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SYMBOLS & ABBREVIATIONS
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Radio repairmen must have an understanding of the
method used in-inter-connecting the various parts em-
ployed. The plan that gives this information is called
a schematic diagram or a circuit diagram. Such a plan
could be made by tracing the various connections and
making a picture drawing of the parts and wiring.
It is difficult, however, to make the needed pictures of
various radio parts. Further, when such a picture draw-
ing is completed, it is almost as confusing as the maze
of wires one sees by looking at the bottom of a chassis.

To simplify this task, radio engineers and servicemen
have decided to use symbols to represent the different
radio parts. The connecting wires are represented
‘by straight lines.

This is a logical solution. We are experienced in
using symbols in almost all fields. The fact that an
animal with four legs and of a certain appearance is
called a dog and is spelled d-o-g, shows an application
of symbols.

The symbols of often used radio parts are shown
above. These symbols should be carefully noted and you
should practice making each of these on paper. As
you continue with your studies (if you are a beginner),
refer back to this page as new parts are mentioned in
the text.
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AC. Alternating current
AF. Audio frequency, sound vibrations
AF.C. Automatic frequency control
A V.C. Automatic volume control
C Capacity of condensers
db Decibel, a unit for measuring sound
D.C. Direct current
FM Frequency modulation
E Voltage, electromotive force, EMF
HF High frequency, short wave
Hy. Henry, a unit of inductance of coils
I Symbol for current

- I.F. Intermediate frequency in superhets
Kilo Prefix meaning one thousand
ma. milliamperes, 1/1,000 of an ampere
Meg Prefix meaning one million
Mid. Micro-farad (one millionth of a farad)
Mho Unit of conductance
Micro.  Prefix indicating one millionth part
Mil Another prefix meaning 1/1,000 part
MU Amplification factor of a radio tube
Q Ohms, measure of resistance
PA. Public Address, amplification system
R Resistance, opposition to passage of current
RF Radio frequency.
RMS Root means square, used in A.C.
SG Symbol for screen grid of a radio tube
Super Superheterodyne, a type of radio circuit
SW Short wave
TRF Tuned radio frequency, a radio circuit
w Watts, measure of electrical power
X Symbol for reactance, opposition to A.C.
Z Impedance, total opposition to A.C.

These abbreviations are often used by practical radio
servicemen and appear in many places in this manual.
As you come across new radio abbreviations in reading

the text, refer to this page for an explanation. Soon

you will remember the meaning of these important

short-hand notations.

A radio receiver consists of a great many- parts connected in a
suitable manner to form required circuits.
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PREFACE AND INTRODUCTION

You are now being introduced to a remarkably simplified technique of radio
repairing. This new way of finding radio faults and repairing them is so revolu-
tionary in scope, so different in application, and so effective in results, that one
can hardly believe in its true possibilities. But this method will (in contrast to
all other servicing methods) in 90% of all cases isolate the fault in minutes
instead of hours and without instruments, permit checking of parts and circuits
quickly without any special testers, and can be used to an advantage by beginners
and experts.

The contents of this manual have been used for lectures in a number of practical
radio shop classes and proved very successful in application. Only practical and
required data for actual radio work is included. Theory is kept to a very low
minimum. '

Sufficient introductory material has been included to acquaint the beginner with
essential radio facts. This same information will serve as an excellent review for
all others. You only need to be mechanically inclined to be able to follow these
simplified instructions and repair any radio set.

The comparison technique of radio servicing tells you what simple tests may be
made to obtain electrical, visual, and other reactions from radio parts and circuits,
and how to determine if the indications secured are what is to be expected from a
properly functioning circuit, or what parts or stage to suspect. “This method is a
great simplification of radio servicing and calls for less knowledge, less time spent,
and less instruments.

While the technique of comparison servicing is easy to learn and employ, read the
explanations with care. There are no meaningless words in this manual and every
sentence tells you of some important facts. Each time you use this new method,
you will become more proficient and will refer to the comparison circuits and hints
only once in a while.

You can learn this new method best by reading the entire manual carefully,
making sure you understand every part. This will give you a good working knowl-
edge of this new technique and permit you to try comparison method on the next
job. To get specific help for any radio repair job refer to the index and to the
parts of the manual dealing with the difficulty on hand. The comparison diagrams
should be studied and all the tests suggested very carefully tried. :

M. N. BerrMan.

January, 1945 645807

Chicago, Illinois



WHAT IS ELECTRICITY?

Electricity plays an important part in making possible
radio communication. In an ordinary Louse-radio, elec-
tric power is changed in form, increased and decreased

in voltage, and made to conform exactly to the electrical |

radio waves picked up by the antenna.

We are able to control and use electricity to our
advantage, but we have only workable theories regarding
the exact nature of this force. According to this theory
all matter is made up of 93 different atoms. These
atoms, however, are in turn made up of identical nega-
tively charged particles called electrons and heavier
positive particles. We are primarily interested in the
negative electrons since these make up the electric
current.

The operation of any radio depends on the be-
havior of electricity.

The electrons are very small and millions upon mil-
lions are required to make up the current to keep a
radio tube in operation. These electrons not only make
up the atoms of matter, but are present as free electrons
ready to move to any positive body which attracts them.
In nature, negative particles, small or large, are attracted
by positive bodies and repelled by other similarly charged
negative bodies.

These free electrons tend to be present in equal quan-
tity everywhere. If a body has too many electrons, they
will move to other bodies to equalize this distribution.
And for the same reason, a body short of free electrons
will attract free electrons. This movement of electrons
constitutes actual electric current.

Material which acts as a conductor (copper wire, for
example) will permit easy passage of these free electrons,
but if two bodies have a large difference in the number
of free electrons present, the movement will take place
across an insulator, as in the case of a spark or lightning
where air is the insulator.
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Many of the present day radios used in homes away
from power lines or employed for portable purposes
still operate on battery power. Batteries are chemical
machines which produce electrical power by means of a
chemical reaction. Any battery is made up of a number
of cells connected in some manner to give the required
quantity of electricity. Flashlight cells produce 1V,
volts each. Many of these cells are connected to give
the higher voltage of radio batteries.

In localities where power lines are not available and
for portable use, dry batteries and storage batteries sup-
ply the needed electrical power.

These cells which produce electrical current of them-
selves are called primary cells. They may be used until
discharged and then must be replaced. These batteries
cannot be “charged” in any way.

Inter-cell Vent plug Post
connector . _—
Cover e T Negative
Wil — strap
. |2
Positive __. "
strap ’ ~ Partition
i|'
- I
Positive “ [~ Separator
plate [
b
_Negative
Container plate

Courtesy Electric Storage Battery Co.
A cross-section view of one cell of a storage battery.

The storage battery used in automobiles and with
many type radio sets does not produce any electrical
power of itself. This battery acts only as a storage

reservoir of electrical energy. The battery must be

¢harged first of all. This is a process which permits
placing the electric current into the cells of the battery.
After this the current may be taken out in any quantity
required until all the electrons, which were in excess,
are removed.



PRACTICAL ELECTRICAL FACTS

Magnetism is closely related to electricity and is also |

of importance to a radio serviceman. ~Transformers,
relays, loudspeakers, and many other radio parts depend
on magnetism for their operation.

Every magnet, no matter how small or large, has two
opposite poles which we call North and South. In any |
group of magnets, the like poles will repel each other,

while the unlike poles will attract each other.

A conductor has a voltage induced when it cuts mag-
netic lines of force. The meter indicates current. Either
the coil or the magnet may be moved to produce effects.

When electric current flows in a wire, it produces a
corresponding magnetic field. Also if a magnet is

moved in relation to a coil of wire, electric current is

produced in this coil. This principle is used in gener-
ators to produce electrical energy in large quantity.

Meters, used alone or in radio test equipment, depend
on magnetic effects for their operation.

To measure electricity and magnetism indirect in-
dicators are employed. Meters of service testers are used
this way. Also special units are used to express the
quantity of these
pound, or of length, the foot, are not adaptable.

Batteries or generators create a voltage or pressure.
This is called the electromotive force (symbol E) and
is measured in volts. The existing voltage forces
(pushes) through a conductor a quantity of electricity
measured in amperes. The symbol I is used for current.
Amperes of electricity correspond to gallons of water
in a plumbing system. :

forces since the unit of weight, the

These quantities of electrical pressure and current aré:
related together with the opposition to electrical current
present and in a mathematical way are known'as ‘the
Ohm’s Law. This relationship states that the’ voltage
is always equal to the current multiplied by the resis-
tance (opposition). The formula is given below.

E=IXR ‘
In reference to magnetism it is important to under-

| stand that any passage of electric current creates an
| associated magnetic field. Also that the “power” or
| Aux density of this field depends on
| passing, (2) number of turns, and (3)

(1) the current
material of
the core.

A radio set has many materials used as
insulators while others are employed as con-
ductors. Copper wire inter-connects various
parts.

Electric cutrent, made up of electrons, may pass along
certain substances known as conductors. Silver, copper,
and other metals are considered conductors. Many
materials pass very little electric current. Known as
insulators these materials actually stop the- current.
Rubber, cloth, mica, slate and many other materials are
used to insulate radio parts. :

Courtesy P. R. Mnllory & o.

Wires conduct electric current. The path
must be continuously made up of conduct:
ing materials.

If electric current is required to pass from one radio
part to another, these must be connectéd by hook-up
wire. On the other hand, if parts are not to be in
electrical contact, they must be insulated. Separation
is enough since air is a good insulator.



FACTS ABOUT RESISTORS

Opposition to the passage of electric current is known
as resistance. Even the best conductor has some resis-
tance, and insulators have very high resistance. Re-
sistance is a property required in radio circuits and
special parts to supply resistance are called resistors.
The unit of resistance is the ohm. A million ohms is
called a megohm. Small radio resistors are color coded
as explained below.

STANDARD RMA RESISTOR COLOR CODE CHART
Figure 1 represents an older ,
method of.color coding while Fig. 2
shows a_more recenlly adopied
method. Both are standar
Bedy.{Fig. 1) or first ban:
represents lst si; icani figuse.
nd (Fig. 1) of second band (Fig.
2) represents 2nd significant Higute.
Band (or dot) or third b de-

Band. End

-

d.
(Fig- 2)

os number of ciphers after the
first two significant figures.
and is used on some
resiators lo designate tolerance as
follows:
Gold Band for 5%,
Silver Band lfor =10%.

{Fig-2)

No. of Ciphers
After the First Two
Significant Figures

1st or 2nd
Signiﬂcam
i?\u.
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EXAMPLE: ber 62,000,6 Is the fizat significant figure, 2 is the 2nd sig-
B e e e e atton the sk oro. amilioaet fures 163,

The “watt” rating of a resistor- indicates the power
handling ability of the unit. Carbon resistors for re-
placements are supplied in 4, 1, and 2 watts. (%
watts are not recommended). Always use the same or
larger wattage for replacement.
watt units are needed, wire-wound resistors are used.

When large voltage divider resistors have several sections
and a.single section is-defective, this.one section may be
replaced with a suitable unit. Various fixed resistors
used in radio are illustrated above.

When larger than 5 |

Variable resistors are constructed so that the amount
of resistance may be changed by rotating a control shaft.
These are known as potentiometers and rheostats and
are used for volume and tone control purposes. Since
these units receive much mechanical use in a radio set,
they are a common source of trouble. The “on-off”
switch used is mounted on the back of these units and
is controlled by the first rotation. Very occasionally the
volume control may be opened and repaired by bending
back the rubbing prongs and cleaning the carbon ele-

-ment with alcohol and rubbing the resistance surface

Potentiometers are used as volume and

tone controls. Usually there are three
terminals, but a fourth tap may be found
on some special units.

with graphite of a soft pencil. Usually it is best to re-
place the unit. Exact duplicates are listed in manufac-
turers’ catalogs. The old switch plate, if used, cannot be
employed with the new control and a new switch should
be obtained at the same time. A potentiometer is illus-
trated above. Typical circuits are shown on page 41.

Since controls are used in many different types of
circuits, they are of various resistance values and degree
of resistance change with rotation. However, certain
simple tests- will tell you promptly if the fault lies in the
volume control or tone control unit.

In almost every circuit shorting (touching terminals
with a short piece of wire having its ends bare) the
center terminal and one of the other terminals should
increase the volume to a very loud quality or distort
at high volume." Touching the center and the other-
terminal should reduce the volume.

Here are several important points for beginners. The
switch is not connected electrically to the resistance ele-
ment or the revolving arm. In a few units, the arm,
having the center connection, is grounded to the shaft.
But in the majority of the controls the shaft and the
metal frame of the control are completely insulated from
the resistance element and movable arm.



FACTS ABOUT

First we will talk about condensers that have wax
paper or mica as the insulating material between the
plates. Such condensers have the appearance of those
illustrated. In tuning (variable) condensers air is used
as the insulator, or dielectric.

If a condenser is connected to source of voltage, such
as a battery, the negative side will become charged with
free electrons. The side of the condenser connected
to the positive potential of the battery will lose any
free electrons it had initially. Because of the inequality
of electrons on the two plates of the condenser, the unit
is said to be charged with electricity.

The condenser will remain charged for a period of
time even after the battery is removed. The duration -
of the charge marks the quality of the condenser. Good
condensers may keep the charge for hours. If the
condenser is charged with a voltage above 50 volts, the
source of voltage may be disconnected and, when the
two connections of the condenser are brought almost |
in contact, a spark will jump..

Mica condensers are of small capacity and are usually
enclosed in bakelite.

The unit of capacity is the farad. This unit is much
too large for radio condensers and the microfarad-(one-
millionth part of a farad) is employed. Even this unit
is too large and most paper condensers have capacities
indicated by decimals, ie. .01 mfd. Mica condensers
are of even smalled capacity. For example, .00025 mid.;
this is the same as 250 micro-micro-farads, since this
smaller unit abbreviated mmfd. is one millionth of a
mfd. which in turn is one millionth of a farad of
capacity.

CONDENSERS

Besides capacity, condensers are also rated as to the
maximum voltage they can withstand. Any condenser
may be used with any value of voltage up to the
maximum of its rating. In fact, there is a safety advan-
tage to use higher voltage condensers for replacement
purposes. '

The capacity required for replacement purposes is
not critical in majority of applications. 100% variation

Courtcsy Sotar mfg. Co.

Here are three types of commonly used radio receiving
set condensers: a paper dielectric condenser in a metal
can, a tubular paper dielectric condenser, and a metal-can
electrolytic condenser.

in size is almost always acceptable, and in some circuits
condensers 10 times the size of the original condenser or

' 1/10 the size will work just as well. Later on we will

point out where the size of the condenser is important.

In making a replacement of a condenser, the physical
size and appearance are not important—as long as they
will fit the available space. Capacity may be somewhat
greater or if need be a little smaller. The voltage rating
must be high enough, but the actual value makes little

| difference.

Condensers do not permit the passage of direct cur-
rent as supplied by batteries or radio power supply.
However, alternating current which is found in sections
of the circuit which handle the signal, does pass through
a condenser. Amount of A.C. passing depends on the
size of .the condenser and the frequency (number of
cycles per second) of the current. In this manmner a
condenser is used to “block” the D.C., and to by-pass

‘the alternating current.

The higher the frequency of the current, the less
reactance (opposition) the condenser offers. In certain
applications a .00025 mfd. mica condenser may be used.
For audio frequencies (up to 5,000 cycles) this capacity
offers so much reactance that for practical purposes we
may assume that no current of A.F. passes through.
Radio frequency currents (above 540,000 cycles) pass

| through with little opposition. The condenser separates
| currents of two widely different frequencies.



ELECTROLYTIC CONDENSERS

Electrolytic condensers are illustrated on this page.
These units are semi-dry and are of large capacity.
They must be used with D.C. only. The pulsating or
single direction changing D.C. found in radio power
supplies may also be used with lower priced electrolytic
condensers. These condensers are similar in action to
“paper units described, but do have a small leakage all

the time. This is not important since electrolytic con-
densers are usually used as filters in power supplies and

a small additional drain is of no consequence. Please |

notice how different electrolytic condensers are mounted.
Always select a replacement that is easy to place in
the set.

While special condenser testers may be used to detect |
faults in condensers, a simple ohmmeter will serve the
purpose. A small capacity (under 1 mfd. paper type) |

condenser should test open with an ohmmeter, after the

needle shows a slight movement. If the condenser has |

resistance under 100,000 ohms or is completely shorted,
the unit must be replaced. A still simpler test, not
requiring any equipment, is to .connect the condenser
momentarily to a source of D.C. voltage between 50
and 150 volts (the set’s power supply will do). Quickly
disconnect the condenser and bring the- terminals
together. A spark should be noticed at the point of
contact if the condenser under test is in good condition.

8

Electrolytics can be quickly tested by the ohmmeter
method. They will upon being connected first show
a shorted condition, but the resistance will quickly in-

| crease. The ohmmeter must be correctly connected, i.e.
| positive side of the meter to the positive side of the

electrolytic condenser.
test also may be used.

The D.C. potential discharge

]
.CHASSIS

The condensers used originally in a radio set may
be mounted in various ways. Mica and small capacity
paper condensers are usually supported on their leads.
Replacements should be mounted in this same way.
Long bare leads should be covered with insulated sleev-
ing or electrician’s tape. Electrolytic condensers have
been made in various- containers and you will find all
types in the radios you may be called-on to repair. The
replacement you may use need not be the same in

physical appearance or size, but should have about the

same electrical values, and shape and size to fit avail-
able space.



COILS USED IN RADIOS

Every radio receiver uses several coils. Coils are
wound on cardboard tubing or wood dowel rod, treated
with varnish or laquer against moisture, and usually
enclosed in metal shields. You must learn to tell what
coils are being used, how to test them, and how to make
replacements.

At first we will talk about coils used in smgle band
-or broadcast receivers. Every radio (superhet or TRF)
has an antenna coil.
but since two of these in some sets go to the chassis
frame-work or ground, these two connections may be

brought out to a single terminal and only three used |

in all. One of these, of course, is connected to the an-
tenna lead or binding post.

Antenna coil can be identified by the bulky primary,
by the fact that a connection is made to the antenna,
and by the lack of any voltage on any terminal. Tests
for this part will be given later.

RF. coils are used in all TRF sets and in larger
superhets with an R.F. stage. Some TRF sets have
several R.F. type coils. These coils always have four
connections, but if they are for multi-band sets they
may have more. The secondary is the outside coil and,
in some, the primary is a small coil placed at right
angles inside the tubing.

You will always find in these coils that one end of |
the secondary passes through an opening at the top of |
the tube and runs down, inside the tubing, to a lug.

This is for the grid connection of the following tube.
The other end of the secondary connects to ground or
to the AVC if used in the set. The antenna coil
primary connections for all sets go to the antenna post

and ground. The, antenna lug usually has an extra |

heavy wire running up on the outside and wound
around the coil once.
ing the radio respond equally well to all frequencies.

These coils have four termmals e

! transformers.

This is for the purpose of mak- |

R.F. coils, as illustrated, are similar to antenna coils,
but. are not interchangeable. Replacing but a single
coil in radio, when the need comes up, is sufficient, but
alignment w1ll be required. Most coil replacements
will track (tune together) with other coils in the set.

Oscillator coils are used only in superhets and do not
give very much trouble. These coils are usually un-
shielded. They may appear to have but one coil, but
in almost all cases two coils are used and are wound
very close together. A replacement should be for the
same LF. frequency. If this frequency is not marked
on the chassis, the author will be glad to look this in-
formation up for you. However, if the radio set uses
a cut-section condenser for tuning (a condenser with
the movable plates not all of the same size) than a

| suitable oscillator must be obtained from the factory.

Every simple and every complex superhet uses I.F.
These are really coils enclosed in cans.
Padders (semi-variable condensers adjusted with a set
screw) are also included and permit the setting of the
LF. unit for best results for the I.F. frequency. These
settings are made at the factory and should be left
alone except in rare cases. Detailed alignment instruc-
tions are given in a later section.

Several L.F. transformers -are pictured below. Here
is what you must know about them. What is their
frequency? This may be marked on the units, on-the
radio, or in the diagrams. Are they of the input or
output type? They are always of the input type except
if they connect into a diode tube (see section on tubes).
Almost always these have four leads. Primary leads

 to plate and plate supply. Secondary leads go to the

next tube’s grid (this is an LF. stage) and to AVC
or ground.

If a single LF. stage is used in smaller superhets,
two LF. transformers will be employed. One of these
will be in front of the tube of this stage, and one LF.
transformer will follow the tube. If two LF. stages
are used, as in larger sets, three I.F. transformers will
be used. A few sets made have a single I.F. stage with
but a single IF. transformer in front of that stage.



TRANSFORMERS AND CHOKES

With the exception of a few AG-DC type radios,
every A.C. operated set uses a power transformer. This
transformer steps up the line voltage usually 110 volts
for plate current requirements of the radio.
steps the voltage down to values such as 5, 6.3 volts,
for tube filament requirements. Other filament volt-
ages are used in many sets.

A burned out power transformer can be detected by
the appearance of the unit and the “burning” smell.
To see if the transformer is getting 110 volt power,
follow the power cord leads into the set. You will
probably find one lead goes to the switch and the other
to the power transformer terminal or wire. Connect
an ordinary 110 volt house-bulb to this terminal, and
to another terminal of the transformer which has a
wire or lead going to a second terminal of the switch.
The bulb will light if the power from the socket is get-
ting to the transformer. If the tubes do not light up,
although the transformer is receiving power, you may
safely assume a winding of the transformer is burned
out.

The illustration shows an upright type
power transformer used in radio receiving
sets. Wire connecting leads come out of the
bottom. The transformer is bolted to the
chassis ‘and the wire leads go through an
opening in the chassis under the trans-

Replace a bad transformer with an electrical equiva-
lent unit. Exact replacements are available for many
sets and simplify the repair. They have exactly the
same physical appearance and the leads are of the same
color. However, they do cost a little more. Suitable
replacement transformers: are lower priced and are just
as good.

Chokes are not critical and should be replaced, when
need arises; with units of suitable physical size and
ample current carrying capacity. Four tube sets use
about 40 ma: rating, six tube sets about 60 ma., higher
current rating provides a safety factor.
(conneet with n piece of ‘wire) the two terminals or

i)

It also

but primary sometimes burns out.

If you short |

leads of a choke in a radio set, the results mentioned
are possible and indicate possible fault: (1) Set works,
well or badly, short choke, loud hum will result. (2)

Set dead, short choke; if distorted playing, choke bad;
if no change—trouble in other section.

Output transformers match the final output tube
to the loud-speaker and are usually mounted on the
speaker frame. Probably never the cause of tréuble,
To test, you will
later be told how to see if plate voltage is present on
the plate of the output tube, if lacking but present at
other points, transformer at fault.
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MECHANICS OF RADIO

We must learn how to mount replacement radio parts.
Small parts, such as resistors, condensers, and R.F.
chokes, are supported with their own leads. Tube
sockets are fastened to the chassis with machine screws
or rivets. Large condensers (used in the power supply
of receivers) are mounted with bolts or with stud-nut
over the threaded section of the metal container. Power
transformers are bolted in place, using the screws, that

hold the -frame to the laminations in the case of the
half-shell type, or with machine bolts in case the trans-
former is of the upright type. Volume controls (poten-
tiometers) are mounted behind the side of the metal
chassis. The shaft comes through a threaded section

which is attached to the case. This section is tightened .

against the chassis. The shaft may be cut to the needed
length, The switch, used with many volume controls, is
mounted in place on the back plate of the volume
control unit.

Radio parts are inter-connected with hook-up wire.
The wire electrically joins the terminals to be connected.
The hook-up wire should be insulated along its path,

but is made bare and clean at the place where it comes

in contact with the terminals. Push-back braided cotton
covered wire is easiest to handle. Enough insulation
is pushed back to make the needed connection, and then
the insulation is pushed back over the wire up to the
terminal. The illustration shows the proper method
used for pushing back the insulation on both solid and
stranded wire. When the insulation cannot be pushed
back far enough with the fingers, it will be easier to
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grasp” the bare end of the wire with long-nose pliers.

Then, holding the wire in this manner, it is a simple

matter to push the insulation back with the fingers
as much as required.

All electrical connections must be soldered to insure
low resistance electrical contact under all conditions.
Make it your rule to solder every connection you make,
even if the equipment you are building is for temporary
use.

To do a good soldering job, the tip of the soldering
iron must be properly shaped and tinned. Tinning an
iron is a process whereby a thin, uniform layer of solder
is formed upon the tip of the iron. The transfer of

heat from the tip to the work occurs most easily if the
surface is bright as the result of tinning. When the tip
of the iron becomes “pitted” by the action of the rosin
core in the solder, the iron must be filed and re-tinned.
The iron can be kept clean for long periods of time
by wiping the tip with a rag whenever corrosion ac-
cumulates.

The soldering iron must actually heat the joint to
be soldered to a temperature that will readily melt
solder. The solder will then run into each crack in
the joint and form a good electrical bond. Hot smoothly
flowing solder has a bright silver luster; as it cools, its

appearance changes to a duller gray, setting shortly
after this change. If the joint cools with a rough sur-

face, the soldering job is not well done; a dirty contact,.

improper heatlng, or movement of the wires may have
beenthe -cause.

During the War, because of the shortage of certain
types of vacuum tubes, a great deal of substitution of
tubes was carried out by radio servicemen. Usually
such tube substitution required changing the circuit
slightly and at tiles the placement of a different socket.
You should try to obtain exact tube which may be
needed for the set you are repairing. You will find it
pays to wait a week or two rather than attempt to
change wiring, socket, and parts. Certain tubes may be
substituted by means of inexpensive adapters which are
available from your dealer.



POWER SUPPLY CIRCUITS

A radio set is made up of electrical circuits.
parts used control, direct, separate, and change in form
the signal recelved in the antenna and reproduced in
the loudspeaker of the radio. We will consider a simple
power supply circuit to get a general idea how this is
accomplished.

The symbol on the left of the diagram represent a
power transformer with the primary winding connected
to 110 volts, A.C. since D.C. cannot be used with any
transformer. This transformer acts as a machine to
step the voltage up or down. The voltage is stepped
down to supply 5 volts for the filament of the rectifier
tube. In another secondary winding this voltage is

stepped up and supplies the plates of this same tube. The _

center tap of this hlgh voltage winding serves as a nega-
tive connection — in many radio sets this negative con-
nection is grounded to the chassis.

¥

The rectifier tube changes the A.C. to pulsating or

varying ' D.C. This current is not yet suitable for the

tubes of the radio set since it will cause a loud hum. !

The pulsating D.C. must first of all be filtered.
This task of filtering is performed by the three con-

densers, marked C,; C;; and Cg; and the two filter |

chokes, CH-1 and CH-2. This is a very efficient filter
and usually only a single choke and two condensers

are needed. The chokes oppose the passage of the -
changing ripple voltage, but offer a path for the direct |
on the contrary, pass to
ground (minus potential) the variations which must
be removed, but do not permit the D.C. to escape in this |

current. The condensers,

same fashion. In this way, the ripple is rémoved and

pure direct current is present at the terminals marked ‘

—and .

The |
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A power supply is designed to deliver a given maxi-
mum .voltage. Most radio receivers require plate volt-
ages of several different values to serve different tubes
and a variety of circuits. It is possible to use a single
resistor with sliding (adjustable) taps to serve as the
bleeder and to permit an easy means for securing any
required voltage between zero and the maximum volt-
age available.

The two ends of the voltage divider will be at the
maximum and zero voltage respectively. Taps between
these two extremes will provide any desired voltage be-
tween these limits. Now, besides the bleeder current,

CURRENT ON TAPS | & 2+
BLEEDER CURRENT

CURRENT ON TAP 2+
BLEEDER CURRENT

w——~BLEEDER CURRENT
ONLY

—0s-

certain sections of the voltage divider will carry the
current taken by some of the taps, the calculation of
the exact setting of the taps is not too simple. You
should guess the position for the different taps, connect
the equipment, and make final adjustments of the taps
while taking measurements with a voltmeter.
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A correct electrical circuit of inter-connected parts,
as illustrated diagrammatically, will accomplish the de-
sired results. But these parts, without the proper elec-
trical circuit will serve no useful purpose.

The comparison technique depends on the circuits
used in radio receivers. You will be told what to look
for in the circuit, and how to test to find out if the
circuit is working properly. If the radio is not work-
ing, it must be a part or wire that is spoiling the cor-
rect circuit and prevents the proper operation.

Radio diagrams show -how the different parts are
interconnected to permit proper operation. The parts
are shown as symbols (sece page 2) and straight lines
represent the way wires connect the parts. But these
printed lines do not represent actual wires as they may
appear to one examining the radio set. The parts may
be wired in any fashion as long as exactly’ the same
component parts are connected with the lines in the
drawing and are also wired in the set to permit the pas-
sage of electric current.

Below you have an example of this: You will notice

CONDENSER

GROUNDED TO CHASSIS
P-o:

that the lines of the diagram and the wires of the pic-
ture illustration connect the few parts in somewhat dif-
ferent manner, but do permit the current to pass in
the same way. This is very important to understand
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clearly and this knowledge will aid you to trace circuits
in radio trouble-shooting.

A diagram above gives hundreds of valuable facts
about the radio set and aids in making the repair. In
the next paragraph you will find a description of the
general information about this circuit. Please refer
to the circuit and check each point.

This is a seven tube radio using a tuning eye and
designed for A.C. operation. This set covers two bands
since there are dual coils. A dynamic speaker is used
as indicated by the 6” unit. This set is a superhet since
it has an oscillator coil and an LF. transformer. (See
if you can locate these parts.)

Now you may find this basic information about the
audio output stage (the last tube next-to the speaker).
This stage employs a 6F6-G pentode (see page 16) and
is resistance coupled to previous stage. The tube is
connected to the voice coil of the speaker through an
output transformer. From the tube data charts (pages
20 to 31) it is easy to find out that the power output
is about three watts.

If we analyze this same stage with greater detail, we
can obtain specific information on the value of each:
condenser and resistor used. Many of these parts are
also listed with manufacturers part numbers. Circuit
details also can be found. For example: a .005 mfd.
condenser used as a tone compensator; the tone con-
trol consists of another condenser and variable resistor.
Specific analysis will also indicate the novel method
used to secure the bias for the output tube. You will
be able to follow this circuit later,

Of course, specific information is given about many
parts and will help you to secure replacements. For ex-
ample, the plate coupling resistor of the 6SQ7 tube has
a resistance value of 200,000 ohms, as marked.



OBTAINING REPLACEMENT PARTS

The comparison technique relies strongly on the use
of diagrams. After you complete your study of essen-
tial fundamentals; you will be told how to examine the
radio you are trying to repair and find a circuit which
is similar to the one used in the radio. This compari-
son diagram and chart will tell you where to look for
faults, what to check, and how to make the actual
repair. : i

Although many of the faults which develop in radio |

sets do not require any replacement parts, in majority

of cases you will find the trouble lies in some com- |

ponent which has to be replaced. Needed radio parts
may be purchased from radio supply houses. If you
live in a city, it probably has several radio parts dealers
who cater to radio servicemen. If you live in a small
town or on a farm, there are many mail order radio
companies who will be glad to sell you needed parts.
The author will be glad to tell you the names and
addresses of dealers near your home, if you need this
help. X

How exacting must radio parts be? For almost all
replacement requirements parts similar to the original,
but not necessarily exact duplicates, will serve. Since
in radio repair work you will be buying many replace-
ment parts, the knowledge how to select such parts is
of prime importance to you.

In the case of power transformers, you must be cer-
tain that the replacement will fit the available physical
space and could be mounted in place. Electrically, the
primary of the transformer must be rated at the supply
voltage and frequency. Usually this is 110 volts, 60
cycles. The various secondaries which supply the fila-
ment voltages must correspond to the original unit.
The voltages must be correct. The current rating of
each filament secondary must be large enough to take
care of the tubes connected to this winding. For ex-
antple, a secondary of 214 volts serving five type 27
tubes. must supply at least 8.75 (or about 9) amperes,
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since each tube takes 1.75 amperes. Higher current rat-
ing is always in order. If a center-tap connection is
needed and the replacement transformer you are using
does not have one, use a 50 ohm center-tapped resistor

| across winding to solve this problem.

The high-voltage winding should supply approxi-
mately the same voltage as the original. The winding
should be rated at least at 45 ma. for 4 tube sets, 55 ma.
for 5 tube sets, and 70 ma. for larger sets with a single
output tube, or 90 ma. for sets with push-pull output
stage. )

In most cases the resistance value of the choke used
is not critical. If you do want to use the exact D.C.
resistance value and. it is not available, connect a choke
of lower resistance value in series with a fixed 10 watt
wire-wound resistor. The total resistance of choke and
resistor should be made equal to the original choke,

As you have already learned, fixed resistors are ac-
curate to within 10% of the marked values. However,
in most applications resistors may be off even more
than this. For example, a plate coupling resistor in the
original circuit may have been 250,000 ohms. You may
use a replacement between 100,000 and 700,000 with
no noticeable difference in operation. Cathode bias
resistors (usually between cathode and ground) should
be of accurate value.

By-pass condensers may be off from the indicatea
value a great deal. For replacements values from 1/10
to 10 times the original size will serve. Voltage rating,
however, should be as high or higher than the original.



FACTS ON VACUUM TUBES

The basis of all vacuum tubes operation, be they
rectifiers, or multi-purpose tubes, in glass or metal en-
velopes, is electron emission. Electrons are emitted
from an electrically heated filament or from a cover-
ing (cathode) placed over this filament and insulated
from it.
The element emitting the electrons is known as the
cathode.

In 1883, Thomas Edison discovered that when an

additional electrode was placed inside an incandescent

lamp and this electrode connected to a positive po-
tential with respect to the filament, a current passed
through the circuit. This is actually a simple vacuum
tube of the diode type. It contains but two elements,
the cathode to emit and the plate (anode) to receive
the electrons. Under the influence of a -}- voltage ap-
plied 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.

o L
Z { ] .
g Saturation Point
= .
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5 11/
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| '
O PLATE VOLTAGE—>

As the plate of a diode tube is made more positive,
a greater number of electrons will be attracted across the
space in the tube. Finally, the plate can be so positive
that all electrons emitted by the cathode will be going to
the plate. If the plate is made even more positive beyond
this point, all the available electrons will continue to be
received by the plate. There will not be any increase

since there are no more electrons emitted. Now, you |

know that electric current is made up of electrons, and
so a maximum current will be reached. Raising the

plate potential (voltage) will no longer increase the

current after this saturation point. Up to the saturation
point, of course, an increase in plate voltage increases
the plate current in the diode. Vacuum tubes are not
operated near the saturation point and the plate voltage
is kept at a value to prevent saturation current.

From a heated cathode many electrons venture out,
forming a cloud around it. If a negative potential is
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This later type of emission is called indirect.

reach the plate.

_and the plate:

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 rectifier, an alternating current is applied, during
the positive cycle current will flow, but not during the
negative. In this manner the alternating current will
be rectified into pulsating direct current.

Of the electrons leaving the cathode not all, of course,
Many return to the cathode while
others remain for short periods of time between the
cathode and the plate forming a space charge. Since
this charge consists of electrons, it is electrically nega-
tive and has a repelling force exerted upon other elec-
trons and, thereby, impedes the passage of current
between cathode and plate.

o RIS A e

Tubes having a third electrode for control purposes

are known as ¢riodes. This control electrode is called
the grid. 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 op-
poses the flow of electrons to the plate. When the
voltage on the grid is made more negative, the grid
exerts a stronger repelling force on the electrons and
the plate current is decreased. When the grid voltage
is made less negative, there is less repelling force ex-
erted by the grid and the plate current increases.

The detrimental effect of the grid-plate capacitance
is reduced greatly by the introduction of a fourth elec-
trode, called the screen grid, placed between the grid
This screen in ordinary application is
connected to a positive potential somewhat lower than
the plate potential. A four element tube of this type
is called a tetrode.

Electrons striking the plate dislodge other electrons
from it. This indirect emission of electrons from the
plate is called secondary emission in contrast to pri-
mary emission from the heated cathode. This limita-
tion in turn may be removed by a further introduction
of another electrode, known as the suppressor, placed



SIMILARITY OF RADIO TUBES

1. Metal envelope
2. Spacer shield
3. Insulating spacer
4. Mount support
5. Control grid
6. Coated cathode
7. Screen grid
8. Heater (filament)
9. Suppressor grid
10. Plate.
11. Batalum getter
12. Conical stem
13. Header
14. Glass seal
15. Header insert
16. Stem seal
17. Base shield
18. Header skirt
19. Lead wire
20. Crimped lock
21. Octal base
" £ 22. Exhaust tube
‘ 1 Yt & 23. Base pin
‘ } 'q ’ ‘ 24. Exhaust tip
i 25. Aligning key
! ‘ b 26. Solder
{ N 27. Aligning plug

between the screen and plate. The suppressor may be
connected directly to the cathode or, as in some tubes
for special applications, have an external prong. Since
such tubes have five elements they are called pentodes.

There are a great many different tubes used in radio
receiving sets. All the types are listed in the SYL-

VANIA tube chart, pages 17 to 35. Great many types
are identical except for the fact that one series is for |

2.5 volt operation, another series for 6.3 volt use, and
some are for battery use requiring 1.4 or 2 volts. Note
for example the corresponding types 58 and 78, or 57
and 77. Also in the same series there are many tubes
almost alike electrically, see 6C6, 77, and 6]7. There
are tubes to serve in A.C. sets, in combination AC-DC
sets, in battery sets, and for many other special appli-
cations.

All the metal tubes have equivalent glass types. For
example, 6K7 has- a glass equivalent 6K7-G. . The G
type tubes may be used for metal tubes, or vice versa,
provided space permits and the glass tubes substituted
are covered with shields in certain cases. There are
also many G type tubes not having metal equivalents,
see 6K6G, 25A7G.
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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 pen-
tode, or is it a complex tube such as duotriode. Next
is the “base” data. The code letters refer to the tube
diagrams on pages 31 to 34. Look up type 6A8 for
practice. You will note that it is a heptode (six ele-
ments). 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 socket, uses eight pins and a grid cap
on top.

When a diagram shows a tube socket, it is always
the bottom view. You understand; of course, that when
you look at the bottom of a socket, prongs located at
the left (for example) will be found on the right when
looking at the top of the socket. Most tests are made
from the bottom and the bottom view is more important
to us. But if you ever shift the set and work from the
top remember the change from left to right.

Tubes that stick in their sockets may be removed
easily by prying a screw driver between the base of the

| tube and chassis. When carrying out this work be sure

power is off, since the screw driver blade may short
the tube prongs to chassis.

On page 34, you will find important facts on panel
lamps which are used in almost every modern radio.
The color of the bead can be noticed inside the lamp
and this information will help you in selecting a re-
placement. The wrong size bulb will either burn out
when placed in service or give a very small amount
of light. The bayonct base bulbs are similar to the
types used in automobiles, while the screw types are
like the house electric light bulb bases but, of course,
much smaller. In an emergency, the socket may be
changed, or a bayonet bulb can be forced into a screw
socket, or the reverse. The value of the bulb (bead
color) must be correct.

TUNING-EYE TUBES

The types 6E5, 6G5, and other tuning indicator tubes
are finding extensive use in modern sets and for certain
types of test equipment. These tubes may also be added
to any radio having automatic volume control. In such
cases, the tube filament is simply wired in series with
other tubes in AC-DC type sets, or connected to the
power transformer filament winding. In sets using 2.5
volt tubes, type 2E5 must be employed.
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3 Re—Ray Control; S—Metal Shelf; SA—

tor 4; Dp—Diode Plate; F—Filament; Fc—Filament Center; G—Control Grid; Ga—Anode Grid; Gm—Modulator Grid

tor 3; D4—Def.

Go—OsciHlator Grid; Gs—Screen Grid; H—Heater; He—Heater Center; Ht—Heater Tap; IC—lInternal Connection; IS—Internal Shield; J—Jumper; K—Cathode; NC—No Connection; P—Plate,

tor 2; D3—Defl
Starter Anode; Su—Suppressor Grid; T—Target; XS—External Shield; 0—Top Cap;

tor 1, D2—Defl

SYMBOLS: A—Anode; A1—Anode 1; A2—Anode 2; D1—Defl

Locating Pin.

SYLVANIA PANEL LAMP CHARACTERISTICS
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*Sylvania Types S47 and S49 are Interchangeable with Types 40 A and 49 A, respectively, in other brands.
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HOW A RADIO WORKS

The general idea how a radio set receives signals,
amplifies these signals, and finally changes the electrical
impulses to sound waves, is not hard to understand. At
the transmitters of all radio stations operating, radio
waves are sent out and all of these waves have an effect
on the receiving antenna. These waves really set up
tiny voltages, and the actual amount of voltage depends
primarily on the distance of the transmitter and the
power of the station.

The coil condenser combinations used for tuning the
desired station only, serve as gates to permit only the
wanted signal of a certain frequency to enter and keep
out all other signals. The vacuum tubes amplify the
signal. The signals must be increased greatly in order

to operate a loudspeaker, but they must not be altered -

in any other way if good quality is to be obtained.

Courtesy Meisswer Mfg. Co.

Coils and band switch.of the type
used in multi-band receiving sets.

At the transmitter radio frequency waves are gen-
erated with an oscillator. Audio frequencies (the sounds
we hear) are picked up by the studio microphone or
phonograph pickup and increased in intensity, that is
amplified. Next these R.F. and audio frequencies are
combined. The R.F. are very high, for example broad-
casting stations have frequencies between 540, 000 ‘and
1,700,000 cycles per second, 540 and 1,700 KC. The
audio frequencies handled by the average station lie
between 50 and 5,000 cycles, much lower than R.F.

When these are mixed, the result is a R.F. which is
varied in intensity in accordance with the audio (sound)
variations. This is the wave the receiver picks up.

In the radio frequency stages this combined signal
is handled by the tuned stages, tubes, and other parts.
After one or more R.F. stages in a T.R.F. receiver, the
audio signal must be separated and used in the balance
of the receiver. Since the R.F. alone was used only as
a carrier of the audio signals, it will no longer be needed
and can be by-passed; i.e. eliminated.

This separation process, known as detection, is per-
formed in the detector stage, second detector in a sup-
erhet. After this stage only audio frequencies are
present.
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(456 K.C. or other) present in the oscillator.

Superhet sets are similar to T.R.F. receivers, but in-
corporate several variations. There may or may not
be a R.F. amplifier or pre-selector stage. But the real
difference lies in the mixer-oscillator which changes all
station frequencies, as they are selected, to a fixed new
frequency called the L.F.

Inside view of IF. trans-
formers. The output type usu-
ally has four leads at the bot-
tom. The input and interstage
types have the grid lead coming
out of the top. ‘

When a station is selected by varying the condenser

used for tuning, a gang of this condenser also changes

the frequency of the oscillator, so that the oscillator and
the incoming signal beat and produce the intermediate
frequency, I.F. This may be 456 KC., but many other
frequencies are also used.

DIAGFAMATICAL SKETCH OF A SUPERHET

[1at Output
¥ixer Audiai <]|

To all stages
Power i
Supply

Following the mixer tube, we have one or more LF.

R.F. Pre-
Selector

The trouble is always to the
right of the section not res-
ponding to test.

Chart and idea copyrighted.

“stages designed to permit the passage and amplification

of the LF. frequency only. In a properly operating

receiver, this new frequency will correspond to the sig-

nal carrier altered but still having the audio frequency
of the broadcast influencing its intensity. If the oscil-
lator stops functioning, while the balance of the set
may be working, the station frequency will not be
changed to the LF. and will not get through the L F
stages in its -original form.

After the L.F. stages we again have a detector (some-
times called second detector since the mixer tube may
be called the first detector). Following this stage, a
regular audio amplifier is incorporated. |

If a superhet works on some stations but not on
others, suspect alignment or the oscillator tube. Tube
tester or other simple tests are not dependable here, you
better replace the mixer or oscillator tube for test pur-
poses

Remember that all frequencies of all stations are
present on the antenna. Only the desired station is in
the first tuned stage and before the mixer tube. A fre-
quency of the station wanted plus the LF. frequency
Only the
LF. frequency in the LF. stages. Only audio fre-
quencies after the second detector.



WHAT GOES WRONG

Every radio repair job is of a two fold nature: (1)
the fault must be discovered and (2) properly repaired.
The actual repairing is commonly a simple mechanical
task — a part is replaced, a wire soldered, or an adjust-
ment made. But to find the fault is the big task. For-
tunately; however, the majority of radio repairs are
quite simple and the fault can be found in most cases
by the comparison method which is to be described in
detail after the preliminary information.

A great many radio faults can be easily discovered
with a visual inspection. For example, if you noticed
a broken radio tube in a faulty set, would you bother
with a complete check of the circuit? No, you would
simply replace the tube, turn the set “on,” and if the
set played right assume that the fault was repaired.

Now here is another example of a visual inspection
repair. “That part (power transformer) smoked a long
time before the set stopped playing,” says the lady of
the house. You will naturally suspect a burned out
power transformer, probably overloaded by a faulty
filter condenser or a power supply short.

And here is another. Complaint: Poor tone. Push-
pull (two tubes in a special circuit of a balanced type)
stage in the output using type 45 tubes. One of the
45's has no glow on the filament when the set is turned
“on.” Yes, of course, the 45 is burned out, and the
circuit is out of balance because of this. Tube is quickly
replaced.

In the case of a badly burned carbon resistor, suspect -

shorted associated by-pass condenser. Both resistor
and the faulty condenser should be replaced. Always
consider associated parts as also being at fault.

It is always worth while to ask the owner of the radio
what happened before the set developed the fault. In
the reply, many times, will be a clew to the difficulty.
And the owner will be proud to have a chance to express
his own opinion.

No radio expert can tell what is wrong with a radio
by long distance analysis. You must have an oppor-
tunity to examine and test the set for possible faults.
There is, however, an advantage to know what may
go wrong with radio sets, so that you will look first
where trouble probably lies.

Filter and by-pass condensers are the most common
source of trouble. Usually when a condenser shorts,
the voltage on one side of the condenser is by-passed
to ground. If voltage is to be expected at a certain
connection to a condenser, but is not there, suspect that
condenser. To test, disconnect one side of the con-
denser, if the voltage will be present then, at this point,
the condenser is bad.

Small carbon resistors give plenty of trouble. They
may change their values; short, open, or vary with
voltage and temperature and appear noisy. Sometimes
resistors become bad because associated condensers or
other parts short and pass excessive current through
this resistor. Suspected resistors should be changed. A
simple test may be made by disconnecting one end
of the suspected resistor, and connecting in its place a
new resistor of about the same size. For a 500,000 ohms
you may try anything from 100,000 ohms up to 1
megohm.

Loose connections, poor contacts, shorts make up a
large bulk of repairs. These may be found by visual
inspection, changes in volume when set is shaken, slight
blows on the chassis giving erratic operation. Try to
find what is making or breaking temporary contact.
See if voltages at different points correspond to values
indicated on the comparison diagrams.

A few simple tube tests have already been outlined.
A tube tester, of course, gives a more positive indica-
tion and should be used if available. The best tube
test, under all conditions, is the replacement for a few
moments of the suspected tube with one known to be
good.

, JMELL
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ONLY A FEW

According to the best estimates, there are in the U. S.
close to fifty million radio sets made up of about 20,000
different models. There are many ways to classify these
different sets, but if all similar types are grouped
fogether, you will find only a handful of types. And
even these types, few in number as they are, can be
seen to have many similar sections and can be tested and
serviced along the same lines.

The comparison technique requires the separation
of all radios into groups and the ability of the service-
man to make the selection of the type into which the
radio. to be serviced will fit best. You will now be
given suggestions how to go about finding the type of
radio you may have in your shop.

Circuits have changed more with time than through
any other influence. The group of early electric radios
from about 1926 to 1929, were of the TRF type and
used 26’s or 27’s for the RF and AF stages. These
are similar triodes. A type of 27 tube was used as a
detector. The final audio output stage used a single
or push-pull triodes of 71A or 45 type. The speaker
was usually dynamic type.

Many sets sold during the depression were of the four |
These were for A.C. and for |

tube midget variety.
AC-DC operation. As some of the larger TRF sets,
these midgets employed type 47 or other pentodes in
the output. In the A.C. midgets an 80 tube was the
rectifier. At first types 24A or similar type 35 tubes
were used in R.F. stages and detector.
were developed in 1931-32, 58 was used as R.F. and
57 as detector. Then, of course, came other similar
tubes in the 6.3 volt series, and in metal types.

The early AC-DC sets used 6.3 and 25 volt tubes,
dropping “the balance of the line voltage with a line
cord resistor or ballast tube. You will find that even
present day small TRF sets are exactly the same as these
early types. Complete description on each type will
be given later in the manual.

You must not be confused with minor variations in

circuits or different placement of parts. Good training,

at this point, is to examine many diagrams of radio sets
and sort these out according to similar types.

Also remember that the physical appearance of parts
does not have an effect on the electrical similarity of
radio sets. Five inch and twelve inch dynamic speakers
while giving results which are really different, elec-
trically behave very much alike.

While a few models of TRF sets using later tubes
were manufactured, after 1932 practically every radio
of five or more tubes was of the superhet type. You
already know that one of the characteristic things about
all superhets is the use of LF. stages. These stages are
basically alike, with only a few minor variations and
sometimes different LF. frequencies. There is complete
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As new tubes |

RADIO TYPES

similarity even in the LF. stages of battery sets, auto
sets, and others,

The plate power and filament supplies of all AC-DC
type sets are similar and are readily understood while
studying the four tube circuits. The audio sections of
all radios are very similar.

At this point the reader should be able to realize that
while servicing by comparison the diagram of the nearest
circuit will be of greatest help, sections of the radio
requiring service may be explained in some other
section of the manual. For example, let us say you
are working on an AC-DC super which employs a
ballast tube. The best information on the power supply
many appear on page 47, while data on the ballast tube
will be given on page 46. The actual circuit, however,
may be discussed on page 58. This is why you must
be familiar with the entire book to use this method
at its best. The index will help also to find the needed
material.

z,; él

A type of volume control arcuit used

in all small TRF sets.

The oscillator-mixer stages of the early superhets were
different from today’s type. Sometimes two tubes were
used for this application—one was the oscillator, the
other the mixer. In special circuits, R.F. pentodes were
sometimes used alone. The pentagrid converter tubes
operate very much like two individual tubes combined
in a single glass envelope. In all superhet oscillators
the plate current must be controlled by two different
frequencies—the incoming station frequency and the
oscillator frequency.

This latter frequency can be generated by the same
tube or by another triode. The function is seen to be
the same, but the method differs.

To summarize, radio circuits are made up.of similar
sections usually placed together in the same manner.
Ordinarily there are only physical variations in parts
used and their placement, and miner differences in the
circuits. Since new radio develdpments are available to
practically all radic_firms at the same time, and since
each tries to make their sets best within a price limit,
the resulting radios must be somewhat along the same
lines.



HOW TO LOCALIZE TROUBLE

A comparison blueprint divides. the set your are serv-

icing into definite sections and suggests tests for finding

the one section at fault. From an actual examination
of a radio set it may be hard to see what parts actually
make up a section of the receiver. This is because in
construction ‘the filter condenser of the power supply
may be placed near the antenna coil, but the circuit
will tell you that these parts belong to totally distinct
sections. If the one faulty section is discovered, you
need not search among all the parts of the radio for
the fault, but instead you can confine your work to a
limited number of components of this single section.

Here is the general way for finding the section at
fault in any radio receiver. Every section of a radio
receiver has an influence on the stages following, leading
up to the loud-speaker. Every stage may also be upset
electrically by shorting a voltage present, or touching
a sensitive part of the circuit with your finger or resistor.
The power supply section, however, should be tested
first by a method outlined later.

If any stage is upset electrically as suggested, this
.change will influence the stages following and will cause
the speaker to produce a click or other sounds. Certain
sounds for a specific test will indicate that the stage
being tested and all stages following are probably in
good operating order. Lack of response or incorrect
results, on the other hand, will suggest that one of the
stages between the point of test and the speaker is at
fault. Since this test may be carried at many points
beginning at the speaker and working back to the
antenna, the faulty stage can be isolated.

For example, in making this test in the first audio
stage, a certain response may be expected (see table
below) if this stage, the following output audio stage,
the loudspeaker, and the power supply are working
properly.

For the tests mentioned below and for the many
similar tests outlined in connection with the comparison
blueprints, a test unit made of a five cent resistor and
two pieces of wire may be used. Use a 100 ohm, 1 watt
resistor. The wires are used as test leads and are
connected to the resistor.

TEST ) > 100 obm resistor
LEADS Any watfage, cost B¢g.

It is best to test the power supply circuit first. For
this, as well as for almost all other tests, held one lead
of the 100 ohm resistor test unit on the chassis of the
radio (this is usually B-minus of the circuit). Touch
the other lead to a B-plus point, such as the positive
side of a filter condenser (red wire probably), or to the
screen grid terminal of an output pentode tube. If
there is a noticeable spark at the point of contact assume
the voltage is correct. The contact must be momentary
only.
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Of course, a voltmeter can be used for this test with
much greater accuracy. In AC-DC sets the voltage
will be between 95 and 125 volts, in A.C. sets 250 to 350.

Specific test procedure will be given in sections of
this manual, but in general the speaker should be tested
next. Bring an iron blade near the field if the speaker
is of the electro-dynamic type. There should be
magnetic attraction—none will be present if set is “off”
or field is not getting any current. A P.M. dynamic
does not use a field coil.

To test voice coil operation, one prod should be held
in contact with the chassis as mentioned before, and
with the other lead touch the plate prong of the output
tube. There will be a spark at the contact and a loud
single click in the speaker. Any previously existing
hum in the speaker will be reduced. These facts in-
dicate that the speaker probably is operating properly.
See the chart and comparison diagrams for many other
tests.

LOCALIZING TEST CHART, IN _RECOMMENDED ORDER

BITay E”d Second |Visual Aural [Phere to
menta 1,| Prod Jobservation |feaponse {109k for
contact only- lat contact |faults,
B+ pbint Rectifier
before filt- [Chassis|arc made, Clicks, | tube, lst
er at recti- B- wire will hiss, filter, pwr,
fier tube weld. transformer
B+ point Choke, or
after filter {Chassisllarge Dual field, 2nd
B- spark click filter cond.
short in set
Plate prong |Chassis|Spark Click Output
output tube B- less hum} transformer
Contro}l grid| Hold |[None Hiss Wrong bias on
output tube [in hand output tube
| Triode, or AntennafNone Click, Bad condenser
pentode de- | post strong |or resistor
tector tube hiss in circuit of
cont. grid {detector tube
Control grid Hold in Strong os- |Parts of the
of any R,F. |hand, None cillations,{associated
or I.F. tube {remove hum, changejcircuit.
} grid cap} in torie

r

Occasionally trouble develops which makes the radio
operate poorly for a time. However, a shaking of the
cabinet, movement of the volume control, or turning
on-of an electric light in the house, will make the radio
return to normal operation for a time. Such condition,
known as intermittent operation, is very difficult to
correct. Experts usually replace condensers and resistors
one at a time until the one which may be causing the
difficulty is found. This is about the only solution for
this servicemen’s headache.

Many times a radio works poorly or not at all because
the antenna wire is disconnected or the power-line cord
is not making contact in the socket. Tube grid caps
may be off and prevent proper operation.



COMPARE

In using the comparison method you must first find
the circuit which is closest to the radio you are servicing:
To do this you must be familiar with the basic diagrams
included on the following pages. It is easy to tell if the
radio is of the house, battery, or auto type. Superhets
can be found by the LF. transformers and oscillator coils
they use.

Remember similar tubes. For example, the set you

diagram blueprint shows a circuit using 58, 57, 2A5, |

are servicing uses 6D6, 6C6, 42, and 80. The similar
and 80. The tube chart will tell you that these tubes

are alike by types, but the radio uses tubes of the 6.3 |

volt series, while the blueprint shows tubes of the 2.5
volt series. In many cases similar tubes are listed to
help you in this matter.

In the same way if the radio you are trying to repair
is similar to one of the diagrams, but has two R.F. stages
using type 58 tubes. You are correct in assuming that
both R.F. stages are similar and the information given
on one, in the diagram will apply.

As mentioned before all LF. sections operate alike
even if employed in entirely different type radio sets.

Other sections of receivers may also be similar to circuits |

illustrated in other parts of the book. Special circuits
and parts are described separately and should be looked
up in the index.
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The circuit of an LF. stage of an AC:DC'
superhet.

The knack of associating the circuit under considera-
tion with the right blueprint and- other tips in the text-
book will develop with time.
manufacture (date of sale will help) will-enable you to
place the radio in the right classification.

CIRCUITS

After the circuit is checked as suggested on the page

| containing the diagram, and the part at fault is isolated,

you should look up the specific part or repair required
in the index. The material in other parts of the
manual will help you to test this section or part and
explain the operation of the related circuit. ~For
example, you are servicing a simple modern super. You
follow the tests suggested on pages 53 and 54, but also
refer to page 48 when checking the AC-DC power
supply. You are able to discover that the trouble lies
in the first LF. transformer or a near-by condenser.
You look up the section on condensers and test the unit
according to the method suggested. The condenser
proves to be in good working shape and you now know
that the fault must be with the IF. At this point you
look up LF. transformers in the index and find out how
to test this unit and replace it.

Methods of Connecting Volume and Tone Controls

Y

foes |

The period of the set’s |
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EARLY A.C. TRF
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Early sets originally used tubes with hundred-digiits and these were dropped
later; i..e., type 22¢ became 26.

The first diagram shows a circuit very common during |

1926 and 1927, and used by Majestic, Atwater Kent,
and other manufacturers of this period.
there were several R.F. stages, using type 26 tubes.
The detector consisted of a 27. The audio stage follow-
ing also used a type 26. The output may have been a
single or push-pull type 12A, 71A, or 45 triodes. The
audio stages were coupled with transformers. The
tuning was done with a multi-gang condenser.

In little later type sets type 27 triodes were used for
all stages, except the output which used single or push-
pull 45’s or (then the newly developed) 47 pentodes.
In 1929, some of these sets began using 24A tetrodes for
the R.F. stages, but a type 27 continued to be used as
detector. See the circuit of the screen grid TRF set on
the next page which, however uses a 24A detector.

In these sets |

Power supplies in these early TRF radios were at
times mounted separately. The general tests for these sets
will be given now. Be sure plug makes connection in
the power socket, and the antenna is connected.  Turn
the set “on.” See if rectifier (80) tube lights. If out,
replace with another, but watch for strong blue light
inside. This would indicate an overload probably
caused by bad filters.

Most of these sets used low capacity paper condensers
in the filter circuit. These should be replaced, when
necessary, with 8 mfd., 450 volt, electrolytics. If the
choke used is defective, the choke may be shorted out
entirely. If hum-is too great, add more capacity. (This
is a good solution at any time the customer says he
wants the hum level reduced).
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SCREEN GRID TRF SETS

24-A 245y

10008 245~

Find highest B4 pbint and make a test for voltage
as explained before. (Use resistor, one prod on chassis,
the other on B+ point).
tubes to see that they are operating, glow with light.

Remove quickly one at a time the output tubes in
push-pull circuits. A sharp click should be heard in
the speaker, hum should increase with only one tube
in socket. If these results are not obtained, suspect
filter condensers of power supply, or choke being open.
For tests applicable to these parts, see the index.

Now remove one tube at a time, beginning at the
tube next to the output stage and working back to the
antenna. Only one tube should be removed at a time
and placed back in the socket before the next one is
removed for test. Every tube will have a small effect
on the response, but as a bad tube is pulled out no
click should be heard.

Another test is to touch with a moist finger the grid
connections of each tube beginning with the tube next
to the output stage. A loud hiss or hum should result.
If you fail to get these responses, the trouble lies
between the tube that failed to give a response and the
one that seemed to be working right and which was
tested just before.

Once the section at fault is located, you may test for
the indicated voltage with a voltmeter or with the
simplified resistor unit suggested. The voltages obtained,
of course, may vary considerably in different radios.
Detailed methods for testing parts which are suspected
to be at fault, are given in other sections of this text-
book.

Test speaker and audio section by the methods already
outlined. Test the R.F. stages and detector by shifting
the antenna. For this purpose, the antenna should be
long and insulated from the ground. For alignment, if
needed, see the special section included. In many sets
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Examine filaments of all |

24-A | 245v.

of this type, 24-A tubes may be replaced with 35’s for
better results.

It is important to bear in mind, that only a single
fault develops in a radio set, and only this one fault
need to be eliminated. Let us assume that in servicing
a radio of the type described, you isolated the fault to
the second R.F. stage. To test the tube of this stage,
simply interchange the first and second 24-A tubes, and
apply the antenna test to the second stage. If still no
response, probably the trouble is not with the tube.

You obtained a hiss response when you touched the
grid of the third R.F. tube’s grid. Now trace this grid
wire to the second R.F. coil (between second and third
R.F. tubes) and see if the very same response is obtained
when this coil connection is touched with your finger.
Also try the corresponding tuning condenser connection.

{ This will let you know if anything is wrong with the

wiring of this circuit.

Short the primary connections of the R.F. coil
described in the previous paragraph. A click should be
heard in the speaker each time you make this contact.
If no click, suspect open primary. To test use the
resistor unit, hold one lead on the chassis, touch the
other first to the plate side of the coil’s primary con-
nection, then to the B-}- side of the connection. If you
get a spark in one place but not in the other, the coil
is definitely open. If you fail to get a spark in both
places, no plate voltage exists. Test all condensers
connected to the same B~ line.

Coils can be best tested with an ohmmeter. If you
have this instrument, use it for measuring the coil
resistance. The value will differ with coils and may be
as low as 5 ohms, or as high as 50 ohms. But a reading
will be obtained if the coils are in good shape. On the
ohmmeter, an open coil will test infinity, a shorted coil
‘will indicate close to zero ohms.



ADDITIONAL FACTS ON MIDGETS
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If pilot light is on, it will tell you that the transformer
is in working order. If pilot light is out, try replace-
ment with a 214 volt type in sets using 214 volt tubes.
Quickly short filament winding (to 24 tubes) and watch
for “hot” but short spark—this will also indicate voltage
from transformer.

A small-electrolytic (4 mfd., 450 volt unit will do)
with long leads makes an excellent test-unit when
working on the power supply. Watch the polarity when
using this condenser. © Always connect the red positive
lead to the more positive point. If this condenser is
placed into a circuit having a voltage, for ten seconds
or longer, and then discharged by bringing together
the two leads, a spark will jump across.

With this small electrolytic condenser you can easily
test the filter condenseirs in any power supply (also
AC-DC types). Connect this test condenser across one
of the filter condensers. The connections of the filter
section are first found. Usually one of the connections
goes to the chassis. After you find these connections,
you touch the test-condenser leads to the two points,
observing polarity. Then disconnect and make the test
described above. The size of the spark will enable you
to judge the voltage present. Lack of voltage probably
means a bad filter. Suspected filter condenser may be
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| 24A tubes should create a loud whistle, If you have a
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T a~t4 Very common midget of the
- '1931-33 period. Made in

small cabinets. Five and

o six inch speakers used.
Common faults: volume
control, tubes, filter
condenser section bad,
resistor changes value.
Complete analysis given
on the adjacent page.
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The volt meter, when the resdings

disconnected and your test unit placed instead to see

| if the set will then work.

In the same way voltage drop in the choke may be
tested. 'This voltage varies in different sets, but should

' be about 70 volts in most sets. Voltages at other points

may also be tested. Resistor unit tester may also be
used. Better comparison will be possible with a volt-

. meter. Many actual voltages are indicated on the chart.

Filter choke may be in positive or negative leg of filter.

' Bias for output tube type 47 may be obtained with a

resistor connected from the center of the 214 volt wind-

' ing to ground, or from the cathode of the tube in case

of output.tubes such as 2A5, 41, 42, 43, 6F6. This

' resistor is by-passed with 5 or 10 mfd., 25 volt electro-

lytic condenser (minus connected to chassis).

Tests suggested for larger TRF sets will apply to
smaller TRF sets just as well. Touching the grids
Removing grid caps of type

pair-of cheap headphones; connect one of the terminals
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