P |
' \l S 1] 7 —ﬁkx
y Series, each Ce// 15 olts, : 2y e- o )
"total available vart 3 " Parallel the same 1% v, 155 | /] .
[ & /|
current the same | twice as much currént 2 L ¢ N '
t + -

_— e e — —— e e - — - - —— e —— — —— — -

While A.C. operated receivers are used in the ma jority
of homes, battery type radio sets are still finding widespread
use in rural communities that as yet have not been electrified.
Some house sets and all the modern auto sets obtain all 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 batteries and we refer the student to
the circuit below. This is a simple set using a detector and
a single audio stage.
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The storage battery 1s a secondary battery because it
cannot produce an electrical current of itself, but must at

firat 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 i1s used up. Radio storage batteries

are tested with a gydrometer 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 conjuction with the battery to keep it always in

operating condition. There are now also available inexpensive

gasoline driven generators for quickly charging batteries.

Operating on a new principle, the Air Cell Battery’s voltage is different from that of other bat-
teries. Consequently, a line of tubes had to be developed to match it before set makers could pro-

duce a practical rural receiver.

| [ | | | |
32 r VOLTAGE DISCHARGE CHARACTERISTICS
A | AIR CELL BATTERY
30| ' ___LARGE DRY “A"PACK CONTAINING | | A
; '\\ (16 SIX INCH DRY CEilS 3-VOLT DRY “A” PACK l
28| S| BOTH DISCHARGED AT 600 MILLIAMPERES (0.6 AMPERE)
~!‘~____. | FOUR HOURS PER DAY |
2.6 i SN T— ——+ —
N ) I RATED CAPACITY
2.4 I - /_) AIR CELL BATTERY 600 AMP-HRS.
UPPER FILAMENT VOLTAGE LIMITY: ! y
| e ———
22 LY o NET FILAMENT vou.lucs DELIVERED BY AIR CELL BATTERY —
2 THROUGH FIXED, NON-REGULATING RESISTOR
20 S
I AN \
1.8 | — t\ - AT LEAST
LOWER FILAMENT VOLTAGE LIMIT w, 1000 HOURS
e ‘ ‘ TN\_367 HOURS ; —
| i n
I | | | |

100 200 300 400 500 600 800 900 1000 1oo




LESSON 4

CIRCUITS~-MAGNETISM-ELECTROMAGNETS

A coulomb is a definite quantity of electricity just like a
gallon of oil is a quantity of oil. An ampere is the rate of
current flow and 1is 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. 1s often
referred to as voltage.

The e.m.f. developed by a single standard dry cell, such as
a flash light cell, is 1% volts. A single storage battery cell
fully charged has a potential (voltage) s8lightly over 2 volts.

All conductors of electricity oppose the flow of current
through them. They have electrical resistance. The unit of
resistance is the ohm. In radio circuits very high resistances
are sometimes encountered and the term megohm is 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 avallable at the library, the history of
each term should bs looked up.

FRACTIONS, DECIMALS, SIMPLE FORMULAS EXPLAINED AS A TOOL.

Mathematics is a symbolic way of explaining and analyzing
physical ocourances. 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 measurcs of quantity. Algebraic symbols (usually letters of
the English and Greek alphabet) represent specific measureable
quantities. For example E usually stands for voltage in electrical
work. This is really another way of writing "voltage", i. e. we
write E instead of the word voltage. In a like manner we usually
write I for current, and R for resistance. Using letters saves
time and greatly simplifies the writing of formulas. The Ohm's Law
may be written in words as:

Voltage = Current (multiplied by) Resistance

A

or in symbols as E=IxR

Of 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 again
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. As:

Eg » grid voltage

Ep —» plate voltage

any times in radio work quantities are parts of a whole unit
and are called fractions. 4 volt is a fraction of a volt. 5% is
a whole number and a fraction. The number above the line is called
the numerator, and the one below the denominator. The denomingtor

tells what part of the whole, the numerator tclls 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, ma 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.

number multiplied by itself is said to be squared.

Ax A = Az

The small raised < indicates that "A" has been multiplied by A,
that is by itself.

The square root sign ¥ ~ means that it is required to find
a number that multiplied by itself will give the number under the
V"  sign. For example find V 9 . A number that multiplied by
itself will give 9, is 3, so that:

vV 9 =3 32 o 9

OHM 'S LAW

We now come to an important relation between voltage,
current and resistance. It 18 easily seen that the greater the
voltage, the large 1s the number of electrons flowing or the
larger 1is the equivalent current. But the larger the resistance
the smaller is the current. In mathematical words, the current
in amperes equals the voltage in volts divided by the resistance
in ohms.

I= 5

R



where 1 stands for current, V for voltage, R for resistance.
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 ohms.
Dividing 110 by 10, we obtain 11 amperes which is the current.

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

The voltage is equal to the product of the current by the re-
sistance. If a current 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 i1s used to reduce the
over all high voltage. In some other cases the current is made
to flow through a resistor purposely to create a voltage drop
for some special need. This latter application is used for "Cn
bias in vacuum tube circuits.

By means of Ohm's Law if the voltage and current are known
the olrcuit resistance may be found. For this purpose the
formula below is used.

- Vv
R= -

Se

I

!

Yol

In the circuit to the left a resistor
R is used to create a negative bias on the
grid of the vacuum tube,. There is a cm~
stant D. C. current I passing through the
tube and, of course, through R. The A.C.
component of the tube is by-passed by the
condenser C, The voltage difference bet-
ween points A and B, will be equal to the
IR drop. Point B will be nore negative
since current passes from plate to cathode
and then across the resistor "R", so that
the drop occurs from A to B. Since the

grid is connected to point B, it will be at a IR 1lower potential
than the cathode connected to A. ~

A formula represents 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 is a simple formula:

E

I xR

$uppgse 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

b} 100 volts

In this case by knowing the current and the associated resistance

and by applying the Ohm's Law formula, we were able to find the
value of the voltage..



WATTAGE OR ELECTRICAL POWER

IElectricity can do work or create heat and is therefore a
source of power. The unit of electrical power is the watt. The
watt is 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=SExI

where W stands for watts, E stands for the voltage (we used V
before), and I stands for the current. The filament of a common
type 56 vacuum tube operates on 2% volts and requires 1 ampere
of current. The filament wattage is, therefore, 23 x 1 or 23}
wWatts. If current and voltage are known, wattage can be cal-
culated.

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 = 18R

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-
slstor. 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.

1t 1s important in working on a radio ocircuit 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 *o
Alternating Current.

The resistance of any wire is directly proportional to its
length. A pilece of wire 10 feet long has twice the resistance
of a similar plece 5 feet long. On the other hand, the larger
the oross sectional area of the conductor the smaller is the
resistance. The wire sizes are rated according to a number of
different systems, but in the United States the B. & S. gauge
is usually used. The larger the gauge number, the thinner is
the wire. 1In 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 repair 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 O. The table
below gives color figure code.
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Figure Color
0 Blgck
1 Brown
2 Red
3 Orange
4 Yellow
5 Green
6 Blue
7 Violet
8 Gray
9 White

The body of the resistor represents the first figure, the
end the second figure, and the dot the number of ciphers. For
example, a 300,000 ohm resistor will have an orange body, black
end, and an yellow dot to represent the remaining four ciphers.

Color codes have also been developed for other radio parts,
such as condensers, but so far their application has been limited.

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

The power dissipated by the resistor is changed to heat;
if the heat 1s 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
ad jacent to other easily harmed parts, it is best not to load
the resistors more than 50% of their rated wattage.




If a resistor of 3 ohms, carries a current of 2 amperes, what
is the wattage dissipated?

W=1I%R =2°x3=2x2x3 =12 watts

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

W=1IxVas ,0l5 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 R, connected in
geries 1s the sum total of the 1nd1v1du&l resigtances. In a like

manner if more than just two resistors are connected in series,
the total resistance is the sum total of all individual resistances.
If we let R_ stand for the total resistance of a circuit having

series reaigtances, than:

Ry = Ry # Ry * «<c (al1 the other resistors present)

l——a\/\/\g\/\/\/\__
E[—W

SERIES

.
L ,
PARALLEL

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

drops together will equal to E.

E = IR + IRy
The larger voltage drop will be across the larger resistagcg, apd
by selecting proper sizes for Ry, and Ry, 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.



In a four tube midget radio set, three tubes are of the
type that require 6.3 volts eaoh, and one requires 25 volts.
All these tubes are connected in series and use a current of
0.3 amperes. The total voltage required to operate all these
tubes 1in series is the sum of the individual voltages, or 43,9
volts. We can round this figure into 44 voltas. If the set is
to be used on a 110 volt line (110 - 44) or 66 volts must be

lost in a series resistor.

E=IXR1

What wattage will this resistor dissipate?

66= 0.3 x Ry

Using the formula W = ISR

Recalling Ohm's Law and solving:
R} < 220 ohms

W= (.3)2 x 220 = ,09 x 220 = 19.8 watts

A twenty watt resistor could b

would be better.

Sometimes line ¢

resistor already incorporated.

e used, but a slightly larger size
ords are built with the proper

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

R2=

E . 3(6,3)+25, 4% = 146.7 ohms ﬁ
I

=530

— |

=

| -

The table on the next page and the explanation below have

been prepared by the Aerovox Cor
"Research Worker.®

from the

It is of course impossible to give the
figure for all possible cases in a table.
The nearest approach one can make
to such an ideal is to provide a chart
and even then it is difficult enough to
cover the complete range and to ob-
tain sufficient accuracy to be of any
use,

Logarithmic divisions are the only
ones which permit the coverage of
a wide range keeping the accuracy the
same percentage throughout the
range. The given problem could be
solved either by a chart of the “align-
ment” type (also called “abac” and
“nomograph”), or by the one shown,
Both have their advantages. The first
one does not have the page so full
of lines but it requires a straight-edge
to get a solution. The second one
does not require this; when two of the
quantities: volts, milliamps, ohms or
watts, are known the other two can
be found immediately.

The chart covers a range which
should be large enough for all radio
work involving receivers and ampli-
fiers. The ranges are from 1 to 1000
volts, from .1 ma to 10 amperes, from
-1 ohm to 10 megohms and from .1
milliwatt to 10 kilowatts,

The lines are plotted on regular full
logarithmic coordinate paper. Cur-
rent is measured along the horizontal
axis (X-axis) and volts along the ver-
tical (Y- axis). When this is done,
the locus of all points representing a
given resistance will form a line mak-
ing an angle of 45 degrees with the
X-axis. All these lines are parallel.
sloping upwards to the right. All
points representing the same power
are situated on a straight line which
makes an angle of 135 degrees with
the horizontal, sloping upwards to-
wards the left.

poration and is reprinted

USE OF THE CHART

A few examples will best illustrate
the use of the chart. Suppose the
em.f. in a circuit is 100 volts and the
current is 100 ma.; what is the re.
sistance and the power? Beginning
with the 100 ma. mark on the horizon-
tal axis, follow the vertical line to the
intersection with the horizontal 100
volt line, This is also an intersection
of the slanting lines. Following the
one going upwards to the left read
10 watts; following the other, towards
the right, read 1000 ohms.

A 5000 ohm resistor has a rating of
20 watts; what is the maximum cur-
rent and corresponding voltage? Fol.
lowing the 5000 ohm line until the 20
watt line is reached. Follow the ver-
tical lines down, and interpolating by
estimation read 63 ma. Then follow
the horizontal lines towards the left
and read 316 volts.
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. The total resistante of two resistors connected in parallel
is less than the resistance of either resistor. For many resistors
connected in parallel the total resistance

R, = 1

!-_ .]_; .l *» 000

gt& TR T
for only two resistors this formula simplifies to:
P "Ry +R,

In the preceeding diagram if we let Ry = 3, and R2 = 5 ohms,

R

R:3x5= 15: . 3
If a total current I flows in the circuit, only a fraction of
this current will be 1n each resistor. However, the full voltage
E will be across each resistor. The current in the resistors may
be found from the formulas:

- _E B
I - —— I o
and, of course, ..ceecoes Iy = Il-1--I2

The power handled by each resistor may be found easiest by
2
applying the formula: W =.%%__

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

m é“ﬁj}v\’\é

1 é T ;
3 Re =10 EZR, =5 Ri=10 £ %Rﬁg%ﬁu¢5aﬁ
A% "% "B C

Re=/ /4 Re=/

In circuit A, we may consider R2 and.Rs as parallel resistors.
RoR3

-9 x 6 . 18

Roz S =
23 T Ry +R4 346 9

S 2 ohms

Now we can replace circuit A by B, nlacing a single resistor Roj
in place of Ry and Rz. Consider now R23, R4, and Rg as a single
serles circult.,

R2345 = R23+R4+R5 =2+ 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.

: S x 13 - _G5 - s
Total resistance Rt = 513 18 3.6 ohm



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 circuit diagrams
in later lessons for actual exsmples of similar use of resistors.

MAGNETISM

h‘agnetic 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 effecta of this force can be not iced
and accurately measured.

There are certain natural magnets found already magnetized.
If a piece of hard steel is stroked continuously in the same
direction with a piece of natural magnet, the stell will become
nagnetized. 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 is 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 is dipped in iron filings,
most of the filings stick to the pole indicating that the
attractive force is the greatest at the poles. This magnetic
effect is noticable 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-
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BAR MAGNET

ELECTRIC CURRENT
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If a strong magnet is dipped in a barrel of nails made of
soft iron, many nails will be picked up. Some nails in turn
will hold other nails becoming themselves temporary magnets.
However, once these nails are removed from the magnet, their
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.

ELECTROMAGNETISM

Although many devices employed in radio circuits depend on
permanent magnets for their operation, magnetism produced by the
flow of electric current through a conductor finds even greater
application. Every wire carrying eleotric current has an assoc-
iated 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
is held near the wire the needle of the compass (actually a small
magnet on a pivot) will take a position at right angles t the
wire. 1f no current is present in the wire, the needle will
assume its natural N - 3 position.

An electromagnet is made by winding a number of turns of
wire in the form of a coil, a much stronger magnetic field can
be oreated since the fields 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 field.

The total magnetic flux (lines of force) depends on the
number of turns and the current strength. If the current is
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 is placed in the center of the coll, the
iron will become magnetized when the current will flow through
the coil, but will loose its magnetism once the current 1is
stopped. ‘'his 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 is in-
creased beyond definite limit, no further effect will be noticed.
''he substance 1s then said to be saturated. For example,
Wwrought Iron will have a very strong flux when inserted in a
coil of 10 ampere-turns. Inoreasing this to 20 ampere-turns
only increases the lines of force per square inch from 89,000
to 97,000. At 40 empere-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.




ELECTROMAGNETIC INDUCTION

‘A’e 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.

8
S ]
NS g
N S
|V <
3 3
S N
<3 8
< Frimary Secordary
Circurts Circuif

It 1s also possible to induge a current in one conducting
circuit by means of the magnetism produced by the current flow-
ing in another associated, but not electrically connected cir-
cuit. 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 1in the case when the first circuit is connected to a
source of Alternating Current (A.C.) that is periodically ris-
ing and falling. ‘'‘he circuits must be located closely together,
that 1is coupled. A device used to transform electrical energy
by induction is called a transformer. A transformer does not
create energy, it simply separates two circuits, or steps up or
down voltage. When any voltage is stepped up by means of a
transforuer, the current correspondingly in the same ratio is
stepped down.

The coil receiving the original current is called the
primary, and the coil 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 the lines of force set
up by the primary link the secondary coil, the current induced
is 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. Usually thin sheet laminations
are employed to reduce losses.

Transformers and inductors having air cores are used in
radio receiving circuits 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 frequencies 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 varying 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 indiocate
the battery voltage when the key is closed. Upon again opening
the key, the voltmeter will momentarily indicate a large dif-
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 coil from changing.
This effect is similar to that of inertia found in mechenical
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 is consen-
trated in a small space. ‘I'he unit of inductance is the Henry.
The symbol for inductance is L.

'he Henry is a relatively large unit and while some audio
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. Coils
used for tuning the broadcast frequencies are in the order of
250 microhenries.

Inductive coils may be connected in series, in parallel,
and in other combinations without the magnetic fields int er-
linking to any degree. When inductors are connected in series,
the total effective indactance is the sum total of the in-
dividual inductances.

PERMEABILITY

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 ratio of the strength of the mag-
netic field with a given substance to the strength of the field.
when air is used as the core is the permeability. <The permeab-
ility of air is taken as 1, all magnetic substances have a per-
meability greater than cne.
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REVIEW QUESTIONS

What does the prefix "milli" mean?

Since each cell in a "B" battery generates 14 volts,
how many cells are connected in series to produce
the full voltage of 45 volts? Do you understand why
a "C" battery has 44 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 1s the sgquare root of 81?2 Of 49? Of 2.25%

In a 110 volt D.C., circuit an electric buld takes
1/2 ampere of current. What is the regsistance of
the bulb? (Use the Ohm's Law relation.)

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

In Question 7, what power is being used?

Examining a radio circuit, 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 depends?

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?

If two inductive coils are connected in series and
also have their magnetic fields linked, what is the
equivalent inductance? Remember that besides the
self inductance of each coil, the mutual inductance
may add or subtract,



- 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 ?hapge
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 simpie
relationship. 1f 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
relationship is given in the following ex-
planation.

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 when so connected.

The maximum value of mutual inductance that can exist between
two coils is equal to the square-root of the product of the two in-
dividual inductances. In practice it is very difficult to obtain suf-
ficiently close coupling to produce this limiting value unless the two
coils are wound together, the wires from both circuits being wound
on the coil simultaneously.

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 numeri¢al 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).

DESIGN OF RADIO COILS

Since almost all radio-frequency coils operate in resonant cir-
cuits, the coils must be designed for three important characteristics-
— inductance, distributed capacity, and losses.

For simple geometric forms such as the solenoids, formulae are
available in many text books for calculating the above mentioned
characteristics, but for universal wound coils no satisfactory for-
mulae exist for any one of the three quantities. Within limits, the
inductance and distributed capacity are practically constant with
frequency, but the losses change with frequency, requiring different
designs for minimum losses in coils of the same inductance but
operating at different frequencies. This is the reason for the great
amount of design work required on radio-frequency coils.

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

§ — 8kin 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.

Considering the sources of loss in the order named above, the
D.C. or ohmic resistance of a coil can be reduced by increasing
wire size, in which case the coil becomes larger, and, in the case of
shielded coils, brings the coil closer to the shield, which consequent-
ly increases the shield losses. In addition, because the copper cross
section increases, permitting higher eddy-voltages to be generated,
the eddy-current losses in the conductor increase.

The eddy-current losses in the conductor are minimized by sub-
dividing the conductor as finely as is economical, insulating each of
the subdivided parts from all other parts. Commercially, this is
done by the use of so-called Litz (Litzendraht) wire, which consists
of many strands of fine wire, each strand individually insulated
with enamel, and the group of wires covered with some insulation,
usually fabric, although sometimes enamel, paper, or other covering
is used over the group.

Eddy-current losses in the shield are minimized by using a shield
as large as possible, or large enough so that further increase in
diameter produces no improvement, and by the choice of shield
material of the lowest economical specific resistance. The shield
materials in common use are copper, aluminum and zinc, named in
the order of their merit. Magnetic alloys, such as sheet iron or
silicon steel, are very high in R F losses.

A peculiar phenomenon with regard to composite shields is that
whenever a shield is made of two closely bonded materials, the
characteristics of the shield approach the characteristics of the
poorer material. For example, a copper plated steel shield is almost
as bad as an all steel shield of equal dimensions even though the
plating is commercially heavy.

Iron cores are frequently used in coils to increase the effectiveness
of the turns of wire, thereby permitting a given inductance to be
obtained with fewer turns, and consequently with lower D.C. re-
sistance. The core itself introduces some eddy-current losses which
partially offset the improvement made by reducing the number of
turns. In some cases (usually above 6 megacycles) the introduction
of even the highest grade of powdered iron cores results in an in-
crease in losses rather than a decrease.

A very important and frequently unsuspected contributor to coil
losses is the insulation of the wire. Analyzing a coil, it will readily
be apparent that the fabric insulation on the wire is the dielectric
of the distributed capacity of the coil. The losses in the insulation
influence the coil just as surely as would an external condenser of
the same capacity connected across the coil, having the same fabric
for a dielectric. With this in mind, many coil designs have heen im-
proved by increasing the thickness of fabric insulation, thereby re-
ducing the distributed capacity and consequently its detrimental
effect. In many cases, this effect was so important that increasing
the insulation thickness resulted in improvement in the coil even
though smaller wire was used to give space for the insulation!

In considering the distributed capacity of a coil it must be remem -
bere‘d that, in many instances, the terminals on the coil contribute
an important part to the distributed capacity, and that the losses
in the terminal strip should not be negiected. Un some coils of high
quality, hard rubber terminal strips are used to minimize the losses
occasioned by the terminal strip.

Since all of. the losses in a coil taken together make up the radio
frequency_reslstance of the coil, a single number can be used to
express t‘hu quantity, but the resistance alone does not give sufficient
information to judge the electrical excellence of the coil. Resistance



is usually the undesired quantity in a coil, and practically ail 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-impgdance inducti've,
high-impedance capacitive, low-impedance inductive apd low-im-
pedance capacitive couplings. Typical values of capacity, self in-
ductance and mutual inductance for these four types of broadcast
coils are shown in Fig. 3.

HIGH-IMPEDANCE PRIMARY

High-impedance magnetic coupling, usually spoken of as “High-
Impedance Primary” is the most universal type of coupling on the
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‘am‘ount 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.

Tt 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 the conventiqnal
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 derive
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 ot 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 INDUCTIVE COUPLING HIGH -IMPEDANCE  CAPACITIVE COUPLING
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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 radio
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 the antenna coupling capacity in order that proper tracking may
result.

An alternative is to use a tuning condenser whose antenna section
is different than its R.F. section, but this can only be done where a
heavy production schedule justifies the additional tool cost.

When this coupling scheme is used in household radio receivers,
precautions must be taken to prevent 60-cycle hum modulation from
being introduced into the first tuned circuit by low-frequency
voltages picked up on the antenna circuit. In the best of receivers
employing this circuit, an R.F. choke is connected from antenna to
ground to provide a low impedance path for power frequencies in
order to keep hum modulation off of the grid of the first tube.

R. F. COILS

R.F. coils may be divided essentially into four types: high-im-
pedance magnetic, low-impedance magnetic, high-impedance mag-
netic_.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.

—_—
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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 Rexible
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 oytside of the tuning range of the secondary.

OSCILLATOR COILS

Oscillator coils in modern receivers exhibit less variation in types
than any other. R.F. component. They either do or do not have a
“tickler.”

Those oscillators that do not have a ¥ lé-;
tickler coil, oscillate by virtue of the feed- . . a
back across the padding condenser. A T Tuning
typical circuit of such an oscillator is Condenser +
shown in Fig. 4. Using a 456 KC IF sys- rofuddng <
tem requiring relatively small paddi)r,1g fc B+
condensers makes this type of operation Figure 4
possible. The only bands that have pad-
ding condensers small enough to sustain
oscillation are the long wave and broad- P el
cast bands. In some instances the range v \—
1500 to 4000 KC can be made to oscillate =
if a very high Q coil is used with a tube o |\ T +
of high mutual-conductance, but much mig, | Condenser
more reliable results will be obtained on Y rociing
this band with the conventional tickler %’ v e
feedback, shown in Fig. 5.

Figure 5
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. Receivers have employed IF trans-
formers with more than three tuned circuits per transformer but
such cases are very rare.

The untuned IF transformer usually added practically no selec-
tivity to a receiver. Its principal purpose was to give a high ampli-
fication at very little cost. It was always used in conjunction with
one or more tuned IF transformers which supplied the required
selectivity.

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. They were used on receivers that had no
A.V.C. and the secondary low-potential end usually connected di-
rectly to cnassis. Such a transformer could not be used satisfactorily
in a receiver employing the conventional diode type A.V.C. circuit
for the reason that on damp days there is enough leakage between
primary and secondary to produce a decidedly positive bias on the
grids of the automatically controlled tubes.

In addition, such a structure possesses such a high capacity be-
tween windings that the ripple in the “B” supply would be trans-
ferred to the diode load resistance which would produce a bad
audio hum in the output of the receiver. A third reason why this
type of transformer would not now be acceptable, even if there
were no diode load resistance to pick up hum or to be incorrectly
biased, is the frequent failure of windings due to electrolytic cor-
rosion, Where two conductors are run so intimately parallel for so

many turns, with opposite D.C. potentials applied to the two wires,
ideal conditions are set up for rapid failure due to electrolytic cor-
rosion in the presence of moisture.

With this transformer redesigned to have two physically separate

coils wdund 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 1IF 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.

Variations in magnetic coupling cause variations in the gain and

selectivity of IF transformers as described above, but this is not
the only source of variation. Variations in capacity coupling can be
equally important in transformers operating above 400 KC. This
variation is so important that it is discussed separately in the section
“Capacity Coupling in IF Transformers.”

The complete selectivity characteristics of any circuit can be

shown only by a curve from which it is possible to determine the
performance at any point, but nearly as much useful information
can be given in a few figures where the selectivity of IF trans-
formers is concerned.

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 ordina{y 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 qf 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
sxqes 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
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the primary coil, and between the plate lead and the grid end of
the secondary coil.

i »The, capacity between the two high-poten-
tial plates of a trimmer condenser such as

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 either 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
gain of the transformer is plotted T A

Figure 8

against the capacity of the middle
circuit, a curve similar to Fig. 11
was obtained. From this it is seen
that there is one adjustment (A)

Asmpiificotion

overall amplification of the trans-
former. Atp this point the center L] C.F.""’ of CIT. Col
circuit is contributing to the selec- igure

tivity of the transformer. At another point (B) the amplification
through the center circuit opposes the capacity coupling from the
input to the output winding and results in a considerable decrease
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
the gain of the transformer, which for all practical considerations,
may be assumed to be a double-tuned capacity-coupled transformer.
When the capacity between the high-potential input and output
leads was reduced to a very low value by keeping the leads in op-
posite corntrs of the shield can, the transformer behaved as a triple-
tuned transformer should, with all three circuits effective.

TRACKING

Early models of radio receivers usually used only one tuned
circuit per receiver, but as the number of circuits was increased to
provide better selectivity, tuning a radio set became a problem be-
yond the grasp of the average citizen, and confined the sale of
receivers to the “DX" hunter who spent innumerable midnight hours
listening for new stations.

To make the receivers commercially more acceptable, simplifica-
tions in tuning were imperative. To this end, designs were produced
that had a nominal single-dial control with an “antenna compen-
sator” to produce maximum results. Such receivers were essentially
single-dial control over a limited frequency range, but required an
adjustment of the antenna compensator when passing from one end
of the tuning range to the other. This simplification in tuning per-
mitted general merchandising of radio receivers to the average
citizen.

In order to make such receivers possible, it was necessary for the
condenser manufacturer to produce tuning condensers with several
individual condenser-sections on one shaft, in which, at any point
in its rotation, the several sections of the conde:.ser were practically
identical in capacity, and the radio manufacturer was required to
produce coils that had practically identical characteristics.

Given identical condenser sections and identical coils, it is obvious
that the resonant frequengies of the several identical combinations
of coils and condensers would be the same. In other words, such
circuits would be self-adjusted to the same station and it would no
longer be necessary to tune each circuit separately. In the language
of the radio man, the circuits are said to “Track.” These conditions
made the single-dial control receivers possible.

As long as low-impedance magnetically coupled antenna circuits
were employed, it was not possible to eliminate the “Antenna Com-
pensator” since the size of antenna had considerable effect upon
the tracking of the first circuit, but when high-impedance primaries
were adopted on the antenna coil, true single-dial control with all
circuits tracking became possible.

It is not to be understood from this that a high-impedance pri-
mary on the antenna coil automatically makes the coils track prop-
erly, for there are designs of high-impedance antenna coils that mis-
track seriously. Neither is it to be inferred that a properly designed
high-impedance antenna coil gave perfect tracking independent of
antenna constants. A properly designed high-impedance antenna
coil gives reasonable gain and tracks well enough that when
trimmed to accurate tracking, the increase in sensitivity in the re-
ceiver is not greater than 30%.

In setting up the conditions for perfect tracking, the first require-
ment is identical circuits, the second is simplicity of circuit, the
third is identical circuit inductance and capacity.

It is much simpler to track two RF stages of similar circuits and
constants than it is to track .an antenna and RF stage, and it is
simpler to track two high-impedance circuits than it is one high-
impedance and one low-impedance circuit.

“The circuits which track most easily are those having the smallest
number of circuit elements. The simplest possible circuit of an
RF amplifier is shown in Fig. 12-A, which, for purposes of track-
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ing, is equivalent to Fig. 12-B. In this circuit there is one induct-
ance tuned by one variable condenser, which condenser is as-
sumed to include the grid and plate capacities. This circuit, in the
broadcast band with the conventional capacity gang condenser, has
entirely too much amplification, too much gain variation from one
end of the tuning range to the other, and too little selectivity.
Where the lack of selectivity and lack of uniform gain is not a
serious problem, the gain of the amplifier can be reduced by tap-
ping the coil to connect the plate somewhere near the middle of the
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Figure 13

coil as in Fig. 13-A. In order not to have the plate voltage on the
tuned circuit, a primary is usually wound on the coil, spaced be-
tween or exactly over the secondary turns, so that for all RF
purposes, the plate is a tap on the secondary, but for DC is.isolated.
The RF coil now has a secondary tuned by the tuning condenser
and is tightly coupled to the primary which has a very small
capacity (plate and wiring capacity) across it. This arrangement
permits the simple circuit of 13-B to be used. Such a circuit has
two resonant frequencies, but for practical purposes the second
resonant frequency is so high that it seldom causes any trouble,
except in the case of certain high-frequency coils where the induct-
ance of leads is comparable to the coil inductance.

. The high-impedance primary type of RF coil has an inductance
in the plate circuit many times higher than the inductance of the
tuning coil.' Such a circuit has two resonant frequencies, both of
which are important. One is the frequency determined almost en-
tirely by the secondary inductance and tuning capacity, and the
other by the plate inductance and the plate capacity.

I[\ Superl!eterodyne receivers, which almost universally employ
an intermediate frequency lower than the broadcast frequencies, it is
important to see that the primary-circuit resonance does not occur
at the intermediate frequency, or the RF amplifier circuits will
pass unwanted signals of intermediate frequency directly into the
intermediate amplifier, even though the grid circuit of the RF
amplifier is tuned to a frequency far removed from the intermediate
frequency. This is particularly true of receivers employing an in-



termediate trequency just below the broadcast band, such as the
456 KC now so popular. On such receivers, the primary resonance
should be placed elther midway between the IF and the low end
of the broadcast band, which gives high gain but leads to consid-
erable production difficuities, or the primary resonance should be
placed well below the intermediate frequency. The latter arrange-
ment is highly recommended over the former because it is more
uniform, causes less trouble from oscillation, and produces better
tracking.

The presence of the — Vosmm
primary circuit resonant
below the low end of the
tuning band has the ef-
fect of lowering the sec-
ondary inductance as the
low end of the tuning g
range is approached. Fig.
14 shows the tuning curve
for a high-impedance and
a low-impedalr)]ce RF cir- 220 Kilocyclas 100
cuit adjusted to have the Figure 14
same low-frequency inductance and the same maximum frequency.
The low-impedance circuit is seen to follow the frequency curve
calculated from the secondary inductance and total tuning capacity,
but the high-impedance circuit does not follow this curve, departing
from the calculated values at the low-frequency end. This point is
brought out to show that two circuits may track perfectly over part
of their tuning range and yet badly mis-track over another part
due to resonances from some circuit not a part of the tunhed circuit.
From this it is easy to see that similarity of circuit is an aid in
tracking.

The amount the actual tuning curve ot a high-impedance stage
departs from the ideal curve depends upon two factors: the prox-
imity of the primary resonance to the low end of the secondary
tuning range, and the degree of coupling between primary and sec-
ondary. In the design of high-impedance coils, a reasonable limit
on both of these factors may be assumed as follows: first, primary
resonant frequency less than 80% of the lowest tuning frequency,
but must not occur at the frequency of the IF amplifier in a super-
heterodyne receiver; second, magnetic coupling between primary
and secondary should not exceed 15% coupling coefficient.

If the two circuits —— = —
whose tuning curves are \
shown in Fig. 14 are to
be tracked together, a
series of compromises
must be made. The tun- RN
ing curves shown may 3
be accepted as satisfac-
tory, or a compromise
may be made in the gain
of the stage by moving
the primary resonance
farther away, with consequent reduction in gain, but resulting in a
straighter tuning curve, or the inductance may be changed to make
the low end mis-track less and the previously perfect tracking of
the remainder of the tuning curve be less perfect. Such tuning
curves are shown in Fig. 15.

With the advent of superheterodyne reception, the problem of
tracking became more complicated. The problem then became one
of tracking one or more circuits to cover a given frequency range
while another circuit (the oscillator) of different arrangement
must maintain not the same frequency but a constant frequency
difference in Kilocycles. Since the oscillator frequency is almost
always above the signal frequency, and since the oscillator must
cover the same number of Kilocycles from maximum to minimum,
but cover them at a higher frequency than the antenna circuit, it
is obvious that the oscillator covers a smaller frequency ratio than
-the antenna circuit.

In order to accomplish a restricted oscillator frequency-range
compared to antenna frequency-range if no other restrictions were
imposed, two methods are available; (1) Connect a fixed condenser
across the oscillator. This reduces the capacity ratio by adding to
the minimum capacity a much greater percentage than it adds to
the maximum; (2) Connect a fixed condenser in series with the
tuning condenser to reduce its maximum capacity without materially
changing its minimum capacity. In acwal receiver design, a com-
bination of both types of compression is used, producing better
average tracking than could be accomplished by either method
alone. Formulas have been developed for calculating the values of
inductance, padding and aligning capacities to be used to track an
oscillator coil with a given antenna or RF coil, but unless there is
access to a considerable amount of complicated test equipment,
oscillator tracking must be accomplished experimentally with simple
equipment.

TRACKING REPLACEMENT COILS

Radio servicemen are frequently called upon to replace Antenna,
RF or Oscillator coils that have failed either through corrosion, or
betause of the failure of some other component in the receiver, or
because damaged by some outside agency such as lightning.

Usually the damage is confined to the primary of the coil, in which
case very frequently a new primary can be installed in place of
the old one.

If the primary is replaceable, the winding direction of the old
primary should be noted before removing it so that the new one
may be installed with its winding direction the same.

If the damaged coil is heyond salvaging by installing a new
primary, or if the secondary has been damaged, it will be necessary
to install a new coil and check its tracking with the remainder of
the tuning circuits.

In order to permit replacement coils to be
tracked rapidly and to eliminate the possi-
bility of having removed too much induct-
ance and thereby ruined the replacement
coil, to say nothing of the hours of labor in-
stalling, checking, removing and altering the
coil, etc., Meissner has developed “Universal
Adjustable” replacement antenna, RF and
oscillator coils which are provided with a
screw-driver adjustment of inductance by
means of a movable core of finest quality
powdered iron. By means of this adjustment,
it is as easy to add inductance as to remove
it, and to quickly obtain the optimum value
of inductance. A coil of this type is shown in Fig. 16.

When a replacement antenna or RF coil is installed in a TRF
receiver, the process of aligning is very simple. The dlal is set to
600 KC, a dummy antenna of 200 mmfd. connected between the
high side of the service oscillator and the antenna connection of
the receiver, an output indicator of some type is connected to the
output of the receiver, the service oscillator tuned to the receiver and
the screw adjustor in the top of the can rotated until maximum
sensitivity is obtained. The receiver and signal generator are next
tuned to 1400 KC and the circuits aligned in the usual manner by
adjusting the trimmers on the gang condenser. The process should
then be repeated in order to obtain the best possible alignment at
both checking points. It is best to seal the inductance adjustment
on the coil by the application of a satisfactory cement, such as
Duco Household Cement or equivalent.

When replacing an antenna or RF coil on a superheterodyne,
essentially the same practice is followed as above with the exception
that, since the oscillator determines the dial calibration, if the ad-
justments thereon have been disturbed, it is necessary to readjust
the oscillator circuit to agree with the dial calibration at the check-
ing Poims before adjusting the inductance of the new coil or align-
ing it.

If a new oscillator coil is being installed, the greatest aid to
rapid adjustment of the new coil to proper inductance is an undis-
turbed padding condenser adjustment. There are innumerable com-
binations of oscillator inductance, padding capacity, and trimmer
capacity that will track an oscillator circuit at two places in the
broadcast band, but these various combinations give varying degrees
of mis-tracking throughout the remainder of the band. If the pad-
ding condenser has not been disturbed, one of these variables is
eliminated, and, with only inductance to adjust for proper align-
ment at the low-frequency end of the band, and capacity to adjust
at the high-frequency end of the band, the adjustment is practically
as easv and rapid as installing and adjusting an antenna or RF coil.

Figure 16

ALIGNMENT OF RECEIVERS

Modgrn radio receivers employ from two up to eight, ten or even
more circuits to achieve the selectivity desired. These circuits, how-
ever, are of little benefit unless all of them are working at their
proper frequencies simultaneously. Only someone acquainted with
the alignment of receivers in a radio production department, or
someone engaged in radio service work who has adjusted a receiver
on which someone has tightened all of the adjusting screws, can
realize how dead a receiver can sound when all of its tuned circuits
are out of adjustment any considerable amount.

The purpose of “Aligning” a radio receiver is two-fold — to
adjust it for maximum performance, and to make the dial indicate

wnh_in two or three percent the frequency of the station being
received.

NOTE

Detailed aligrment information is
given in later lessons. Much of the
information in Lesson 5 has been
prepared with the assistance of the
Meissner Manufacturing Company.



RADIO

COILS

Examples of the type of coils commonly used in radio receivers and

requiring service work are illustrated.

from the Miller line,

Examples have been taken

but other manufacturers have similar units.

Please read the descriptions carefully and be able to identify any

of the types,

Notice the advantages of each type.
are used in multi-band receivers.

Selector switches
The loop antenna has replaced

the antenna coil in many 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-
HIGH GAIN SERIES
Sectional wound duo-lateral second-
ary, using No. 15/41. Litz-wire
High-impedance primaries for uni-
form gain with any screen grid

wood dowel with
bakelite terminal
plate. Use with

000365 mid. vari-

able condenser.
tubes. Wound on XXX bakelite tub-
ing. Use with .000365 mfd. variable
condenser. Excellent for improving
performance of sets using coils
similar to our Economy Series.

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 .000365 mid. 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 mid. variable condens-
er and 455 KC LF. Amplifier.

AIR CORE UNSHIELDED CHOKES
Miller Duo-Lateral-Wound, single-section, Radio Fre-
ﬁ cations wherein a moderately priced unit is required.
g 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
screw. The winding on these chokes is impregnated to prevent any
mboisture absorption. Inductance values accurate to within three per-

quency Chokes are ideally suited for receiver appli-
plate, 128” in diameter, is fastened to the dowel with a tubular brass
cent.

MICA COMPRESSION TYPE
DOUBLE TUNED AIR CORE

Mica-Compression trimmers used in Miller I. F. Transformers are
treated with our exclusive automatic cycling heat treatment con-
sisting in alternately heating to 200°F and cooling to 90°F through
5 complete cycles. This heat treatment results in a much higher
degree of capacity-stability, which insures perfect alignment of the
L. 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 ot 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 with Miller Heat-Cycled, Low-Drift, Mica-Com-
pression Trimmers. Impregnated in special moisture-
resistant wax. Pre-tuned to nominal frequency. Easily
identified, 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 litile 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

The Miller Loop Antenna is primarily designed for use with the popular
Miller Portable Battery-Receiver Kit, but is applicable to most
portable-receiver assemblies. The inductance of 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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11.

12,
13,

14.

15.

What is the unit of mutual inductance?

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

Name several losses that may be present in a co0il?
Is there any advantage in copper-plating a steel shield?

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

Is it true that feedback tickler winding permits more
reliable results from oscillator coils? Why?

What type of IF transformers are most commonly used?
Why is 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 "Antenns
Compensator"?

Why are trimmers used in gang condensers?

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

Explain how you would re-align a small radio set in which
the R.F. coil has been replaced.

Make a pictorial sketch of an antenna coil. If you did
not have the connecting instructions, how would you know
which terminals to use for the different connections.
Review the chapter on winding methods of coils.




LESSON 6

If a condenser is connected to a source of D.C.
potential such as a battery, the negative side
+ will become charged with electrons. If the
ol battery connections are removed and the con-

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

l———————~—1 on a number of factors as we shall see later.
8

A condenser muat have two plates made of con-
._j ducting material, and a separation of a non-

conducting material or vacuum. The material

between the plates is called the dielectric.
Any insulator will serve as the dielectric, 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 neglible in a high quality unit.

For one thing, there is an actual resistance loss in the
conducting plates of the condenser. The dielectric, while 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 a resistor in
parallel to represent the leakage. Because of
the leakage loss a chargecd condenser will soon
loose its charge. There are also other losses,
but they are not of importance from the prac- Lagx2ge LosS

onl . iew. —
tical point of view aér

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



E.N.F. of the current source, capacity is defined in terms of not
only how much charge is stored, but also on how much voltage is
applied. The unit of capacity is the Fgrad. The farad is equal
to the capacity of a condenser that will store one coulomdb of
electricity at the pressure of one volt.

The Farad is much too large 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 o
millionth of a microfarad. g eq o one/

Condensers similarly to resistors may be connected in series
apd in parallel. When condensers are connected in parallel, the
final capacity is greater than that of any condenser used in the
gom?lnatxon. The total capacity is ecqual to the sum of all the
individual condensers connected in parallel.

CP = cl+02+cs+oooocoo

Where Cp is the total capacity of units in parallecl. This formula

suggests a means of obtaining larger capacity from a number of
smaller units. Each 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 connected in parallel with equally satisfactory results
as might be obtained from a single 15 mfd. condenser.

i U [

Condensers in Series Condensers in Paréllel

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 ¢

Ct =

n
where n = number of condensers of capacity C connected in series.

There are three factors affecting the capacity of a condenser.
(1) The type of dielectric used
(2) The area of the plates in contact with the dielectric

(3) The actual thickness of tne dielectric, or what is the same
thing the separation between the plates.

It has been found that the capacity of a condenser using
air and other substances for the dielectric changed for each
definite substance used. For example certain 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 is known as the
dielectrye constant. Air is taken as standard and its dielectric
constant is assumed to be 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 and for the service-
man there will be little need for such calculations. Certain test

analyzers have provisions for indicating the capacity of paper and
electrolytic condensers directly.

FIXED CONDENSERS

Condensers comnonly used in radio sets are so constructed
that their capacity is fixed at one definite value. The exception
is 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




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 in condensers, a simple ohmmeter will serve the purpose.
A small capacity fixed condenser should test open on an ohummeter.
If the condenser has notic€able 1low resistance (below 50,000 ohms)
or is completely shorted, the unit should be replaced. A good
test is to connect the condenser momentarily to a source of D. C.
pctential between 25 and 100 volts., Quickly disconnect the con-
denser and comnect the terminals together. A spark should de noted
at the point of contact if the condenser is in good condition.

I e Electrolytics can be quickly
:;/’ Ohmme ter tested by the ohmmeter method.
| Test They will first upon being con-
——— nected show a shorted condition,
but the resistance will quickly
25¢o I§5 increase. The ohmmeter must be
= o0 » correctly connected, i.e. posi-
| j—" veeTs ‘ K tive side of the battery to the
———____J (r’ positive side of the electrolytic
Discharge Test - condenser, The D.C. potential
discharge test may also be used.

In replacing fixed condensers, the serviceman need not be
too critical. A4 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 is 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,

THEORATICAL CONSIDERATIONS OF ELECTROLYTIC CONDENSERS .¢ccacccsces

An electrolytic condenser is a fixed condenser of high capa-
city and compact size suitable for use with voltages not exceeding
about 550 volta. 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 conjuction with
the negative connection, and the electrolyte. Aluminum is usually
used as the anode in condensers for radio application. Other
metals such as tantalum and magnesium find some usej; the chief
advantage of tantalum being its ability to withstand acid corror
sion, Farthe cathode either gluminum or copper is used in connec-
tion with aluminum anode.



Many different electrolytes are used and their choice depends
greatly upon the voltages to be applied to the condenser. A few
electrolytes appear below with their respective critical voltages:

NaSO4 e0 00 e 00g e 40 VOltS

KMX‘104 ecs o s 0000000 0D 112
I(CN RN NN 295

NH4HC03 o0 00000000 425

Sometimes mixtures of two or more compounds are used. The density
of the electrolyte varies from a liqued which contains a fairly

%args percentage of water to a paste which is commercially called
dry".

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 is 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 0.1l2 mfd. per square inch, about eight hundred times that
of a paper condenser for this voltage.

The film is formed by applying a potential of the proper
,value. The capacity is almost inversely proportional to the poten-
tial at which the film is formed.

In the actual circuit when the potential is first applied,
the current is only limited by the resistance of the electrolyte
and the cxternal resistance present. Naturally under this condi-
tion high currents flow. The film forms quite rapidly, however,
gnd the leakage current drops to a safe value of about 0.2 milli-
amperes per microfarad. A radio rectifier circuit takes care of
this leakage current without difficulty. The rectifier tube does
not heat-up instantaneously and, because of this, the voltage at
first is of a small value. This voltage partially forms the film
which reduces the leakage current when the rectifier tube heats-up
to the full value and supplies the maximum voltage.

Temperature has an effect that is of a distinct advantage in
radio application of electrolytic condensers. The capacity in-
creases with the temperature up to certain limits. By mounting
the electrolytic condensers near the power and rectifier tubes,
temperagture arognd the condensers may be raised. Very little change
occurs past 120~ Fahrenheit, and because of other factors it is
best not to gurpass this value. A condenser having a cagacity of
8 mfd. at 70° F., will have over 1ll mfd. capacity at 120 .




SOME INPORTANT PRACTICAL FACTS CONCERKING CONDENSER REPLACEMENTS

When there is something wrong with a radio you are servi-
cing, you are safest in saying, "It's a condenser.® Of course,
there are more different kind condensers used in a radio set
than any other parts. And also stresses occuring in circuits
usually result in higher voltage on some condenser. Keeping
this in mind, you will want to know how to find a faulty con-
denser and how to make the replacement quickly and inexpensively.

You know that condensers do not pass D.C. If they do,
you better start replacing the condensers. Now most condensers
used in ecircuits 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
is important 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 of higher voltage rating to
prevent the same fault to re-appear again.

Condensers used for by-pass purposes may be replaced
by similar units but either larger or smaller in capacity.
For example, a 0.1l mfd. cathode condenser can be replaced
with a condenser anywhere from 0.01 to 1. mfd. capacity.
Filter condensers are in the same line. lLarger capacity
is strongly recommended. Occasionally you will replace the
parallel padder condenser or tone correction unit that is
fairly critical.

REVIEW QUESTIONS

1. If 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 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.



LESSON 7

ALTERNATING CURRENT THEORY & FILTERS

In our discussion of batteries 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, we
call this pulsating direct current. Alternating current (A.C.) has
a constantly changing magnitude and also direction. First one ter-
minal is positive having its value rising, see chart A to B. Then
the value begins to fall, but the same terminals are still positive
and negative, see B to C. At C the voltage present is zero, and

+ then it begins to rise in
‘ 8 the opposite direction., The
A c \ process is repeated, but the

- terminals are reveresed. The
AC. Sive Wave  ygual A.C. generated forms
- sine waves which graphically

appear as the ones illustrated.

When the voltage has started from zero, has risen to its 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 freguency
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 pure inductive circuit (no resistance being pre-
sent) the current will lag 90° behind 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-
tance 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 F, and inductance
L in henries are known.

INDUCTIVE REACTANCE XL = 6,28 xFxL 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 opposition is equivalent to resistance in a D.C. circuit and

by itself has nothing to do with the time lag. The relation between
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 formular given is used to compute the impedance.



z = /R34 x 2

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 its two sides; see figure. From these
two formulas we see that where inductance is
R invoived, 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:

X; »6.28 x P xL =6.28 x 120 x 10 = 7,536 ohms
z a J (300)%4 (7,536)2 = 7,542 ohms

The 120 cycle component receives a reactance from the choke of
7,536 ohms as campared 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 olms,

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 i
CAPACITANCE REACTANCE X <58 x T xC in ohms
Here also F i1s the frequency and C is the capacity in farads. Use
the simplified formula 7 = 159,236
c f xC

when C is expressed in microfarads.

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 circuit there is 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 . The total reactance
is equivalent to 1130.l - 265.4 = 865.ohms and the circuit will
behave inductively. :



The impedance formula for circuits 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

2 = 32+xc in ohms

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

z =[R2+ (X, - X,)° Note: X; AND 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. In 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
is large. By-pass condensers across bias 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). Formulas have been worked out to help a designer
to arrive at the correct values of the parts for anmy one of the
mentioned filter types.

JUNED CIRCUITS A radio frequency air core transformer is used
to couple the antenna to the radio set. A simple
input R.F. circuit is illustrated; the secondary

of the transformer is shunted with a variable condenser C. For

practical parposes 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 up. On first appearance the secondary
of the tuning 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 im the windings of the secondary coil, and is
in series with the winding. The induced current may be assumed
to be coming from a generator connected in series, see illustation.
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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

XR

 mro

Sometimes 7 and R are given and X has to
be found or Z and X are given and R is the

Z =

unknown. In that case the equation can be
solved for X and R and we have
X — ZR R = ZzX

‘/R’—-Z’ V X2 — 72

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

ohms.
IN SERIES
The impedance, Z, of a combination resist-

ance, R, and a reactance, X, in series is given
by the equation

Z=‘/ R? + X?

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

R-—_—# 72 . X2

x=¢ 72 — 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 ohms
and R = 1,000 ohms. Then X/R = 1.6; the
table shows Z/R = 1.8868. Then Z equals
1.8868 R or 1886.8 ohms.

ln.e;'ll three of the above eq)\éatié)ns ;{L can
It can be canacitive in whieh case Xee1/(s.55 | Renctance and Re- REACTANCE AND RESISTANCE
f C) where f is in cycles, L in henries and C sistance in Paral- VALUES |N SER‘ES
in farads. lel reprinted from
The table, Figure 3, has been prepared to January 1936 Re- O:(}Q}x m.zé}‘x o}{‘l}x m.zéyx m’-(le}x orzéyx
permit the finding of any one of the three search Worker.
quantities X, R or Z when the other two are 0.10 1.0050 0.70 1.2207 4.1 4.2202
given. When X and R are given, divide the L4 0.11 1.0060 0.71 1.2264 4.2 43174
larger of the two quantities into the smaller Reactance and Re- 0.12 1.0072 0.72 1.2322 4.3 4.4147
one and thus get a ratlo less than 1. Find . 0.13 1.0084 0.78 1.2381 W 4.5122
this ratio in the left column and multiply the sistance in Series . Y .0',“ 1'2‘ 0 45 4.600
number obtained in the second column by R reprinted from 0.14 1.0097 ot = :) AG -6028
or X whichever is the larger and find July 1936  Re- g:: ig:;?[ 0.76 l.ggsg 4.7 :gg’;;
Suppose R equals 1000 ohms and X is 200 search Worker. 0.17 1.0144 0.77 1.2621 4.8 4.9030
ohms, which makes X/R = .20. e table 0.18 1.0161 0.78 1.2682 4.9 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 5.29652
0.22 1.0239 g-gi i‘z-’ggg 5.3 5.3935
0.23 1.0261 d : 5.4 5.4918
REACTANCE AND RESISTANCE 0.24 1.0284 0.84 1.3060 5.6 5.5901
0.25 1.0308 0.85 1.3125 5.6 5.6885
VALUES IN PARALLEL 0.26 1.0333 0.86 1.3190 5.7 5.7871
0.27 1.0368 ggg llgggf 5.8 5.8856
.28 1. . . 5.9 5.9841
X/R Z/R X/R Z/R X/R Z/R P ot 0.89 1.3387 80 e
or R/X or Z/X or R/X or Z/X or R/X or Z/X 0.30 1.0440 g:li ig;g: 6.1 6.1814
. . . 9
011 onow | o080  oeams 085 oseds vz vose | 08 wae | ol g
0.12 0.1191 0.51 0.4548 0.90 0.6690 0.33 19580 g:gf 1 3 8.4777
0.13 0.1289 0.52 0.4613 0.91 0.6730 .24 1io502 0.95 1.3793 6.5 6.5764
0.14 0.1386 0.53 0.4683 0.92 0.6771 0.35 1.0695 0.96 1.3862 6.6 6.6752
0.16 0.1483 0.54 0.4751 0.93 0.6810 0.36 L0seE 0.97 1.3932 o oyl
0.16 0.1680 0.56 0.4819 0.84 0.6849 0.37 p0s52 0.98 1.4001 o8 68131
0.17 0.1676 0.56 0.4886 0.95 0.6888 0.38 1.0698 0.99 WioTi 6.9 6.9720
0.18 0.1771 0.57 0.4952 0.96 0.6925 0.39 1.0733 1.00 14141 7.0 7.0711
0.19 0.1867 0.58 0.5017 0.97 0.6963 0.40 1.0770 o 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 1.2 152891
0,21 0.2065 0.60 0.5145 0.99 0.7036 0.42 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 1.4 1.7205 7.4 7.4671
0.23 0.2242 0.62 0.5269 1.10 0.7400 0.44 1.0925 1.5 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 7.7646
0.26 0.2516 0.65 0.5450 1.40 0.8137 0.47 1.1049 1.8 2.0591 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 1.1226 2.2 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 8.4594
0.33 0.3134 0.72 0.5843 2.20 0.9104 0.54 1.1365 2.5 2.6926 8.5 8.5580
0.34 0.3219 0.73 0.5895 2.40 0.9231 0.65 1.1413 2.6 2.7857 8.6 8.6576
0.35 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 1.1610 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 0.95645 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 3.25678 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 9.5624
0.44 0.4027 0.83 0.6387 6.00 0.9864 0.65 1.1827 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 4.1281 10.0 10.0499
Figure 3 Figure 4
— e— e

¥Reprinted from Aerovox Research Worker.



Reactance and Resistance in Parallel
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y

CAPACITY FREQUENCY INDUCTANCE]|
A,B A B A B

.

MICRO-MICROFARADS KC MC MICROHENRIES
¥ 500 1000 ¥ 10
E3 900 & 9
4400 800 -8
700 -7
4300 600 -6
4200 400 ¥4
i}lso 300 43
: 0% 25

- 20042
150 - 1.8
¢ - 159000 N ;
ke = C L 10041
Sufd X buh 90 $-09

L ETC

10-+-0.1

Hhen any two of the quantities F, L, or C are known the third can be found by drawing a straight line.
Examplr: 100 mmf{d and 100 microhenries tune to 1590 kc. (reading all A siales) or 100 mmfd. and I microhenry reonates
at 159 mc. (reading all B scales).

Reproduced Through Courtesy of RADIO NEWS




HANDY RADIO FORMULAE

Direct Current Relations

VOLTS = IR S YRW
AMPERES = - ¥ W

= £ £
S i W
WATTS = EI R

Resistance Relations

RJTsTAL $
- = Reemd  $R ;R; iR
Ri  R: Ra 1 i ex

Rvora. = Ri+ Rz +R3etc.

Two Resistances Only

> 1
Rrorar 2R; 3R: Rr R
£ 3 DESIRED 3

Unknown

RroraL = g:+2: Unknown = 2:: 21‘»
Capacity Relations
C'ronl.

CTOTAL{ %& %‘
Cs

CroraL = C1 +C2 + Caefc.

i

S Y I
CroraL G 3 o + ol efc.

Two Capacities Only

CroraL Cr (veswmen)
e -
Ci Cz Ci Unknown
CrotaL = 8: :_gzz Unknown = %"XTCC—:T
Simple Reactance
Xc
S T

Over -Coupled Circuit Frequencies

||
= LS L2 ll
S8 | %
[
M

fr  f2

h—TL—u -k—+ R1+J-etc.

Complex Impedonce

WW‘M

z - VREI+awiLT  z = 2BLR
YRI+4 5L VRi+aniL?
Y4 r 4
r —A ~ r ng ~
R IIC t —I j
Cc

VRt g 2 Ty@mRCTET
Resonance Formulae

= - [ _ |
F=2svix L=amric C=3mrC
Where F is in cycles, L is in henries, ond C in Forods

l O ] z §Lc
l T i« | %R

1 N—
Z= gRiFLLC-]
At Resonance:

Z = Q27FL

Where Q ==

Coupling
L % gu

M
Lv"‘Lt

E’T’%

" 2 +0lm

Z = YRTFL-5pd+R?

At Resonaonce:
Z =R

Coefticient

=]

K=

L|+M Lat VGHM) (Le+ M)

INE

AL

vn

§ = ks
Vi+K

=

— S‘a__&':
%e’e CM c’*c‘

Where F is the resonont
trequency of each circuit
independent of the other
and K is the
coupling - coefiiciont
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2.
3.

10.

11.

12,

13.

14.

15.

REVIEW QUESTIONS

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

In an inductive circuit does voltage lead the current?

What is the inductive reactance of a 10 henry choke in a
60 cycle A.C, circuit?

What 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 cycle
current? What happens if a 1. 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 this problem.

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

If the F (frequency) term in any of the A.C. formulae is set
at zero, will the formula then be true for D.C.?

If the cost of condensers is much less than the cost of
power chokes, is there an advantage to use much capacity
and small chokes in power supply filters? 1Is this actually
done in practice?

Examine a power supply circuit. Remembering that a D.C.
voltage of varying intensity enters here into the filter,
try to analyze the actual action.



The antenna system consists of the actual aerial, lead-in
wires, and the ground or its equivalent. The antenna's aerial
and ground act as the two plates of a large condenser. As in
any condenser, the resistance should be low to eliminate losses.
At the transmitting station the antenna system is used to create
electromagnetic waves and must do this task efficiently. At the
receiving end in conjunction with the receiving radio set the
antenna system must pick up these radio waves and induce a signal
voltage of maximum obtainable value.

The attention given to antenna systems declined when screen
grid tubes came into use, "A few feet of wire under the carpet"
would serve as the aerial. True, little energy pickup is needed
with modern high gain sets, but when a set is made to operate
at its maximum sensitivity certain noises developed in the set
proper become much more pronounced. It is also ¥nown that the
noise to signal ratio may be decreased with a suitable antenna.
Further, short wave reception calls for a more efficient antenna
system,

An ideal antenna system would be nondirectional, pick up
very little background noises of man made static, and be equally
effective on all frequencies. There is hardly need to say that
such an antenna does not exist. Modern aerials with their asso-
ciated special lead-ins and coupling pystems do, however, approach
the ideal case.

To eliminate undesirable pickup and insure satisfactory
signal energy, the aerial should be errected as far away a3 pos-
gible from interference sources such as power lines, transformers,
gstreet car or elevated lines, or any other electrical devices,
and at the same time the aerial should be placed as high as prac-
tical above the roof or other structures.

Another way to reduce the pickup of man made static is to
employ a lead-in of such design that pigkup by the lead-in is
completely eliminated. This is adventageous since it may be
possible to place the antenna wire sufficiently high and away
from sources of interference, it may not be possible to do the
same with the lead-in wire. There are two types of lead-in
systems that posses no pickup qualities: (1) the shielded type,
and (2) the balanced transposed line used with doublet antennas.
Although a shielded line is suitable for ordinary broadcast
frequencies, it is not suitable for higher frequencies. Since
almost all modern sets are designed to receive one or more high
frequency bands, we will consider the transposed balanced line.
When employed in comnection with a correctly designed coupling
unit, the pickup of the lead-in is negligible.

Generally a modern all wave doublet antenna system consists
of two eerial wires of equal and suitable length suspended in
a straight line between two supports and insulated there-from
and between themselves. From the point where both wires join
the insulator, two separate lead-in wires are connected to the



two wires respectively. These wires may be twisted, but for best
results they should be transposed every couple of feet with the
aid of transposition blocks.

The two lead-in wires will carry two distinct antenna :
currents, out of phase, while the pickup of the two wires of
the lead-in will be in phase. Now if a transformer is used to
transform energy to the radio set, the in-phase components will 0
balance each other out. The signal component of each wire being
out of phase will add up in the transformer.

The antenna supports should be sturdy and firmly secured.
The antenna wire should be tightly stretched. Many antennas
constructed with neglect in this connection sway and cause the
set to reproduce sharp clicking noises or fade on and off. The
clicking is due to some connection moving, while the fading
effect is due to the antenna changing its capacity as its sways.

For outdoor antemnas a lightning arrester is always recom-
mended. The chance of lightning causing any damage is very
slight, but why risk an expensive radio and the possibility of
a fire? The lightning arrester is connected to the aerial and
ground. There is g short gap inside tetween these two connections
and when lightning strikes it jumps across this gap. In this
megnner the radio set is protected.

A suitable ground may be obtained from the water pipe.
A copper screen placed in moist soil also makes an excellent
ground connection. The doublet antennas do not require a ground
connection, except for the arrester.

AUTOMOBILE SET ANTENNAS
With the advent of auto radios certain new requirements
a8 well as limitations had to be considered. While on one hand
an antenna placed in an auto is limited in height, shielded
undesirably by the metal parts of the car's bedy, and usually
must be comparatively small, it must possgess the theorgtical
requirements of fixed house antennas previously described.



Auto radio antennas are either mounted under the car bet-
ween the axles or under the running boards, outside the car
along the roof, or along the sides or back, or in non-netal
roof types inside the roof inside of the car. The different
types in use are easily noticed in passing cars.

8

SEY

.
| \
{ % {
——

Photographs courtesy
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The auto radio antennas are usually required to receive
only stations of the broadcast band, thereby considerably simpli-
fying the problem. Auto radios are made very sensitive to further
simplify the pickup problem,

ANTENNA ACTION The electro-magnetic waves induce a current in the
antenna circuit. This current is very minute in
intensity, but is an exact duplicate in form of the original signal
sent out. Of course, the antenna is excited by the waves sent out
by all stations throughout the world. The closer and more powerful
stations produce a greater current, but every tramsmitting progran,
code or music, near and far, on any frequency produces and effectis
the antenna. Since we want to receive but one station at a time,
stations in the same geographical locality send out signals on
different frequencies. For example, the broadcasting stations in
the U. S. transmit on frequencies separated by 10 k.c. An antenna
in any one vacinity will receive all signals of these different
frequencies. By using a number of tuned circuits it is possible
to select the desired signal from among all others. A tuned circuit
also builds up the resonance frequency and by this method increases
the strength of the wanted signal.



MODUIATION At the station a carrier signal of Radio Frequency is

generated, usually by means of vacuum tube oscillators.
The sound for broadcasting is amplified separately by means of suit-
able audio amplifiers (explained in Lesson 14). The increased audio
signal is superimposed on the carrier frequency by a process called
modulation. The intensity of the carrier is modified by the audio
signal as illustrated.

A

Modulated Wave

Carrier Wave

Actually the carrier frequency modulated occupies a channel plus
and minus the signal's audio frequency. Since the present day
broadcasting channels are 10 k.c. wide, or 5 k.c. on each side of
the carrier, the program transmitted may have frequencies up to
5,000 cycles per second.

At the receiving set a loudspeaker or headphones are used to
change the electrical energy back to acoustical energy. The energy
needed to operate the speaker is the actual audio frequency and this
frequency must be separated (demodulated or detected) from the R.F.
carrier,

Aerial [

SELECTOCR

X>
Groundl Qﬁ

A DIAGRAMATICAL ILIUSTRATION OF A SIMPLE RECEIVING RADIO SET
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CRYSTAL DETECTOR Although in modern radio sets vacuum tubes are

used as the detectors,.in the early days of radio
crystal detectors were extensively employed. A crystal detector
consists of a mounted crystal of some particular material such as
galena, iron pyrites, or carborundum, and has a fine wire for making
the contact. When an alternating current of any frequency is applied
to the crystal, it is permitted to flow in one direction only. In
the reverse direction a very high resistance will be present. In this
manner detection takes place since the intensity of the radio wave is
directly controlled by the audio signal.

The student will easily see that the antenna picks up the
signals, a particular signal is selected by the tuned circuit con-
sisting of a fixed R.F, transformer (coil) and variable condenser,
this signal is then rectified or detected by means of the crystal
detector, and the diaphragms of the headphones follow the actual
audio variation impossed upon the carrier at the broadcasting studio.



AR

DIAPHRAGM
MOVEMENT

Al

RECTIFIED

o e m o oo o odbo oo oo deo

OR/IG/INAL
S/IGNAL

AMPLIFIED

The reception permitted by a crystal detector is limited in
volume because of lack of amplification. To permit loudspeaker opera-
tion and to obtain necessary selectivity vacuum tubes are employed.,
These more advanced circuits have been briefly mentioned and will
be discussed in greater detail later on.

At this stage of your study, you should bégin to notice radio
parts in the radio set you may have at home. Try to name every part,
trace out some of the simpler connections, notice the arrangement of
the different parts.

If your funds will allow you, purchase from one of the radio
jobbers a simple radio kit and try to build this set. A two tube
set of the battery or A.C. operated type is best for the start.
The Knight DX-ER is a good circuit to follow and is described on
the next two pages.

You are also now ready to attempt radio repair of the easier
type. Try to obtain work locally. If the set needing repair presents
toomany particular problems to you with your limited knowledge, turn
it over to some other serviceman in your locality and assume the part
of an agent. The easier tasks, of course, can be handled by you.

REVIEW QUESTIONS

1. What advantages does the doublet antenna system give?
2. What tube in the receiver does the demodulation?

3. Why is it not practical to have loud speaker reception
with a simple crystal set?

4. How is the reception of different bands accomplished in
the two tube DX-ER?

5. How can the circuit of the crystal set on this page be
changed to receive several different stations?



KNIGHT 2 TUBE «DX-ER”

The 2-Tube “DX-er” is a dependable battery operated
short-wave receiver which can be built quickly and
easily. The tuning range is 15 to 500 meters when used
with proper coils, covering the important foreign and
domestic ’phone and code Amateur bands, as well as

4 regular standard broadcast
programs.

Before you begin to wire,
vou should mount all the parts
as indicated on the pictorial
diagram. This is extremely
important for effective results.
You can then start the wiring,
following the schematic dia-
gram and checking your work from time to time with
the pictorial diagram. As you proceed, trace the com-
pleted connections with a colored pencil. This will
help you to remember exactly which connections have
already been made.

After the set has been wired and one of the coils and
the two type 30 tubes are in place, connect the “A”
hattery an£ advance the rheostat until a filament glow

Assembled “DX-er”

is noticeable in the tubes. This is a safety step to check
if the filaments are wired correctly. No glow indicates
that an error has been made in the filament circuit of
the tubes. When the filament glows, connect the “B”
battery and insert the headphones into the proper
Fahenstock clips.

Now test the set to see if it will regenerate. Advance
the regeneration control to the right, and a whistle will
be heard. If you do not hear this whistle, check the
coil socket and the “B” batteries to see that they are
wired correctly.

Next, connect the antenna and ground. With these in
place and the regeneration control just below oscilla-
tiotr (whistling point), turn the tuning control and you
will receive several stations. You will find that adjust-
ing the antenna trimmer will help a great deal. The
antenna condenser should be adjusted so that the de-
tector tube will oscillate at all points on the tuning dial.
The point of adjustment depends entirely upon the
degree of absorption of the antenna circuit from the
tuning circuit. Once the trimmer is adjusted for any
one of the coils, no other changes need be made untit

PICTORIAL WIRING DIAGRAM
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KNIGHT 2 TUBE «DX-ER”

a different coil is used. This adjustment is not critical
except when you actually want some real DX. It is
worth mentioning here that a good aerial is essential
for efficient short wave reception, particularly for a set
of the “DX-er” type. Both the aerial and lead-in
should be well insulated and kept as far away from
walls, roofs, etc., as possible.

You will soon learn in using the “DX-er” that broad-
cast and amateur 'phone stations come in best when the
regeneration control is below the point where oscilla-
tion starts. Code signals, however, come in best above
this point. In working on the short wave bands, keep
the set just oscillating, and tune very slowly. The in-
coming “dit-dit-dah” will tell you that you have a code
station. A whistle, on the other hand, should serve as
a warning to reduce the regeneration control setting,
and then to listen to a ’phone station at this dial
setting.

While there is nothing tricky about the operation of
the “DX.er,” it is well to spend some time in learning
how to tune it so that you may derive maximum
reception. (See right for complete parts list.)

1 Knight 7x9 drilled Masonite panel

3 Eby 4-prong sockets

1 140 mmf. variable condenser

1 Carter 30 ohm rheostat

1 Knight 50,000 ohm regeneration control
1 3 to 1 audio transformer

1 Hammarlund antenna condenser

1 Knight R.F. choke

1 “  .0001 mfd. condenser
1 “  .001 mfd. condenser
1 I. R.C. 3 megohm resistor
1 Knight 200,000 ohm resistor
8 Fahenstock single clips
1 Knight baseboard

1 Kurz Kasch dial

2 Knight knobs

1

hardware kit of screws, nuts, wire, etc.

1 Coil kit 16 to 217 meters

2 Raytheon 30 tubes

2 Knight dry cells

2 “  “B” batteries .
2 “  plugs for batteries

SCHEMATIC WIRING DIAGRAM
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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, is electron
engission. 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 theelectrons 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 temperature.

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

a current passed through the circuit. This is actually a simple
vacuum tube of the diode typec. It contains but two elements, the
cathode to emit and the plate (anode) to receive the electrons.
Under the influence of a positive potential apvlied 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.

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. In this manner
the alternating current will bec rectified into pulsating dircct.

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 between the cathode and the plate form-

ing a space charge.
i
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Since this charge consists of electrons it is electically
negative and has a repelling force exerted upon other electrons
and thereby impedes the passage of current betwecen cathode and
Platc. By increasing the plate voltage, morc 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
fur ther increase of the plate voltage will have no effect on the
plate %urrent. This maximum current is known as the sgturgtion
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. With 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. In 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-
ing 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, ecach electrode acting as one plate of a small con-
denser. The capacitances are those existing between grid and plate,
plate and cathode, and grid and cathode. The capacitance between
grid and plate is 6f 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 current as a much larger plate voltage
change. The ratio of the small change in the plate voltage (Ep)

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

plate current by an equal small amount is called the amplification
factor, or 4 (mu)., Mathematically:

de
4(-:—@':— where d means the differential, a very small change.

For example, a type 56 triode tube operating in a conven-
tional circuit with

Eg s ~13.5 volts, Ep = 250 volts, Ip = 5 milliamperes

will have one milliampere less of plate current (Ip) by either 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 tgbe.



The plate resistance (r) of a tube is the resistance to
the alternating current of the 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). That is:
T

I
d p

r =

The grid may be made to assume either positive or negative
values with respect to the cathode. When the grid is 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. Becausc of this and other reasons, it
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 dr op
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.

+ T3
Battery Bias Voltage Divider Bias Self Bias

The detrimental effect of the grid-plate capacitance is
reduced greatly by the introduction of a fourth electrode, called
the ecreen 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 indircct emission of electrons from the plate is called
secondary emission in contrast to primary emission from the heated
cathode. In the diode or triode this action does not cause any
difficulties because of the atsence of any positive bodies in the
vicinity of the plate. In the screen grid type tetrode, however,
the screen is positive and close to the plate and does attract
electrons 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 & further intro-
duction 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. 8Since such tubes have five elements they
are called pentodes.

BEAM POWER TUEES 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 sereen 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.

At the present time there are also many special tubes
designed to serve some special purpose or combine in a single
envelope two or more tubes. The student is urged to carefully
study the Sylvania Tube characteristic chart. You should have
a good idea of the characteristics and applications of the more
common tubes.

BIAS DETECTR  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- et SRR TS AT LT
ponding decrease when an equal L
negative grid voltage was app- '
lied. Notice the rectification- -~
detection that takes place in
the illustrated example of a
single sine wave. (:

Plate Current

N
"

Signal
Voltage

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

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 application.



Plate Ch Plate characteristic
ate aracteristifs, 46 Class A curves are useful in deter-
mining the best operating
conditions of a tube. The
----] plate current is plotted
a8 the ordinate, and the
. : plate voltage as the ab-
JPRSTRRPE; ISP ARE sfeceegeedencfer gt ... | Bcissa. Keeping the grid
: : : potential fixed at some
d : value, the variations in
bigre et ofoee et RS - ofoeeefounifoon #--1 DPlate voltage are plotted
; : : against the corresponding
: var%atigns of plate cur-
: ‘ Fe : rent. repeatin this
Boare virs 4 see process yfor pa nufmber of
different grid potentials, a group of similar curves are obtained,
as illustrated for type 46 tube in class A operation. It will be
noted that an increase in negative grid potential shifte the curve
to the right.
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To rlot the load line having been givens Eg s «31 volts

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

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

P, Place a straight edge on point P; rotate it until the value
of plate voltege 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, than the formulas below may be
applied in calculating the amount of second harmonics and power
output. Second harmonices are frequencies twice the signal fre-
quency generated by the tube and usually not wanted.

At any value of grid potential, the plate current value is
directly to the left of the load line and that grid potential
intersection; the plate voltage is directly below this intersec-
tion. For example in the previous graph, when Eg e <10, the plate
voltage is 150, and the plate current is about 34 milliemp.

POWER OUTEUT = A mex = Imin) x (Bmgx —Emin)

I I - 21 )
% 2nd HARMONICS = 50 x _(_IM:I!:_.I‘JLI__&‘EJ:&&L_
max* +min

The 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 extent as detectors and oscillators,
The current change in the plate circuit of a vacuum tube may
produce s voltage variation across g 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
gide 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
&y expressed by the relation:

Voltage Amplification = -;é%%%;-

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

o The types 6E5, 6G5, and other tuning indicator tubes are
f1n@1ng extensive use in modern sets, and may be added to any radio
hgv1ng.automatic volume control. The tube's filament is simply
wired in series with other tubes in A.C.-D.C. type sets, or connected

to the power transformer filament
winding. Usually the transformer
can easily handle an additional
tube. In sets using 2.5 volt tubes
type 2E5 must be employed.

The adapter sockets supplied
(as illustrated) have an internal
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 instruc-
tions are always supplied with
the unit you may purchase.

Photograph of American Phenolic
MAGIC EYE ASSEMBLY Corporation unit.

There are a great many different tubes used in radio receiving
sets. All the types are listed in the SYLVANIA tube chart following.
A great many types are identical except for the fact that one series
is for 2.5 volt operation, the second series for 6.3 volt use. Note
for example the corresponding types 58 and 78, or 55 and 85. Also
in the same series there are many tubes almost alike, see 6C6, 77,&
6J7. There are tubes to serve in A.C. sets, in combination A,C.~D.C.
sets, in battery sets, and for many other special applications.

All the metal tubes have equivalent glass types. For example,
6K7 has a glass equivalent BK7-G. The G type tubes may be used for
metal or vice versa, provided space permits and the glass tubes sub-
stituted are provided with shields in certain cases. There are also
many G type tubes not having metal equivalents, see 6K6G, 25A7G.

Now you have already noticed that the first column of the
chart gives the type number. The next column tells the class of the
tube. Is the tube a triode, a pentode, or is it a complex tube such
as duotriode. Next is the "base" data. The code letters refer to
the tube diagrams on pages 6 and 7 of the chart booklet. Look up
type 6A8 for practice., You will note that it is a heptode (six
elements). For base connections you are to refer to 8-A. As you
find 8-A diagram you will note that the tube requires an octal socketl
uses eight pins and a grid cap on top. And in the next column you
are told that the bulb is 8A-1l. This information will give you the
actual outside physical dimentions.



The filament current and voltage are given in the next listing.
Of course, the wattage is the product of the two. Note that the
0ld style tubes (now used for replacement only) required much more
power than the modern more economical tubes. Also note that the
battery tubes take less filament power; see types lA4, 30, and 32,

Other 1important and useful data about the tubes is given
also. The average operating conditions are stated. This infor-
mation will permit you to check sets and to design circuits. As
practice, check all the tubes in several sets you may be able to
examine and see that the tubes are used as recommended, have the
correct type of bases, and are of the proper series to be used.

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?

3. How does the secreen grid of a tetrode reduce the capacity
between the control grid and plate?

4. What is the meaning of amplification factor?

5. 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. Examining the chart, state the average amplification of
triodes? Pentodes?

9. What is the advantage of metal type tubes?

10. What tube fits a 7 small prong socket? What tube fits a
7 large prong socket? (refer to the chart).

11, List the different filament voltages used for the many
different series of tubes? Will all these be needed in
a good tube tester?

12. Check the tubes used in several radio sets with the
listing on the chart. See if each tube is used in
accordance with the recommended procedure,

13. Find two tubes that could be used in a circuit to replace
type 6F7. Two types to replace type 25A7-G.
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SYLVANIA AVERAGE

Ohms | Undis-
Filament Load torted
Ratlng Nagative Plate Screen Plate Micromhos| Ampli- for Power
Type Class Base Bslb Use Plate Grid Scraen Current Curtent | Resistance Trans- fRication Stated | Output
Volts Volts Volts Ma, Ma, Ohms conduct- Factor Power | Milil-
Volts | Amps. ance Qutput | watts
0Z4 Duodlode 4-R 8A-2 eese | soee | FW Rect. 300 Al. C. Volts! Per Piste, RiMS, 75 Mal, Max. 30 |Ma. Min, |Output Cetirent. caee 00
0Z4G Duodiode 4-R T-TNIC | eeoe | oeee | F-W Rect. 300 A|. C. Volts| Pet Plate, , 75 Ma|. Max. 30 |Ma. Min, |Output Curjrent. 000 000
01A Tricde 4.D $1-14 50 | 0.25 | Amplifier 90 4.5 2.5 cesses 11,000 725 X ase ..
135 9.0 | ...... 30 | ...... 10,000 8.0 .
1A1 Monode 4-A | ST-12 (Batter|y Rece|iver Ballast Wijth Avere|ge Filame|nt Voltage |Drop of 1.0{Volts ot 50/0 Ma.)
1A4 Tetrode 4.K ST-12C | 2.0 | 0.06 | R-F Amp. | New Nu|mbering Iis 1 A4T, Se|e Charecteri{siics Below.
1A4P Pentode 4-M | ST-12C | 2.0 | 006 | R-FAmp, | 135 K 67, 2. 0.9 500,000 675 325 . 000
180 3.0 67. 2. 0.8 850,000 700 600 0000 0000
1A47 Tetsode 4K ST-12C | 2.0 | 0.06 | R-F Amp. 135 3.0 61.5 2. 0.7 350,000 625 220 0000 000
180 3.0 61.5 2. 0.7 600,000 650 400 0000 voou
1A5G Pentode 6-X 198 1.4 | 0.05 | Power Amp. BS 4.5 85.0 35 0.7 300,000 800 240 25,000 | 100
>0 4.5 90.0 4.0 0.8 300,000 50 255 25,000 | 115
1A6 Heptode | 6-L ST-12C | 20 | 0.06 | Converter 135 3.0 61.5 1.8 2.0 400,000 2754 | (G2=135 |V. Max..|2.0 Ma.)
180 3.0 61.5 1.5 2.5 500,000 3004 | (G2=180|V. Max.,|2.5 Ma.)
1A7G Heptode | 7-Z 1-6C 1.4 | 0.05 | Converler 90 0,0 45,0 0.55 0.60 600,000 2504 | (G2=90 |V. Max,,| 1.2 Ma.)
1B1 Monode 4-A ST-12 (Batter|y Recellver Ballast Wilth Avera|ge Filsme[nt Voltage |Drop of 1.0| Volis at 36|0 Mn.&
184P Pentode 4-M | ST-12C X X R-F Amp, 135 3.0 61.5 1.6 0.7 700,000 625 440 ssee
180 3.0 61.5 1.7 0.6 1.1 Meg. 650 700 0000
1B5/25$ Duodiode Trl.| 6-M | ST-12 2.0 | 0,06 | Detector 135 30 | ...... 08 | ...... 35,000 575 20 0000
1C1 Monode 4-A ST-12 (Bstterly Rece|lver Ballast Wilth Avera|ge Fllameint Voltage \Drop of 1.0/ Volis at 74|5 Ma.)
1C5G Pentode 6-X T-9B 1.4 | 0.10 | Power Amp. 3 1.0 83, 1.0 1.6 110,000 1500 165 9,000 | 200
30 1.5 $3.0 1.5 1.6 115,000 1550 180 8,000 | 240
1C6} Heptode | 6-L S$T-12C | 2.0 | 0.12 | Converter 135 3.0 61.5 13 2.3 500,000 4004 [(G2=135 |V. Msx.,|3.0 Ms.)
180 3.0 61.5 1.3 2.7 600,000 3254 [(G2=180 (V. Max.,|3.8 Ml.;
1C71G Heptcde | 7-Z ST-12C | 20 | 0.12 | Converter 135 3.0 61.5 1.7 2.3 500,000 400 A ((G2=135|V. Max,,[3.0 Ma.
180 3.0 61.5 1.3 2.7 600,000 3254 | (G2=180 |V. Max.,|3.8 Ma.)
1D1 Monode 4-A ST-12 (Batter|y Rece|iver Ballest Wijth Avera|ge Fllame[nt Voltage |Drop of 1.0( Volis at 24 s.)
1D5G Tetrode 5.R ST-12C | 20 | 0.06 | R-F Amp. | New Nu/mbaeting lis 1D5GT, Sies Characteristics Belo
1D5GP Pentode 5. ST-12C | 20 | 006 | R-FAmp. | 135 3.0 67. 2.2 0.9 00,000 675 325 0000 00
180 3.0 67. 2.3 0.8 50,000 700 600
1D5GT Tetrode 5.R ST-12C | 20 | 006 | R-FAmp. | 135 3.0 61.5 2.2 0.7 50,000 625 220
180 3.0 61.5 2.2 0.7 600,000 650 400 .
1D71G Heptode | 7-Z ST-12C | 20 | 0.06 | Converter 135 3.0 61.5 1.8 2.0 400,000 2754 | (G2=135 [V, Max,,[2.
180 3.0 67.5 1.5 2.5 500,000 3004 [(G2=180 (V. Max.,
1E1 Monode 4-A | ST12 (Battery Rece|iver Ballest With Averajge Filameint Voltage |Drop of 1.0| Volts st 48/0 Ma.)
1EAG Trlode 5.5 T9- g 0.05 | Amplifier 90 0.0 sess 4.5 cese 11,000 1,325 145 0a
90 3.0 cese 1.5 00 17,0 825 14 o
1E5G Tetrode 5-R ST-12C | 2.0 | 0.06 | R-F Amp. | New Nu|mbe:ing I{s 1ESGP. S{ee Characte|ristles Belo|w.
1E5GP Tetrode 5.Y ST-12C 0 | 0.06 | R-FAmp. | 135 3.0 61.5 1.6 0.7 700,000 625 440 0000 0000
180 3.0 61,5 1.7 0.6 11 %88. 650 700 0900 0000
1E7G Duo Pentode | 8-C ST-12 2.0 | 0.24 |Power Amp.| 135 1.5 135 6.5°t 2.04 220, 1,600 350 24,0009 650
1F1 A 4-A ST-12 (Batter|y Recsliver Ballast Wilth Averslge Filame|nt Voltage Dros 1.0| Volts at 72|0 Ma.)
1F4 entode 5.K ST.14 2.0 | 0.12 | Power Amp. | 135 4.5 135 .0 2.6 200,000 | 1,700 340 16,000 | 340
1F5G t 6-X ST-14 2.0 | 0.12 | Power Amp.| 135 4.5 135 8.0 2.6 200,000 | 1,700 340 ,000 | 340
1F6 Duod!. Pent. | 6-W | S$T.12C | 2.0 | 0,06 | R-F o1 |.F 189 1.5 67.5 2.0 0.6 1 Meg. 650 650 0000 0000
A-F Amp. 135+ 2.0 |(Screen Sup[ply =135V|. Thra 0.8 |Meg. Rest,| Grid Rest. [1.0 Meg., |Voltage |Gain 44.)
1FIG Duodl. Pent. |7-AD | ST-12C | 2.0 | 0.06 | RF ot |- 180 1.5 61. 2.0 .6 1 Mes. 650 650 cees 0000
A-F Amp, 135+ 2.0 [(Screen Sup(ply =135V|.Thiu 0.3 |Meg.Rest.) (Grid Rest.1(.0 Meg.; |Voltage |Gain46.)
1G1 Monode 4-A ST-12 (Batter|y Receliver Ballast Wiith Avers|ge Fll t Voltage |Drop of 1.0 Volts at 42{0 Mc.)
1G4G Tilode 5-S T9- 1.4 | 0.05 | Amplifier $0 6.0 0ARago 2.3 a0 2059 825 8 0090 0000
1G5G Pentode 6-X ST-14 2.0 | 0.12 | Power Amp. 90 6.0 $0.0 8.5 2.5 135,000 | 1,500 8,500 250
G Duotriode [7-AB | T9-B 1.4 | 0.10 | Power Amp, 90 0.0 . 1.0 0000 45,000 675 h friode | Class A)
90 0.0 1.0 Zetio Signel Pet| Trlode 0200 12,0009 | 450
1H4G Triode 5.5 sT-12 2.0 | 0.06 | Det. Amp. $0 4.5 2.3 AN 11,00 850 veee seee
135 9.0 3.0 0,301 900
180 135 3.1 10,300 $00
1H5G Dlode-Triode| 5-Z T9-C 1.4 | 0.05 | Det, Amp, %0 0.0 0.15 240,000 2175
1H6G DuodlodaTrl, [7-AA | ST-12 .0 ) 0.66 | Detector | 135 3.0 0.8 35,000 575
i Monode 4-A s1-12 (Battet|y Rece|iver Ballast Wilth Averajge Filame Drop of ot 62(0 Ma.)
115G Pentode 6-X ST-14 0 | 0,12 | Powet Amp. | 135 16.5 1.0 125,000 | 1,000 13,500 | 575
136G Duotricde [7-AB | ST.12 .0 | 0.24 | Powet Amp.| 135 0.0 000000 27.0 (Class B O|peration, 10,0009 2,100
135 30 | ..ol | esio {Cfuss 8 Olperation 10,0004 1,900
135 6.0 000Q00 22.0 Class B O|peration; 10,0009 1,600
1K1 Monode 4 A ST-12 (Batterly Rece]lver Bollast Wilth Aveta|ge Fllame|nt Voltage Dro‘p o 0 Ma.)
1N5G Pentode 5.Y T9- 14 | 005 | R-F Amp. $0 0.0 90.0 2 b 1.5 Meg 750 0009 voes
1Q5G Tetrode [6-AF | T9. 1.4 | 010 | Power Amp.| 90 4.5 90,0 9.5 1.6 ceen 2,100 8,000 270
1R1G Monode 47 ST-12 (Batter|y Rece(lver Ballast Wijth Avera/ge Filame|nt Voltage [Drop of 1.0f Volts at 54/0 Ma.)
MG Monode 41 ST-12 (Batter|y Rece(lver Ballast Wi[th Avesa/ge Fllament Voltage [Drop of 1.0/ Volts at 56/0 Ma.)
1V Diode 4-G ST-12 [-3 0.30 -W Rect. | 350 A. [C, Volits [Per Plate, R|MS, 60 Ma|. Outpet Culrent
w1 Morode 4-A ST-12 (Batter|y Rece(lver Ballast Wijth Averaige Fllame|nt Voltage |Drop of 1.0| Volts at 54/0 Ma.
1Z1 Monode 4A ST-12 i‘;:... ¥ Rece|iver Ballast Wijth Aveta|ge Filame|nt Voltage DtoF of 1.0/ Volts st $0(0 Ma.
2 Monode 4-A S-14 D.C, [or A.C|.-D.C.Recelve |t Plug-in | Resistor |With Avere|ge Filament| Voltage Dirop of 9.0 |Volts st 30/0 Ma.
2A3 Trode 4-D ST-16 2.5 | 2.50 |[Power Amp. | 250 45.0 cesess 60.0 cessse ,250 4.2 2,500 | 3,500
300 8.0 000000 40.0 pet.|Tube, Push | Pull, Fixed (Bias 3,0009(15,000
2A5 Pentode 6-B ST-14 25 | 1.75 | Powet Amp.| 2503 16.5 250 34.0 1.5 79,000 | 2,350 185 7,000 | 3,000
315¢ 22.0 315 42.0 8.5 100,000 | 2,600 260 7,000 00
250%*¢| 20.0 |TeGstoP| 33.0 000000 A 2,300 6.2 3,000 650
350%*| 38.0f |TleGatoP| 22.5 pelrTube, Push| Pull, No Sl|gnal 8,0009/15,000
2A6 Duodlode Td.| 6-G ST-12C | 2.5 | 0.80 | Detector 250 2.0 000090 10 cessss 91,000 o
2AT,2A7S| Heptode 7L ST-12C | 2.5 X Converter 100 1.5 I 1.4 . 500,000 )
250 3.0 100 3.5 2.7 300,000
2B7, 2B7S | Dwodl. Pent.| 7-D §T.12C | 25 | 0.80 | R-For I-F 100 3.0 100 5.8 1.7 300,000
Amplifier 180 3.0 75.0 3.4 0.9 1 Meg.
250 3.0 100 6.0 1.5 800,000
A-F Amp. | 250* 45 50.0 0.65 "
2E5 Triode 6-R sT.12 25 | 0.80 | Indlcator 100§ | (Sertles P|late Rest. 0.|5 Meg. Tar|get Cur. 2.0| Ma., Gild |Blas -3.3 for| 0° Shadow)
250§ ries Pllate Rest. 1.|0 Meg. Tariget Cur, 3.0 Ma., Grid | Bias -8.0 f|or 0° Shado|w)
25/4S Duodiode | 5-D ST-12 25 | 1.35 Detector | The Two | Diode Pijates each Ditaw Approx|imstely 40./0 Ma. with [50 Volts D.|C. on the Pl{stes
272/G84 Diode 4-B S§T-12 2.5 | 1.50 | H-W Rect. | 350 A,[C. Volts [Per Plate, RiMS, 50 Ma{. Output Cu|ment ssesss cesane sees .
3 Monode 4-A sT7.16 (D.C. jor A.C C. Recelvejr Plug-In [Reslstor [With Averalge Fi t| Voltage Dirop of 128./0 Volts at |300 Ma.
4 Monode 4-A ST-16 (D.C. [or A,C|.-D.C. Receive|r Plug-In |Resistor [With Avera|ge t| Voltage Driop of 115,10 Volits at [400 Ma.
5 M 4 A ST-16 (D.C. tor A.Cl.-D.C. Receive|r Plug-In |Resistor |With Avera gz t| Voltage Drjop of 115./0 Volts at (460 Ma.
5T4 Duodl 5.T 10A-2 | 5.0 | 2.00 | F-W Rect. | 450 A.C{. Volts Pler Plate, R|MS, 250 M{a, Output Current casess cecase ceea
5U4G Duod| 5.T §T-16 5.0 | 3.00 | F-W Rect. 500 A.C|. Volts Pler Plate, R|MS, 250 M|a. Qutput C|urrent
5V4AG Duodi 5.L ST-14 5.0 2.00 | F-W Rect. | 400 A.C|. Volits Pier Plate, R|MS, 200 M|a. Output Clurrent
5W4 Duodi 5.T 8B-1 50 | 1.50 | F-W Rect, | 350 A.C|. Voits P|er Plate, RiMS, 110 Mis, Output C|urrent
5X4G Doudl 5.Q | ST-16 50 | 3.00 | F-W Rect. |500 A.C|. Volts Pler Plate, RiMS, 250 M|a. Output C|ument
5Y3G Duodlode | 5.T ST-14 50 | 2.00 | F-W Rect. 350 A.C|. Volts Pler Plate, RiMS, 125 Mia, Qutput C|urrent
400 A.C|. Volts P R|MS, 110 Mis, Output C|urcent
R 35 M(a. with Chojke Input on
574G Duodiode | 5-Q | ST-14 50 | 200 | F.-W Rect, 3G Abovle.
5Z3 Duodiode | 4-C ST-16 5.0 3.00 | F-W Rect. MS, 250 Mia. Output Clument.
5Z4 Duodlode | 5-L 8B-1 5.0 2.00 | F-W Rect, MS, 125 Mls. Output Clumrent.
6 Monode 4-A ST-12 (Batter|y Rece|iver Baliast Wi 1.0| Volts at 685 Ma.)
6A3 Trlode 4-D $T-16 6.3 1. Power Amp. 60. secees 800
40.0 Pet Tube, Plush Pull, Fi
40.0 Pet Tube, Plush Pull, Se|if Blas

*Applied through 250,000 ochms.
AConversion Conductance,

*Triode operation.
xed Blas.

{Pentode Opetetion,
#Pet Tube—No Signe

Plate to Plate.

tApplied through 200,000

¢—Approximate

ohms.



CHARACTERISTICS

Ohms | Undis-
Flisment Load tosted
Rating Negatlve Plate Screen Piate Micromhos| Ampli- for Powet
Type Clas Base Bulb Use Plute Grid Screen Current Current | Retlstance Trans- fcation Stated | Output
Volts Volts Volts Ma. Ma, Ohms conduct- Factor Powst | Milli-
Volts | Amps. ance Output | watts
6A4/LA Pentode 5-B $T-14 4.3 0.30 | Power Amp. 100 6.5 100 1.5 1.6 83,250 | 1,700 150 11,000 300
135 9.0 135 13.0 2.8 52,600 | 2,100 150 9,500 700
180 12.0 180 29.0 4.5 60,000 | 2,500 150 8,000 | 1,500
6ASG Triode 6-T ST-16 6.3 1.25 | Power Amp. 250 45.0 N00000 60.0 . 8 5,250 4.2 2500 | 3,750
395 68.0 catees 40.0 Per Tube, P|ush Pull, Fijxed Bias AN 3,0009(15,000
6A6 Duotrlode | 7-B ST-14 6.3 0.80 | Power Amp. 250 0.0 000000 14.0 per [Plate, Class (B Operatloln ..... 10000 8,000%( 8,000
300 0.0 seee 17.5 per |Plate, Class (B Operatioln ..... cecess |10,0009(10,000
Drives 250 | 5.0 OO 6.0 weiere | 11,300 | 3,100 35 [(Clas A Dv{v«;
Drlver 294 6.0 ceseas 1.0 00000 11 3,200 3s (Class A [Drlver]
6A7,6A7S| Heptode 7-C §T-12C | 6.3 0.30 | Converter 100 1.5 50.0 1.1 1.3 600, 3604 |(G2=100|V.2.0 M(a.)
250 3.0 100 3.5 2.7 360,000 5504 |(G2=200 V. Max,,| 4.0 Ma.
6A8 Heptode 8-A 8A-1 6.3 0.30 | Converter 100 1.5 50.0 1.1 1.3 600,000 3604 | (G2=100 V., 2.0 | Ma.)
250 3.0 100 3.5 2.7 ,000 5504 | (G2 =200 |V. Max.,| 4.0 Ma,)
6A8G Heptode 8-A ST-12C | 6.3 0.30 | Converter 100 1.5 50.0 1.1 1.3 ,000 360A |(G2=100V.2.0 M a.)
250 3.0 100 3.5 2.7 360,000 5504 | (G2=200|V. Max.|,4.0Ma,
6A8GT Heptode 8-A T19-E 6.3 0.30 Converter Characte|ristics Sa|me as Type|6ABG Ab|ove. .
6ABS Trlode 6-R 19.A 6.3 0.15 Indlcator 135 (Snlu P|late Rest. 0./25 Meg., Tiarget Cur. 4.|5 Mas., Gri|d Blas -7.5 |for 0° Shad|ow.)
6ACSG Trode 6-Q §T-12 6.3 | 0.40 | Power Amp. | 230 +13 | ...... 320 | .eeen 36,700 | 3,400 125 ceos coss
250 (Bln Fro|m 76 Driver|) 32.0 (Class A, [One Tube, |Dynamic Cloupled) 7,000 ( 3,700
250 0.0 | ..ou.n 2.5¢ | (Class B‘ T(wo Tubes) | «coonn | avesen 10,0009 8,000
6AF6G Duodlode |7-AG | T9-H .3 0.15 Indicator 100§ | (Ray Co|ntrol Volts | = Approx.| 60 for 0° S|hadow; Ap|p ox. Zeto [Volts for10/0° Shad|ow.)
135 (Rny Co|ntrol Volts [ = Approx.| 81 fot 0° Slhadow; Ap|prox. Zero {Volts for 10/0° Shad|ow.)
6B4G Triode 5 §T-16 6.3 1.00 | Power Amp. 250 5.0 | ... o 600 | ...... 800 | 5,250 4.2 2,500, 3,200
395 68 () || oooo0 . 40.0 Per Tubc, Push Pull, |Fixed Blas | ...... 3,0004 15,000
395 vee | esesen 40.0 Pet Tube, |Push Pull, (SelfBles | ...... 5,0009(10,000
6BS Duotrlode | 6-AS| ST-14 6.3 0.80 | Power Amp. 300 0.0 (Iinput Sectlofn) 9.0 | ..ceee | viiiie | dieeee | deeeen 0000 0090
300 0.0(Olutput Sectio|n)42.0 | ...... 24,000 | 2,400 58 7,000 | 4,000
6B7, 6B7S | Duedl. Pant. | 7-.D §T-12C | 6.3 0.30 | R-F or {-F 100 3.0 100 5.8 1.7 300,000 950 285 ceee 5000
Amplifier 180 3.0 3.4 0.9 1 Meg. 840 840
250 3.0 6.0 1.5 800,000 | 1,000 800 cees cee
A-F Amp. 250* 4.5 S || ogacoo || .oooooa. || ceacco || aagooo 500 000
688 Duodl. Pent. | 8-E 8A-1 6.3 0.30 | R-F or I-F 250 3.0 10.0 2.3 600,000 | 1,325 800 000
[1:]:{<] Duodl. Pent. | 8-E S§T-12C | 6.3 0,30 | R-F or I-F 250 3.0 10.0 5.3 ,000 | 1,325 800 5000 ves
6CS Trlode 6-Q 8A-2 6.3 0.30 | Amplifier 250 8.0 80 | ..... . 10,000 | 2,000 20 0000 -
6CSG Triode 6-Q 11853 6.3 0.30 | Amplifier 250 8.0 80 | s.evne 10,000 | 2,000 20 csee cee
6C6 Pentode 6-F ST-12C | 6.3 0.30 | R-F Amp. 100 3.0 2.0 0.5 1 Mesg.+ | 1,185 1,185 5000 0000
250 3.0 2.0 0.5 1.5 Meg— | 1,295 1,500
Detector 250* 4.3¢ (Plate Curirent to be s|djusted to 0.1 Ma. with| no Input Slignal)
A-F Amp. 250* 1.0 0.5 3 Meg. 600 ,800
6C7 Duodlode Til.| 7-G ST-12C | 6.3 0.30 | Detector 250 9.0 4.5 16,000 | 1,250 20 Q000 00RO
6C8G Duotriode | 8-G §T-12C | 6.3 0.30 | Amplifier 250 4.5 3.2 22,500 | 1.600 36 (One Sefction)
Inverter 2350 3.0 50,001 ns Resistor 9/00° Ohms Voltage
Amplifica|tion 45 0, RMS, for| Inverter Se|rvice
6D6 Pentode 6-F sT-12C | 6.3 0.30 | R-F Amp. 100 3.0 100 8.0 2.2 ,000 | 1,500 375 coas
250 3.0 100 8.2 2.0 800,000 | 1,600 1,280 0000 .
6D7 Pentode 1-H sT.12C | 6.3 0.30 | R-F Amp. 100 3.0 100 2.0 0.5 1 Meg.+ | 1,185 1,185 0000 veee
250 3.0 100 2.0 0.5 1.5Meg.~ | 1,295 1,500 cess
6D8G Heptode 8-A §T-12C | 6.3 0.15 | Converter 100 1.5 50.0 1.0 1.7 550,000 3004 |(G2=100 [V.1.8M l.;
250 3.0 100 3.0 3.5 320,000 500 A | (G2 =200 |V.4.5Mia,
6ES Trode 6-R ST-12 6.3 0.30 Indicator 100§ | (Serles P|late Rest. 0.|5 Meg. Tar|get Cur. 2.0| Ma., Giid |Bles -3.3 for] 0° Shadow|)
250§ | (Serles P|late Rest. 1.(0 Meg. Tarjget Cur. 3.0{Ma., Grid |Bias -8.0 for| 0° Shadow )
O6ES Duotilode | 7-B §T-14 6.3 0.60 | Power Amp. 180 9200 | ...n.. 23.0 ceevas 2,150 800 1 5,0001 750
(2 Sections) 250 9275 | .eeen 36.0 0QDO00 1,750 | 3,400 6 0 14,0009| 1,600
6E7 Pentode 7-H ST-12C | 6.3 | 0.30 | R-F Amp. 100 3.0 100 8.0 2.2 250,000 | 1,500 375 ceee 5000
250 3.0 100 8.2 2.0 ,000 | 1,600 1,280 ceee 0000
6F5 Trlode 5-M 8A-1 6.3 0.30 | Amplifier 250 20 | ..ennn 11 | .o ,000 | 1,500 100 seee sees
6F5G Triode 5-M | ST-12C | 6.3 0.30 | _ Amplifier 250 20 | ceeeen 19 | eieeen 66,000 | 1,500 100 cess vees
6F6 Pentode 7S 86-1 6.3 0.70 | Power Amp, 25031 | 16.5 250 34.0 1.5 79,000 | 2,350 185 7,000 | 3,000
3153 | 290 315 42.0 8.5 70,000 | 2,600 185 7,000 | 5,000
250** 20.0 |TleGstoP| 31.0 0QDO00 2,600 | 2,700 1.0 4,000 850
3758 | 26.0f 250 17.04 254 2 Tubes Cllass AB Pen|tode Oper. 10,8m 19,000
35 38.0F [ ...... 295§ | ...n.e 2 Tubes Cifass AB Trio|de Oper, 6, 18,000
6F6G Pentode 1-S ST-14 6.3 0.65 | Power Amp. 2501 | 16.5 250 34.0 1.5 79,000 | 2,350 185 7,000 | 3,000
3158 | 92.0 315 42.0 8.5 100,000 | 2,600 260 7,000 | 5,000
50%* 90.0 |TieGstoP| 33.0 ceeess 2,700 | 2,300 6.2 3,000 650
350** 38.0f [Tle Gsto P| 22.5f§ 2|Tubes Class| AB Triode Operatlon | ...... $,0007(15,000
6F7, 6F78 | Pent.-Tilede | 7-E ST-12C | 6.3 | 0.30 | Pent. Amp. 100 3.0 100 6.3 1.6 290,000 050 300 Pentode| Sectlon
Pent. Amp. 250 3.0 100 6.5 1.5 850,000 | 1,100 900 Pentode| Section
Trode Amp. 100 3.0 cecnee 35 eevese 16,200 525 8.5 Triode | Section
6F8G Duotrlode | 8-G $T-12C | 6.3 | 0.60 | Amplifier 250 8.0 veesee QIO [ 7,700 | 2,600 20 (One Se/ction)
s 250 5.5 PlateLos(d 50,000 |Ohms, Seli |Blas Reslstor| 1,150 Oh|ms, Voltag|e
LA a Amplific|ation 29, Ofutpet Volts [65, RMS, Flor lnverter S|ervice
6GS5 Trlode 6-R ST-12 6.3 0.30 Indicator New [Number (Is 6U5/6G|5.
6G6G Pentode 1S §T-12 6.3 | 0.15 | Power Amp, 135 6.0 135 115 2.0 170,000 | 2,100 360 12,000 600
180 9.0 180 15.0 2.5 175,000 | 2,300 400 10,000 | 1,100
6H6 Duodlode | 7-Q 8C-1 6.3 0.30 Rectifier 100 |A.C.Volt|s Per Plete, RMS, 4.0 [Ma. Outpult Current REGO00 500000 ofeiele 00
6H6G Duodlode | 7-Q §T-12 6.3 0.30 Rectifier 100 |A.C.VoitisPer Plate, [RMS, 4.0 |Ma. Outpu|t Current 000000 500000 lolsle ceee
615 Trlode 6-Q 8G- 6.3 0.30 | Amplifier 250 80 | ..... . 23.0 ...... 7,700 | 2,600 20 . 5000
6J5G Trlode 6-Q ST-12 6.3 0.30 | Amplifier 250 80 | ...... .0 elelslole 7,700 | 2,600 20 . aislale
6J7 Pentode 7-R 8A-1 6.3 | 0.30 | Amplifier 250 3.0 100 ! 0 0.5 1.5 Meg. | 1,225 1,500 . cons
6J1G Pentode 7-R ST-12 6.3 | 030 | Amplifier 250 3.0 100 0. 5 1.5 Meg, | 1,295 1,500 cees .
Detector 250* 4.3 100 (Plalc Curr|ent to be ad|justed to 0.[1 Ma. with [No input Si|gnal)
6J1GT Pentode | 7-R T9-E 6.3 0.30 | Amplifer | Characte|ristics Sa|me o3 Type (657G Abo|ve.)
6J8G Trl.-Heptode | 8-H ST-12C | 6.3 | 0.30 | Mixer 250 3.0 100 1. 2.9 4.0 Mes. 200 A | (Heptede [Section)
Oscillator 9250 | Plate Sulpply Thru |20,000 Rest|., Grid Rest.| =50,000, (Grid Cur, 0.|4 Ma.(Triod|e Sectlon()
6K5G Triode 5-U ST-12C | 6.3 0.30 | Amplifier 100 1.5 cresee 035 | ...... 78, 900 70 cees coee
250 3.0 | ...... 1.10 50,000 400 70
6K6G Pentode 71-S ST-1¢2 6.3 | 0.40 | Power Amp, 1925 10.0 1925 1.0 2.0 100,000 | 1,525 150 11,000 650
180 135 180 18.5 3.0 81,000 | 1,850 150 9,000 | 1,500
250 18.0 250 32.0 5.5 68,000 | 2,200 150 7,600 | 3,400
6K7 Pentode 7-R 8A-1 6.3 | 030 [ Amplifier 90 3.0 90.0 5.4 1.3 315,000 | 1,275 400 ceee o
180 3.0 75.0 4.0 1.0 1 Meg. | 1,100 1,100 .
250 3.0 100 7.0 1.7 800,000 | 1,450 1,160 coes
6K7G Pentode 7-R ST-12C | 6.3 0.30 | Amplifier | Characte|ristics Sa|me as Type [6K7 Above|, Except C it
6KTGT Pentode 7-R T9-E 6.3 0.30 Amplifier | Characte|ristics Sa|me as Type |6K7 Abovc Except Ca|pacitances.
6K8 Trl.-Hexode | 8-K 8G-2 63 | 0.30 Mixer 250 3.0 100 6. 600,000 350 A | (Hexode S|ection)
Osclilator 100 | Grid Res|t. 50,000,P |late Cuv 3.8( Ma.; Conv.|Cond. 3000{ (Triode Se|ctlon NolO scillating)!
6L5G Triode 6-Q ST-12 63 | 015 | Amplifier 100 3.0 tasece 4.0 veesse 10,000 | 1,500 ceve RN
250 90 80 ..... . 9,000 | 1,900 11
6L6 Tettode [7-AC | 10A-2 | 6.3 | 0.90 | Power Amp. 3715 17.5¢ 250 57.0¢ 2.5¢ (Class A1, (One Tube) | ...... 4,500 {11,000
250 16.0f 250 60,04 5.04 é(lm A1, (TwoTubes) | ...... 5, 14,500
400 25.01 300 50.0¢ 254 Class AB1,| Two Tubes)| ..es0s 6, 34,000
400 25.0f 300 51.04 3.0f (Cless ABz,| Two Tubes)| .oevee 3,800% (60,000
Refer to the Syivajnla Technic|al Manual flor more co|mplete data
6L6G Tetrode 7-AC | ST-16 6.3 0.90 | Power Amp. | Character|istics Sam (¢ s Type 6/L6 Above.
6L7 Heptode 7T 8A-1 6.3 0.30 Mixer 250 6.0 150 3.3 8.3 1 Mes. 350 A ((G3 =Neg. 15 V., Alpprox.)
Amplifier 250 3.0 100 5.5 5.5 800,000 | 1,100 (G3 ~Nc|.l 3.0 V., |Approx.)
6LIG Heptode 1-T $T-12C ! 6.3 | 0.30 Charactetlistics Samle as Type 6/L7 Above, |[Except Caplacitances.

ttFor two tubes with 40 volts RMS applied to each grid.

$50 volts RMS applied to two grids.

§Plate and Terget Supply Voltage.

§§With Average Power Input of 320
Grid.

Mw.

Grid to



SYLVANIA AVERAGE

Ohms | Undls-
Fllament Load torted
Rating Negative Plate Screen Plate Micromhos| Ampll- for Power
Type Class Base Bulb Use Plate Grld Sereen Current Current | Resistance Trans- fAcation Stated | Qutput
Volts Volts Volts Ma, Ma. Ohms conduet- Factor Power Milli-
Volts | Amps. ance Qutput |  watts
6NS3 Trlode 6-R ST-12 6.3 0.15 | Indiecator 1804 | (Series P|iste Rest. 0.(25 Meg., T|arget Cur. 2.0 Ma., Gri)d Bias -12.0| for 0° Sha|dow)
6N6G Duotriode | 7-AU| ST-14 6.3 | 0.80 | Power Amp, 300 0.0 | (Input Sectilon) 9.0 . 00000 0000 cees
300 0.0 [(OutputSec|tion)42.0 58 7,000 | 4,000
6N7 Duotilode | 8-B 8B-1 6.3 0.80 | Power Amp. 230 00 | ..... . 14.0 per 990000 8,0009| 8,000
300 0.0 00000 11.5 per [Plate, Class |B Operatioln ...... | ..... . 10,0007/10,000
Driver 250 5.0 6.0 35 Class A| Driver)
Driver 294 6.0 1.0 35 Class A| Driver)
6N7G Duotrlode | 8-8 ST-14 6.3 0.80 Chaeracter|istics Sam|¢ as Type 6{N7 Above.
6P5G Triode 6-Q ST-12 6.3 0.30 Amplifier 250 135 | ...... 5.0 13.8 cons ces
Detector 250 2006 | ...... (Plate Curr no Input Si|gnal)
6P1G Pent.-Triode | 7-U ST-12C 0.30 | Pent. Amp, 100 3.0 6.3 300 Pentode | Section
Pent. Amp, 250 3.0 6.3 1.5 850,000 1,100 900 Pentode | Sectlon
Triode Amp. 100 3.0 3.3 . 16,200 525 8.5 Tiiode | Section
6Q7 Duodiode Til.| 7-V 8A-1 6.3 0.30 Detector 100 1.5 0.35 88,000 800 70 ceen ceee
250 3.0 . 00 1.1 o 58,000 1,200 70 0000 s
6Q71G Duodlode Trl.| 7.V S$T-12C | 6.3 0.30 | Detector  [Character [Istics Sam|e as Type 6/Q7 Above,| Except Capjacitances. 500000 000000 ceea “eua
6QI1GT Duodlode Tri.| 7-V T9-E 6.3 0.30 | Detector  [Character [istics Sam|e as Type 6{/Q7 Above,| Except Cap|acitances.
6R7 Duodlode Trl.| 7-V 8A-1 6.3 0.30 Detector 250 9.0 cesens 9.3 000000 8,500 1,900 16 AN caae
6R7G Duodiod 7-V ST-12C 6.3 0.30 Detector 250 9.0 cesens 9.5 0Qoaag 8,500 1,900 16 Q000 9900
657G Pentode 7-R ST-12C 6.3 0.15 R-F 100 3.0 100 8.0 2.2 250,000 1,500 375 0000 0000
250 3.0 100 8.3 2.0 630,000 1,750 1,100 2000 9000
6SA7 Heptode 8-R 8G-1 6.3 0.30 Converter 100 2.0 100 3.2 8.0 500,0004 425 A 000000 (Each Tr|iode)
2350 2.0 100 3.4 8.0 800,0004 4504 ...... 5000 0000
638C7 Duotiiode | 8-S 8G-1 6.3 0.30 Amplifier 2350 2.0 Q00000 20 | ...... d 1,325 70
6SF5 Triode 8-p 8G-1 6.3 0.30 Amptifer 250 20 | ...... 09 | ...... 66,000 1,500 1
68J7 Pentode $-N 8G-1 6.3 0.30 Amplifer 100 3.0 100 2.9 0.9 700,000¢ | 1,575 1,100
230 3.0 100 3.0 0.8 1.5 Meg.4 | 1,650 2,500
65K7 Pentode 8-N 8G-1 6.3 0.30 Amplifier 100 3.0 100 8.9 2.6 250,000 1 900 475
250 3.0 100 9.2 2.4 800,000 2,000 1,600 .
65Q7 Duodlode Tii.| 8-Q 8G-1 6.3 0.30 Detector 250 2. 000g 0.8 0ggg 91,000 | 11,000
6TS Trlode 6-R 19-A 63 0.30 Indicator Disc|ontinued |Type; Repllace with Tylpe 6US/6(GS.
o6T1G Duodlode Tel.| 7-V ST-12C 6.3 0.15 Detector 100 1.5 0o0a0 0.3 | ... 95,000 680 65 o
2350 3.0 0 09 | ...... 63, . 1,000 65 Q000 .
6U5/6GS Triode 6-R T9-A 6.3 0.30 | iIndicator 100% | (Serles Pllete Rest. 0.(S Meg., Tar|get Current |1.0 Ma., G|rid Blas -8.0| for 0° Shad|ow)
2504 | (Serlas P|late Rest. 1.(0 Meg., Tar|get Current (4.0 Ma., G|rid Bias -22(.0 for 0° Sh|adow)
6U1G Pentode 7-R ST-12C 6.3 0.30 | R-F Amp. 100 3.0 100 8.0 2.2 250,000 1,500 375 cens
250 3.0 100 8.2 2.0 800,000 1,600 1,280 sees 0900
6Vé Tetrode 7-AC 8B-1 6.3 0.45 | Power Amp. 250 125 250 45.04 4.54 52,000 | 4,100 2184 5,000 | 4,250
230 15.0 250 35.0¢4 2.5¢4 éCIou AB),| Two Tubes ; ...... 10,0004 8,500
300 20.0 300 39.0¢4 2.5¢4 Class ABy,| Two Tubes)) ...... 8,0007(13,000
6V6G Tettode [7-AC | ST-14 6.3 0.45 | Power Amp. | Charscter|lstics Sam|e a3 Type 6| V6 Above
6V1G Duotriode | 7-V ST-12C 6.3 0.30 Detector 135 105 | ...... 3.7 Q00A00 11,000 750 8.3 25,000 75
180 135 | ..eenn 6.0 000000 8,500 915 8.3 20,000 160
250 200 | ...... 8.0 000000 7,500 1,100 8.3 20,000 350
6W1G tod 7-R ST-12C 6.3 0.13 Amplifier 250 3.0 100 2.0 0.5 1.5 Mu. 1,295 1,850 0000 0000
6X5 fod 6-S 88-1 6.3 0.60 | F-W Rect. 350 |A.C. Vol|ts Per Plate,|RMS, 75 Mja. Output |Current | ...... 000000 9000 0000
6X3G fod 6-S ST-12 6.3 0.60 | F-W Rect. 350 |A.C. Vol|ts Per Plate,|RMS, 75 Mle. Qutput |Current | [ ...... 8000 0000
6Y5 lod 6-J ST-12 6.3 0.80 | F-W Rect. 350 |A.C. Vol|ts Per Plate,|RMS, 50 Mjs. Qutput [Cument | ...... | ...... 500 990
8Y6G Pentode  |7-AC | ST-14 6.3 | 1.25 |Power Amp.| 135 | 13.5 135 58.04 3.0 | ...... 1,000 cesene 2,000 | 3,600
Y16 Duotriode | 8-B ST-12C 6.3 0.60 | Power Amp. 180 00 | ...... 1.8 | ceeees (Class B O ptullon; cecann 7,0009 5,500
250 | 00 | il 1056 | ...l (Class B O|peration 14,0001 8,000
6Z5 Duodlode | 6-K ST-12 1g2 838} F-W Rect. 230 |A.C. Vol|ts Per Plate [RMS, 60 M[s. Output C|urrent gooooo || oagooo 900
6ZY5G Duodlode | 6-S ST-12 6.3 0.30 | F-W Rect. 350 |A.C. Vol|ts Per Plate,[RMS, 35 M|a. Output Clurrent | ...... | «coene Q000 5090
6Z7G Duotrlode | 8-B ST-1¢2 6.3 0.30 | Power Amp, 135 00 | ...... 6.04 (Class B Ofperation) | ...... 9,000%( 2,500%4
180 00 | ...... 8.44 (Class B O|peration) | ..... o 12,0009 4,20054
7 Monode 4-A ST-16 (D.C. |or A.C|..D.C.Recelvelt Plus-én Resistor |With Avera|ge Filament op of 176 | Volts at 30/0 Ma.)
TA4 Triode S-AC T19-G 6.3 0.30 Amplifier 0.0 0000 10.0 ,700 | 3,000 20
250 8.0 copg 9.0 7,700 | 2,600 20
TA6 Duodlode [7-AJ 19-G 6.3 | 015 Rectifler 150 |A.C Vol|ts per Plate,| RMS, 10.0 MA. Outplu Cu:rent.
TA7 Pentode 8.v 19-G 6.3 0.30 Amplifier 250 3.0 100 8.6 2.0 800,000 | 2,000 0
TAS Octode 8-U 19-G 6.3 0.15 | Converter 2350 30 100 30 2.8 700,000 600 A |(G2=250|V.4.5M|s
85 Pentode |6-AE T9-F 6.3 0.40 |[Power Amp. 100 79 100 9.0 1.6 | ...... 1,450 12,000 330
180 13.3 180 18.5 30 | ...... 1,850 150 9,000 | 1,500
250 18.0 250 32.0 530 e 2,200 150 7,600 | 3,400
786 Dvuodiode Tit.| 8-W 19-G 6.3 0.30 Detector 2350 2.0 aQg0 1.0 | ...... 91,000 | 1,100 100 5000 o
787 Pentode 8-V 19-G 6.3 0.15 Amplifier 250 3.0 100 8.5 2.0 700,000 | 1,700 1,200 0000
788 Heptode 8-X 19-G 6.3 0.30 | Converter 100 1.5 50 1.1 1.3 600,000 360 A EG! =100 |V.,2.0 Mja.)
250 3.0 100 3.5 2.7 360,000 5504 (G2 =250 |V. Max,,|4,0Ma)
7Cs Tetrode [6-AA | T9-F 6.3 0.45 | Power Amp. 250 123 250 45.04 4.5¢4 52,000 | 4,100 2184 5,000 4,250
230 15.0 250 35.04 2.5¢4 (Class AB1,| Two Tubes) 0000 10,0009 8,500
300 20.0 300 39.04 2.5¢4 (Class AB),| Two Tubes)| ...... 8,0009/13,000
7C6 Duodlode Til.| 8-W 19-G 6.3 0.13 Detector 250 1.0 50 g 1.3 100,000 | 1,000 100 0000 500D
174 Duodlode |5-AB 79-G 6.3 0.50 | F.W. Rect. 350 [A-C Vollts per Plate, t Current.
8 Monode 4-A ST-16 éD.C. or A.C|.-D.C. Recelve(r Plug-In [Resistor |[With A op of 132.0| Volts at 30|0 Mas.)
9 Monode 4-A | ST-16 D.C. [or A.C[.-D.C.Receive|r Plug-In |Resistor |With Avera op of 50.0| Volts st 30/0 Ma.)
10 Triode; 4-D ST-16 1.5 1.25 | Power Amp. 250 23.5 6,000 330 8.0 | 13,000 400
350 32.0 3,150 1,550 8.0 | 11,000 900
425 40.0 3,000 1,600 8.0 [10,200 | 1,600
12A Trlode 4-D ST-14 5.0 0.25 | Det., Amp. 90 4.5 3,400 1,575 8.5 5,000 35
135 9.0 100 1,630 8.5 9,000 130
180 13.5 4,700 1,800 8.5 10,650 285
12AS Pentode 1-F ST-12 12.6 0.30 | Power Amp. 100 15.0 41,000 1,700 8s 4.5 800
6.3 0.60 | Power Amp. 180 25.0 35,000 2,400 83 3,300 | 3,400
12A7 Diode-Pent. | 7-K ST-12C [12.6 0.30 Rectifier 125RIMS | ...... 1300Max.| .ceeen | ciiiie | sevees | eeeees olslels esoa
Ampllfier 133 13.3 135 102,000 915 100 13,500 350
12Z3 Diode 4-G ST-12 12.6 0.30 | H-W Rect. 250 |A.C. Vol|ts Per Plate, tCumrent | ...... | ...... coss 0000
135 Pentode S-F ST-12C 2.0 0.22 | R-F Amp. 61.5 1.5 61.5 o 630,000 710 450 ceos 00
135 1.5 61.5 o 800,000 750 600
19 Pentode 6-B ST-14 14.0 0.30 | Power Amp. 2508 | 16.5 250 .0 79,000 2,350 185 7,000 | 3,000
3151 22.0 315 .0 100,000 2,600 260 7,000 | 3,600
25 20.0 [Tie Gs to P .0 2,700 2,300 6.2 3,000 650
350+ 38.0f |Tie Gsto P .5 p Pull, No Slignet | ...... 0,008'1] 15,000
19 Duotrlode | 6-C ST-12 2.0 0.26 | Power Amp. 135 0.0 cenaes 0t Cless B Openllan; 000000 10,0007 2,100
135 3.0 NN .0t Class B |Ogpetation vessen 10, 1,900
135 6.0 a0 .01 (Class B |Operation) 000g00 10,000%| 1,600
20 Trlode 4-D T9-A 3.3 0.132| Power Amp. 90 16.5 “ee 2.8 cesees 4350 . 9,600 30
135 205 | ... 6.0 ceseas 130
22 Tetrode 4-K ST-14C 3.3 0.132| R-F Amp. 135 1.5 61.5 3.7 1.3 Y
24A, 245 Tetrode 5-E ST.14C 2.5 1.75 | R-F Amp. 180 3.0 90.0 4,0 1.7 “esa
250 3.0 90.0 4.0 1.7
Detector 250* 5.0¢ | 20to 45 | (PlateCurrient to be ad
25A6 Pentode 7S 8B-1 25.0 0.30 | Power Amp. 93 15.0 95.0 20. 4.0
135 20.0 135 37.0 8.0
180 20.0 180 38.0 1.5
23A6G Pentode 7S ST-14 23.0 0.30 | Power Amp,| Character/istics Sam|e as Type 2/5A6 Abovie,
BBAIG Diode-Pent, | 8-F ST-12 25.0 0.30 Rectifier 125 IA.C. Vollh Per Plate,] RMS, 75 IM.. Qutpu
Power Amp. 100 15.0 | 100 20.5 4.0
*Applied through 250,000 ohms, **Triode operation. 1Pentode Operation. 9 Plate to Plate. $—Approximate

AConversion Conductance. f~—Fixed Bias, #Per Tube—No Signal. 1t Applied through 200,000 ohms.



CHARACTERISTICS

Ohms | Undis-
Filament Load torted
Rating Negative Plate Screen Plate Micromhos| Ampli- for Powet
Type Class Base Bulb Use Plate Grld Screen Current Currznt | Reslstence Trans- fication Stated utpet
Volts Volts Volts Ma, Ma. ms conduct- Factor Power | MIil-
Volts | Amps. ance Output | watts
23B6G Pentode 71-S ST-14 23.0 0.30 | Powet Ainp. 95 15.0 75.0 41.04 158 | cevver | avsees 2,000 | 1,900
25L6 Tetrode 7-AC 8B-1 25.0 0.30 | Power Amp. 110 1.5 110 49.04 4,04 10,000 8,200 2,000 | 2,200
2BLEG Tetrode 7-AC ST-14 25.0 0.30 | Power Amp, 10 1.5 110 49.04 4,04 10,000 8,200 2,000 | 2,200
25L6GT Tetrode 7-AC | T9-D 95.0 | 0.30 | Power Amp. | Characteristics Se|me as Type (25L6G Abjove.
58 Duodiode Til.| 6-M SsT-1¢ 2.0 0.06 | New Numb|ering is 1(B5/25S
25Y5 Duodisde | 6-E ST.12  [25.0 | 0.30 Doubler 9250 |A-C Voilts per Pigts.| RMS, 85 [Ma. Output| Current. 000000 . 0000
9525 Duodiode | 6-E ST.1¢2 25.0 0.30 Doubler 125 {A.C. Vol|ts Per Plete,| RMS, 100 [Ma. Output] Current Q000 cae ceee
2526 Duodiode | 7-Q 8B-1 25.0 0.30 Doubler 1925 |A.C. Vol|ts Per Plate,| RMS, 85 (Ma. Output| Current 0a oo 000
92526 G Duodlode | 7-Q ST-12 235.0 0.30 Doubler 125 |A.C. Vol|ts Per Piate,| RMS, 100 |Me. Output| Current cesane conns . 0000
2526GT Duodiode | 7-Q 79-D 25.0 0.30 Doubler Characte(rlstics Sa|me as Type [2526G Ab|ove.
Trlode 4.D ST-14 1.5 1.05 Amplifier 90 1.0 ceses 29 | eee... 8,900 935 8.3 coss .
135 10.0 55 “es 7,600 1,100 8.3 cene s
180 14,5 6.2 cesens 7,300 1,150 8.3 cees coss
27, 275 Triode 5-A ST-.1¢2 2.5 1.75 Amplifier 90 6.0 3.0 cevens 10,000 900 9.0 ceee coss
135 9.0 4.7 araes 9,000 | 1,000 9.0 . coen
180 135 5.0 cesene 9,000 1,000 9.0 .o .o
250 21.0 52 | eeese. 9,250 975 9.0 .
Detector 250 30.0¢ (Plate Curr|ent to be ad justed to 0./2 Ma. with |no Input Slg|nal)
3 Trlode 4.D ST-12 2.0 0.06 | Det.,, Amp. 90 4.5 2.5 cieese 11,000 850 9.3 9000 ees
135 9.0 3.0 . 10,300 900 9.3 .
180 13.5 3.1 000000 10,300 900 9.3 vene
3 Tilode 4-D ST-1¢2 2.0 0.13 | Power Amp. 135 29.5 80 | ..... . 4,100 925 38 7,000 185
180 30.0 123 | ...... 3,600 1,050 3.8 5,700 373
32 Tetrode 4-K ST-14C 2.0 0.06 | R-F Amp. 135 3.0 61.5 1.7 0.4 950,000 640 610 0000 cees
180 3.0 d 1.7 0.4 1.2 Mcl. 650 780 000 eos
A-F Amp. 180* 3.0 671.5 aecees | en cene 1.2 Meg. 650 780 Q0 o
Detectar 120 6.0¢ 67.5 (|Plate Curren|t to be adju(sted to 0.2 | Ma. with |no Input Sig|nal)
33 Pentode 5.K ST-14 2.0 0.26 | Power Amp. 135 13.5 135 14.5 3.0 30,000 1,450 70 7,000 700
180 18.0 180 22.0 5.0 55,000 1,700 90 6,000 | 1,400
4 Pentode 4.M ST-14C 2.0 0.06 | R-F Amp. 61.5 3.0 67.5 2.7 1.1 400,000 560 294 cooe coee
135 3.0 61.5 2.8 1.0 Y 600 360 e coss
180 3.0 61.5 2.8 1.0 1 Meg 620 620 ceee cose
35/51, Tetrode 5-E ST-14C 2.5 1.75 | R-F Amp. 180 3.0 90.0 6.3 2.5 300,000 1,020 305 ceee .
355/51S 250 3.0 90.0 6.5 2.5 ! 1,050 420 ceee ees
A-F Amp. 2350* 1.0 [ 45t067.5 0.5 000000 2 Meg. | .o 00000 cees
35AS Tetrode 6-AA | T9-F 32.0 | 0.15 | Power Amp. 110 1.5 110 35.0 2.8 25,000 5,500 2,500 1,400
3523 Diode A4-Z T9-F 32,0 | 0.15 | H.W, Rect. 250 | A-C Vollts per Plate|, RMS, 100| Ms. Outp|ut Current.
36 Tetrode 5-E ST-12C 6.3 0.30 | R-F Amp. 135 1.5 61.5 2.8 Not Over | 574,000 1,000 473 “oe ceae
180 3.0 90.0 31 of 500,000 1,050 523 cese ceee
230 3.0 90.0 3.2 Plste Ma. | 550,000 1,080 595 sees cone
Detector 230 6.0¢ 20 to 25] (Plsle Cumrentto be od luch to 0./1 Ma. with {no Input Sig|nal)
37 Trlode 5-A ST-12 6.3 0.30 | Det.,, Amp. 1335 9.0 cecoan 4.1 cecens 10, 995 9.2 cees ceee
180 13.5 cesens 4.3 10,200 900 9.2
250 18.0 ceesan 1.3 A 1,100 9.2
38 Pentode 5-F ST-12C 6.3 0.30 | Power Amp. 135 13.5 135 9.0 130,000 995 120
180 18.0 14,0 110,000 1,050 120
2350 25.0 22.0 0,000 1,200 120
39/44 Pentode 5-F ST.12C 6.3 0.30 | R-F Amp. 90 3.0 5.6 375,000 960 360
180 3,0 5.8 0, 1,000 750
250 3.0 5.8 1 Mes. 1,050 1,050 coee
A-F Amp. 250* 1.0 0.3 2 Meg casean coene eoee
40 Triode 4.D ST-14 5.0 0.925 Amplifier 135 1.5 0.2 150,000 200 30 ceee
180 3.0 0.2 150,000 200 30 cooe cose
41 Pentode 6-B ST-12 6.3 0.40 | Power Amp. 193 10.0 11.0 ,000 1,325 150 11,000 630
180 13.5 18.3 81,000 1,850 150 9,000 | 1,500
250 18.0 32.0 68,000 2,200 150 7,600 | 3,400
42 Pentode 6-B ST-14 6.3 0.65 | Power Amp. 2501 16.5 340 79,000 2,350 185 7,000 | 3,000
31531 9220 315 42,0 100,000 /600 260 7,000 | 5,000
250** 20.0 [Tie Gsto P| 33.0 2,700 2,300 6.2 3,000 650
350*| 38.0f |Tie Gsto P| 22.5 per Pull,No Sig|nal 8,0001 15,000
43 Pentode 6-B ST-14 25.0 0.30 | Power Amp, 93 15.0 95 20.0 45,000 2,000 90 4,500 900
135 20.0 135 37.0 35,000 2,450 83 4,000 | 2,000
45 Trlode 4-D ST-14 2.5 1.50 | Power Amp. 180 315 | ...l . 31.0 cesens 1,650 2,125 33 2,700 830
230 500 | ...... 340 | ....n. 1,610 2,175 3.5 3,900 | 1,600
275 560 | ce.aen 360 | ...... 1,700 2,050 3.5 4,600 | 2,000
46 Tetrode 5-C ST-16 2.5 1.75 | Power:Amp. 250 330 [TieGstoP] 2200 | ..... . 2,380 2,350 5.6 6,400 | 1,250
300 0.0 |TleGsto G 4.04 50000 (Class B |Operation) 0600 5,2004 16,000n
400 0.0 (TieGsto G 604 | ..... 5 (Class B |Operation) | ...... 5,800 (20,000
46A1 Monode 5-7 ST-12 46.1 0.40 | Regulator Plug-in |Resistor (With 46.1 |Volts Drop,|at 0.4 Amp ere)
46B1 Monode 5-7 ST-1¢2 46.1 0.30 Regulastor Plug-in |Resistor |With 46.1 |Volts Drop,| at 0.3 Amp|ere)
47 Pentode 5-B ST-16 2.5 1.75 | Power Amp. 250 16.5 250 31.0 6.0 60,000 2,500 150 7,000 | 2,700
48 Tetrode 6-A ST-16 30.0 0.40 | Power Amp, 935 20.0 9. 52.0 12.0 4,000 3,900 15.6 1,500 | 2,000
123 29.5 100 52.0 12.0 11,000 3,900 43 1,500 | 3,000
49 Tetrode 5-C ST-14 20 0.12 | Power Amp. 135 20.0 |Tie Gs to P 6.0 . 417 1,125 4.7 | 11,000 170
180 00 |[TieGsto G 2.04 (Two Tubes| Class B Op eration) 12,0007 | 3,500
50 Triode 4.D ST-16 1.3 1.25 | Power Amp, 300 54.0 PPN 35.0 ,000 ,900 3.8 4,600 | 1,600
350 63.0 45.0 1,900 2,000 3.8 4,100 | 2,400
400 70.0 35.0 1,800 2,100 3.8 3,670 | 3,400
430 84.0 55.0 .o . 1,800 2,100 38 4,350 | 4,600
53 Duotrlode | 7-B ST-14 2.5 2.00 | Power Amp. 230 0.0 14.0 per [Plate, Class (B Operatiojn ...... cesens 8,0007( 8,000
300 0.0 17.5 per |Plate, Cless |B Operatiojn ...... selalal 10,0007 (10,000
Drlver 230 5.0 6.0 esnaes 11,300 3,100 35 (Cless A| Drlver,
Drlver 294 6.0 wos 1.0 . 11,000 3,200 35 (Class A| Driver,
35, 558 Duodlode Til.| 6-G ST-12C 2.5 1.00 Detector 135 10.5 coonss 3.7 denaes 11,000 750 8.3 | 25,000 73
180 13.5 conans 6.0 oo 8,500 975 8.3 | 20,000 160
250 20.0 BO0000 8.0 esssea 71,5 1,100 8.3 | 20,000 350
56, 565 Trode 5-A ST-12 2.5 1.00 Amplifier 250 135 0 30 | .eenes 9,500 1,450 13.8 coee sene
Detector 250 20.0¢ (Plate Curt{entto be ad luncJ to 0.|2 Ma. with |no Input Sig|nal)
S6AS Trode 5-A ST-12 6.3 0.40 Character istics Sam e as Type 56 Above
57, 578 Pentode 6-F ST-12C 2.5 1.00 | R-F Amp. 100 3.0 100 2.0 0.5 1 Meg.+ | 1,185 1,185 ceee coee
230 3.0 100 2.0 0.5 1.5 Meg— . 1,500 .o ceee
Detector 230* 4.3¢ 100 (Plate Curr[ent to be adjusted to 0.|1 Ma. with [no input Sig|nal)
A-F Amp. 250* 1.0 50.0 05 | cevenn 3 Meg. 600 ,800 .
5TAS Pentode 6-F ST-12C | 6.3 0.40 Character|istics Sam|e as Type 57| Above.
58, 58S Pentode 6-F ST-12C 2.5 1.00 | R-F Amp. 100 3.0 100 8.0 250,000 1,500 375
2350 3.0 100 8.2 800,000 1,600 1,280
58AS Pentode 6-F ST.12C | 6.3 | 0.40 | R-F Amp, | Character|istics Sam|e as Type 58| Above.
59 Pentode 1-A ST-16 2.5 2.00 | Power Amp. 950%| 928.0 ([Tie Gsto P| 26.0 2,300 2,600 6.0
2508 | 18.0 2350 35.0 40,000 2,500 100
300 0.0 |TleGsto G| 20.0 (Class B O|peration £ T|ubes)
400 0.0 |and Suto P| 26.0 (Class B O|peration 2 T|ubes)
A Trlode 4-D ST-14 5.0 0.25 | Power Amp. 90 16.5 . 10.0 2,170 1,400 3.0
135 27.0 171.3 1,820 1,650 3.0
180 40.5 20.0 1,750 1,700 3.0
75, 738 Duodiode Ti.| 6-G ST-12C 6.3 0.30 Detector 250 2.0 ‘ 1.0 91,000 1,100 100
| |

t1For two tubes with 40 volts RMS applied to each grid.

150 volts RMS applied to two grids.

§Plate and Target Supply Voltage.

§§With Average Power input of 320
Mw, Grid to Grid.



SYLVANIA AVERAGE CHARACTERISTICS

Ohms | Undis-
Fllament Load torted
Rsting Negotive Plate Screen Plate Micromhos| Ampli- for Power
Type Class Base Bulb Use Plate Grld Screen Cumrent Cumrent | Resistance | Mutual fication Stated | Output
Volts Volts Volts Ma, Ma, hms Conduct- Factor Power | Milll- .
Volts | Amps. ance Output | watts *
76 Triods 5-A ST-12 6.3 0.30 | Amplifier 250 13.5 50 | ...l 95 1,450 13.8 Q00
Detector 250 20.04 (Plate Cun|ent to be ad luslté to 0./2 Ma. with [no Input Sig|nal)
77 Pentode 6-F ST-12C | 6.3 0.30 | R-F Amp. 100 1.5 1.7 0.4 650,000 100 715 0000 .
250 3.0 2.3 0.5 1.5 Meg. | 1,250 1,500 00 .
78 Pentode 6-F ST-12C | 6.3 0.30 | R-F Amp. 90 3.0 5.4 1.3 315,000 | 1,275 400 oD
180 3.0 4.0 1.0 1 Meg. | 1,100 1,100 cee
250 3.0 1.0 1.7 800,000 | 1,450 1,160 e 0000
79 Duotriode | 6-H sT-12C 6.3 0.60 | Power Amp. 180 0.0 754 | ...... éClan B8 {Operatlon) | ...... 7,0007! 5,500 .
250 0.0 1054 | ...... Class B |Operation) | ...... 14,000%| 8,000
80 Duodiode | 4-C $T-14 5.0 2.00 | F-W Rect. (350 A.C.|Volts Per| Plate, RM|S, 125 Me. |Output Curfrent | ...... [ ...... 00 5000
400 A.C.|Volts Per| Plate, RM|S, 110 Ma. [Output Curjrent | ...... | ..uns
550 A.C.|Volts Per| Plate, RM|S, 135 Ma. | with Choke/| Input only.| ...... | ...... 000
81 Diode 4.B §T-16 1.5 1,25 | H-W Rect. |700 A.C.|Volts Per| Plate, RM(S, 85 Ma. (Qutput Cutjfrent | ...... | ...c..
82 Duod! 4.C ST-14 2.5 3.00 | F-W Rect. |500 A.C.[Volts Per| Plate, RM|S, 125 Ma. |Qutput Curirent | ...... | ......
83 Duodi 4.C ST-16 5.0 3.00 | F-W Rect. (500 A.C.[Volts Per| Plate, RM!S, 250 Ma. [Output Curjrent | ...... | ......
83V Duod| 4-AD| ST-14 5.0 2.00 | F-W Rect. (400 A.C.|Volts Per| Plate, RM|S, 200 Ma. {Qutput Curjrent | ...... | ...... .
84/6Z4 Duodi 5.D ST-12 6.3 0.50 | F-W Rect. (350 A.C.|Volts Per| Plaste, RM|S, 75 Ma. |Output Curjrent | ...... | ...... ccoo heen
85 Duodiode Til.| 6-G ST.12C | 6.3 0.30 | Detector 135 105 | ...... by || ooooaa 11,000 750 8.3 | 25,000 75
180 135 | ...... 60 | ...... 8,500 975 8.3 | 20,000 160
250 200 | ...... 80 | ...... 7,500 1,100 8.3 20,000 350
85AS Duodiode Til.| 6-G ST-12C | 6.3 0.30 | Detector 250 9.0 | ...... 45 | ...... 16,000 | 1,250 20 0000 5000
89 Pentode 6-F ST-12C | 6.3 0.40 | Power Amp. 1 20,0 |Gs&SutoP| 17.0 3,300 4.7 300
1801 18.0 180 20.0 1,500
180 00 | ...... .04 < 3,500tt
VR$0 Diode 4.-W ST-12 Voltagie Regullator. With St|arting Vo|ltage at 1(25. Operatijng Cument
V99 Trlode 4-E 1-8 3.3 | 0.063] Det. Amp. 90 45 [ ...... 2.5 X
X99 Triode 4-D T19-A 3.3 0.063| Det. Amp. 90 5 || _ocogoao 2.5 .6
VR150 Diode 4-W §7.12 Voltag|e Regu(lator. With St[erting Vo(ltage at 1|80, Operati{ng Voits 15 . h
1828/4828 Trlode 4.D ST-14 5.0 1.25 | Power Amp. 250 350 | ...... 20.0 | ...... ,500 | 2,000 .0 4,500 | 1,350
183/483 Triode 4.0 ST-14 5.0 1.25 | Power Amp. 250 650 | ...... 200 | ...... 2,000 | 1,500 3.0 4,500 | 1,800
2107 Triode 4D ST-16 1.5 1.25 | Powet Amp. | (Standard Type 1[0 with C ic Base. S|ee Type 10 | Cher ist|ics;
485 Trlode 5-A ST-12 3.0 1.25 | Det., Amp. 180 90 | ...... 5.8 | ...... 8,900 1,400 12.5
864 Trode 4-D T9-A 1.1 0.25 | Det., Amp, 90 45 | ...... 29 | ii.e 13,500 610 8.2
135 9.0 | ...... g5 1| cogooo 12,700 645 8.2
879 Diode 4P sT-12C 2.5 1.75 | H-W Reet. 2,650 | A.C. Vo|lts Per Plete|, RMS, 7.5 |Ma. Outpuft Current
950 Pentode 5-K ST-14 20 | 0.12 | Power Amp. 133 16.5 135 1.0 2.0 125,000 | 1,000 125 13,500 | 575
1921 Pentode 6-F ST-12C | 6.3 0.30 | Det., Amp. | Special [Non-Mi honlc Tu|be, Characte ristics Same [as Type 6C6
19223 Pentode 7-R ST-12C 6.3 0.30 | Det. Amp. |"G" Eqlv|slent of T|ype 1221 Above.
1231 Pentode 8-v T9-F 6.3 0.45 | Pent. Amp, 300 0aqo 150 10.0 2.5 700,000 | 5,500 3,850 o o
Cathode [Blas Rest.| =200, Tie |Su to K.
Tet. Amp. 300 ooag 150 12.0 0.5 540,000 | 6,500 3,500 .
Cathode |Blas Rest.| =200. Tie |Su to Gs.
Td. Amp. 250 cese | aseaas 13.0 | ...... 5,200 | 6,300 33 0000
Cathode [Blas Rest.| =400. Tie |Gs & Suto [P.
1612 Heptode 7.T 8A-1 .3 0.30 Mlxer 250 6.0 150 3.3 8.3 1 Meg. 350 A [(G3=Neg.| 15 V., |Approx.} .
Amplifier 250 3.0 100 5.5 5.5 800,000 1,100 (G3 =Neg.| 3.0 V., |Approx.}
1852 Pentode 8-N 8G-1 6.3 0.45 Amplifier 300 3.0 150 10.0 2.5 750,000¢ | 9,000 6,7504 . e .
1853 Pentode 8-N 8G-1 6.3 0.45 Amplifier 300 3.0 200 12.5 3.2 700,0004 | 5,000 3,5004
*Applied through 250,000 ohms. **Triode operation. {Pentode Operation. “Plate to Plate. $—Approximate o
AConversion Conductance. f—Fixed Bias, #Per Tube—No Signal. 11Applied through 200,000 ohms.
t1For two tubes with 40 volts RMS applied to each grid. 150 volts RMS applied to two grids. §Plate and Target Supply Voltage. §§With Average Power Input of 320
Mw, Grid to Grid.
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SYLVANIA “GT” TUBES
1 | | | | } | Ohms | Undis-
Filament | Load torted
Base Rating Negative Plate Screen Plate [ Micvomhos] Ampli- for Power
Type Class View Use Plate Grid Screen Current Current | Resistance Trans- fication Stated | Output
Volts Volts Volts Ma, Ma. Ohms. Conduct. ' Factor Power | Milli-
Volts | Amps. | l ance | Output ! walls
| 1
1A5GT Pentode 6-X 1.4 0.05 | Power Amp. | Characterist|ics Same as |Type 1A5|G ............ ' ............
1AIGT Heptode 1-Z 1.4 0.05 | Converter Chearacteristics Same as [Type 1A7/G | ...... | ...... | ... | ......
1C5GT Pentode 6-X 1.4 0.10 | Power Amp. | Characterist|ics Same as [Type 1C5/G | ...... | ...... | ...... | ......
1D8GT Diode 8-A) 1.4 0.10 Detector Diode Loc|ated at Neg|ative End of| Filament, Plin 7 | ......
Triode 0000 D00 ... [Triode Amp. 90 00 | ...... 2l || ooocges 43500 Lo L.
Pentode e ce. Son Power Amp. 90 9.0 90 l 5.0 1.0 .2 Meg. 12000 ' 200
1G4GT Triode 5-S 1.4 0.05 | Det.,, Amp. | Choractetistlics Same as (Type 1H5G | ...... [ -
1H5GT Diode-Triode | 5-Z 1.4 0.05 R-F Amp. | Characterist/ics Same as [Type INS|G | ...... .
INSGT Pentode S.Y 1.4 0.10 | Power Amp. | Characteristjics Same as Type 1QS|G | ...... | .
1Q5GT Tetrode 6-AF 1.4 0.05 | Power Amp. 90 ! 90 | 6.5 1.4 170
1T5GT Tetrode 6-AF 1.4 0.05 Amplifier Chaucterist'ics Same as (Type 1G4 G e .
JA8GT Diode Triode | 8-AS 1.4 0.10 Tri.-Amp. 90 00 | ...... 0.15 .. .24 Meg A
Pentode . 2.8 0.05 | Pent.-Amp. 90 0.0 90 1.2 0.3 .6 Meg e
3IQ5GT Tetrode 7-AP 1.4 0.10 | Power Amp. 90 4.5 90 9.5 1.6 .1 Maeg 270
Series Fil.| 2.8 0.05 | Power Amp. 90 4.5 90 8.0 1.0 11 Meg 230
6A8GT Heptode 8-A 6.3 0.30 Converter Characterist|ics Same as [Type 6A8|G Except Clapacitances | ...... S .
6ACSGT Triode 6-Q 6.3 0.40 Amplifier | Characterist|ics Same as (Type 6AC|SG P s
C5GT Triode 6-Q 6.3 0.30 Amplifier | Characteristjics Same as [Type 6C5|G Except C apacitances | ...... .
6F5GT Triode 5-M 6.3 0.30 Amplifier | Characterist/ics Same as lTvpe 6F5 G Except Clapacitances | ...... | ...... | ...... .
6H4GT Diode 5-AF 6.3 0.15 Detector | | T I, 40 | T S R .
6H6GT Duodiode 1-Q 6.3 0.30 Duodiode | Characterist/ic Same as [Type &H6(G | ...... | ...... | ...... | ...... R ‘ ’
6J5GT Triode 6-Q 6.3 0.30 Amplifier | Characterist|ics Same as [Type 6J5|G Except Clapacitances | ...... E ............ R
6J1GT Pentode 7-R 6.3 0.30 Det., Amp. | Characterist|ics Same as |Type 6J7/G Except Clapacitances | ...... | ...... | ...... R
6KSGT Triode 5-U 6.3 0.30 Amplifier | Characterist|/ics Same as (Type 6KS|G Except Clapacitances | ...... | ...... | ...... ..
6K6GT Pentode 71-S 6.3 0.40 | Power Amp. | Characterist|ics Same as [Type 6K6/G | “eagaoa || accooo || aomacs || ocoo0as ..
6K7GT Pentode 7-R 6.3 0.30 Amplifier | Characterist|ics Same as [Type 6K7/G Except Clapacitances | ...... | ...... | ...... 200 l
6K8GT Tri.-Hexode 8-K 6.3 0.30 Mix., Osc. | Characterist|ics Same as [Type 6K8 G Except Clapacitances | ...... | I 500
6P5GT Triode 6-Q 6.3 0.30 Det.-Amp. | Characterist/ics Same as [Type 6P5 G Except C|apacitances | ...... I coo000 .. "
6Q7GT Duodiode Tri. | 7-V 6.3 0.30 Detector Characterist|ics Same as [Type 6Q7 G Except C|apacitances | .--... [ ...........
6SATGT Heptode 8-AD 6.3 ] 0.30 Converter | Characterist|ics Same as 'Tvpc 6SAT  Except Clapacitances | ...... | ...... | ...... |
6SF5GT Triode 8-P 6.3 0.30 Amplifier | Characterist|ics Same as {Type 6SF5 Except Clapacitances 1 ............ |
6S)7GT Pentode 8-N 6.3 0.30 Amplifier | Characteristiics Same as (Type 6SJ7| Except Clapacitances | ...... | T
6SK7GT Pentode 8-N 6.3 0.30 Amplifier | Characterist|ics Same as Type 6SK7 Except Clapacitances | ...... | ...... | .. ....
6SQIGT Duodiode-Tri. | 8-Q 6.3 0.30 Detector | Characteristics Same as (Type 6SQ7| Except Clapacitances | ...... | ...... [ ...... Q
V6G Tetrode 7-AC 6.3 0.45 | Power Amp. Characteristiics Same as (Type 6V6G | ...... | ...... | ...... | ......
6X5GT Duodiode | 6-S 6.3 0.60 Rectifier Characterist|ics Same as [Type 6X5G | ...... | ...... | ...... | ocococoo
12A8GT Heptode | 8-A 12.6 0.15 | Converter | Characterist|ics Same as 'Type 6A8|G Except C|apacitances aocoo || qoogae | o o
12B8GT Pentode Tri. 8-T | 12.6 0.30 | Pent. Amp. 100 I | 00 8.0 2.0 17 Meg 2100 360 .Pentode| Section
[ | Ti. Amp. | 100 10 | .. | 0.6 . 3000 | ... 110 Triode | Section
| | |

#Zero Signal.



SYLVANIA “GT” TUBES—Continued

Ohms | Undis-
Filament Load torted
Base Rating Negative Plate Screen Plate Micromhos| Ampli- for Power
Type Class View Use Plate Grid Screen Current Current | Resistance | Mutua) fication Stated | Output
Volts Volts Volts Ma. Ma. hms. Conduct- Factor Power | Milli-
Volts | Amps. ance Output | watts
19F5GT Triode 5-M 12.6 0.15 Amplifier | Characterist|ics Same as [Type 6F5|G Except Clapacitances | ...... | ...... | ......
12J5GT. Triode 6-Q 12.6 0.15 Amplifier | Characterist|ics Same as [Type 6J5|G Except Clapacitances | ...... | ...... | ......
12J7GT Pentode 7-R 192.6 0.15 | Det.,, Amp. | Characterist/ics Samo as [Type 6J7|G Except C|apacitances | ...... | ...... | ......
12K7GT Pentode 7-R 12.6 0.15 Amplifier | Characterist|ics Same as [Type 6K7|G Except C|apacitances | ...... | ...... | ......
12Q7GT Duodiode-Tri. | 7.V 12.6 0.15 Detect Characterist|ics Same o3 (Type 6Q7|G Except Clapacitances | ...... | ...... | ......
19SATGT Heptode 8-AD 12.6 0.15 | Converter | Characterist|ics Same as [Type 125SA |7 Evcept Clapacitances | ...... | ...... | ......
19SF5GT Triode 8-P 12.6 0.15 Amplifier | Characterist|ics Same as Type 6SF5 Except Clapacitances | ...... | ...... | ......
128J71GT Pontode 8-N 12.6 0.15 l Amplifier | Characterist|ics Same as |Type 195)|7 Except Clapacitances | ...... | ...... | ......
192SK7GT Pentode 8-N 12.6 0.15 Amplifier | Characterist|ics Same as [Type 125K|7 Except C|apacitances | ...... | ...... | ......
12SQ7IGT Duodiode-Tri. | 8-Q 12.6 0.15 Detector | Characterist|ics Same as [Type 125Q|7 Except Clapacitances | ...... | ...... | ......
25A6GT Pentode 7-S 25.0 0.30 | Power Amp. | Characterist|ics Same as |Type 25A6(G | ...... | ...... | .c.... | oooo..
BATGT Diode Pent. 8-F 25.0 0.30 . Red}i‘{hv Cheracterist|ics Same as [Type 25A7TIG | ...... | ..o | coooon | el
ower Amp.
25B8GT Pentode Tri. 8-T 25.0 0.15 Pent. Amp. 100 100 1.6 2.0 185000 2000 370 .Pentode| Section
Tri.-Amp. 100 | 10 | ...... 06 | ...... 75000 1500 1125 Triode | Section
925D8GT Dio-Tri. 8-AF 25.0 0.15 Tri. Amp. 100 | 1.0 | ...... [+ - R T e 1100 | ...... caan 5000
Pentode Pent.-Amp. 100 d 100 8.5 7T | ...... 1900 | ......
25L6GT Tetrode 7-AC 25.0 0.30 | Power Amp. | Characterist|ics Same as [Type 25L6(G | ...... | ...... | ...... | ......
5Z6GT Duodiode 7-Q 25.0 0.30 Doubler Characterist ics Same as [Type 25Z6/G | ...... | ..ooeo | ceeeio | el e e
32L7GT Diode, Tetrode | 8-Z 32.5 0.30 Rectifier 185RMS | | ..., 60 | ... | oo | e | e Ce e
Power Amp. 110 110 40¢ 3.04 15000 6000 81 2600 1000
35L6GT Tetrode 7-AC 35.0 0.15 | Power Amp. | Characterist|ics Same as (Type 35L6|G | ...... | ...... | ...... | ...... e ceee
35Z4AGT Diode 5-AA 35.0 0.15 H-W Rect. | 185RMS | | ...... el || ococococo || oooocoa || coocosoe || eooooo
35Z5GT Diode 6-AD 35.0 0.15 Rectifier Characterist|ics Same os [Type 35Z5|G | ...... | ...... | ...... | ......
40Z5/45Z5 |GT _ Diode 6-AD | 45.0 0.15 | H-WRect. [125RMS | | ... ... .| with Panel [Lamp Conn|ected
50L6GT Tetrode 7-AC 50.0 0.15 | Power Amp. 110 110 100004 200 1500
110 110 100004 8200 2000 2200
70L7GT Diode-Triode 8-AA | T0.0 0.15 Rectifier 185RMS | | o0 700 | L o s 5000
( Amplifier 110 110 15000 7500 2000 1800
#Zero slgnal. $Approximate.

OA4G Is & gas filled, cold cathode type of tube for use in the
remote control of line operated units. This is made

ossible by transmitting radio frequency impulses over the power line.
?hc tube may also be used as a voltage regulator and as a relaxation
oscillator,

The tube consists of a cathode, anode, and starter-anode. Its char-
acteristics are such that with no voltage on the starter-anode a rela-
tively large voltage is required between the cathode and anode to
cause the tube to start.

Characteristics
ST-12
4-V
................. ... 295 Volts Min.
Starter-Anode to Cathode Breakdown Voltage. . ... 70 Volts Min.
90 Volts Max.
Starter-Anode Current for Transition of Discharge
to Anode at 140 Voles, Peak. . ................ 100 vmps. Max.
Starter-Anode to Cathode Operating Voltage Drop 60 Volts Approx.
Anode to Cathode Operating Voltage Drop....... 70 Volits Approx.
Anode to Cethode Current
ContiNUouS. ..o evveeriinenieinseennarennnaes 25 Ma. Max.
INStantaneous. ..o vvviniiniiniinniiniinnans . 100 Ma. Max.

Typical Operating Conditions (A-C Supply)

Anode-Supply Voltage (RMS) ...105-130 Volts
Starter Anode Voltage (Peak)A-C......coovvvenen.. 70 Volts Max.
Starter-Anode Voltage (Peakd)R-F................ 55 Volts Min.

Sum of A-C and R-F Starter-Anode Voltages (Peak).. 110 Volts Min.
2A4G Is a hot cathode, argon filled, single grid, thyratron tube

particularly useful in applications where constancy of
characteristics is necessary even with large variations in ambient tem-
perature. The plus filament leg is connected to pin number 2 of the

“G" type base with the minus leg connected to pin number 7. The
maximum allowable voltage between any two electrodes is 250 volts,

Characterlstice

(215000 00000000000000000000000000000630000000
Base No....covvvvnennnns
Filament Voltage
Filament Current
Maxi node Vol

[{20ba 6 600000068006000000 0000000000 00000 200 Volts

INVErse. .ottt it i e aas 200 Volts
Maximum Anode Current:

eok..... 8880 eaiseasosesseasiassacssesns 1.25 Amperes

AVEIEBE. . .. . ittt iiiaeearaaneeans 0.10 Ampere
Maximum Averaging Time: .............. 45 Seconds
Tube Voitage Drop 15 Vols
Cold Starting Time 2 Seconds

Are gas filled cold cathode voltage
VRQO and VR 1 5 o regulator tubes. These tubes are char-
acterized by a practically constant internal voltage drop across which
a load requiring good voltage regulation may be connected. Operat-
ing characteristics are shown in the tabulated data for receiving tubes.

SPECIAL TUBES

884 885 Are heater type gas triodes designed for use in

7 sweep circuit oscillators or as grid controlled rec-
tifiers. Type 884 is designed for 6.3 volts heater operation and is
equipped with an octal base. Type 885 is designed for 2.5 volts
heater operation and is equipped with a standard 5-pin base.

Characteristica
YD e iiretiitisinerenanrannnnns 884 885
Bulb . ST-12 ST-12
Base........ 6-Q 5.A
Heater Voltage. 6.3 2.5 Volts
Heater Current. ............. 0.6 1.4 Amperes
Obperating Condltlons

Anode Voltage (instanteneous)......... 300 300 Max. Volts
Peak Voltage (between any two

electrodes). ... .coiiiiiiiiiaiiiann 350 350 Max. Volts
Peak Anode Current.....ooovvnnnnnn. 300 300 Max. Ma.
Average Anode Current:

For trequencles below 200

GAaYAG 30 00,0 06 000200000000000 3 3 Max. Ma.
For Irequencles above 200
cEclca/sec ...................... 2 2 Max. Ma.
Grid Resistor .voveieiinennnnnneenns .« -
Grid.Controlled Rectifier Service

Peak Voltage (between any two

electrodes). . . ...covieiiiiniininnn 350 350 Max. Voits
Peak Anode Current.........vvveunnn 300 300 Max. Ma.
Average Anode Current (over perlod

of 30sec)...oiiiiiiiiiiiiiiinn, 75 75 Max. Ma.
Grid Reststor. . .oovvvvennnnns oo & -

Tube Voltage Drop............... L 16 16 Approx. Volts
Heater voltage should be applied for 30 seconds before drawing anode
load current

**The grid resistor should be not less than 1000 ohms per maximum instan-
taneous volt applied to the grid.  Resistance volues In excess of 500,
ohms may cause circulit Instablility.

879 Is a high-voltege low-current rectifier tube used primarily
with cathode-ray tubes in television work. The tube is con
structed with a coated type filament and a single plate. The Plate con-
nection is brought out to & top-cap. During operation the bulb be-
comes quite hot, therefore, adequate ventilation should be provided
Type 879 will generally replace types H2-10 and 143D rectifiers.

Characterlstics
Filament Voltage.. .. 2.5 Volts
Filament Current.......... 1.75 Amceres
Bulb ............ . sT.12C
Base No........ T 4-P

Operating Conditions
A-C Plate Voltage (RMS)......covvviniiinnnnnn,

Peak Inverse Voltage.........
Peak Plate Current. ...........
D-C Output Current (continuous).




TUBE AND BASE DIAGRAMS

(Viewed From Bottom of Base—RMA Numbering System)
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TUBE AND BASE DIAGRAMS (Continued)

SYMBOLS: A—Anode; A1—Anode 1; A2—Anode 2; D1—Deflector 1; D2—Deflector 2; D3—Deflector
3; D4—Deflector 4; Dp—Diode Plate; F—Filament; Fc—Filament center; G-—Control Grid; Ga—Anode
Grid; Gm—Modu{alov Grid; Go—Oxcillator Grid; Gs—Screen Grid; H—Hester; Hc—Heater Center,
Ht—Heater,; tap; 1S—Internal Shield; J—Jumper; K—Cathode; Nc—No Connection; P—Plate; Rc—Ray
Control; S—Metal Shell; SA—Starter Anode; Su=~Suppressor Grid; T—Target; XS—External Shield;
O—Top Cap; »—Locating Pin.

NOTES ON OCTAL TUBE BASE VIEWS—AII “G" tube base views except those for Types 6C5G, 6F5G,
6J7G, and 6JTGT, have pin No. 1 open, but the pin is lettered ''S" since many of the views also repre-
sent meta) tube base connections in which case pin No. 1 is the termination of the metal shell. Types
6C5G, 6F5G, 6J7G, and 6J7GT, have an intemal cage tructi cted to pin No, 1 for shielding
purposes, Some of the “'G'" or Metal Tubes may have extra pins in the bases. These extra pins are not con-
nected and are to be disregsrded since the only pin connections sre those shown on the base views.




TUBE ILLUSTRATIONS AND DIMENSIONS

il

SiC ST1C
Octal
T9-D T9-E

Over All Maximum

Bulb Height Diameter
ST-12 . . . . 4% 1%
ST Octal . 434" 194"
ST-12C*. . 41787 1%s”"
ST 19C‘ Octal . 4134" 1%s”’
..... 414" 113"
ST 14 Octal . 45" 11345

ST

GLASS TUBES

M) )
OCTAL
BASE
TR il
ST T9-A T19-8
Octal
' N
' O
19-G 19-H
Over-All Maximum
Height Diameter Bulb
5le” 113" T9-C . . ..
535" b 31 T9-D . . ..
554" Qg T9-E . ...
258" 14" To-F . . ..
35" 14" Jo-G . . ..
43" 145" To-H
4// 1!6"

*ST12C Over-all height for types 6C6, 6D6, 6D7, 6E7, 57, 57S, 5TAS, 58, 58S, and S8AS is 415"

*ST12C (Octal) Over-all height for type 6U7G is 474"
**To_.A Qver-all height for types 20, X99 and 864 is 3134"".

Overall
Height
3"
254
314
184°

8B-1

Maximum
Diameter
156"

METAL TUBES

W

8C-1

8G-1
1 0/\-2

L

8O-1

8G-2

Overall
Heigbt
254”7
3 "
W

Jj
T9-C
Over-All Maximum
Height Diameter
. 45/{6” 1 a/{ﬁ"
. 3%[’ 1 %II
. 3 154"
. 35" 134"
925 ”" 1 a/{ 17
95 6II /ﬁli
/\
10A-2
Maximum
Diameter
15,{ o
%Il
15"




SYLVANIA PANEL LAMPS

A complete line of Sylvania Panel Lamps, especially designed for radio dials, tuning meters, Aash-tuning arrangements
and the like, is now available. A market for some types of these lamps will also be found in Aashlights, parking lights,
auto panel boards, record players, pin-ball machines, and wherever a miniature lamp of this style is required.

The early types of panel lamps were used primarily as on-or-off indicators in radio receivers. Present-day panel
lamps must be constructed to withstand speaker vibrations, have noise-free operation, current drain within the required
limit (particularly when used in ac-dc receivers and battery receivers), and to provide shadowless illumination. Sylvania
radio panel lamps have been constructed for all these requirements.

The replacement of panel lamps should be made with lamps having the same type number. This is particulsrly true
in tuning meters, battery, and ac-dc receiver replacements. Sylvania type S47 is the same as other lamps marked 40A.
Lamps marked 49A may be replaced with Sylvania type 549. Type 5292 is mainly for use in 2.5 volt receivers where the
line voltage is high and regular 2.5 volt lamps will not stand up.

The filament wires of all standard panel lamps are mounted through a small colored glass bead located above the bulb
press. |f the markings on the lamp to be replaced are not legible, the bead color may be used as identification, since the
color identifies the lamp type. The bead color of each lamp is shown in the tabulated data below, and It will be noted
that in some cases the bead colors identify more than one particular type of lamp. In these cases other means of identifica-
tion will be required, such as comparison of bulb, base, and circuit voltage.

It is recommended that complete replacement of all panel lamps be made in a receiver at one time. Additional profit
and a satisfied customer will be the result. The average life of panel lamps is considerable, but unpredictable, because
of varying applications and conditions. Therefore, because of the low unit cost, complete replacement is recommended
whenever convenient.

CHARACTERISTICS BULB ILLUSTRATIONS
Type [Circuit Design Bead Bulb | Miniature Usual Type
No. Volts| Volts [Ampere] Color Style Base Service No.
S40 [6-8 6.3 0.15 Brown T-3% Screw Radio Dials 5S40
S41 9.5 2.5 0.50 White T-3Y4 Screw Radio Dials S41
S49 3.2 3.2 | 0.35 Green T1-3Y4 Screw Radio Dials 549
S43 2.5 2.5 0.50 White T1-3Y4 Bayonet | Radio Dials and | 543
Tuning Meters
S44 6-8 6.3 0.95 Blue T1-3Y4 Bayonet | Radio Dials and | S44
Tuning Meters
545 3.9 3.9 0.35 White T-3Y4 Bayonet | Radio Dials S45
S46 |6-8 6.3 | 0.925 Biue T-3Y{ | Screw Radio Dials and | S46
Tuning Meters
*S47 6-8 6.3 | 0.15 Brown T-3% Bayonet | Radio Dials *S547
548 2.0 2.0 | 0.06 Pink T-3% Screw Battery Set Dials | S48
*S49 2.0 2.0 | 0.06 Pink T-3% Bayonet | Battery Set Dials | *S49
S50  [6-8 7.5 0.920 White G-3 Screw | Auto Sets S50
Flash Lights
$51 65-8 7.5 0.920 White G-31% Bayonet | Auto Sets, S51
Auto Panels
S55 6-8 6.5 0.40 White G-414 Bayonet | Auto Sets, 555
Parking Lights
5299 2.9 2.9 | 0.17 White T-3Y Screw Radio Dials 5999
51455 [18.0 | 18.0 | 0.95 Brown G-5 Screw Coin Machines |S1455
51455A118.0 | 18.0 | 0.95 Brown G-5 Bayonet | Coin Machines 514554

*Sylvania Types 547 and 549 are interchangeable with Types 40A and 49A, respectively,
in other brands.
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CORRELATION OF TUBE TYPES

Characteristics) Characteristics
Type Style Service Equivalent to Similar To
o . 6L6G **G"" | Power Output Amplifier.. . .| 6L6*
Characteristics{ Characteristics f
Type Style Service Equivalent to | Similar to St Mg | pentaarid g‘;ﬁi 20 sosed (U PRI
; : T 6N6G **G"" | Power Output Amplifier....|6BS
0zZ4 Mctal | Full Wave Rectifier........] OZ4G* 6XS, 6X5G
0Z4G ““G" | Full Wave Rectifier..... . | OZ4* 6X5. 6X5G NI a || B Gt T hoan (b LIS
O1A Glass | Amplifier. ................ T 6PSG vl ) il oaa :
1A4P Glass I;_P Amplifier. . 1DSGP 34 1NSG Chl(NTziod el mplifice LELELLELE 76, 564
1A4T ass | R-F Amplifier 1DSGT 3 e : .
AASG *G** | Power Outpnt Amplifer....| ... 13‘50, 1GSG OP?,G M(;’tnl E‘:ﬁfogeqlt.??oze‘\mphﬁ“‘ a0 gg:’,cé_fzs
1A6 Glass | Pentagrid Converter....... 1D7G 1C6 toge “TioCe. ..hnn
1