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GETTING ACQUAINTED WITH
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STUDY SCHEDULE NO. 4

To master this fourth part of your NRI Course most speedily and
thoroughly, divide your study into the steps given below. First read the
specified pages at your usual reading speed. Next, reread them slowly
one or more times, endeavoring always to understand as well as remem-
ber. Finish with one quick reading to tie the ideas together in your
mind, then write on scrap paper your answers to the questions specified
for that step. After finishing the Lesson, copy all answers neatly on an
Answer Sheet.

O 1. We Study a Modern Radio Receiver...coccoevevencene.o .. .Pages 1-5
Read this section at least once, to find out why a knowledge of radio receiver
gervicing problems is important to YOU, to get a preview of how receivers are
taken up in this Lesson, to study a radio map which will guide you through a
modern superheterodyne receiver, to become acquainted with the knobs and
dials on the front of a receiver, and to learn how the chassis is removed from the
cabinet of a receiver. Answer Lesson Question 1.

O 2. Radio and Television Receiver Tubes .. ...covveeviveiene... . Pages 6-10
Since a tube is one of the most important parts in modern receivers, you study
first the five tubes used in the average superheterodyne receiver which serves
as our example for this Lesson. Tubes will mean a lot more after you finish
this interesting section. Answer Lesson Questions 2 and 3.

[J 3. Above-Chassis Parts......ccooeovvvievereneincacneene....Pages 10-17
You take up vne by one the parts which are mounted on top of the chassis of
our superheterodyne receiver—the loudspeaker, the output transformer, the
gang tuning condenser, the trimmer condensers, and the i. f. transformers. You
find out how each one is constructed, what it does, how it might fail, and how
it is repaired or replaced. Answer Lesson Questions 4, 5, and 6.

(] 4. Under-Chassis Parts.......ccoooeeieiueeceiacennnceccn....Pages 17-26
You turn the chassis upside-down, and study in turn, the soldered joints, resistors,
condensers, r. f. coils, power transformer, power cord, on-off switch and volume
control, tone control, dial lamp, and tube sockets. Answer Lesson Questions
7,8, and 9.

O 5. Radio Receiver Servicing Techniques.....coccevveeec.oe...Pages 26-28
Here’s your first real introduction to actual servicing techniques. You learn
how a radio man uses various techniques to find first the defective section or
stage, then the defective circuit, and finally the defective part. Answer Lesson

Question 10.
[ 6. Mail Your Answers for Lesson 4FR-3 to NRI for Grading.
O 7. Start Studying the Next Lesson, on Resistors.

COPYRIGHT 1942 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C.
FMI100M150 1950 EDITION PRINTED in US.A.
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LGETTING ACQUAINTED WITH RECEIVER SERVICING

We Study a Modern Radio Receiver

F RADIO and television servicing

is to be your chosen work, you will
unquestionably deal with receivers
most of the time. And no matter what
other branch of radio you intend to
get into, you will still work with re-
ceivers part of the time.

For example, in practically every
radio and television station there is at
least one receiver. This receiver is
tuned to the station frequency, and
enables the operator on duty to re-
ceive the program exactly as the public
is receiving it. An operator at a huge
transmitter would certainly feel em-
barrassed if he had to call in a service-

Photo by F. C. Wilkinson

man to fix his own monitor receiver
when trouble developed.

The two-way radio communication
stations used on boats, airplanes, and
other mobile equipment provide more
examples. Failure of just one tiny
part in the radio receiver can put one
of these stations out of action just as
effectively as failure of the largest
part in the station’s transmitter.

The fundamental principles which
make a radio recetver work also apply
to television, transmitters, test instru-
ments, and all other radio apparatus.
Receiver parts and circuits work ex-
actly like the corresponding parts and

X = |

Courtesy (leneral Blectric Co.

Radio men use receiver servicing techniques for all tyﬁes of radio equipment. Thus, the method

which the man at the left is using to repair 8 modern a

-wave superheterodyne receiver will apply

equally well to the television transmitter being serviced by the man at the right.



circuits you find in all other types of
radio equipment, wherever you may
be—in the radio room of an ocean liner,
at the radio controls in a transport air
liner, at the sending key of a forest fire
lookout station, in the control booth of
the public address system at a huge
football stadium, or in any of the
broadcast and short-wave radio sta-
tions throughout the world.

Once you learn how to repair radio
receivers by using modern professional
servicing techniques, you will have the
foundation training for operating and
repairing practically any other piece
of radio apparatus.

Preview of This Lesson

In this Lesson, you imagine that you
have in front of you the table model
receiver pictured in Fig. 1. It is an
average modern receiver, using the
latest superheterodyne circuit (pro-
nounced SOO-pur-HET-ur-o-DINE,
and often abbreviated as superhet or
super). With the aid of special illus-
trations, you learn about the parts in
this receiver and their general pur-
poses, just as if the set were right in
front of you in your own home.

Starting with the front of the re-
ceiver, you learn what each control
knob does and how it is used. The
meanings of the printed numbers and
scales on the receiver tuning dial are
clearly explained. You find out what
to do when a customer loses one or
more of the front-panel knobs or
controls.

You remove the “works” (the chas-
sis, pronounced SHASS-iss) from the
receiver cabinet, then examine in turn
each of the parts on top of the chassis,
including the radio tubes, the loud-
speaker, the output transformer, the
gang tuning condenser, and some new
parts which you take up for the first
time here. In the same way, you study

FIG. 1. This modem superheterodyne receiver
is used as an example throughout this Lesson.

the many smaller parts which are lo-
cated underneath the chassis.

Throughout this Lesson, the practi-
cal viewpoint is stressed. You learn a
great deal about how a part is made,
what it does, how it can fail or give
trouble, and how it is repaired or re-
placed.

Radio Map of a Superhet

Your study of this Lesson will be
much easier if you first get a general
idea of what a superheterodyne circuit
is. You are already familiar with the
other common type of receiver circuit
—the t.r.f. circuit, so it will be particu-
larly interesting to find out why the
superheterodyne ecan “run circles”
around a t.r.f. receiver of the same size.

Figure 2 is the “radio map” which
gives you the facts about the circuit
arrangement of the superheterodyne
receiver used as the example for this
Lesson. As you can see, the first stage
in our receiver is the MIXER-FIRST
DETECTOR. Tt receives two signals:

1. The desired modulated r.f. carrier
signal, which is produced in the receiv-
ing antenna by radio waves.
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8. The rf. stgnal, which is self-
generated in the R.F. OSCILLATOR
stage in such a way that its frequency
is exactly 456 ke. higher than the car-
rier frequency of the desired incoming
signal.

Now comes the action which makes
the superhet so different from a t.r.f.
receiver. The mixer-first dctector
combines its two incoming signals to
give an entirely new signal called the
1.f. signal.

The new modulated i.f. carrier sig-

After the carrier frequency of the
desired incoming signal has been
changed to 456 kc. by the mixer-first
detector, the resulting i.f. signal is fed
into the I.F. AMPLIFIER. There it
receives a tremendous amount of am-
plification, because an i.f. amplifier
stage which works at only one carrier
frequency is many times more effective
than an amplifier stage which must
work at many different frequencies.
(In a t.r.f. receiver, you know, the r.f.
amplifier stages must handle any car-

—_—— = ST ST - = = v ---A7~T'~fv-—-
\\ oowwss  SUPERHETERODYNE RECEIVER |
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L F. MODULATED LF MODULATED LF. AUDIO Aupio ¥ AUDIO
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DETECTOR | MPL | sTaGe | STAGE
|
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FIG. 2. Arrangement of stages in the superheterodyne receiver used as an example in this Lesson,

nal in this receiver (and in many other
superheterodyne receivers) always has
a carrier frequency of exactly 456 ke.
(This value is the difference between
the frequencies of the r.f. signal and
the incoming carrier signal.)

Strictly speaking, we should call this
new signal the modulated intermediate
frequency carrier signal, because it
still has the original audio signal
modulation. Since you are going to
work with radio men, however, you
will undoubtedly want to talk their
own language, and say “eye ef signal”
just as they do.

The frequency of the i.f. carrier
signal is in between the r.f. carrier
frequency and audio frequencies. This
is why the new signal is called an
intermediate frequency signal.

rier frequency which the listener tunes
in.)

The strengthened i.f. signal enters
the SECOND DETECTOR. This
stage separates the audio signal from
the i.f. carrier signal, and also gets rid
of the i.f. carrier since it is no longer
needed. The second detector thus
gives us the audio signal we have been
working for all this time.

The audio amplifier and loud-
speaker, following the second detector
of this super, are exactly like the audio
amplifier and loudspeaker of a t.r.f.
receiver. Thus, the audio signal gets
one boost in strength from the FIRST
AF. STAGE, and gets another boost
from the AUDIO OUTPUT STAGE
before being fed to the LOUD-
SPEAKER. Here the audio signal



is changed into SOUND WAVES
which are the desired radio program.

You See How Radio Men Work.
After becoming thoroughly acquainted
with the various parts in this receiver,
you will see how radio servicemen go
about locating and repairing trouble
in the receiver.

Once the trouble is located, the de-
fective part is easily replaced or re-
paired. It is in finding the cause of
the trouble that a complete knowledge
of the purposes and actions of radio
parts counts.

Front-Panel Parts

Control Knobs. The general ar-
rangement of the controls on this re-
ceiver is typical of that used in most
modern receivers, and is shown in
Fig. 3.

To turn on this set you turn the
volume control knob clockwise until a
click is heard. This turns on the power
pack, by completing the circuit for the
power cord which goes to a wall outlet.

Further clockwise rotation of this
knob increases the volume of loudness
of the program coming from the loud-
speaker.

When you tune in a station with the
tuning control knob, you are doing two
things: 1. Rotating the gang tuning
condenser to the correct setting for
reception of the station; 2. Moving a
pointer to the position on the tuning
dial at which the frequency of the
station is indicated.

The tone control knob allows you to
change the tone of the sound coming
from this receiver, by reducing the
strength of higher audio frequencies.
The lower audio frequencies will then
predominate, and give a mellow bass
tone which eémphasizes drums, large
bass horns, and men’s voices.

On some receivers, it is also possible
to set the tone control to reduce the
strength of only the lower audio fre-

quencies. The high frequencies of
violins, cornets, bells, and women'’s
voices will then be emphasized. Tone
controls are provided because people’s
tastes differ regarding tone just as
much as tastes differ regarding food,
clothes, or almost anything else.
Tuning Dial. It is common prac-
tice among receiver manufacturers to
mark the tuning dial in Kkilocycles,
with the last zero in the frequency
value omitted. The dial shown in
Fig. 3 is an example of this practice.
If you add a zero to each number
printed on this dial, the numbers rep-
resent frequency in kilocycles.

ON—OFF AND TUNING TUNING  TONE
VOLUME DIAL CONTROL CONTROL
CONTROL

FIG. 3. Front view of the modem superhetero-
dyne receiver used as an example throughout
this Lesson.

Radio station frequencies are usually
expressed in kilocycles for convenience,
so the term kilocycle (abbreviated kc.)
is one which you should remember.
(One kilocycle is equal to 1000 cycles.)

The tuning dial shown in Fig. 3
extends from 550 kilocycles to 2000
kilocycles, hence our superhet receiver
covers the entire broadcast band and
certain -police bands just above the
broadecast band.

Replacing Control Knobs. When
a Radiotrician encounters a receiver
having a broken or missing control
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FIG. 4. Loosening the set screw of a receiver
control knob with a small screwdriver. Some
knobs may have two set screws.

knob, he will first try to obtain a new
knob exactly like those already on
the set.

If an exact replacement knob is not
available, he will secure an entire set
of new knobs, having a design and
color which will harmonize with the
finish of the receiver cabinet.

Removing the Chassis

In order to get a good look at the
radio parts in our receiver, we will
have to remove the chassis from the
cabinet. The chassis includes the
metal chassis base and all parts
mounted on this base.

Removing Control Knohs. We
first loosen the tiny set screw in each
control knob, using a small screw-
driver as illustrated in Fig. 4, then
remove the knobs.

Sometimes knobs are held in posi-
tion by stiff flat springs inside the
knobs, instead of screws. These knobs
are removed by pulling firmly. If
it is difficult to get a good grip on
a small knob, slip a handkerchief
between the knob and the cabinet,

and pull on the ends of the handker-
chief.

Removing Chassis Screws. Next,
we use a medium-size screwdriver to
loosen the two wood screws which
fasten the chassis base to the bottom
of the receiver cabinet, as illustrated
in Fig. 5.

In some receivers, the chassis is
fastened with bolts which pass through
the bottom of the cabinet. These are
removed with either a screwdriver or
a socket wrench, depending upon the
type of bolt head employed, after
turning the receiver on its side so

FIG. 5.. Using a medium-sized screwdriver to
remove the chassis hold-down screws at the
back of our superheterodyne receiver.

that the bottom of the cabinet is ac-
cessible.

The chassis-removing procedure just
described applies to practically any
radio receiver, so let’s repeat it here
as a practical radio servicing rule: To
remove the chassis from the cabinet
of a radio receiver, first take off the
control knobs, then remove the chassis
hold-down screws or bolts. 1If the
chassis will not come out yet, look for
additional hold-down screws around
the dial and loudspeaker.

R e ——— =




Radio and Television Receiver Tubes

Now we can slide the chassis out
from the back of its cabinet. When
this is done, all of the parts on top of
the chassis base are clearly visible,
as shown in Fig. 6. Study this view
for a few minutes, to become familiar
with the positions of the tubes and
the labeled large parts.

Before you can understand how
parts work together in radio circuits,
and before you try to locate defective
parts, you should have a general idea
of how these radio parts look, how
they are built, and how they act on
signals and circuit currents when op-
erating properly. Therefore, we con-

centrate upon radio parts in this
Lesson, starting with tubes.

The five tubes in our superhetero-
dyne radio receiver are all on top of
the chassis base, and are easily recog-
nized even though one of them is al-
most completely enclosed in a metal
shield.

Tube Shields. First of all, we’ll
take off that metal shield and see
what the hidden tube looks like. We
remove the clip from the top cap of
the tube, then pull the shield straight
up with one hand as shown in Fig. 7.

Yes, there’s just an ordinary radio
tube inside this shield, a type 6K7

FIG. 6. Rear view of our superheterodyne receiver, with the chassis almost out of the cabinet.

. e ™ = ¥ P —

R e v e it B P e wa S v o o

T SO e Gy e

P v—— "

e e | iy



tube serving in the i.f. amplifier stage.
It’s an important tube, for it receives

extremely weak desired signals and

boosts them a tremendous amount.
But undesired signals would get this
same amplification if they got into
this tube circuit, so we must use the
metal shield to protect the tube elec-
trodes from stray fields (stray radi-
ated signals) of other parts. Without
a shield, the set would probably squeal
at each statior. as you tuned across
the dial.

Tube Bases. The tubes in this re-
ceiver all have octal bases, which
means that eact one can have as many
as eight prongs. Some of the tubes
require all eight prongs for connecting
purposes, either because the tubes
have extra grids or because two or
more sets of electrodes are combined
in one tube.

When a tube requires less than
eight connections to its socket, some
of the prongs are omitted during man-
ufacture without changing the posi-
tions of the others. Thus, the 6X5
rectifier tube taken from our set and
shown in Fig. 8 has only six prongs.

Tube Numbers. Each of the tubes
in our receiver l.as an identifying num-

FIG. 7. Removing the shield from a tube.

7

FIG. 8. This is what you see when
a 6X5 tube from a receiver and look at its base.

Oou remove

ber of its own, printed right on the
glass envelope or on the base of the
tube. Furthermore, each tube is in-
tended for a particular socket on the
chassis base of this receiver. Since an
octal-base tube will fit in any octal-
base socket, the sockets must be iden-
tified in some way so as to make sure
that the correct tube will be placed in
each socket.

Socket Markings. The number of
the tube intended for each socket has
been clearly printed on the chassis
base of our receiver, as indicated in
Fig. 9.

Sometimes tube sockets themselves
are marked. More often, however,
there are no markings anywhere near
the sockets. Instead, there is a dia-
gram attached to the chassis or the
inside of the cabinet, showing which
tube goes in each socket.

In a few sets, there will be no mark-
ings at all. You can either mark all
the sockets yourself before taking out
the tubes, or take out only one tube
at a time for testing.

Removing Tubes. To remove a
tube for testing or replacement, pull




OSCILLATOR MIXER—
FIRST DETECTOR TUBE

1.F. AMPLIFIER TUBE

SECOND DETECTOR AND

FIRST A.F. AMPLIFIER TUBE

AUDIO OUTPUT TUBE

RECTIFIER TUBE
IN POWER PACK

65Q7 6Ké 6X5

A

FIG. 9. This is the back of our superheterodyne receiver chassis showing the tubes.

it straight up while wiggling it slightly
from side to side. Tube sockets are
purposely made to grip tube prongs
tightly, so as to provide good elec-
trical contact and prevent tubes from
bouncing out during shipment of a re-
ceiver. Thus, it may take quite a bit
of force to pull out a tube.

Here is a practical tip which may
prove very useful when you are try-
ing to remove a tube from a crowded
corner of a radio chassis. While pull-
ing and wiggling the tube with your
right hand, insert a screwdriver under
the tube base with your left hand and
twist the screwdriver so as to pry up
the tube. Of course, the receiver must
be turned off when this is done, for
otherwise the screwdriver might short
some power supply circuit and cause
damage.

Tubes Get Hot. All radio tubes
heat up when in operation, but some
types of tubes get much hotter than
others.

The tubes used in battery and port-
able receivers stay the coolest. All-
metal tubes, on the other hand, some-
times get so hot in normal use that you
can actually burn your fingers on them.

The tubes in our superheterodyne
receiver all use glass envelopes, which
in some cases get almost as hot as
metal envelopes. Allow a minute or
so for the tubes to cool before attempt-
ing to remove them, or use a handker-
chief or piece of cloth to protect your
hand when removing hot tubes.

This precaution applies particu-
larly to the audio output tube and the
rectifier tube in a receiver, for these
two tubes usually get the hottest. The
reason is that the audio output tube
has a higher plate current than any
other tube except the rectifier tube.
As a matter of fact, the rectifier tube
handles all the plate and grid currents
drawn by all the other tubes in the
receiver.

Testing Tubes. When a receiver

s
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comes into a radio service shop for re-
pair, tubes are usually the first things
which the serviceman checks. He re-
moves the tubes from the chassis and
tests them, one at a time, in a special
tube-testing instrument like that
shown in Fig. 10.

For each tube, he first adjusts the
tester controls according to a tube
chart furnished with the tester, then
plugs the tube into a socket on the
tester. If the meter in the tester indi-
cates BAD, the tube is defective.

Although tube testers have a num-
ber of different sockets and controls,
they are really quite simple to use
once the operating instructions are
carefully studied. There is no need

FIG. 10. Radio men use tube testers like this
to test tubes.

for you to secure a tube tester yet,
however—in fact, you will not need
one until you are doing a considerable
volume of radio service work.

How Tubes Fail. How do radio
tubes go bad? Three common reasons
are a burned-out filament, low emis-
sion, and shorted electrodes.

Burned-Out Filament. The fila-
ment in a radio tube is normally oper-
ated at red heat or even brighter. The

thinnest parts cf the filament wire get.

the hottest. The intense heat eventu-
ally causes the filament wire to melt
and break open at a thin spot, causing
complete failure of the tube,

When the meter
pointer in the tube
tester does not
move at all from
its position at the
lowest end of the
BAD region, the
serviceman knows
the tube has a burned-out filament.

Low Emission. Another common
cause of radio tube failure is aging of
the chemical coating on the cathode.
This chemical coating gives off elec-
trons when heated by the filament.
As the coating wears off during use,
fewer and fewer electrons are given
off, and the total electron flow from
cathode to plate through the tube is
correspondingly reduced.

Eventually, the number of electrons
given off or emitted is so much re-
duced that the tube can no longer do
its full job in the receiver. Radio
men then say that the tube has low
emission. A tube tester would indi-
cate that the tube was BAD.

When a serviceman encounters a
tube which has low emission, he dis-
cards it and puts in a new tube.

Shorted Electrodes. Another type
of radio tube failure is shorted elec-
trodes inside a tube. Changes in tem-
perature may cause an electrode to
sag out of position enough so that it
touches a nearby electrode inside the
tube. We then say that the tube has
shorted electrodes. Thus, the filament
may touch the surrounding cathode
and cause a short,

Practically all tube testers have a
separate red light on the panel of the
instrument. This red light glows
whenever any two of the electrodes
are shorted together. When this light




glows, the radio man knows that he
will have to replace the tube anyway,
so he ordinarily does not bother to fig-
ure out which electrodes are touching.

More About Tubes. You will learn
a lot more about radio and television
tubes later in the Course in a Lesson
devoted entirely to tubes.

v" Above-Chassis Parts

Although other superheterodyne
receivers may look quite different from
the one chosen for our example in this
Lesson, all superheterodyne radio and
television sets use the same funda-
mental principles of operation and
similar groups of ordinary radio parts.
Corresponding parts in radio or tele-
vision sets may look different, but
their important purposes and actions
will be quite similar.

The Loudspeaker

Let us consider the loudspeaker
next, for it is the largest radio part
in our receiver, and has the actual job
of changing the final strong audio
signal into the sound waves of a radio
or television program.

Electrodynamic Loudspeaker. As
you previously learned, a modern
dynamic loudspeaker has only three
important parts: A diaphragm or
cone, a voice coil, and a magnet.

In the loudspeaker used in our
superheterodyne receiver, an electro-
magnet provides the magnetic field,
and consequently the loudspeaker is
known as an electrodynamic loud-
speaker. The coil of the electromag-
net is called the field coil.

The direct current required by the
field coil is obtained from the power
pack of the receiver. An electrody-
namic loudspeaker will therefore have
two extra wires, going from the field
coil to the proper power pack ter-
minals underneath the chassis. The

field coil and its leads can be seen in
Fig. 11, which shows the loudspeaker
all by itself on the chassis of our re-
ceiver.

Through its connection to the power
pack, the field coil also does an impor-
tant filtering job, about which you
will learn more later when you study
power packs.

How It Works. When an audio
signal current is sent through the
voice coil of our electrodynamic loud-
speaker, this voice coil produces a
varying magnetic field which reacts
with the constant magnetic field of
the field coil.

The two coils thus alternately at-
tract and repel each other. The field
coil electromagnet cannot move be-
cause it is attached to the frame, so
only the voice coil moves back and
forth. Since the voice coil is attached

OUTPUT
TRANSFORMER

FIG. 11. Here's a close-up view of the loud-
speaker in our superhet receiver.
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to the cone, the cone likewise moves
the surrounding air back and forth,
producing the sound waves of radio
programs.

Damaged Cone. When the stiff
paper cone of a loudspeaker is acci-
dentally torn, or when it becomes
warped or cracked due to aging, radio
programs no longer will sound nat-
ural, and will sometimes be accom-
panied by buzzing or seratchy sounds.

When a Radiotrician encounters a
damaged cone, he either replaces the
entire cone-voice coil assembly with
an exact duplicate replacement as-
sembly obtained from the set manu-
facturer or a radio parts distributor,
or installs an entirely
new loudspeaker.
Curiously, with small
loudspeakers it is
often cheaper and
more satisfactory to
put in a new loud-
speaker than to re-
place or repair a damaged cone.

Off-Center Voice Coil. One com-
mon loudspeaker trouble is an off-
center voice coil. This coil moves in
and out in a very small air gap be-
tween the pole pieces. Slight warping of
the cone or slight shifting of the vari-
ous parts of the loudspeaker throw the
coil off center in the air gap, and the
coil then rubs against the pole pieces.

When the voice coil is off center,
radio programs will sound distorted
on the loud bass notes which are pres-
ent when a man talks or sings, but
will probably be perfectly clear for
women’s voices, which have few low
notes. You may hear a rubbing sound
when you push the cone in and out
with your fingers after the set is
turned off.

When the voice coil is properly
centered, you should be able to move
it in or out without having the coil

—
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rub against the pole pieces between
which it moves.

Practically all of the older loud-
speakers and even a great many mod-
ern loudspeakers have provisions for
recentering the voice coil. These loud-
speakers will either have one screw
inside the voice coil or several screws
arranged around the outside of the
voice coll. When these screws are
loosened, the voice coil can be moved
a small distance sidewise in any direc-
tion for recentering purposes.

With the screws loose, small narrow
strips of celluloid or cardboard are
inserted between the inside of the
voice coil and the central iron core of
the loudspeaker to provide automatic
centering. The screws are then tight-
ened, after which the centering strips
can be removed.

There is a growing trend toward
permanent fastening of the voice coil
to the loudspeaker frame. The loud-
speaker used in our superheterodyne
receiver is an example of this, and its
voice coil cannot economically be re-
centered by the radio serviceman. If
for any reason the voice coil gets off
center, the loudspeaker can be re-
turned to a loudspeaker cone manu-
facturer or a radio supply firm for in-
stallation of a new cone-voice coil
unit, or the entire loudspeaker can be
replaced.

Open Field Coil. A broken wire
(usually due to corrosion) is about
the only trouble encountered in the
field coil of an average electrodynamic
loudspeaker. The trouble usually oc-
curs at one end of the coil, at the point
where the flexible insulated field coil
lead is connected to the enamel-cov-
ered coil wire. If the trouble is at the
outer end of the coil, it can often be
repaired after removing the outer
layer of insulating cloth from the coil.

When the field coil opens up and




the break cannot be repaired, it is
semetimes possible to remove the de-
festive field coil and install a new one.
In many of the smaller modern loud-
speakers, however, the core of the field
coil is permanently anchored in posi-
tion during manufacture, making it
impossible to remove the field coil.
The entire loudspeaker must then be
replaced.

Replacing a Loudspeaker. After
a receiver has been in use for three or
four years, the paper used in its cone
becomes quite brittle, and this appre-
ciably affects the tone quality of the
loudspeaker. The installation of a
new cone or a new loudspeaker will
usually provide a definite improve-
ment in tone quality, with a corre-
sponding increase in customer satis-
faction with your work.

When replacing a loudspeaker with
an exact duplicate replacement unit
obtained from the receiver manufac-
turer or a radio supply house, all you
need to be careful about is the connec-
tions. Make a rough sketch showing
the terminals to which the voice coil
and field coil leads of the old loud-
speaker were connected, and use this
as your guide for connecting the leads
of the new loudspeaker.

The Output Transformer

The small radio part mounted on
top of the loudspeaker in Fig. 11 is the
output transformer. Its job, as you
know, is to transfer audio signals from
the audio output tube of the receiver
to the loudspeaker in such a way that
the loudspeaker gets the low-voltage,
high-current signal it requires for most
efficient operation.

Construction. The output trans-
former has two coils of wire, wound
one over the other on an iron core.
The primary coil contains many turns
of fine wire. The secondary has fewer
turns but uses heavier wire. The pri-
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mary coil is connected to the output
of the receiver, while the secondary
coil is connected to the voice coil of
the loudspeaker.

Open Coil. A break in either of
the coils of wire in the output trans-
former will cause failure of a radio
receiver. When such a break occurs,
the serviceman says that the output
transformer is open, and replaces the
entire transformer. If the old trans-
former is held in place with rivets, he
either drills out the rivets or cuts off
their spread-out ends with side-cutting
pliers. There are usually only four
connections to unsolder, so this is a
fairly simple service job. Either rivets
or nuts and bolts can be used for
mounting the new transformer.

Once the trouble has been isolated
to the audio output stage by profes-
sional servicing techniques, the output
transformer can be checked by two
simple ohmmeter measurements, one
across each winding.

The Gang Tuning Condenser

In Fig. 12 is a clear illustration of
another highly important large part in
our superheterodyne receiver, the gang
tuning condenser. It has two sections,
which work with the two r.f. coils
located underneath the chassis. A
tuning condenser is never used by it-
self; it is always used with a coil, and
tunes the coil to a particular fre-
quency. You will find this interesting
situation many, many times in radio
and television—different parts acting
together to produce results which the
parts could not give separately.

One gang tuning condenser section
is connected to an r.f. coil in the input
circuit of the mixer-first detector in-
put, and tunes the r.f. coil to the fre-
quency of the desired incoming signal.
The other gang tuning condenser sec-
tion is connected to the r.f. oscillator
coil in the oscillator circuit, and tunes
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FIG. 12. View of the gang tuning condenser in our superheterodyne recsiver, with important
perts identified.

this coil to a frequency exactly 456 ke.
higher than the desired incoming car-
rier frequency.

Rotor and Stater. Each section of
our gang tuning condenser in Fig. 12
has two important parts:

1. A rotor, which in this particular
unit has eleven aluminum plates. Both
rotors are mounted on the same con-
denser shaft.

2. A stator, which consists here of
ten aluminum plates mounted on but
insulated from the condenser frame.

The rotor of each tuning condenser
section rotates, but the stator of each
gection is stationary, staying in the
same position all the time.

How the Capacity Varies. When
the shaft of the gang tuning condenser
is turned in one direction, the rotor
plates go farther in between the stator
plates, without ever touching the stator
plates. This increases the electrical
size or electrical capacity of each tun-
ing condenser section.

Turning the shaft in the opposite
direction brings the rotor plates out
from the stator plates, reducing the
electrical capacity of each section.

It is this change in the electrical
capacity of each gang tuning condenser
section which tunes the receiver to dif-
ferent stations. In later Lessons you
will learn exactly how this is done.

Dial Cord. The tuning control knob
in our superheterodyne receiver is
quite some distance from the gang
tuning condenser shaft, as you have
probably noticed already in Fig. 12.
Now, what makes the tuning condenser
shaft rotate when we turn the tuning
control knob? Also, what makes the
dial pointer move to the correct dial
number for the station whose program
is coming from the loudspeaker?

Figure 13 shows the answer—simply
a length of braided dial cord and a
few pulleys. The cord runs around a
small pulley on the tuning control knob
shaft,around a large pulley on the gang
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FIG. 13. This diagram shows how a fength of fishline is used to make the pointer slide over the
tuning dial and make the gang tuning condenser rotate when the tuning knob is tumned.

tuning condenser shaft, and around
two idler pulleys. A spring inside the
large pulley keeps the cord tight.

The pointer is attached to the dial
cord at the position shown. When you
turn the tuning control knob in a clock-
wise direction, the sliding pointer
moves to the right along the tuning
dial, and the gang tuning condenser
shaft turns in a clockwise direction.

The average radio set owner never
sees this cord-and-pulley system, be-
cause it is at the front of the chassis,
and cannot be seen when the chassis
is in its cabinet. For this reason, a
radio serviceman will usually be called
even for a mechanical trouble such as
a broken dial cord.

Restringing a Dial Cord. The
diagram in Fig. 13 also gives you the
necessary information for restringing
the dial cord of our superheterodyne
receiver. After removing the old dial
cord, tie one end of the new cord to
the spring, bring the cord entirely
around the system exactly as shown
in the diagram, then tie the other end

of the cord to the spring and cut off
surplus cord.

Now tune in a local station whose
frequency you know, then push the
pointer over the cord at the frequency
number of this station. There are
spring clips behind the pointer for
gripping the cord. If restringing is
properly done, the pointer will now
move to the correct dial number for
whatever station you tune in.

Bent Rotor Plates. Defects in a
gang tuning condenser are generally
easy to locate and repair. For in-
stance, one of the rotor plates may
become bent so that it touches an ad-
jacent stator plate. This shorts one
of the tuning circuits, and the receiver
no longer plays. In other cases, the
short is only momentary, and causes
noise in the loudspeaker as the re-
ceiver is tuned.

Sometimes you can hear the con-
denser plates scraping against each
other if you listen closely while turn-
ing the tuning control knob. The
remedy simply involves straightening
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the bent plate with a putty knife or
a thin-bladed screwdriver.

Trimmer Condensers

On top of each section of the gang
tuning condenser is a small adjustable
device known as a trimmer condenser.,
The purpose of these two trimmer con-
densers is to take care of any small
differences which might exist between
the two sections of the gang tuning
condenser.

When the two tuning condenser
sections are correctly matched by ad-
justing the “trimmers,” both sections
will automatically be tuned correctly
for reception of a desired station when
the tuning dial pointer is at the sta-
tion frequency.

Construction.
Each trimmer
condenser con-
sists of one fixed
and one mov-
able metal plate,
separated by a
sheet of mica, an
insulating mate-
rial. Tighten-
ing theadjusting
screw brings the
movable plate closer to the fixed plate,
and thus increases the electrical size
or capacity of the trimmer. Loosen-
ing the screw reduces the capacity of
the trimmer.

The construction of a trimmer con-
denser is so simple that this unit
rarely becomes defective. Correct
adjustment is the chief problem of the
radio man when working with the
trimmer condensers in a receiver.

Adjustment. Although the actual
adjustment of a trimmer condenser
with a screwdriver or wrench is an
extremely simple job, considerable
knowledge of radio servicing tech-
niques and radio fundamentals is nec-

essary in order to know when and
how much to turn the screwdriver or
wrench during the alignment proce-
dure. This is another highly practical
technique which you are going to learn
in the NRI Course.

|. F. Transformers

Also on top of the chassis base of
our superheterodyne receiver are two
parts which look like square metal
cans. Through the two holes in the
top of each-can, we can see adjusting
screws if we look carefully. These
screws are fairly reliable identifying
clues which tell that the parts are i.f.
transformers. The square cans are
simply shields which protect the inner
coils from the effects of stray electric
and magnetic fields. These shields
also keep the fields of the coils from
affecting other parts.

Construction. Figure 14 shows
what you would see if you removed a
few nuts, then lifted up the square
shield of one of the i.f. transformers.
Inside this shield are two small coils
mounted on a wood rod. Above the
coils are two trimmer condensers, one
connected across each coil. These are
the trimmer condensers which you ad-
just with a screwdriver through the
holes in the top of the shield during
alignment of the receiver.

Whatl.F.TransformersDo. When
the gang tuning condenser and its coils
are adjusted or tuned to a desired in-
coming carrier signal, these parts can-
not always keep out undesired signals
having different frequencies. L.F.
transformers are much more selective,
however.

The only signal which can get
through a properly adjusted i.f. trans-
former without serious reduction in
strength is the one whose carrier fre-

quency is the i.f. value of the receiver -

(456 kec. in this case).
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FIG. 14. This is what you see inside the i. f.
transformer when you lift the metal shield can.

The oscillator-mixer-first detector
automatically changes the carrier fre-
quency of the desired incoming signal
to the i.f. value, but changes undesired
signals to other frequencies which can-

not get through. One i.f. transformer
transfers the desired signal from the
mixer-first detector to the i.f. stage,
and the other if. transformer trans-
fers the desired signal from the if.
stage to the second detector.

Open Coils. The coils in an if.
transformer are made from small-size
insulated copper wire. This wire
sometimes breaks as a result of vibra-
tion or jarring, strains set up by
changes in temperature, corrosion at
soldered joints, or swelling of the
coil form in damp weather. Any break
in the coil wire interrupts the signal
circuit, thereby causing complete fail-
ure of the receiver. If the break is at
a joint, it can sometimes be repaired
by soldering. If not, a new i.f. trans-
former must be installed.

Sometimes a connection may be
weakened by corrosion without being
completely open. This defect can
cause loud crackling noises in the
loudspeaker as the connection opens
and closes at irregular intervals.

These are just a few of the many
receiver troubles which cannot be seen
by examining the parts. A systematic
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The radio men at the right is adjusting a trimmer condenser in the transmitter unit of a two-way

mobile police radio set while the other man listens to the effect of the adjustment with a headset
plugged temporarily into a test jack on the transmitter,
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and efficient trouble-locating proced-
ure such as you learn in the NRI
Course is absolutely necessary for
locating defects like open i.f. trans-
formers.

Power Transformer

We now have only one device left to
consider above the chassis base of our

superheterodyne receiver. This is the
power transformer, a large and heavy
unit located at the right of the loud-
speaker when looking at the back of
the chassis. Since all of the leads of
this radio part are located underneath
the chassis, however, let us postpone
its study until we turn the chassis base
upside down.

Under-Chassis Parts

Turning the chassis of our superhet-
erodyne receiver upside down, as in
Fig. 15, we find that most of the actual
wiring and practically all of the small
radio parts are underneath. As a re-
sult, the bottom of the radio chassis
may look complicated to you now.

FIG. 15. When you turn the chassis of our

superheterodyne receiver upside down, this is

what you see. A radio man doesn't care how

complicated a set looks underneath its chassis,

however, because he looks only for certain parts
or circuits and disregards all the rest.

Don’t let this worry you, however.
A radio man never has to figure out all
at once what every single part under
the chassis is doing. When he works
underneath the chassis, he is looking
for one particular circuit or part, and
disregards all the other parts.

In this section, you will see a num-
ber of under-chassis views, each with
only certain groups of parts showing.
These views really represent what the
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trained eyes of a radio man might
see as lie works on the chassis.

Soldered Joints

Poorly soldered joints between
groups of wires or between wires and
terminals are a possible cause of re-
ceiver failure, but bad joints are just
about the easiest defcets to repair.

There are over 75 soldered connec-
tions which can go bad in our super-
heterodyne receiver; a television set
will probably have at least 300. A
loose joint can cause annoying crash-
ing sounds to be heard with the radio
program from the loudspeaker when
the recciver is jarred, or can momen-
tarily affect receiver perforinance in
other ways.

Servicing Technique. Here is how
you could go about locating a bad
joint. Take the chassis out of the
receiver cabinet and set the chassis up-
side down in such a way that you can
see all of the joints under the chassis.
Now take a stick of wood and push
against each of the joints or leads in
turn under the chassiswhilethe receiver
is in operation and tuned to a station.

If you hear the crashing sound from
the loudspeaker as you move one of
the joints or its leads, you know that
the joint is loose and should be re-
soldered. A joint can be loose and




defective even though it looks good,
because it takes only a very small
separation between wires to cause
trouble.

After you learn a bit more about
radio fundamentals and servicing tech-
niques, you will become able to tell
which section or stage has a defective
joint, and will then have to check only
the joints in that section.

Resistors

A careful count reveals that there are
nine small carbon resistors mounted
underneath the chassis of our super-

HARD, SOLID
RESISTANCE
COPPER MATERIAL
WIRE (CARBON AND BINDER)
LE‘\D

INSULATING
TUBE

INSULATING
MATERIAL

FIG. 16. Inside story of a carbon resistor.
The two wire leads (pronounced LEEDS) make
contact with the ends of the resistance material.

heterodyne receiver. The construction
of one of these resistors is shown in
Fig. 16.

Each resistor is in a current-carrying
circuit. The current flowing through
a resistor produces a voltage drop
across it. This voltage drop controls
voltage and current in various ways
both in the d.c. supply circuits for
tubes and in the circuits which trans-
fer signals from tube to tube.

Resistor Color Code. Carbon re-
sistors are by far the commonest of
all resistors used in radio and televi-
sion equipment. Each resistor is
marked with rings of color which tell
the electrical size in ohms just as ac-
curately as would printed values. You
will be shown later how to read the
color rings on resistors.

Resistor Troubles. A resistor can
fail because of a break in one of its

leads, usually inside the resistor or at
the point where the wire lead enters
the body of the resistor. A crosswise
crack in the carbon resistance ele-
ment can also cause failure of a re-
sistor. In both cases, the radio man
says that the resistor is open, for the
break or crack blocks electron flow
through the resistor.

Locating a Bad Resistor. A de-
fective resistor can always be located
by making tests with servicing instru-
ments, chiefly with an ohmmeter.

Burned-Out Resistors. Resistors
also become defective due to over-
heating, which occurs when an exces-
sively large current flows through the
resistor.

Overheating may cause the resistor
to open up or change its electrical
value, but radio men will simply say
that the resistor has burned out. Such
a resistor can usually be spotted at
a glance because its colors and mark-
ings are blackened by the heat. A
blackened resistor is not necessarily
defective, however; it may have been
overloaded at some time, but not
enough to cause failure.

Condensers

Four different types of condensers
are to be found underneath the chassis
of our superheterodyne receiver—
paper condensers, electrolytic con-
densers, mica condensers, and trimmer
condensers. The illustration in Fig.
17 shows all of these condensers.

In basic electrical action, all four
types of condensers arc alike, in that
they all control voltage and current
in signal and supply circuits. The
chief differences in condensers occur
in the method of construction and in
the electrical sizes.

Paper Condensers. The condenser
used more than any other type in
radio equipment is the paper con-
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s under

F1G. 17. This shows the cond

th the chassis of our superhet receiver. The condensers

not marked are paper condensers.

denser. This name comes from the
fact that the material used for insu-
lation inside the condenser is waxed
paper. The construction is shown in
Fig. 18.

Loose Leads. A poor connection
between a foil strip and one of the
wire leads is a common cause of trou-
ble in a paper condenser. A-defect of
this nature can sometimes be located
by wiggling the body of each con-
denser under the chassis while the re-
ceiver is turned on. The defective con-
denser will usually cause a change in
loudspeaker volume when this is done.

Shorted or Leaky Condensers. If
the waxed paper insulation between
the two foil strips of a paper con-
denser fails completely (becomes

FiB|
» ER END DISC

WIRE WIRE
LEAD LEAD
STRIP 2 STRIP |

WAXED
PAPER

FIG. 18. This photo shows you what's inside a
peper condenser. Two long strips of metal foil
separated by strips of waxed peper are rolled
together, with the two foil strips projecting
from opposite ends of the roll and making con-
tact with the two wire leads. The cardboard
housing and fiber end discs keep out moisture.
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punctured, so that the metal strips
touch each other through a small hole
in the paper), the condenser is said
to be shorted.

Just as the high voltage between
the points of an auto spark plug can
burn a hole through a sheet of paper,
so can high voltage burn a hole
through the insulation of a paper con-
denser. This paper insulation weak-
ens with age, so that eventually the
normal circuit voltage is sufficient to
short the condenser.

If the insulation becomes partly
defective, so that a few electrons can
flow from one strip to the other
through the paper, the condenser is
said to be leaky. Simple measure-
ments with an ohmmeter will locate
shorted or leaky paper condensers.

Capacity. Since one entire Lesson
of your NRI Course is devoted to con-
densers of various types, the manner
in which condensers are rated accord-
ing to electrical size and working volt-
age need not be taken up in this Les-
son. Now we just want to make a
general acquaintance with the differ-
ent kinds of condensers, so let’s pass
on to the next type.

Electrolytic Condensers. Two of
the condensers in our receiver are of
a special type known as electrolytic
condensers or simply electrolytics.
These condensers look much the same
as paper condensers, and are made in
a similar manner except that there is
no paper between the rolled-up alu-
minum sheets. Instead, the sheets are
separated by a moist chemical paste
which produces an insulating film on
the aluminum sheets through electro-
lytic action. (A scientist would ex-
plain that electrolytic action occurs
when an electric current is sent
through chemical materials.)

Leaky Electrolytics. Electrolytic
condensers are common causes of radio

receiver trouble, for the pasty chem-
ical material spoils with age, reducing
the effectiveness of the insulating
film. Radio men say that the con-
denser has then become leaky, because
the insulating film allows electrons to
leak through the condenser when they
should be held back.

Connections. The large electrolytic
condenser in this receiver is really
two electrolytic condensers combined
in one housing. Three insulated leads,
colored red, black, and blue respec-
tively, come out of one end of the
cardboard housing.

The leads are colored for two rea-
sons, to distinguish between the two
sections of the condenser and to indi-
cate the correct polarity of- connec-
tions. An electrolytic condenser will
work as a condenser only when con-
nected in a certain way. Correct con-
nections are designated by calling one
lead positive and the other negative;
the positive lead must go to the posi-
tive terminal of the circuit. In our
large electrolytic condenser, the black
wire is the negative lead for both sec-
tions of the condenser. The red wire
is the positive lead for one condenser
section, and the blue wire is the posi-
tive lead for the other section. This
information is marked on the con-
denser housing.

It is common practice to combine
two or more electrolytic condensers in
one housing in this way. A careful
radio man always makes a rough
sketch of connections before remov-
ing an old condenser, to reduce
chances for errors when connecting
the new unit.

Mica Condensers. There is only
one mica condenser in our receiver.
It is a tiny unit encased in molded
brown Bakelite, and located just about
in the exact center underneath the
chassis. (See Fig. 17.) The mica con-
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FIG. 19. How a mica condenser is made.

denser gets its name from the fact
that sheet mica is used as the insula-
tion between the metal plates. The
construction is shown in Fig. 19.

Possible Troubles. Mica condens-
ers seldom fail in use, but are more
costly than paper condensers. Occa-
sionally a wire lead may break at the
point where it enters the Bakelite
body of a mica condenser. The break
may not always be visible, but can
be located by wiggling each of the
mica condensers in turn while the re-
ceiver is in operation. When a defec-
tive condenser is moved in this man-

ner it affects the loudness of the
sound coming from the loudspeaker.

The mica insulation can fail because
of moisture or excessively high volt-
ages. Adjacent metal plates then
touch each other, causing a shorted
mica condenser. A simple ohmmeter
test will reveal this trouble once the
defective condenser is located.

Trimmer Condenser. As you can
see in Fig. 17, there is only one trim-
mer condenser mounted underneath
the chassis. This unit is constructed
very much like the trimmer condens-
ers already studied.

Just as with the other trimmer con-
densers in this receiver, the chief
problem is knowing how to make the
simple screwdriver adjustment which
is required during alignment of the
receiver.

This particular trimmer condenser
is technically known as the oscillator
padder, because it is connected in
geries with the tuned circuit of the
oscillator. You will learn later that
this trimmer is adjusted to make the
tuning dial readings more accurate at
the low-frequency end of the tuning
dial.

R. F. Coils

There are two r.f. coils (radio fre-
quency coils) under the chassis. Each
rf. coil has the basic construction
shown in Fig. 20, in which there are
two windings placed side by side on
a waxed cardboard or Bakelite coil
form. These windings may either be
in a single layer as shown in Fig. 20,
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FIG. 20. Constuction of an r.f. coil.
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in many layers wound one over the
other in a criss-cross manner as they
are on one of the coils in this receiver,
or even with one coil wound right
over the other.

One of the r.f. coils is known as the
antenna coil, because it has a direct
connection to the antenna terminal of
the receiver. Its job is to transfer the
incoming modulated r.f. carrier signal
from the antenna circuit to the grid
circuit of the mixer-first detector tube.

The other r.f. coil is known as the
oscillator coil, because it is a part of
the tuned circuit of the r.f. oscillator.

These r.f. coils work hand in hand
with the two sections of the gang tun-
ing condenser to let only the one de-
sired carrier signal get through the
Teceiver,

R.F. coils have much the same
troubles as if. transformer coils.
Thus, they may have broken wires or
poor connections at terminals. Some-
times adjacent turns of wire may
touch each other and cause shorted
turns. When a radio man finds that
an r.f. coil is defective, he invariably
replades the coil with a new one, be-
cause it is difficult to make satisfac-
tory repairs with the very fine wire
used in winding these coils.

Power Transformer

When you see a large, heavy unit
like that in Fig. 21 on top of the
chassis of a radio receiver, you can
be sure it is the power transformer.

All connecting wires for the power
transformer in our receiver are under-
neath the chassis. The wires have
various colors for purposes of identi-
fication.

Construction. A power transformer
consists of a number of separate coils
of insulated wire, wound one over
the other on a core made from thin
strips of soft steel stacked together.

Purpose. The power transformer
in a radio or television set transforms
the a.c. power line voltage to the vari-
ous higher and lower a.c. voltage val-
ues which are required by the tubes
in the receiver. Since a television set
has more tubes and circuits, the trans-
formers used must be larger to supply
the additional power required without
getting too hot; but their construction
will be the same.

Possible Troubles. A number of
defects in receiver circuits can place
an excesstve load on the power trans-
former. Overloading causes excessive
heat which damages the insulation be-
tween the windings.

FIG. 21. The power transformer in a radio set
is a heavy, bulky unit. It is covered with a
metal cap for two reasons, to protect prying
fingers from the high voltages that exist in
the coils of wire inside, and to prevent the
magnetic effects inside from escaping and
interfering with other parts.

When the insulation on the wires
or between the coils of a power trans-
former loses its insulating qualities
because of heat, adjacent turns touch
each other and cause a short circuit.
This allows more current to flow, and
produces still more heat. The con-
dition becomes worse and worse.
Eventually the trouble becomes so
bad that the wire in the transformer
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FIG. 22. Additional under-chassis parts of our superhet receiver are identified in this view.

melts and opens up at some point,
causing complete failure of the
receiver.

A radio serviceman often relies
upon his nose to tell him when a
power transformer is bad. Failure
of this part is usually due to the
overheating just described. The re-
sulting smell of burned insulation
is easily recognized, hence a radio
man suspects the power transformer
first of all whenever he encounters
this strong, unpleasant odor of burned
insulation.

An ordinary break in one of the
wires inside a power transformer is
rather rare, and yet may happen
occasionally. Either voltmeter or
ohmmeter measurements at the power
transformer would reveal this trouble.

Poor connections at the power trans-
former terminals would have a simi-
lar effect.

Defective power transformers are
replaced rather than repaired. The
replacement offers no difficulty if
you make a careful diagram of the
original connections before discon-
necting the damaged transformer.

Other Under-Chassis Parts

As you can see in Fig. 22, there
are still quite a few parts underneath
the chassis of our receiver which have
not yet been taken up. Most of these
are highly important parts which
often require attention by a radio
serviceman, so a brief study of each
will be well worth while.

Power Cord. One trouble which
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occasionally baffles even the most
expert radio man because of its very
simplicity and obviousness is a de-
fective power cord. This cord, shown
in Fig. 22, serves to connect the re-
ceiver to an a.c. power line. The cord
has a standard wall outlet plug at
one end, and the two leads at the
other end connect to two points under-
neath the chassis of the receiver.

The most likely places for trouble
to occur in a power cord are at the
plug, at the receiver connection, and
at the point where the cord passes
through a hole in the chassis. Ex-
amine all these places carefully for
poor connections or damaged insula-
tion,

The rubber used in a power line
cord ordinarily lasts only about five
years. Therefore, whenever you en-
counter an old receiver having
brittle or cracked rubber insulation
on the power line cord, it is best to
install a new cord. The replacement
job is quite simple, as it involves the
resoldering of only two connections.

Always examine the power cord
plug carefully whenever you work on
a receiver, to make sure that there
are no loose strands of  wire which
might eventually touch the opposite
terminal of the plug and cause a short
which would blow the fuses in the
house. Tighten the screws in the plug
if they are loose.

On-Off Switch and Volume Con-
trol. As you already know, a single
control knob serves for both of these
parts. The on-off switch is mounted
at the back of the volume control.
The switch is connected in series with
one of the power cord wires, so that
it can open the power supply circuit.

The on-off switch rarely gives
trouble. About the only thing you
need watch for is a poor connection
at either of the two switch terminals.

The volume control is definitely a
trouble-maker, however, in any radio
receiver. In this set, it is in the cir-
cuit of the second detector, and gov-
erns the strength of the audio signal,
which is fed into the first a.f. stage

_by the second detector.

The volume control in this receiver
is a type of variable resistor which
consists of a strip of carbon resist-
ance material, and a rotating contact
arm which sweeps over the carbon
material. The contact arm can be set
to make contact at any desired point
along the resistance material.

If the carbon material in a volume
control wears away through repeated
use, or if the contact arm becomes
loose, we have the equivalent of a
poor connection. The radio man says
the volume control has become noisy,
because a noise is heard from the
loudspeaker every time the control is
adjusted.

The only remedy for a noisy volume
control is replacement with a new
volume control. It is usually cus-
tomary to order a new switch at the
same time, since the two are furnished
as a single unit.

If you make a rough picture dia-
gram of the connections to a defective
volume control before removing it,
you should have no trouble in making
connections to the new unit. Even
experienced servicemen follow this
procedure, to reduce chances for mis-
takes.

Shielded Wire. One of the leads go-
ing to the volume control in our re-
ceiver is enclosed in a tube of braided
wire which serves as a shield. This
shield is necessary to prevent that
particular wire from being affected
by stray electric and magnetic fields
around the chassis. Without this
shielded wire, the set might have an
annoying squeal or hum.
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Tone Control. The tone control
circuit in this receiver consists of a
variable resistor connected in series
with a condenser in the audio output
stage. The condenser side-tracks the
higher audio frequencies, and the
variable resistor determines how much
the higher frequencies will he side-
tracked or suppressed. This varia-
able resistor thus controls the tone of
the program coming from the loud-
speaker.

The tone control resistor is less
likely to cause trouble than the vol-

6A8 6K7 8sQ7

There is only one wire connection
to the dial lamp and to each tube fila-
ment, because the circuit to the other
terminal is in each case completed
through the metal chassis. This ar-
rangement is common practice in
radio sets, and is illustrated in Fig. 23.

A dial lamp has about the same life
as an ordinary electric light bulb in a
home, and hence requires replacement
occasionally. The easiest way to in-
sure getting the correct new lamp is to
take the old bulb to the radio supply
store and ask for a similar new bulb.

6KE  6X5 |amp

POWER
TRANSFORMER

FIG. 23. Filament circuit, with dotted lines

indicating the connections that are completed

through the chassis of the receiver. All tube

filaments and the pilot lamp require 6.3 volts,

and the transformer secondary provides this
voltage.

ume control, but the two parts are
similar and do have the same types
of trouble.

Dial Lamp. Mounted behind a hole
in the front of the chassis is a small
socket containing a dial lamp, also
known as a pilot lamp. This lamp il-
luminates the tuning dial when the
receiver is turned on, and thus also
serves to indicate whether or not the
receiver is turned on. The dial lamp
in our receiver requires a voltage of
6.3 volts, the same as the filaments
of the tubes in the set. The lamp is
therefore connected in parallel with the
tube filaments.

When ordering a dial lamp by mail
from a catalog, select one having the
same type of base, the same voltage
rating, and the same color of glass
bead inside the lamp as that in the
original. The color of this glass bead
is a clue to the current required by
the lamp.

In some receivers, the color of the
glass bead is unimportant, but in
others the wrong pilot lamp can defi-
nitely cause tubes in the receiver to
burn out, as you will learn later.

Tube Sockets. The five tube
sockets on the chassis of this receiver
are of modern design, and rarely if
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ever give trouble. However, on older
sets you will occasionally encounter
tube socket contacts which do not
grip the tube prongs tightly enough.
If it is impractical to tighten the
socket clips sufficiently, a new socket
must be installed. The installation of
a new tube socket should offer no dif-
ficulty to you even right now, if you
make a careful sketch showing how
connections were made to the vari-
ous terminals of the old socket before
you remove it.

When sockets are riveted to the
chassis, they can be removed by drill-
ing out the rivets. The new socket
can be mounted with bolts and nuts
or with new rivets.

Conclusion. Remember that fail-
ure of a radio and television receiver

is due to some simple breakdown in
one or more of its parts. The break-
down is purely mechanical, such as a
broken wire, a defective terminal, or
parts touching each other. Usually the

breakdown can be seen if you go to .

the trouble of taking the defective unit
completely apart.

Of course, it is impracticable to
take apart every unit in a receiver
when hunting for trouble. You won’t
have to do this, because the knowl-
cdge of how radio parts work in cir-
cuits and the radio servicing tech-
niques you learn in the NRI Course
will enable you to locate defective
parts speedily with simple test instru-
ments. In some cases, you will even
be able to spot the guilty part by
noting the manner in which an ailing
receiver is operating.

Radio Receiver Servicing Techniques

If you have twelve identical radio
receivers all with the same trouble,
and give these receivers to twelve
different radio servicemen for repair,
the chances are pretty good that each
man will use a different method for
locating the trouble!

This is an entirely normal condi-
tion, because radio servicing tech-
niques depend a great deal upon the
amount of training and experience a
man has. All twelve men will un-
doubtedly find the trouble, but some
will find it much faster than others,
because their methods are more ef-
ficient.

To illustrate some of the methods
which could be used to find trouble in
a receiver, let us imagine that you
have a defective receiver for repair.

Check of Performance. All serv-
icing methods start with a thorough

check of performance, to see just how
the radio receiver is misbehaving.
Oftentimes this check gives valuable
clues to the source of trouble.

To make a performance check, you
plug the receiver power cord into a
wall outlet, inake antenna and ground
connections if the set does not have a
built-in aerial, then turn on the re-
ceiver and attempt to tune in stations.
You note how the volume control, the
tone control, and any other controls
affect performance. Your training and
experience have taught you to pay par-
ticular attention to unusual squeals,
noises, or hum, because each tells its
own story of trouble.

Testing Tubes. Since bad tubes
are common causes of trouble in re-
ceivers and since tubes are easily
tested, your next step is a test of each
tube in the receiver. Tubes should
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be tested at some point in the servic-
ing procedure anyway, so this might
as well be done first of all since it is
80 easy.

A beginner might prefer to check
the tubes later if he didn’t have a tube
tester, for he would usually have to
take the tubes to some reliable store
for testing.

An expert serviceman might be able
to figure out where the trouble is just
by listening to the receiver, and clear
up the trouble before making a routine
check of the tubes. In the great ma-
jority of cases, however, you will find
that tube testing comes first on the
serviceman’s list of trouble-hunting
techniques.

Your aim in servicing is to narrow
down the trouble first to a section
of the receiver, then to a stage, and fi-
nally to just one circuit and to a
particular part in that circuit.

The average superheterodyne re-
ceiver can be divided into six sections
for servicing purposes. The preselector
section includes all circuits between
the antenna and the mixer-first de-
tector. The frequency converter sec-
tion includes the local r.f. oscillator
stage and the mixer-first detector
stage. The i.f. amplifier includes all
if. stages and i.f. transformers. The
second detector is just one stage. The
audio section covers everything fol-
lowing the second detector, including
the loudspeaker. The power pack sec-
tion includes the rectifier tube and
its associated parts.

Sometimes an experienced, properly
trained serviceman can tell the section
containing the trouble just by listen-
ing to how the receiver is misbehav-
ing. If the faulty section has more
than one vacuum tube stage, he then
makes simple tests which isolate the
defective stage.

Other servicemen prefer to start

right in with tests which locate the
defective stage. Let us select just
two of these tests now, and see how
you would carry them out.

Circuit Disturbance Test. For a
dead receiver, the simple circuit dis-
turbance test is one of the fastest and
most effective of these tests for locat-
ing the defective stage. It is carried
out by introducing an electrical dis-
turbance in each tube circuit in turn
while the receiver is turned on.

You start at the audio output stage
(next to the loudspeaker) and work
backward through the stages when
carrying out the circuit disturbance
test. The disturbance which you in-
troduce causes a click or thump in the
loudspeaker when all the stages be-
tween the point of disturbance and the
loudspeaker are good, but no click is
heard when you arrive at the defec-
tive (dead) stage.

The electrical disturbance for this
test can be inserted in a stage by re-
moving a tube momentarily, by touch-
ing the top cap of the tube if there is
one, by removing and replacing the
top cap, or by shorting the grid of the
tube momentarily to the cathode of
the tube.

Since you must go from tube to
tube in a definite order if a circuit
disturbance test is to be effective, one
requirement for making this test is
the ability to identify the various
tubes on top of the chassis,

Stage-Isolating Procedure. For
some receiver troubles, such as low
volume, you introduce a test signal
in one stage after another, working
toward the antenna. Again the loud-
speaker tells when you have come to
the defective section or stage, because
the introduced signal will increase in
volume for good stages but not when
you move through the defective stage.
For each other type of receiver com-
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plaint, there are one or more profes-
sional techniques for tracing the
trouble.

Locating the Defective Part. Hav-
ing located the defeetive stage in
our ailing receiver, you could now
follow the practice of some service-
men and begin testing the parts in
the defective stage, one after the
other. This eventually locates the
defective part, but it can take a lot
of valuable time.

A professional radio serviceman,
however, would make additional gen-
eral tests which gradually narrow
the trouble down to a particular cir-
cuit in the stage. Then, by testing
only a few radio parts at the most,
he would locate the defective part in
the quickest possible time.

It is in locating the defective stage
and circuit that we find such a great
variety of servicing techniques. There
18 no one technique which can be con-
sidered the best for all jobs; cach has
its own advantages, and will work
best in a particular job.

Television Servicing. A television
receiver has a sound section and a
sight section. The procedures for serv-
icing the sound section are identical
to those used for the radio receiver.
The fundamental principles used in
these procedures will also be shown,
later in the Course, to have special
applications for use in servicing the
sight (video) section of the television
receiver.

Short Cuts. After years of ex-
perience in radio servicing, a man

learns to associate certain ailments
and symptoms of a receiver with defi-
nite defects. He can then take short
cuts through the general servicing pro-
cedure which bring him more rapidly
to the defective part. One important
requirement for taking any short cuts,
however, is a thorough knowledge of
radio fundamentals. Unless these are
thoroughly mastered, radio and tele-
vision servicing becomes an unprofit-
able guess-and-try proposition.

Guess-Work Won’t Pay. If you
consider how many different tubes,
resistors, coils, condensers, transform-
ers, connections, and other parts there
are in a radio receiver, and remember-
ing that there are several times as
many in the television receiver, the
folly of expecting to service receivers
simply by testing one part after an-
other without thinking becomes clearly
evident.

Looking Ahead

Having now completed the ground-
work for your study of radio and tele-
vision, you are ready to add to your
knowledge of how radio parts work
and what they do.

In the next Lesson you will study
different types of resistors, and learn
how they are used in practical radio
circuits to control voltage and cur-
rent. The two following Lessons will
cover coils and condensers in the
same thorough manner.

This next group of three Lessons
will thus complete your knowledge of
three important parts used in radio
circuits.
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Lesson Questions
* LESSON NUMBER FOUR «*

Try your hand at answering these ex-

amination questions if you wish, but DO
NOT send in your answers for grading.
You can understand why we feel obliged
to reserve the full time of our instructors
for our students and graduates.

1.

10.

If there is no set screw on the control knob of a receiver, how would you
remove the knob?

. Why is a shield placed around one of the tubes in our superheterodyne

receiver?

. Name three ways in which radio and television tubes commonly fail.

. If a radio receiver sounds distorted, and you can hear a rubbing sound

when you push the loudspeaker cone in and out with your fingers, what
is the trouble?

. You are tuning a radio receiver towards one end of the dial. The set

suddenly goes dead as you tune, and all you can hear is the noise caused
by the gang tuning condenser plates scraping against each other. How
would you correct this trouble?

. State briefly the purpose of the small trimmer condensers which are

mounted on top of the gang tuning condenser.

. What type of meter is ordinarily used to locate shorted or leaky paper

condensers?

. What happens to a power transformer when you overload it by drawing

too much current from it?

. How many connections must be unsoldered in order to disconnect the power

cord of an a.c. superheterodyne receiver like that studied in this Lesson?

At what stage do you start, when using the simple circuit-disturbance test
in a dead receiver?

29



: ik

Y
Wa S84

.

28

:

2.7

3
oy

)N

o r

Lo N

»

r

L f“

. v,

* "y

NI NS
g .

e -

A A 7 o Tl Cmii -
Eabui 0w SL AR i
R1aes S A0 K-35 ~

-

v MRS = BT . |
f.j’\'M“ot,- .

A L L™
-

Aoh .

e ”

e r’..‘. .

RRARKY Fe

LR RSO N
RN 4 LAl
AL -

THE VALUE OF COURTESY

A recent survey showed that people complain more
about discourteous clerks than about any other fault
a business could have. In fact, many people pay
extra at higher-priced stores just to get the courtesy
and respect they feel entitled to.

Regardless of whether you work for someone else
or have a radio business of your own, plain ordinary
courtesy can bring many extra dollars to you.

Courtesy becomes a habit if practiced long enough.
Be courteous to everyone—to members of your
family, to those who don’t buy from you, even to
the very lowest persons who serve you—then you
can be sure you’ll be courteous when it really counts.

Give your courtesy with a smile. There is an old
Chinese proverb which says, “4 man who doesn’t
smile shouldn’t keep a shop.” And you’re keeping
a “shop” even if you are selling only your ability
and knowledge to an employer. A friendly smile is
itself courtesy of the highest type, bringing you un-
expected returns in actual money as well as friend-
ship.
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STUDY SCHEDULE NO. 9

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

O l.Introduction.............c.ccouminiieinnnninennnnn, Pages 1-3

This section will give you an over-all view of toasters and their servicing.

[0 2. Toaster TypPes. ... ..c.cvuvuveeenenirnrneanannnannnans Pages 4-10
The various types of toasters which the serviceman is apt to encounter
and the theory of their operation are discussed here.

(O 3. Non-Automatic Toasters...............cocvvvvinnnn. Pages 11-14

Specific servicing data for several models of these somewhat obsolete,
but still often encountered, toasters are given here.

O 4. Semi-Automatic Toasters.................cc0vinnnnn Pages 14-15
Here is a set of servicing instructions for a typical semi-automatic
toaster.

[0 5. Automatic Clock Timer Toasters. .................... Pages 15-17

Operating and servicing instructions fora single slice Toastmaster Mode

15-1;\4 and a Sun Chief Series 623 are included in this section.

(3 6. Flexible or Stove Timer Automatic Toasters. ........ Pages 18-30
There are probably more of this type ofautomatic toaster than any other.

Instructions for four typical models are given here.

(0 7. The Automatic Combination Clock Timer Thermo-
static Switch Toaster. . ............................. Pages 30-36

Servicing the Westinghouse Model TO-521, a typical toaster of this type,
is discussed in this section.

(0 8. Answer the Questions at the end of the Lesson.

(O 9. Start studying the next Lesson.

COPYRIGHT 1954 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C.
JDL16M1157 1957 Edition Printed in U.S.A.
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Practically every household in the
United States that has eleotricity uses
an electric toaster. It is probably one
of the most popular appliances in use
in the home today and will continue
to be as long as toast and coffee are
breakfast staples.

Toasters are among the simplest
electrical appliances. A heating ele-
ment, or elements, produces the in-
tense heat needed to toast the surfaces
of a slice of bread, which is placed in
close proximity to it. In its simplest
form an electric toaster consists mere-
ly of a frame which supports the heat-
ing element and a rack which supports
the bread which is to be toasted.

Elements are made of Nichrome rib-
bon wound on mica sheets or nichrome
coils suspended on suitable supports.
In an earlier lesson, we described the
resistance wires used in heating ap-
pliances. Nichrome is the trade name
of an alloy heating wire consisting of
80% nickel and 20% chromium. Other
alloys are used for heating elements

Phote above, courtesy Nolson Machine end Mfy. Co.
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and are available under different trade
names. All contain nickel and chro-
mium as their basic materials.

The first simple toasters consisted
of the heating element and suitable
doors mounted upon a metal frame.
They have developed from the single-
element manually operated type of
many years ago to the fully auto-
matic pop-up types, which are now
the most peopular. Today’s models
have added auxiliary equipment to
make them fully automatic as well
as modern in appearance.

The auxiliary equipment includes a
timing device, which may be either a
clock or a thermostat, and a thermo-
static compensator to get the same
color toast consistently, from either
a hot or cold (just switched on) toast-
er. It also includes a mechanical
means of raising the toast without
throwing it out of the toaster when
the cycle of toasting has been com-
pleted.

A device known as a dashpot is
used to prevent a rapid rise in the
pop-up toaster. This consists of a



small piston-like mechanism which is
linked to the carriage or the bread
rack of the toaster. As the carriage
is raised by considerable spring pres-
sure, the piston is forced into a small
cylinder and builds up a pressure. This
pressure is released rather slowly,
thus dampening the speed of the car-
riage in its upward movement.

Most home toasters are designed
for one or two slices of bread at one
time. However, larger ones are avail-
able for commercial use, although it
isn’t likely that you will have occa-
sion to service one, unless you decide
to expand into the commercial field.

In this lesson we will learn to ser-
vice the more popular types, of which
the two-slice toaster predominates.
As a matter of fact, non-automatic
and single-slice toasters are in little
demand today. However, so many
have already been sold, because they
are cheap, that you will undoubtedly
be called upon to service them sooner
or later.

A moment’s thought will show that
the electrical system of a toaster is
not very complicated, and little time
should be taken to determine the
cause of failure. In the non-automatic
toaster either the elements burn out,
or the electrical connections become
loose or broken. Loose connections
will cause the terminal to turn blue
with the heat produced at the point
of poor contact.

In automatic toasters these difficul-
ties will also be found with the addi-
tion of poor or broken contacts in
the thermostatic switch mechanism.
The major part of your toaster repair
work will be of a mechanical nature,
consisting of repairing or replacing
bent, broken, or worn parts, as well

as cleaning and polishing.

If a burned-out heating element or
broken connection cannot be easily
seen, you will use your tester for lo-
cating the fault.

The tools required for toaster re-
pair are few, although a very few re-
quire special tools. The following
should be sufficient:

Pliers

Hand files

Small drill

Allen wrenches

Small and medium size screw-
drivers

Polishing equipment

Philips Screwdriver

Other tools that might speed your
work would be:

Set of small socket wrenches

Small riveting tool

Tool for making springs (coil
type)

Nichrome ribbon or wire

Splicing sleeves

Motor driven grinder

We have suggested nichrome wire
or ribbon in case of delay in getting
a new heating element from the toast-
er manufacturer. Patched-up heating
elements should be discouraged be-
cause they often overheat, and are
short-lived. However, sometimes &
customer can be satisfied by a tempo-
rary repair while waiting for the re-
placement unit to arrive.

Mending Sleeve. A mending
sleeve can be used to repair a break
in an open coil or ribbon heating ele-
ment. The mending sleeve is merely
a length of hollow metal tube with
fairly soft walls so that it can be flat-
tened or crimped between the jaws
of a pair of gas pliers. The two ends
of the heating element to be repaired



are straightened and inserted into the
tube, one from each end. The tube
is then crimped over the element by
means of a pair of gas pliers. This will
not make a permanent repair, and it
should be remembered that if a heat-
ing element breaks in one place, it is
probably weak somewhere else and
80 before too long the same trouble
will occur again.

For this reason you should empha-
size to your customer that the repair
is at the best only a temporary one
and, if the same fault recurs, he
will be likely to be charged for the
same job again, plus the cost of any
new parts. However, the mending
sleeve does make it possible to repair
elements in old appliances for which
it is impossible to obtain replace-
ments.

To a certain extent, toaster repairs
can be made without completely dis-
assembling the toaster. This is some-
thing that will vary with each indi-
vidual toaster and can generally be
determined by observation. After
working on toasters for a while, the
experience you will have gained will
make your observation more effective

and you will be able to go much faster
in your work without wasting time on
unnecessary disassembly.

In all appliance repair work, and
this is especially true with toasters,
it is most important to observe the
order of parts when disassembling.
This can save you many hours on re-
assembly. Until you get quite a bit
of first hand experience, you should
study each toaster closely until you
feel that you understand the function
and action of each part. Very often
you will think that there are a lot of
little pieces that have no value. This
is not so. Each part serves a partic-
ular purpose.

It may be that there are much
simpler methods of accomplishing a
certain action, but keep in mind that
toaster manufacturers are very com-
petitive and patent ownership will
often dictate the methods used in
various manufacturer’s products.

Thus far we have discussed toast-
ers in general and mentioned the tools
required for servicing, as well as
others that would speed your work,
Now we will get into more detail on
toasters.




Toaster Types

The list at the end of this lesson
shows 20 manufacturers of toast-
ers currently producing. Many of
these have been making toasters for
many years. Thus, you can see that
there is a great variety of types, sizes,
and shapes which you are apt to be
called upon to service.

There is no need to describe all
these toasters, so we will discuss the
representative types of toasters. In
some cases two or three of a type
will be described because of major
differences in their operation.

In most cases the information given
in this lesson will be adequate to en-
able you to repair all makes of toast-
ers. However, occasionally you will
come across an unusual model, which
has what we call a “trick” method of
disassembly or assembly. If you are
faced with the job of repairing such
a toaster, you should write to the fac-
tory service station to obtain manu-
facturer’s service sheets. It may hap-
pen, in the case of an older model,
that the company is no longer in
existence, or that service sheets are
not available. If this should happen
to you, the best policy is to proceed
very slowly before attempting to dis-
mantle any parts in case you damage
any irreplaceable ones! Remember
that it is very seldom necessary to
use any amount of force in disassem-
bling relatively delicate electrical
equipment.

The following sections present ser-
vicing information on various non-
automatic and automatic electric
toasters. Quite obviously it is impos-
sible to present servicing information

on every toaster in production. Nev-
ertheless, by carefully selecting the
models, we are able to give you very
good general instructions for all and
specific instructions for the most pop-
ular models.

1. Non-Automatic. This toaster
is completely manually operated. The
elements are “on” as long as the
toaster is plugged in, and the bread
is inserted or removed by opening the
toaster door. In very old models the
bread has to be turned by hand to
toast both sides. In later ones, open-
ing the door and closing it again turns
the bread over.

2. Semi-Automatic. This toaster
is similar in operation to the non-
automatic, but shuts off the current
automatically. Some give a bell signal
or turn off a small glow lamp to tell
when the toast is ready. A simple
spring motor provides these signals.

3. Automatic Pop-Up. This toast-
er will toast the bread, shut off the
current, and raise the toast to where
it can be reached by the finger tips.
In general, there are four types of
automatic pop-up toaster.

a. Clock timer. This toaster, when
it first came on the market, had a
simple clock timer with a speed con-
trol knob. Later an auxiliary speed
control actuated by a bi-metal strip
was added to act as a heat compen-
sator.

b. Flexible or stove type timer. The
object of the flexible or stove type
timer is to compensate for voltage
variations and heat storage in the
toaster. These toasters are so designed
that the same amount of heat is sup-



plied to each batch of toast irrespec-
tive of the temperature of the toaster.
For example, if the toaster has al-
ready been used and is still hot, the
controlling mechanism will utilize this
accumulated heat for toasting the next
batch of bread. Furthermore, if the
voltage supplied to the toaster is be-
low normal, this mechanism will keep
the current on for a longer time to
provide enough heat for the proper
toasting process. If the voltage at
the toaster terminals is above normal,
then the toasting time will be less.

c. True thermostat type. This toast-
cr has the thermostat located very
close to the bread, where it obtains
exactly the same amount of heat as
the bread. It is timed to break the
circuit and release the carriage when
a measured amount of heat has been
produced.

d. Combination type. This is a
combination of a and ¢. An adjustable
clock timer works the pop-up mech-
anism while a thermostat placed very
close to the bread controls the elec-
trical circuit.

All these toasters will be described
in detail in the following section,
which gives specific servicing informa-
tion on each type.

Never probe around inside a toast-
er with a metal object. Not only do
you run the risk of getting a shock,
or of causing a short circuit between
the various sections of the heating ele-
ments and the case of the toaster, but
also, even if the power is not on, you
may damage the relatively delicate
heating element wires. In any case,
never attempt to do any work on the
toaster until it has been disconnected
from the electrical outlet. If it is
necessary to have power on the toaster

while observing a test operation, be
very sure you know just what you are
doing. Do not attempt to make any
changes in the test until the plug has
been removed from the outlet.

THE ELECTRIC CIRCUITS

The electric circuit of a toaster is
probably the simplest part of toaster
servicing. It is very similar to the
circuits encountered in electric irons.
Fig. 1 illustrates the three basic cir-
cuits which you will find in servicing
toasters. At A of this figure, the
simplest circuit, which is used in non-
automatic toasters, is shown. This
consists of nothing more than a plug,
cord, terminals, and a single heating
element.

The single heating element is used
in non-automatic toasters, because the
user must turn the toast over to toast
both sides of it. Therefore, only one
element is necessary. Servicing the
electric system of the non-automatic
toaster consists of inspecting and
testing the four parts involved, mak-
ing point-to-point continuity tests,
and replacing or repairing parts found
defective.

At B in Fig. 1, a circuit which is
used in many automatic and semi-
automatic toasters is shown. It dif-
fers from the circuit shown at A in
that it has added a switch and two
more heating elements. The switch
will be turned on when the desired
darkness lever or knob is set in the
case of the semi-automatic toaster,
or when the handle is pulled down
on the automatic pop-up type toast-
ers. On both of these types, when the
toast is done, the switch will be auto-
matically opened. The two additional
elements make it possible to toast
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FIG. 1. Three basic toaster circuits.

both sides of two slices of bread simul-
taneously. The center element is con-
nected across the total 110 volts sup-
ply, while the two outside elements
which are of lower wattage are con-
nected in series and then across the
110-volt supply. From Fig. 1D you
can see that the center element must
heat one side of both slices of bread,
while the two outside elements each

6

leat only one side of a single slice
of bread. Therefore, it is obvious that
the center element must produce more
heat, and consequently must be of
higher wattage and consume more
power. If each of the outside elements
were of the same wattage as the cen-
ter element, one side of each slice of
bread would be burned before the
other side was even brown. Tn some
toasters you may find that the outside
elements are connected directly across
the 110-volt supply, just as the cen-
ter element is. But in this instance,
the outside elements will be of lower
wattage and higher resistance than
the center element. You may also
find toasters with four elements, all
connected across the full voltage.

In Fig. 1C, a circuit which is found
in many automatic toasters is illus-
trated. This differs only from the cir-
cuit shown at 1B in that it has, in
addition to a switch, a thermostat.
The switch in this circuit will be
turned on by lowering the handle,
which allows the bread to go into the
toaster, and turned off either by a
clock mechanism or by a thermo
mechanism devide utilizing a bi-metal
strip. When a switch controlled by a
timer is used, and a thermostat is add-
ed, it is possible not only to vary
the color of the toast, but also to
vary the degree of hardness, or mois-
ture, contained in the toast. If the
timer is set for a relatively short
duration of toasting time and the
thermostat is set so that the full heat
will be on throughout that time, then
you will get toast that is crisp on the
outside but soft on the inside. At the
other extreme, one could set the timer
for a long duration and the thermo-
stat for minimum heat, and obtain
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toast that was light but dry all the
way through. Toasters which use this
feature in conjunction with the auto-
matic pop-up feature are probably the
most completely automatic toasters
available.

While the electric circuits of these
toasters appear to be very simple, and
trouble shooting for electric troubles
is accomplished by simple point-to-
point continuity checks, the mechan-
ical systems employed are sometimes
both complicated and delicate. For
this reason, a larger portion of this
lesson is devoted to instructions for
mechanical disassembly, assembly,
and adjustment.

MECHANICAL DEVICES

Before you begin to study the indi-
vidual toasters, it is necessary that
you have a knowledge of the theory
of operation of some of the mechan-
ical devices used in them. Therefore,
we are going to illustrate and de-
scribe the operation of the mechan-
ical devices that you will meet in
gervicing toasters. None of the illus-
trations or descriptions given in this
section is an exact duplicate of a
part 1sed in any specific toaster. They
are simply drawn and described so
that they may be easily understood.
However, if in this section you get a
good fundamental knowledge of the
theory of operation behind each indi-
vidual device, you will have little or
no difficulty understanding the more
complex combinations of the devices
used in the toasters.

Clockwork Mechanisms. Watches
and clocks, except electric ones, oper-
ate on the gradual release of energy
that is stored in a spring when tension
is placed on it. If an ordinary coil

spring which has been wound tight is
suddenly completely released, the
spring will immediately uncoil, and
the energy that was stored in it will
be rapidly dissipated. You may, as a
youngster, have taken an old watch
or clock apart just to see what made
it tick, and, after reaching a certain
point in its disassembly, had the main
spring suddenly release and spread
the various parts far and wide. Ob-
viously, this sudden release of energy
is useless in any sort of timing device,
so we use what is known as an escape-
ment mechanism to control the re-
lease of energy from a spring.

In any watch or clock, the escape-
ment mechanism controls the release
of the energy contained in the spring
s0 that it revolves a large gear at a
very slow rate of speed. This rotary
motion is then transmitted through
a system of other gears to the various
hands of the clock. Much the same
thing happens in the clockwork tim-
ers used on toasters, except that there
is not a complicated system of gears.
There is usually a much simpler me-
chanical device operated by the slow-
ly released tension on the spring.

The Escapement Mechanism.
Fig. 2 illustrates a simple escapement
mechanism. It consists of a wheel,
which the spring tends to turn in the
direction indicated by the arrow, and
a balance which is pivoted at point
A. As the wheel attempts to turn in
the direction indicated by the arrow,
the action of a tooth on the left hand
pawl will force that side of the bal-
ance to move in an upward direction.
When the left hand side of the balance
moves up, the right hand side is forced
down, and the right hand pawl will
prevent the wheel from moving more



- ﬂa -
SO

FIG. 2. A simple escapement mechanism
for controlling the release of energy from
a spring.

than the distance from one tooth to
the next. The left hand pawl then
drops down between the next two
teeth, and the right hand side of the
balance rises, allowing another tooth
to pass the right hand pawl before
the left hand pawl is again forced up
by the next tooth. Thus, the balance
is continually rocking back and forth,
allowing the spring to uncoil only one
tooth at a time.

The speed at which the balance arm
rocks back and forth, and thus the
speed of rotation of the wheel, can
be varied by placing various degrees
of spring tension against the rocking
motion of the balance arm, or by
varying friction against any of the
rotating parts of the clockwork mech-
anism.

When clockwork mechanisms are
used in toasters, the spring is wound
or tensioned when a lever is set which
controls the time that the mechanism
is to run and, consequently, the dark-
ness of the toast, or, in the case of
automatic pop-up toasters, when the
lever which lowers the bread into the
toaster is depressed. The rotary mo-
tion produced by the spring and con-

trolled by the escapement mechanism
is used to operate either a cam or a
rack and pinion arrangement which
will shut off an electrical switch when
the spring has unwound to a prede-
termined point. In addition to cutting
off the current to the toaster, the cam
or a rack and pinion may be used to
release a mechanical latch which will
allow the toast to pop-up when done.

Cam. Fig. 3A illustrates the use of
a cam to operate an electric switch.
When the spring is wound, the cam
will rotate in a clockwise direction
until what is now the upper end of
the detent is in contact with the top
blade of the switch, forcing the switch
to remain closed until the detent has
rotated far enough in a counter-clock-
wise direction to allow the upper
spring blade of the switch to rise and
break the electrical contact. Thus
the length of time that the toaster
circuit would remain energized would
be determined not only by the speed
at which the clockwork mechanism
operated but also by the length of
the detent on the cam. The simple
switch shown here consists merely of
two spring blades with contacts on
one end and separated by an insula-
tor at the other end with electrical
connections made under the holding
SCrews.

Rack and Pinion. Fig. 3B illus-
trates the use of a rack and pinion
assembly to operate the same type
switch as was shown at A. In this
arrangement, instead of rotating a
cam, the clockwork mechanism ro-
tates a gear or pinion, which is
meshed with a rack. The rack is
nothing more than a bar with teeth
in one side. This mechanism is shown
in the position it would assume after




the clockwork mechanism had been
wound. As the clockwork mechanism
rotates the pinion in a clockwise direc-
tion, the rack moves to the left until
it allows the switch spring to move
far enough to break the electrical
contact. The mechanical coupling be-
tween the rack and the metal switch
parts, of course, would have to be
insulated, or a ground would occur in
the electric circuit.

CAM

DETENT

CAM

FIG. 3. How a cam can be used to operate

a switch, A; B, a rack and pinion used to

operate the same type of switch; C, a
cam-operated latch mechanism.

Latch Mechanism. Fig. 3C illus-
trates a cam-operated latch mechan-
ism, but this mechanism could be just
as easily operated by a rack and pin-
ion arrangement. Latch mechanisms
are used extensively where the pop-up
feature is used in a toaster. When the
handle which lowers the bread into a
toaster is pushed down, the spring in
the clockwork mechanism is wound,
the cam rotates in a counter-clockwise
direction, and bar A is forced down.
The detent on the cam forces bar B
to the left, forcing the detent on bar
B into the indent on bar A as shown.
As the clockwork mechanism unwinds,
the cam rotates in a clockwise direc-
tion as indicated by the arrows. There
is spring tension on the two bars as
indicated by the arrows, but as long
as the detent on bar B is in the indent
in bar A, bar A will be held down.
When the cam has rotated far enough
in a clockwise direction, its detent
will no longer be bearing on bar B,
and the spring attached to bar B
will pull it to the right, pulling the de-
tent out of the indent. The spring
attached to bar A will pull it up and
pop up the toast.

Similar, but more complicated, latch
mechanisms are used in toasters which
utilize the action of a bi-metal strip
for timing, rather than that of a clock
mechanism. You must bear in mind
that you will probably never see any
of these mechanisms duplicated exact-
ly as shown in these illustrations, be-
cause the illustrations are greatly
simplified to give you a clearer under-
standing of their theory of operation.

Bi-Metal Blade. Fig. 4 illustrates
a type of bi-metal blade or strip used
in some toasters to operate a me-
chanical timer. You are already
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FIG. 4. A bi-metal strip used to operate
a mechanical timer.

familiar with the operation of the or-
dinary type of thermostat in which
the bi-metal blade is actually a part
of a switch, but in this application,
although the blade is used to operate
a mechanism which both operates a
switch and pops up the toast, it is
not actually a part of the switch and
no current flows through the blade.
The strip is heated by an element
which is wrapped around it, but in
some cases the heat of the toaster
elements is added to the heat from the
element wrapped around the strip,
thus speeding up the timing operation
if the toaster is too hot.

The bi-metal strip is used for tim-
ing in the following manner. The strip
is mounted at the center and both
ends are free to bend when it is heat-
ed or when it cools. By restricting the
movement of one end, it is possible
to increase or decrease the movement
of the other. When the toaster is en-
ergized by pushing down the bread-
lowering lever, current flows through
the heating element wound around
the strip, and the strip bends in an
upward direction. When it moves
up, one end of the strip will operate

a latch mechanism which closes a
switch, cutting the element out of the
toaster circuit. The latch mechanism
is so arranged that it also sets up
another latch which, when the bi-
metal cools and bends in the oppo-
site direction, will be released, shut
off the current to the toaster elements,
and pop up the bread. The length
of time that it takes for one end of
the bi-metal to bend up, shut off the
switch and bend down on the cool-off
cycle can be varied by adjusting the
gap in which the other end of the strip
bends back and forth. A smaller gap
will result in more rapid action at the
other end.

With the foregoing information on
basic circuits and mechanical devices
used in toasters, you are now prepared
to go into a more detailed study of
the various types of toasters. As you
study the rest of this lesson, look for
variations of the circuits and mechan-
isms which we have described here.
You will not find exact duplicates of
these circuits and mechanisms, but
you will find applications of them in
which the theory remains the same.
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Schematic diagram showing the element
which heats the thermostat bi-metal strip.
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Non-Automatic Toasters

The two-slice non-automatic toast-
er consists of one, and sometimes two,
heating elements mounted in the cen-
ter of the toaster. The doors on
either side are hinged at the bottom,
and swing out from the top and down-
ward to the horizontal position. Bread
is placed on the doors, which are then
closed, thus bringing one side of each
slice of bread close to a heating ele-
ment. When one side is toasted, the
door is opened manually. The base
of the door pushes the bottom edge
of the bread outward, letting this edge
slide down the length of the door to
the top edge. Thus, when the door
is closed again, the bread has been
turned over and the other side is now
against the heating element.

The doors are usually operated in-
dependently by small knobs on the
ends. A spring common to both doors
normally holds them closed tightly.
You will encounter some toasters with
doors which are connected by a link-
age so that both doors will operate by
the movement of either one. Some of
these toasters also have an indicator
lamp or a glow coil to show that the
current is on.

Although one of the earliest of the
electric toasters, this type is still being
sold because it is very cheap. There
is comparatively little to go wrong
with these toasters; the main com-
plaint is usually a burned-out heating
element. Since there are no thermo-
stats or switches in the heating cir-
cuit, repairs arc generally confined to
replacing the element or, if a replace-
ment cannot be obtained, rewinding
it.

Fortunately these elements are fair-
ly well standardized and a glance
through the wholesaler’s catalog will
almost certainly indicate a suitable
replacement heater.

UNIVERSAL NON-AUTOMATIC

TOASTER, MODEL EA2105

This toaster is rated at 500 watts
for use on 110-120 volt ac or de. It
draws 4.5 amperes when operating at
this voltage. The heating elements
are in series and have a total resist-
ance of 26 ohms.

Operation: When the bread hold-
ers are in the open position, they
should remain in this position without
springing back to the closed position
until moved by the operating handle,
No. 4 in Fig. 5.

Ccu't-ny Landers, Frary end Clark

FIG. 5. An exploded view of the Universal
non-automatic toaster, Model EA2105.
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The bread holders (22) should close
by themselves when they have been
moved by the operating handle to an
upright position. They should hold
reasonably firm in the closed position,
and should not fall open if the toaster
is jarred.

The bread holders and body are
finished in rust resistant chromium,
and mottled bakelite is used for the
handles and base. When replacing
self-tapping screws in these parts, be
careful not to strip the threads, or
make the holes too large. If this
should happen, plastic wood can be
used to fill the holes, which can then
be retapped.

Servicing Procedure. With a
small Allen wrench, remove the single
set screw holding the operating handle
to the door operating shaft (24). With
the toaster inverted, remove the four
screws on the bottom side of the base,
and remove the two hex nuts holding

Courtesy Landers, Frary and Clark

Removing body ends on the Universal
EA2105.
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Courtesy Landers, Frary and Clark

Removing bread holder from Universal
EA2105.

the terminal leads. Remove the base
and cordset.

The two body ends may now be
removed. Two screws from the inside
hold each of them in place. Also, the
stationary handle (9) may be removed
by unscrewing two screws. In replac-
ing the body ends, take care to fit the
flange on the body inside the body
ends.

To disassemble the unit and sup-
port assembly, the two terminal screws
must be completely removed. By gent-
ly bending back the two tabs on either
side of the support, the unit and
support can be detached from the
body sides. Be careful not to break
off the tabs.

The bread holders are riveted and,
after carefully filing or drilling out
the rivets, they may be removed.
First, remove the bread holder spring
and then pry the bread holder out
from the body rivets. The operating
lever must be filed, or drilled, to de-
tach it from the bread holder. This
lever connects the two doors to the
operating handle through a linkage.




Courtesy Landers, Frary and Clark

Straightening guide rods in Universal
EA2105.

The doors and guide rods (19) are
the only components of this toaster
which may require adjustment. The
bread guide rods may be straightened
by using pliers. If the bread holders do
not shut tightly, the lever arms should
be bent to adjust them as necessary.
Take care to prevent friction or rub-
bing between the mechanical parts.

Many other toasters of the non-
automatic type are still in use. Most
of them are of the type in which the
doors are opened manually by means
of small plastic knobs on the top ends.

These toasters are very simple to
understand and their disassembly is
reasonably obvious. Your main dif-
ficulty will be encountered where riv-
ets are used, rather than nuts and
screws. In such cases, you should
carefully drill out the rivets and re-
place those you remove with small
nuts and bolts. Be careful to use the
correct size to avoid interference with

the proper functioning of the toaster.
Be very sparing with lubricants. If
too much is used, the toaster will
smoke and the bread will taste of oill

PROCTOR ELECTRIC CO. NON-
AUTOMATIC TOASTER,
MODEL 1454

. This toaster has a detachable cord-
set and an indicator light in series
with a single element. It toasts one
side of two slices of bread simulta-
ncously. Power consumption is 500
watts at 110-120 volts ac or dc.
Servicing Instructions. If the
toaster will not operate, test for an
open circuit. Look for loose or broken
connections. If the indicator lamp

fails to light when toaster is operat-
ing, remove from socket and check.
Fig. 6 shows the parts of the toaster.
To disassemble it, proceed as follows:

Courtesy Proctor Blectric Co.

FIG. 6. Parts of Proctor Model 1454
non-automatic toaster.
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Remove the bottom plate from the
toaster and then remove the four
corner rivets holding the base to the
body. Open the doors and ensure that
the top rail, which supports the top
of the element, is not fastened to the
body top at the corners.

With the doors still open, raise the
body, thus separating it from the base
and the element. Remove the four
grill wires projecting through the
base. Remove the terminal nuts and
waslier from the element and lift it
out.

—— e BT S

The doors and door knobs are held
in place by rivets. The door spring
spans the space between the two doors
and hooks on to a door at each ex-
tremity.

The lamp bracket assembly is held
in place by bent tabs, or sometimes
with rivets as in the terminal pin
bracket. Nuts and washers hold the
terminal pins onto the bracket.

On reassembly, substitute small
screws and nuts in place of any of
the rivets that have been removed.

Semi-Automatic Toasters

The semi-automatic toaster is quite
similar to the non-automatic type.
This toaster will sometimes have a
clock-type timer that turns the cur-
rent on, and winds the clock move-
ment when the operating lever is
pushed down.

At the end of the timing cycle, it
disconnects the heating element cir-
cuit and stops clicking, thus indicat-
ing that the toast is done.

Another type of semi-automatic
toaster will energize a small magnetic
coil when the circuit is closed. This
holds a small steel ball above a bell.
When the thermostat breaks the elec-
trical circuit, the magnet is de-ener-
gized and the ball falls, striking the
bell and signaling that the toast is
done.

You may find a third type of toast-
er which has an indicator lamp in the
circuit across the element. This lamp
will go off when the electrical circuit
is opened, indicating that the toast is
done.

14

This toaster is not classed as auto-
matic because it lacks the pop-up fea-
ture when the toasting cycle is com-
pleted. Such toasters generally have
a control knob which allows the oper-
ator to adjust for light or dark toast.

PROCTOR ELECTRIC CO.
MODEL 1440-41-43-44

This semi-automatic toaster, shown
at Fig. 7, incorporates a time-control
plus a magnetic coil, steel ball, bell
signal as described above. The bread
must be turned over and removed by
hand just as it is in non-automatic
toasters.

Operation. The user places one
slice of bread in each door and closes
the doors. Then she turns the adjust-
ing knob from the off position to one
of the numbers from 1 to 8, depend-
ing on the degree of darkness desired
in the toast. Turning the knob ad-
justs the cradle contact assembly so
that the contacts are closed, complet-
ing a circuit through the contacts, the




MODEL 1440-41-43-44
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Cowurtesy Proctor Electric Co.
FIG. 7. The Proctor Model 1440 toaster.

element, the bell coil, and back to the
other side of the line. As soon as this
circuit is complete the electromagnet
on the bell assembly lifts the steel ball
from the bell, and the element begins
to heat. As the element heats, the bi-
metal strip that is mounted at the
center of the element bends and pushes
against the roller at the top of the
cradle contact assembly. Adjusting
the knob has positioned the contact
assembly so that when the toast has

reached a certain degree of brownness
this bi-metal strip will cause the con-
tacts to open. When the contacts
open the circuit, the electromagnet in
the bell assembly releases the steel
ball and it strikes the bell, signaling
that that side of the toast is done.
The operator then opens and closes
the doors, which turns the toast over,
and starts the whole process again un-
til at the second sounding of the bell
the toast is done on both sides.

Disassembly. From Fig. 7 you can
see that the assembly and disassembly
of this toaster are relatively simple,
and with the aid of this diagram
should be obvious upon inspection of
the toaster. The same general instruc-
tions as have been given for non-auto-
matic toasters of similar construction
will apply to this one.

In all of the previously described
toasters, both non-automatic and
semi-automatic, you may sometimes
have difficulty in obtaining replace-
ment parts because of their age and
the fact that they are obsolescent.
Because of this, you may have to
omit semi-automatic features when
repairing such toasters in order to
make the toaster operate at all. This
is easily done by makeshift means, or
by bypassing or shunting the timers,
glow coils, or indicator lamps as
necessary.

Automatic Toaster—Clock Timer

Toasters under this classification
are usually single or two-slice types.
A control knob is linked to a small
governor mechanism controlling the
speed of the clock timing mechanism.

Pushing down the control lever until
it is latched starts the toasting cycle
by closing the contacts, and energizes
the heating element.

At the end of the clock mechanism




cycle, the circuit is broken, the car-
riage release lever is tripped mechan-
ically, and the toast pops up.

More recent models of this type
toaster have a bi-metal arm positioned
near the bread, and extending back
towards the clock mechanism. In one
make of toaster, this arm, when cool,
acts as a brake on the clock mechan-
ism, thus making its cycle longer.

In another type, the arm makes a
direct adjustment on the length of the
winding stroke on the flywheel of
the clock mechanism. In either case,
it acts, to a certain extent, as a com-
pensator for either a hot or a cold
toaster.

TOASTMASTER SINGLE SLICE
MODEL 1A2-1A4

This toaster, shown in Fig. 8, is a
single-slice type, with a clock timing
mechanism. Later models of this
toaster have a bi-metal compensator
which increases the speed of the clock
when heated.

The toaster is equipped with a
speed control knob governing the
clock timing. It has an operating
lever, which lowers the toast into the
well and at the same time closes the
electrical contacts to start the toaster.

Servicing Procedure. The bottom
cover and four legs are a single unit,
and may be removed by unscrewing
the two knurled nuts from the bottom.
Remove the two set screws holding
the operating handle to the shaft and
the very small bolt holding the con-
trol knob to the adjusting shaft.

With the toaster inverted, you will
find six ears, or tabs, projecting
through the base plate. Gently
straighten the tabs and turn the
toaster upright. This will prevent the
guide wires from falling out as the
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FIG. 8. The Toastmaster Model 1A2-1A4.
One-slice toaster.

cover is removed. Raise the cover
enough to detach the cordset leads
from the terminals and remove the
cord from the cover. Continue to
raise the cover, guiding it clear of
the operating lever.

To remove the elements, loosen the
nuts on the long spacer bars passing
through the length of the toaster on
the top sides, lift the sliding baffles
upwards and disconnect the leads
from the elements. Remove the ten
guide rods resting in the well, remove
the horseshoe clip from the vertical
shaft projecting through the top
frame, and remove the single screw
holding ane end of the top frame in
position. Either element may now be
raised up out of the well.

At this point, any parts of the oper-
ating mechanism or the contacts may
be removed without difficulty. The
clock mechanism is also on the con-
trol end of the toaster and is clamped
in position by a bracket on the top
mounted with two screws. After re-
moving the bracket, work the cloek
upwards until it is clear of the base
plate well.

Later models of the toaster are
equipped with a compensator. This




bi-metal is pivoted from the center
bottom of the toaster adjacent to the
two heating elements, and is support-
ed on a bracket mounted by screws
on each side of the underside of the
frame.

There is an adjusting stop about
halfway along the bi-metal strip. The
end of the bi-metal, when heated, op-
erates a lever extending out from the
clock. This lever changes the length
of the stroke on the flywheel of the
clock, thus shortening or lengthening
its timing cycle.

SON CHIEF SERIES 623
TOASTER, FIGURE 9

This is another clock type auto-
matic pop-up toaster with a bi-metal
blade near the toasting well that con-
tacts a lever speeding up the clock
mechanism.

Servicing Procedure. Both the
operating lever handle and the control
knob may be pulled off their respec-
tive shafts. The bottom cover of the
toaster is removed by taking three
hex nuts off the stud bolts passing
through it from the frame of the
toaster. The porcelain collar through
which the cord passes is held in place
by a spring clip, which can easily be
removed with pliers.

The clock and switch mechanism is
mounted on the bottom of the toaster
base, and held in place by three
screws. Disconnect the terminal leads
from the bottom by removing the two
hex nuts and washers.

For servicing any of the operating
levers or replacing any elements, it
is necessary to remove the side and
cover of the toaster. This is held in
place by four tabs extending from the

id

FIG. 9. The Son Chief series 628 auto-
matic toaster.

gides and bent around the bottom of
the frame. Straighten these tabs and
unwrap the cover from the toaster.

Four secrews hold the body of the
toaster to the bottom of the frame.
Two of these screws (on the contrel
end) also hold the element guide
bracket. The other ends of the ele-
ments are held in place by their ter-
minal bolts held in place by hex nuts
on the bottom of the toaster.

The bi-metal compensator assembly
is held by one serew near the bottom
center of an outside element.

Because the skeleton of the toaster
is rather flimsy after the body has
been removed, care must be taken
when handling it. Also, note very
carefully the relationship of the parts
during disassembly.

Positioning the bi-metal strip is the
only adjustment on this toaster. For
lighter toast, pivot it away from the
speed lever arm, and for darker toast,
move it closer. Make adjustments
with the control knob set about at the
midpoint, so your customers will have
as wide a range as possible in either
direction.
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Automatic Toaster—Flexible or
Stove Type Timer

In this type of toaster, the thermo-
stat (bi-metallic strip) contains its
own heating coil, which is connected
in series with the main heating ele-
ment of the toaster.

When the main contacts are closed,
the thermostat coil, being in series
with the elements, heats the bi-metal
and causes it to bend. At the end
of this cycle, the auxiliary switch
closes, shunting the coil out of the cir-
cuit. As the bi-metal cools and re-
turns to normal, it trips a lever to
break the element circuit and releases
the carriage, thus raising the bread.

Some toasters of this type also have
a “stay-warm” lever to prevent the
toast from popping up when it is
done.

KNAPP-MONARCH TOASTER
NO. 22-501

This toaster requires 115 volts, 1060
watts ac only and is equipped with
a control knob and bread carrier han-
dle. It is shown in Figs. 10A and 10B.
When the bread carrier handle (28)
is pushed down and latched, it closes
the main contacts (104 and 105), al-
lowing current to flow through the
main elements as well as the heater
ribbon (89) located just beneath the
bi-metal (65). The heat from the
ribbon causes the bi-metal to curve
downward towards the upper spring
blade (107).

This blade is tensioned upward
against the adjustable cool-down limit
screw (98). The lower spring blade
(108) is also tensioned upward with
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slightly less tension, thus making con-
tact with the upper spring blade
(107).

During the downward movement
of the bi-metal, it makes mechanical
contact with the upper spring blade,
forcing both the upper and lower
spring blades downward. Finally, a
small magnet on the lower spring
blade is attracted by a permanent
magnet (90) placed beneath it on the
magnet bracket (67). This provides a
positive action in opening the contact
between the upper and lower spring
blades, creates an electrical contact
between the magnets, and shunts out
the heater ribbon.

The bi-metal then starts its cooling
cycle and moves upward until contact
is broken with the upper spring blade,
which is stopped by the ‘“cool-down”
limit screw. Now the current must
pass through the “hair-pin” bi-metal
(71) which causes the quick release
of the bread carrier and ends the cycle.
The “hair-pin” bi-metal is in the cir-
cuit only long enough to release the
carrier, generally for a few seconds.

Servicing Procedure. The toaster
is disassembled in the folowing man-
ner. First, remove the single set
screw from beneath the carrier handle
and remove the handle. With the
toaster upside down, remove the six
screws passing through the base into
the base plate.

Slide the cord into the base a few
inches and raise the base far enough
to clear the cord end, then slide it off
the control knob and lift off.



Conrtesy Knapp-Monerch

FIG. 10A. The Knapp-Monarch 22-501 automatic toaster.

"
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Cowrtesy Knapp-Monarch

FIG. 10B. View of thermostat and switch used on the Knapp-Monarch 22-501 toaster.
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With the toaster still inverted,
raise the entire assembly out of the
toaster shell. You will note, there are
three heater elements, the center one
being common to the inside surface
of each of the two slices of bread. To
remove the center element, invert the
toaster frame and take out the single
screw on each of the two bus bars (19)
connecting the three elements togeth-
er, and raise the element and its guide
rods out through the top.

To remove the two outside ele-
ments, first invert the toaster and
squeeze the split tabs together. These
double tabs are located on the ends
of the outside elements passing
through the base plate. Now place
the toaster upright, and slide the out-
side baffles (21) upward and out. Un-
screw the four screws connecting the
extremities of the two bus bars with
the elements. The elements and guide
rods may now be lifted out.

The switch assembly may be re-
moved by disconnecting the lead
wires (117) and removing three
screws from beneath, which hold it to
the base plate. The heater box (64)
may be removed by straightening one
ear and removing a single screw. This
allows you to replace the heater rib-
bon (89).

Further disassembly of the toaster
is of a mechanical nature and requires
the removal of numerous rivets. These
hold the end plates and the bread rack
carrier assembly together. The meth-
od and order of their disassembly is
apparent from visual examination.

Adjustments to this toaster are
rather numerous. There is a control
knob for light and dark selection, and
two adjusting screws in the bottom;
one controls the “cool-down” limit
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adjustment and the other the magnet
bracket.

With the toaster plugged in, push
down on the lower spring blade until
the permanent magnet holds it down.
This will energize the hair-pin bi-
metal which should release the carrier
in from 2 to 5 seconds.

If it does not, it should be adjusted
so that the latch escapement (75)
overlaps the latching lever (68) by its
own width—approximately 1/32 inch.
There is an adjusting screw for this.
Proper adjustment of this toaster can-
not be made without actually trying
it on two or three rounds of bread.
For adjusting for darker toast, the
screws should be turned clockwise.

Reassembly is done in the reverse
order.

UNIVERSAL AUTOMATIC
TOASTER EA-2601

This toaster requires 1150 watts at
110-120 volts, ac only, and is equipped
with a different type of compensator
for obtaining uniform toast. This is
a two-slice toaster which is operated
by putting in toast and pushing down
on the operating lever handle. There
is a somewhat smaller knob beneath
this lever which is also depressed
with the same stroke. This is the
bread rack knob.

When the hand pressure has been
released from the operating lever, it
will immediately rise, and the bread
rack knob will remain in its down-
ward position. This knob may be
raised at any time for inspection of
the bread.

The control knob is located beneath
the bread rack knob, and controls
the speed of the clock mechanism
which is variable from 20 to 120 sec-
onds to select the color toast desired.



When the operating lever is de-
pressed, the switch contacts close and
remain so, until the toast has popped
up. There is a bi-metal strip inside
the toaster, which is linked to a small
brake on the timer balance wheel;
when the bi-metal is heated up, it
lifts the brake from the balance wheel
and the timing cycle begins.

In this way, with the toaster at
room temperature, there will be about
a 50-second delay in the clock start-
ing the timer action. With a hot
toaster, the timing action might start
immediately. Although the elements
are always heating after the control
lever has been pushed down, there
may not be any audible ticking until
a short time later.

When the clock reaches the end
of its timing cycle, a trigger mechan-
ism breaks the electrical circuit and
releases the bread rack, which is
forced up by spring pressure.

Servicing Procedure. In order to
disassemble this toaster, refer to Fig.
11. Remove the set screws from the
operating lever handle, the bread rack
knob and the indicator knob and lift
off these pieces. Invert the toaster
and remove the four base screws and
the two cord strain relief screws from
the base, and lift it off.

Spread the body cover of the toast-
er and raise it over the control arms,
then lift off the two side panels. Re-
move the two nuts holding the cord
to the terminals. To remove the heat-
ing elements of the toaster, disconnect
the unit leads from the terminals.
Straighten the four lugs of the unit
support plates extending through the
bottom frame, and straighten the lugs
of the unit and bread support assem-
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blies extending through the upper sup-
port plates. Any desired unit may be
removed.

Straighten the three tabs projecting
through the clock cover, move the
bread rack lever a little to the left
and pull the clock cover from the
frame.

There are three clock mounting
screws and a brake lever hinge nut
to be removed before pulling out the
clock mechanism. If the clock mech-
anism is electric, as it is in some mod-
els, it will be necessary to remove
the terminal leads. If it is necessary
to remove the mechanical controls of
the operating mechanism, straighten
the tabs holding the clock plate as-
sembly to the unit support plate and
crumb tray, and lift out the entire
assembly, disconnect the bread rack
spring and the operating lever springs.
Great care must always be used when
bending tabs for removal of parts. If
any are broken off, reassembly will
be difficult.

A small snap ring, or sometimes a
small screw, located on the top of the
clock plate, holds the vertical operat-
ing lever rod in place. After removal
of the ring, pull the rod out through
the bottom of the plate. Observe care-
fully the order of parts mounted on
this rod to make reassembly easier.

To remove the bi-metal, first dis-
connect the lead wires coming from
the center unit and the bi-metal as-
sembly, then remove two screws, one
from each end, and remove the single
screw holding the bi-metal assembly
to the center right unit.

Adjustments for this toaster are as
follows. Starting with a cold toaster,
the bi-metal should be adjusted so
that within 35 to 50 seconds after the
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FIG. 11. The Universal Mode! EA-2601 automatic toaster.
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Electrical connector for a me-
chanical clock timer.

FIG. 12.

current is turned on, the bi-metal will
release the brake on the clock mech-
anism. This adjustment is made by
loosening the screw on the moving
end of the bi-metal support and it
can be reached from beneath without
any disassembly. There should be
no rubbing or binding of this bi-metal.

The clock running time should be
from 10 to 50 seconds when the con-
trol knob is set on LIGHT, and from
1 minute 45 seconds to 2 minutes 30
seconds when set on DARK.

The bi-metal should never be bent,
as this will put it out of adjustment.
Make sure that the movable contact
is fairly well centered with the sta-
tionary contact of the switch for best
results. This may be bent until cen-
tered.

Electrical Connections. As in
practically all toasters, the lead wires
are of nickel and insulated with as-
bestos, covered with spun glass braid.

Electrical connections for a me-
chanical clock timer are shown in
Figure 12, and for an electrical clock
timer in Figure 13.

TOASTMASTER DOMESTIC
TOASTER, MODEL 1B14

The bi-metal strip on this toaster,
Fig. 14, has a small coil wrapped
around it. This auxiliary element is
connected in series with the main
heating elements. This results in both
voltage compensation (for low supply
voltages) and heat compensation.

As the carriage is pushed down and
latched, the main contacts close and
the toasting cycle is started. As the
bi-metal heats up, it bends inward
until it reaches a point where it trips
the shunt lever which cuts the coil of
the bi-metal out of the circuit, and
the release lever drops in the path of
the bi-metal. The bi-metal then
starts cooling and bends outward,
tripping the release lever, opening the
electrical circuit and releasing the
carriage.

Servicing Procedure. To remove
the case of this toaster, first remove
the single set screws from both the
operating handle and the timing knob.
Invert the toaster, unlatch the crumb
tray, and remove the two crumb plate
attaching screws.
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Electrical connections for am
electrical clock timer.

FIG. 18.

24



L o < R
e T

g

s e % ?

Courtesy McUraw Lieciric Lo.

FIG. 14. The Toastmaster Model 1B14 automatic toaster: (1) timer assembly; (2)
undercover; (3) handle; (4) operating handle; (5) carriage; (6) shell; (7) element;
(8) timer adjustment; (9) cord; (10) spring; (11) guide wire; (12) damper.

Now remove the four self-tapping
screws from the four corners of the
bakelite base. There are five other
screws holding the bakelite base to
the toaster base which should not be
removed at this time.

Now turn the toaster upright and
work the case off by gently rocking
it back and forth, guiding the cord
into it. If the toaster is not upright,
the guide rods will fall out. You will
note that the operating lever can be
tilted upward so the case will clear it.

The outside element must be re-
moved before the inside element can
be removed. First remove the bread
guide wires and then remove the hex
nuts located at she bottom of the
outside elements. After the screws

have been removed, press the top of
the elements inward until they can
be raised up through the bread slots.
Now remove the bus bars holding the
center elements in place, and remove
them upwards through the bread slots.
Notice that the elements fit into small
slots at the base of the toaster and
that the side of the element on which
the wire is wrapped faces the bread.
The ampere rating of the outside ele-
ments is greater than that of the in-
side elements. Ratings are stamped
on the top of the center elements; be
sure to replace elements in the proper
places.

To remove the switch and trip lever
assembly, remove the two screws hold-
ing this to the base. The upper switch
assembly is held in place with two
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rivets which may be replaced by nuts
and secrews on reassembly.

The lower switch assembly is also
riveted, but this must be re-riveted
on reassembly; therefore, unless you
have facilities for riveting, exercise
discretion in removing it. The trip
lever assembly is removed by working
from under the base, spreading the
horseshoe washer open, and sliding it
off the main trip lever pin. Any of
the parts can now be replaced.

The operating time of this toaster
is 1% minutes for the heat-up time
of the bi-metal. The cool-off cycle
should be complete in another %
minute.

If further adjustments are needed,
try to get a copy of the manufac-
turer’s service bulletin. Some adjust-
ments affect more than one operation.

GENERAL ELECTRIC CO.
TOASTER 159T77 AND 179T77

This toaster, Fig. 15, is quite similar
in operation to that of the Toast-
master. In addition, it is equipped
with a stay-warm device, which is
operated by a single lever on the con-
trol end of the toaster. It prevents
the carriage from rising when the
toasting cycle is completed, keeping
the toast warm as long as heat re-
mains in the toaster wells.

This toaster has two escapement
triggers. The slightly lower one holds
the carriage down and holds the main
circuit on. When the stove or coil of
the bi-metal is shunted out of the cir-
cuit, this trigger is released, allowing
the latch bar to rise very slightly to
the second trigger, which is released
at the end of the cool-down cycle of
the bi-metal.

Removal of Chassis. Remove the
set screw from the bottom side of the
handle and slide off handle. Pry off
the name plates on both ends of the
toaster by inserting a small screw
driver between the left end on the
nameplate and the slot.

Two end shell screws and a hex nut
underneath the top shell hold it in
place. Lift it off. If the bread guide
wires are not to be removed, wrap an
elastic band around them, otherwise
lift them out before inverting the
toaster.

With the toaster inverted, remove
the five base screws and lift the
chassis off the base by raising the
back end and feeding the cord into it.

Removal of Timer. First remove
the chassis and then the terminal con-
nection screws holding all leads to
the timer. Pull the keep-warm latch
from the control lever. Remove the
split type rivet holding the control
lever and the calibrating link of the
timer together. Now invert the toaster
and remove the two screws from the
bottom that hold the timer to the
base.

Removal of Carriage Assembly.
Remove the chassis and the bread
guide wires as previously described.
Remove the carriage spring, the top
and bottom center post screws, and
the bumper spring. Move the carriage
mechanism forward and pull out the
center post, then pull the carriage
out, taking care not to damage the
units.

Obscrve carefully the order of dis-
assembly of the parts, so you will not
be confused on reassembly.

Removal of Heating Elements.
Remove the chassis and lift out the
baflles (reflectors). At the bottom of
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FIG. 15. The General Electric automatic toaster Model 159T77 and 179T77.



each of the outside elements, remove
the two terminal serews and push the
carriage in the down position so you
can push the top of the outside ele-
ments towards the bread well, and
lift them out of the frame.

To remove the inside elements, first
remove the center bus bar connectors,
and push the top of the elements to-
wards the bread wells. Again with
the carriage down, lift out the ele-
ments.

Removal of Cordset and Base
Ends. With the chassis removed, dis-
connect the cordset terminals at the
back end of the base. Remove the
strain relief knot and pull the cord
out. The base ends are held in posi-
tion with two screws going through
from inside the base.

Adjustments. There are numerous
adjustments necessary for proper op-
eration of this toaster. It is recom-
mended that you procure instruction
sheets from the manufacturer before
you attempt adjustments other than
the cool-down adjustment screw and
the control dial.

The other adjustments include the
clearances of various latch bars and
triggers in relation to each other. Ad-
justments are made by bending and
close tolerances, for which data sheets
are necessary.

PROCTOR ELECTRIC CO.
MODEL 1467A

In this toaster, shown in Figs. 16A
and 16B, the bread lifter knob is
depressed, latching the controls in
the control box. The thermostat near
the element makes contact with the
permanent contact point, and the
movement of a crank assembly allows
a spring to slide a jam plate along a
latch bar.
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The flow of current through a hot
wire makes it expand, allowing the
jam plate to slide still farther along
the latch bar. When the toasting
cycle has been completed, the thermo-
stat breaks the circuit, and the hot
wire contracts, pulling back on the
pivot yoke and jam plate, disengaging
the latch keeper and releasing the
bread lifter spring.

Movement of the rising carriage
releases the control elements and
springs put them in position for the
next cycle.

If the toaster is still hot from pre-
vious toasting, the slight heat retained
in the thermostat operates the cycle
more rapidly and maintains the prop-
er color of the next batch of toast.

Servicing Procedure. With the
toaster inverted, remove the crumb
tray and squeeze the control box cov-
er, then lift it off. Disconnect the cord
leads by removing the two hex nuts,
remove the cord retainer screw, and
remove the cord sleeve and remove
the cord by pulling it out through the
base.

Straighten the cotter pin on the
adjusting knob cam, turn the knob to
the mid-point, and remove the pin.
Then remove the knob, cam shaft, the
cam clicker stop spring, the contact
lifter bracket, and the cam shaft
spring.

Straighten the body tabs and set
the toaster upright. Remove the set
screw from the bread lifter knob and
pull off this knob. Lift the body of
the toaster and strike the base down-
ward with the hand. If prying is
necessary, take care not to damage
the body. This will separate the base
from the body.
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FIG. 16A. The Proctor Model 1487A automatic toaster.
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FIG. 16B. Wiring of Proctor Model 1467A.

After disconnecting and straighten-
ing the element and thermostat leads
from the terminal block, take out the
four control box screws that go into
the end plates and lift out the control
box assembly. It will be necessary
to slide this away from the thermo-
stat location. The control box con-
tains all the operating mechanism of
the toaster.

The elements are held in place by
metal tabs or rivets, but are easily
reached with the control box removed.
The outside elements may be replaced
without removing the control box. All
elements are guided into channels
formed by tabs.

In order to remove the carriage
rack assembly, the bread lifter spring
and dash pot must be disconnected.

Then the nuts placed on each end of
the bottom of the toaster frame are
removed by removal of their retain-
ing screws.

This toaster is adjusted by turning
the adjusting dial, which is under the
control box, until it will toast to the
degree indicated by the adjusting
knob. Bread test this toaster with
the adjusting knob on medium. If
toast is not done just right, turn the
adjusting dial (not knob) in the di-
rection indicated on the control box
cover.

To test the compensation, run a
series of three slices through the
toasting cycle. If this does not pro-
duce toast that is the same each time,
the compensator blade may be bent
slightly nearer or farther from the
bread. Never let the blade come be-
yond the guide rods.

If large adjustments are necessary,
replace the thermostat.

Note: This toaster is connected in
series-parallel. The outside elements
are in series with each other, making
both inoperative if either fails. The
outside elements are then connected
in parallel with the inside element.
(See Fig. 1D.)

Automatic Combination Type—
Clock Timer, Thermostat Switch

WESTINGHOUSE MODEL
TO-521 TOASTER

This is a two-slice automatic toast-
er. If a single slice is to be toasted,
place it in the well that is so marked.
Set the control knob at LIGHT, ME-
DIUM, or DARK, depending upon
how the toast is desired.

The earriage is pushed downward
by a lever until it latches, beginning
the cycle of operation. A clock timing
mechanism releases this carriage,
which will pop up when the toast is
cooked. This time is predetermined
and should complete its cycle in from
90 to 105 seconds.
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The thermostat of this toaster is
placed adjacent to one of the heating
elements and will be subject to exact-
ly the same heat as the bread. There-
fore, after a definite amount of heat
has been supplied, the thermostat will
break the circuit, regardless of the
time remaining on the timer.

Adjustments of the control knob
will vary, depending on the thickness.
texture, or freshness of the bread used.

This toaster is of the compensating
type, which means that it will give
approximately the same color toast,
whether the toaster is hot or cold.

SERVICING

The carriage handle is removed by
pressing it down far enough to clear
the fixed portion and removing the
set screw from the side. The outer
casing must be removed to remove
the two casing handles.

The handle on the carriage side is
iield on by two screws. One from in-
side the casing, and the other from
without. The handle opposite the
carriage side may be removed by re-
moving the self-tapping screw from
inside the casing.

Outer Casing. Remove the car-
riage handle and turn the toaster up-
side down to remove four sheet metal
serews in the base, and then turn it
right side up again. Lift the casing
off at an angle so that the carriage
lever is the last part cleared. While
the casing is off, check for proper
clearance of wires and thermostat
movement, see Fig. 17.

Baffle. The baffle is a heat shield
and is held in place by a speed-clip.
Remove the carriage handle and the
outer casing, and then turn the con-
trol dial to the darkest position. By
turning the speed-clip a quarter turn,
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FIG. 17. The outer casing of the Westing-

house toaster model TO-321 has been re-

moved to show the thermostat, timer, and
latch assemblies.

you can lift it off easily, and the baffle
may be lifted off.

Observe the position of the baffle
in order to replace it correctly. Check
clearance of parts adjacent to the
baffle.

Toaster Base. Remove the car-
riage handle, the outer casing, the
baffle, and pull out on the control
knob to remove it. Remove the screws
holding the end supports to the base.
After lifting up the frame, slide it up
the control shaft until it clears the
base.

Turn the frame upside down and
remove the terminal leads held in
place by two hex nuts and washers,
Fig. 18. Remove the cord from the
base after unwrapping the leads and
then straighten the lugs of the hinge
holding the bottom cover, and remove
the cover from the base.

Cord. Open the bottom cover and
disconnect the cord leads by removing
the two hex nuts. Cut the plug end
off the cord and pull the cord through
the inside of the toaster. If the cord-
set is to be replaced, it is best to use
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FIG. 18. Underneath view of Westing-
house TO-521.

a cord with a detachable plug to avoid
further disassembly of the toaster.
The cord terminals and binding make
it difficult to put the cord through the
hole from the outside.

Heating Elements. With the
toaster set upside down, open the bot-
tom cover, Fig. 18. Remove the four
machine screws that will be found on
the ends of the two terminal straps.
Remove these screws as well as the
two hex nuts, one holding each ter-
minal strap to the frame. The ele-
ments may be lifted out of their slots.

The outer elements have a higher
wattage rating than the inside ele-
ments. These may be identified by
inspecting the screw holes at the bot-
tom of the elements. The holes of
the inside elements are tapped and
those for the outside elements are not.

In replacing the elements, be sure
that they have slight play in all direc-
tions. If not, they will buckle when
heated and the toast will have dark
and light spots.

Timer. Remove the outer casing
and the baffles, free the base from the
control shaft, then turn the frame up-
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side down, Fig. 19. Remove the stop
plate screw and stop plate, which are
on one side of the control shaft ten-
sion spring. Remove this tension
spring by relieving tension on the
=haft and pushing it towards the left.

Pull out the control shaft, straight-
en the tabs coming through from the
timer, and place the frame in an up-
right position. Slide the timer to the
right to clear the supports and then
move it away from the front support,
rotating it until it clears the latch
assembly.

The latch assembly will come out
with the timer when it clears the car-
riage and the lever guide.

Contact Terminal Assembly.
Follow the instructions under TIMER
until the frame is inverted, then re-
move the two hex nuts and washers
from the contact terminal assembly at
the control end of the toaster.

Remove the single screw holding
the contact assembly to the frame.
Remove the two machine screws hold-
ing the tee-terminal to the terminal
straps, and remove the tee. Remove

Courtesy W estsmghouse

FIG. 19. Underneath view of Westing-
house TO-521 with outer casing and baf-
fles removed.
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the thermostat wire connection and
slide the terminal contact out of the
slot at the opposite end from its hold-
ing screw.

Contact Carrier. The carrier and
contacts are attached to one another;
therefore, if either needs replacement,
both must be replaced. Remove the
timer, latch assembly, and contact ter-
minal assembly as previously de-
scribed, and then lift out the two
guide rods.

With a pair of pliers, remove the
long spring, Fig. 20, connecting the
carriage and the front support. With
pliers, open the slotted opening in the
contact carrier. This allows the
spring and cotter pin to be removed.

Straighten the slotted opening and
remove the carrier by lifting the car-
riage assembly with one hand while
tilting the lower part of the contact
carrier forward.

Guide Rods. Remove the outer
casing and the contact terminal as-
sembly as previously described. The
guide rods can be removed by pulling
up on the bottom of the rods. Make
sure these rods ride freely when re-
assembled.

Carriage Assembly. Remove the
contact carrier as previously de-
scribed, and then straighten the tab
on the dashpot to remove the shaft
and washer. Carefully line up the
carriage lifting bars with the cross
slots of the toaster frame, and pull
the carriage out through the slots.
Remove the carriage springs and cot-
ter pins.

Thermostat Bracket Assembly.
As you will note, this is in one piece,
Fig. 17, and is so placed that it is ad-
jacent to the outside element on the

“‘-ﬁouc SPRING
~ LATCH ASSEMBLY

\
1}
"

¥

CONTACT TERMINAL
ASSEMBLY

Courtesy Westinghonse
FIG. 20. Adjusting the contact carrier
assembly.

side of the toaster marked SINGLE
SLICE. To remove this assembly, re-
move the outer casing and the two
screws holding the leads to the ther-
mostat. With long nose pliers, remove
the spring from the bracket assembly.

This spring holds the bracket
against the adjusting knob. Remove
the two screws and washers holding
the latch-lever guide and lift it off to
release the bracket swivel pin which
will drop through the bottom when
the bracket is lifted.

Reassembly of the above groups is
done in the reverse order.

Adjustments. The timer should
be set to operate between 90 and 105
seconds. Adjustment can be made by
turning the latch bar adjusting screw.
One turn will make a difference of
about 12 seconds. .

The thermostat bracket assembly
should be adjusted so that the out-
most point of the bracket is 11/16
inch from the element, Fig. 21. This
adjustment may be made by loosen-
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F1G. 21. Adjusting the thermostat bracket
assembly.

ing the latch-lever guide and moving
it in the necessary direction to get
this clearance.

The adjusting screw for thermostat
calibration is held in place by a lock
nut. Loosen the lock nut and turn the
screw counter-clockwise to get dark-
er toast and clockwise for lighter
toast. If you cannot get the desired
result with a rotation of 180 on the
adjusting screw, the thermostat brack-
et assembly should be replaced.

SUMMARY

You have now passed another mile-
stone in preparing for your career as
an electrical appliance repair man.
Electric toasters are so popular today
that if you mention in front of your
friends that you have learned how to
repair electric toasters in your NRI
Electrical Appliance Servicing course,
you will probably get a job at once,
or very shortly, repairing his or her
faulty toaster!

Although you have encountered a
number of new parts and mechanisms
in this lesson on electric toasters, you

|

have also learned that they all employ
the same basic principles which you
learned earlier in this course. Thus,
a thermostat merely contains a heat-
ing element and a switch which is
operated when the heating element
has reached a certain temperature.
A clock timer may be electric or
neclanical; but in either case, after
a certain time has elapsed, determined
by the number of revolutions of a
wheel and timer, a switch will open
or close. Indicating devices such as
pilot lights and simple bells employ-
ing magnets to raise steel balls
(which are then dropped on to a bell
resonator) are, as you have learned,
very simply connected.

With the information you have
learned in this course and the material
we have given you on the many dif-
ferent types of electric toaster, you
will have no difficulty in servicing just
about any electric toaster brought in
for service. Remember, if you should
run up against a toaster whose con-
struction is completely different from
any described in this lesson, write to
the manufacturer for service informa-
tion before you begin to take it apart.
But before doing this, sit down and
study the unusual toaster very care-
fully and compare it with the many
types illustrated in this lesson. The
odds are, you will find that it com-
bines the features of several of these,
and, by carefully selecting the section
from each toaster which applies to the
strange model, you should have no
difficulty in servicing it.

You may be wondering why there
should be so many different ways of
doing the same thing—such as meas-
uring the time that the heat is on.
In moset cases, patents are the cause
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of the sometimes unorthodox, often
unusual, methods of controlling the
cooking time. In other words, in
efforts to get around some controlling
patents, designers achieve some rath-
er fantastic devices at times!

NOTES ON ORDERING
REPAIR PARTS OF TOASTERS

When you write to a toaster manu-
facturer, or any other appliance man-
ufacturer for information or repair
parts, be sure to include the following:

1. Description, model number and
serial number.

2. Date of purchase by user if ap-
pliance is claimed to be within the
guarantee period.

3. Nature of defect, cause of fail-
ure, or detailed complaint made by
your customer.

4. Authorization to proceed with
repairs if within guarantee period;
or a request for estimate of cost of
such repairs.

5. Shipping instructions for return
of appliance.

6. Complete billing instructions.

In writing a manufacturer, or in
returning appliances for repair, be
sure your address is in the letter and
on all packages. Transportation
charges should be prepaid; of course,
they may be legitimately passed on
to your customer. Be sure that you
have carefully packed all appliances
or parts to prevent further damage.

Ordering Repair Parts. Many
repair parts are not interchangeable
in the various toasters. It is neces-
sary, therefore, to furnish the follow-
ing information if ordering replace-
ment parts from large wholesale
houses instead of the original manu-
facturer:

1. Make of toaster.

2. Model number of appliance for
which part is required.

3. Quantity, part number and de-
scription of part.

4. SPECIAL NOTE: When order-
ing heating elements for toasters, give
the markings on the old elements
which are to be replaced: such as,
2.64 amp., 2.73 amp., 55-V, 315-W,
etc. Also, state the position of the
elements when facing front of toaster.
EXAMPLE: On a two-slice toaster,
the location of the elements would be
as follows:

(a) Left outside

(b) Left center

(¢) Right center

(d) Right outside

5. If the information requested in
paragraphs 1, 2 and 3 is not available,
return the used part as a sample.

6. Service transactions are usually
handled on a C.0.D. basis, unless pay-
ment is made in advance. This prac-
tice is to expedite shipment and is in
no way a reflection on customer’s
credit standing.

Now that you have read this lesson
once, go over it and read it again very
thoroughly, underlining any parts
which seem to you to be particularly
important. Remember that these les-
sons form a very valuable source of
service information and should be
kept conveniently at hand on your
service bench.

When you are sure that you under-
stand what is in this lesson, fill out
your name, address, student number,
etc., as requested on the lesson answer
sheet and proceed to answer the ten
questions to the best of your ability.
Then mail it in to NRI.



TOASTER MANUFACTURERS Lasko Metal Products, Ine.

Bersted Mfg. Co.
Div. of McGraw Electric Co.
Boonville, Mo.

Camfield Mfg. Co.
14-102 Merchandise Mart
Chicago 54

Illinois

Capitol Products Co., Ine.
Winsted, Conn,

Chicago Electric Mfg. Co.
6333 West 65th St.
Chicago 38, Ill.

Dominion Electrie Corp.
150 Elm St.
Mansfield, Ohio.

Dormeyer Corp.
(Toastmaker)

700 N. Kingsbury 8t.
Chicago, IlL

General Electric Co.
Small Appliance Div.
1285 Boston Ave.
Bridgeport 2, Conn.

General Mills Home Appliances
(Betty Crocker)

Appliance Service Co.

1516 E. Lake St.

Minneapolis, Minn.
Knapp-Monareh Co.

(K-M)

3501 Bent Ave.

St. Louis 16, Mo.

Landers, Frary & Clark
(Universal)
New Britain
Connecticut

{General) (United)
438 W. Gay St.
W. Chester, Pa.

Metal Ware Corp.
(Empire)

1700 Monroe St.
Two Rivers, Wis.

Nelson Machine & Mig. Co.
Box 354
Ashtabula, Ohio.

Proctor Electric Co.
3rd St. and Hunting Park Ave.
Philadelphia 40, Pa.

Son-Chief Electrics, Ine.
Winsted
Connecticut

Stern-Brown, Inc.

(Superstar Toastrite, Superstar)
42-24 Orchard St.

Long Island City 1, N. Y.

Sunbeam Corp.
5600 Roosevelt Rd.
Chicago 50, IlI.
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Toast-O-Lator Co., Inc.
10-23 Jackson Ave.
Long Island City 1, N. Y.

Toastmaster Products Div
McGraw Electric Co.
Elgin, I11.

Westinghouse Electric Corp.
Electric Appliance Div.
Mansfield, Ohio




Lesson Questions

Be sure to number your Answer Sheet 9AA.

Place your Student Number on every Answer Sheet.

i Most students want to know their grade as soon as possible, so they

‘ mail their set of answers immediately. Others, knowing they will finish

¢ the next lesson within a few days, send in two sets of answers at a time.
Either practice is acceptable to us. However, don’t hold your answers
too long; you may lose them. Don’t hold answers to send in more than
two sets at a time, or you may run out of lessons before new ones can
reach you.

10.

What part in an automatic toaster is not operating properly if the pop-up
mechanism rises too rapidly and throws the toast out of the toaster?

What is the trouble if & connection on a terminal of a toaster turns blue?

If you repair a burned-out heating element with a mending sleeve, which
should you tell your customer: (1) that it is a permanent repair, or (2) it
is a temporary repair?

When dismantling a toaster, should you expect to have to pry some of the
parts loose to get the toaster apart?

List the three general classes of toasters.
Name the four types of timing mechanisms used on automatic toasters.

Give two reasons why you should not probe around inside a toaster with a
metal object.

Name the four parts found in the electrical circuit of the simplest toasters
What is an escapement mechanism usecd for in a timer?

What is the purpose of the bi-metal strip or blade found in some automatic
toasters?
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HOW TO DEVELOP
CONFIDENCE

Self-confidence—an active faith in your own pow-
er to accomplish whatever you try to do—is a per-
sonal asset which can do big things for you.

One thing which builds self-confidence is a suc-
cessful experience. Each lesson completed with a
passing grade is a successful expericnce which will
build up confidence in you.

Little successes are contagious. Once you get a
taste of success, you’ll find yourself doing something
successful every day. And before you realize it, your
little successes will have built up to that big success
you’ve been dreaming of. So get the habit of success
as fast as possible. Resolve to study every day, even
if only for a few minutes.

Another confidence builder is a deep, firm faith
in yourself—in your ability to get ahead. If you do
believe in yourself and you are willing to back up
this faith with good hard studying, you can safely
leave the final result to itself. With complete con-
fidence, you can look forward to an early success in
Appliance Servicing.

Act as if you could not possibly fail, and you will
succeed!
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1.

2.

3.

4.

5.

6.

1.

Study Schedule No. 22

Introduction. . ........... .. ... ...

A Modern Five-Tube AC-DC Receiver. ..............

Pages 3-7

A stage-by-stage analysis of the type of radio most widely sold today is

given.

A Pre-War AC-DC Receiver. . .................... ...

Pages 8-15

You will learn that pre-war ac-dc receivers did not differ much from
present day ones, but you will see examples of what circuit variations

there are.

A Five-Tube AC-Operated Receiver..................

Pages 15-23

Here we study a set that uses a power transformer, and can therefore be

operated only from an ac power line.

A Four-Tube Superheterodyne......................

A brief analysis of a four-tube superheterodyne, showing
from a five-tube set.

A Four-Tube TRF Receiver. ........................
A brief analysis of a four-tube trf set.

Answer Lesson Questions.

Start Studying the Next Lesson.

COPYRIGHT 1959 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D.

JDL23M1158

Pages 24-26

how it differs

Pages 27-29
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Printed in U.S.A.
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ANALYZING TYPICAL
RECEIVERS

HEN a service technician is re-

pairing a radio or TV set, he sel-
dom has to analyze the entire circuit.
Usually the type of complaint will in-
dicate which stage the defect is likely
to be in. Once he knows that the defect
is probably in one or two stages in a
receiver he will then study those stages
to see how they are supposed to work
and to see what parts are likely to be
causing the trouble.

However, even though a technician
may not have to analyze the entire
circuit when he is repairing a set, he
should be able to do so, because each
set he works on may have a defect in a
different stage. For example, you
might first repair a set having a defect
in the audio system. The very next set
might have a defect in the power sup-
ply, and the next set after that might
have a defect in the mixer, the i-f, or
the oscillator circuit. Therefore, you
should be able to tell from a schematic
diagram how the various stages work.
You should be able to trace out both
the dc circuits and the signal circuits
and decide which parts are in each
circuit.

Being able to analyze the schematic

diagram of a receiver and determine
how each stage works is chiefly a mat-
ter of understanding the individual
circuits, and of getting practice in
tracing out the schematic diagrams.
You have already studied all of the
circuits you are likely to encounter in
a radio receiver. You have had some
practice in tracing out the circuits on a
schematic diagram. The purpose of
this lesson is to give you additional
practice in tracing out circuits, to
show you a few new circuits, and also
to give you practice in recognizing the
various symbols used by manufac-
turers and the styles used in drawing
schematic diagrams.

In studying the receivers analyzed
in this lesson, you will also become
familiar with some of the minor circuit
variations fround in different receiv-
ers. We cannot cover in a single lesson
all of the various circuits you are likely
to encounter, but we will cover the
most important ones.

We have selected diagrams that will
familiarize you with various radio re-
ceiver types. We have reproduced each
diagram just as the manufacturer
shows it, so that you will become




familiar with the various systems.
These diagrams are stapled into the
center of the book, so that you can re-
move them and refer to them easily.
Carefully open the staples, remove the
diagrams, and close the staples again.

Today, most of the table-model
radio receivers manufactured are 5-
tube ac-dc reccivers. However, there
are still a few receivers manufactured
that operate from a power transformer,
and millions of these sets made in the
past that are still in use. You are
likely to run into both types in service
work.

Most of the tubes used in modern
receivers are miniature tubes that are
about three-quarters of an inch in
diameter and between two and three
inches high. However, there are still
many receivers in service using the
older, larger tube types. The tubes
used in the receivers we have selected
are typical of the tubes found in both
old and new receivers; they are typical
of the types that you are likely to re-
ceive for servicing. Learning to recog-
nize some of these tube types will be a
big help to you in service work. It will

mean that you will be able to look at a
receiver or at the schematic diagram of
the set and immediately identify cer-
tain stages in the receiver from the
tube types.

In reading the discussion of the
various receivers in this lesson, take
the time to refer to the parts and cir-
cuits on the schematic diagram when-
ever they arereferred toin the text. This
will give you valuable experience in
finding parts and circuits on a dia-
gram. You will get practice tracing out
schematic diagrams. You will find
that this is the type of experience that
you need in order to become a top-
notch technician. In many cases the
dividing line between the top-notch
technician who knows exactly what he
is doing, and the mechanic who does re-
pair work by trial and error, lies in the
ability of the technician to read and
analyze schematic diagrams, and the
inability of a mechanic to do so.

Since most radios sold for home en-
tertainment today are 5-tube ac-de
receivers, we will start our study of
typical receivers with an anaiysis of
a receiver of this type.




A Modern Five-Tube
AC-DC Receiver

A schematic diagram of a typical
modern five-tube ac-dc receiver is
shown in Fig. 1 (in the center of the
book). This receiver is called an ac-de
receiver, because it can be operated
from either an ac or a dc power line.
When it is operated from a dc¢ power
line, the power cord must be plugged
into the power outlet with the polarity
shown. When it is operated from an ac
power line, it can be plugged in with
either polarity. However, even when
the set is operated from an ac power
line, the side of the plug that connects
to the on-off switch will connect to B—
in the receiver, and the other side will
connect through the rectifier tube
to B+.

We will analyze this receiver by
tracing out both the de¢ supply circuits
and the signal circuits. In tracing out
these circuits, we will point out any-
thing unusual that has not already
been covered in your lessons.

THE POWER SUPPLY

The rectifier used in this receiver is a
conventional half-wave rectifier using
a type 35W4 tube. This is a modern
miniature tube designed for this type
of use. As you have learned, in this
type of receiver, current flows from one
side of the power line to B—, through
the various amplifier tubes in the re-
ceiver, and to the cathode of the recti-
fier tube. Current flows from the
cathode to the plate of the rectifier
tube whenever the polarity of the
power line is such that the plate of the
tube becomes positive with respect to
the cathode. If the set is operated
from a dc power line, the plate will
always be positive. When the plate is
positive, electrons will flow from the

cathode to the plate, and then through
the 39-ohm resistor in the plate circuit,
that is marked 24. Some of the elec-
trons will then flow through the pilot
light marked 32, and some of them will
flow through the section of the recti-
fier heater between terminals 4 and 6,
back to the other side of the power line.

The filter network used to smooth
the pulsating dc flowing through the
rectifier to pure dc consists of a dual
electrolytic capacitor marked 6 on the
diagram, and the 1000-ohm filter re-
sistor marked 23. A dual electrolytic
capacitor is one having two separate
capacitors in the same container. The
30-mfd capacitor, marked A, is the in-
put filter capacitor, and the 50-mfd
capacitor marked B is the output
filter capacitor. In this particular re-
ceiver, since the negative leads of both
sections of the filter capacitor connect
to B—, a common negative lead is
brought out of the capacitor. Two
separate positive leads are also brought
out. Thus, instead of having four
leads, the capacitor has only three, be-
cause the negative lead is common to
both sections. In replacing this capa-
citor there is no reason why you could
not use a capacitor with separate posi-
tive and separate negative leads; you
simply connect both the negativc leads
to B—. You could also use two separ-
ate capacitors instead of the dual capa-
citor.

While we are looking at the rectifier
circuit, it might be well to look at the
heater circuit. Notice that one side of
the power line is connected directly to
B—. The heater of the 12AT6 tube,
which is the second detector and first
audio stage in the receiver, is connected
at the end of the string nearest B—.




We next have the 12BE6 converter
tube and then the 12BA6 i-f tube. Each
of these three tubes operates on a heat-
er voltage of 12.6 volts. The number
12 preceding the letters indicates this.
The 50B5 tube is the next tube in the
heater string; the 50 preceding the
letter B indicates that this tube oper-
ates with a heater voltage of 50 volts.
The final tube in the heater string is
the 35W4 rectifier tube, which operates
with a heater voltage of 35 volts.

THE DC CIRCUITS

We can simplify the tracing of the
de circuits of the amplifier tubes by
tracing these circuits more or less all
at once. Remember that electrons
will flow from B— to the cathodes of
the tubes, through the tubes to the
screens and plates, and then back to
B+. Let’s trace the cathode circuits
of the four amplifier tubes from B—
back to B4, first.

The cathode of the 12BE6 tube is
connected to B— through part of the
oscillator coil, 29. Notice the lead from
the cathode goes to the tap on the coil,
and one end of the coil is connected di-
rectly to B—. The cathode of the 12-
BAG6 tube connects to B— through the
120-ohm resistor marked 17; the cath -
ode of the 12AT6 tube is connected
directly to B—, and the cathode of the
50B5 is connected to B— through the
150-ohm resistor marked 22. Thus we
see how electrons can get from B— to
the cathodes of each of these tubes.
Let’s trace the plate and screen circuits
tosee how the electrons get back to B4-.

Looking at the 12BE6 tube first, we
see that the plate connects to the upper
end of the primary winding of the i-f
transformer, the screen to the lower
end of the winding. The lower end is
connected back to the positive side of
the 50-mfd output filter capacitor.

The plate and screen of the 12BA6
tube also connect to the 50-mfd output

filter capacitor; the screen directly,
and the plate through the primary
winding of the output i-f transformer.
The screen of the 50B5 tube also con-
nects directly to the output filter capa-
citor. The plate of the 12AT6 first
audio stage connects back to the 50-
mfd output capacitor through the
470K resistor marked 20 on the dia-
gram.

Connected from the output filter
capacitor back to the cathode of the
rectifier tube is the 1000-ohm filter re-
sistor, 23. All the B+ leads coming
back to the positive side of the output
filter capacitor connect to the cathode
of the rectifier through the filter re-
sistor.

Notice that the lead from the plate
of the 50B5 tube does not connect to
the 50-mfd output filter capacitor, but
instead connects directly to the cath-
ode of the rectifier and the positive
lead of the 30-mfd input filter capa-
citor. We've seen this arrangement be-
fore; we'll explain it once again to be
sure you know why it is used, and why
using it does not result in excessive
hum from the speaker.

The reason it is used is to avoid ex-
cessive voltage drop in the 1000-ohm
filter resistor. The plate current of
the 50B5 tube is quite high. In fact,
in most receivers of this type the plate
current flowing in the output tube will
be higher than all the rest of the cur-
rents in the receiver combined. You
will remember that the voltage drop
across a resistor is equal to the product
of the current flowing through it times
the resistance of the resistor. There-
fore, if the current through the filter
resistor were too high, there would be
an excessively high voltage drop across
it, and the voltage available for the
plates and screens of the tubes in the
set would be quite low. We can reduce
the current flowing through the re-




gistor by bringing the plate circuit of
the output tube back directly to the
cathode of the rectifier tube.
Although you might think at first
that bringing this lead directly back
to the cathode of the rectifier tube
would result in hum in the speaker,
let’s see why it doesn’t. As you know,
there is considerable ac superimposed
on the de¢ at the output of the rectifier
tube, which the filter resistor and the
output capacitor are used to eliminate.
However, the 50B5 tube is a beam
power tube. (The schematic diagram
shows the two beam-forming plates be-
tween the screen and the plate of the
tube). One of the characteristics of
screen-grid tubes, beam-powered tubes
and pentode tubes is that the plate cur-
rent depends very little on the plate
voltage. It depends primarily on the
screen-grid voltage and the control-
grid voltage. Because the plate cur-
rent depends very little on the plate
voltage, a small amount of hum volt-
age at the plate of the 50B5 tube will
cause little or no variation in the cur-
rent flowing through the tube and
through the primary of the output
transformer. Since the transformer
operates on current changes through
the primary, there will be no hum cur-
rent induced in the secondary winding.

THE SIGNAL CIRCUITS

Converter. The converter tube in
this receiver is a 12BE6 tube, which
performs the dual function of mixer
and oscillator. You will remember
that this tube has five grids and is
called a pentagrid converter. The sig-
nal picked up by the antenna is fed to
the No. 3 grid. The No. 1 grid is the
oscillator grid, and the No. 2 grid is the
oscillator plate. The No. 4 grid, which
is connected inside the tube to the No.
2 grid, is the screen grid, and the No. §
grid, the suppressor grid.

Notice that the antenna is a loop an-

tenna. In most locations it will pick
up enough signal to give satisfactory
reception. However, the diagram
shows a single turn wound around the'
loop. This actually consists of one or
two turns of wire forming an addi-
tional winding on the loop antenna
form. An external antenna and ground
can be connected to this winding to
provide better signal pickup. The
ground should be connected only to
this winding on the loop, which does
not make any connection to the re-
ceiver chassis or any other part of the
receiver and therefore creates no haz-
ard. A ground should never be con-
nected to the chassis of an ac-dc re-
ceiver.

The signal picked up by the loop is
fed directly to the grid of the mixer
section of the 12BE6 tube and to the
cathode of the tube through the .1-
mfd ac by-pass capacitor marked 11
on the diagram, and through part of
the oscillator coil.

The oscillator circuit is a conven-
tional Hartley oscillator circuit. Re-
member that the small gimmick wind-
ing shown on the oscillator coil is
actually used to provide capacity be-
tween the oscillator tank circuit and
the oscillator grid of the 12BE6 tube.
The oscillator signal developed on the
No. 1 grid of the tube modulates the
electron stream flowing from the cath-
ode to the plate as does the input sig-
nal applied to the No. 3 grid of the
tube, so that we have a mixing of the
two signals in the tube.

Notice the 15-meg resistor marked
15 on the diagram. This resistor con-
nects from the oscillator grid of the
12BE6 tube to the avc line. The ave
line in turn connects, through the loop
antenna, to the control grid of the
12BE6 tube, and to the grid of the
12BA6 tube. The purpose of this re-
sistor is to provide a minimum bias on
the 12BE6 and 12BA6 tubes. The



grids of these tubes rely on the voltage
on the ave line for most of their bias.
When the set is first turned on or when
there is no station tuned in, there will
be no ave voltage, and hence no bias at
all on the No. 3 grid of the 12BE6 tube,
and very little bias on the control grid
of the 12BA6 tube. Under these cir-
cumstances the tubes may draw ex-
cessive current, which would shorten
their lives. The 15-meg resistor con-
nected from the ave lines to the oscil-
lator grid provides a certain minimum
bias at all times from the oscillator sec-
tion of the 12BE6 tube. You will re-
member that when an oscillator is
working, the signal drives the grid so
hard that it goes positive once during
each cycle. When the grid is driven
positive, electrons will be attracted to
it. These electrons will charge the
grid capacitor and at the same time
flow through the grid resistor back to
the cathode of the tube. When the
grid is not drawing current, the grid
capacitor will discharge through the
grid resistor. The grid capacitor in
this circuit is, as we mentioned, the
capacity between the gimmick and the
tank circuit of the oscillator coil. The
grid resistor is the 22K resistor 16.
The oscillator operation will set up a
de voltage across this resistor. Elec-
trons flowing from the oscillator grid
back to the cathode will develop a
voltage across the resistor, making the
grid end negative. This negative volt-
age is divided by the 15-meg resistor
and the combination of the 3.3-meg
resistor 18 and the 500K volume con-
trol, 14. The portion of this voltage
across the 3.3-meg resistor and the
volume control is used as the minimum
bias for the 12BE6 and 12BA6 tubes.

I-F Amplifier. The i-f amplifier is
similar to the i-f amplifiers you have
already studied. The primary winding
of the input i-f transformer forms a
parallel resonant circuit with the capa-

citor connected across it. The current
flowing through the primary winding
will induce voltage in the secondary
winding; this voltage is applied to the
grid of the 12BA6 tube and to the
cathode through the .1-mfd capacitor
11 and the 120-ohm cathode resistor 17.
The signal applied between the grid
and cathode of this tube will cause the
plate current to vary, and the varying
plate current flowing through the
parallel resonant circuit in the plate
circuit of the 12BA6 tube will induce a
voltage in the secondary of the output
i-f transformer.
Second-Detector—First Audio. The
second detector and first audio stage
uses a type 12AT6 tube. This is simi-
lar to the second-detector-first-audio
stage you have studied already. Notice
that the diode plate connected to the
No. 5 pin of the 12AT6 tube is used as
the second detector. The diode plate
that connects to the No. 6 pin is con-
nected directly to B— and is not used
in this receiver at all. The diode load
resistor is the 500K volume control,
and the diode filter capacitor is the
220-mmf capacitor 13. You will re-
member that when the diode plate is
driven positive, electrons flow from
the cathode to the diode plate and
through the secondary winding of the
i-f transformer, charging the 220-mmf
capacitor. At the same time, electrons
will flow through the 500K volume con-
trol back to the cathode. When the
diode is not conducting, the 220-mmf
capacitor willstart todischarge through
the 500K volume control. The voltage
across the capacitor and resistor will
depend on the strength of the signal,
and this will vary with the modulation.
The 3.3-meg resistor 18 and .1-mfd ca-
pacitor 11 form the ave filter network.
The signal developed across the vol-
ume control is taken from the center
terminal through the .002-mfd capac-
itor marked 10, and fed to the grid of




the triode section of the 12ATG6 tube.
This tube is biased by convection bias;
in other words, the electrons acciden-
tally striking the grid of the tube and
flowing through the 15-meg grid resis-
tor 19 back to B— develop sufficient
voltage to bias the tube.

The triode section of the 12AT6 tube
is what is known as a high-mu triode.
You will remember that the mu of the
tube is the amplification factor; in
other words, the triode section has a
high amplification factor.

Electrons flowing from the cathode
of this tube to the plate and through
the 470K resistor in the plate circuit to
B+ will vary as grid voltage varies.
This will result in an amplified voltage
appearing across the 470K plate load
resistor. The 220-mmf capacitor mark-
ed 12 and connected from the plate of
the tube to B — is an rf by-pass. If any
rf signal gets through to the plate of
the 12AT6 tube, this capacitor pro-
vides a low impedance path back to
B — to keep it out of the output circuit.

Output Stage. The signal developed
across the 470K plate load resistor is
fed through the .005-mfd coupling
capacitor marked 9 to the grid of the
50B5 tube. The 470K resistor 21 is the
grid resistor, which is in the circuit to
provide a path back to B— for any
electrons accidentally striking the grid
of this tube. Incidentally, it would be
well to know that the size of this resis-
tor should not be increased beyond the
value shown. Output tubes are quite

susceptible to gas, and if too large a
grid resistor is used, the gas molecules
may develop a positive voltage on the
grid of the tube. If this happens, the
current flow through the tube will in-
crease, and this usually results in still
more trouble by ionizing the remaining
gas molecules in the tube and by over-
heating the tube, releasing still more

Notice the .02-mfd capacitor con-
nected from the plate of the 50B5 to
B —. This capacitor by-passes many of
the high-frequency parts of the audio
signal. It reduces the strength of the
higher frequency audio signals, and in
so doing makes the receiver sound like
it has good bass response. The .02-
mfd capacitor serves another purpose
—it eliminates any tendency of the
50B5 output stage to go into oscil-
lation.

SUMMARY

This receiver is typical of the 5-tube
ac-dc receivers that you are likely to
get for servicing. It does not contain
any particularly unusual circuits. In
your career as a technician you will
probably be called on to repair many
receivers having circuits almost iden-
tical to the circuit used in this receiver.
Don’t be at all surprised if you re-
ceive many sets for servicing that have
a tube lineup that is identical to the
tube lineup used in this receiver, and
circuits practically identical to those
used in it.




A Pre-War AC-DC Receiver

Five-tube ac-de receivers are not
new. Manufacturers have been mak-
ing sets like this for many years. A
schematic diagram of a pre-World
War II receiver is shown in Fig. 2,
which is on the diagram sheet you re-
moved from the center of the book.
There were many of these sets manu-
factured and they did not differ too
much from the ac-de receiver shown in
Fig. 1. However, there are some cir-
cuit variations so we will analyze the
circuit of one of these older receivers.
There are millions of them still in use
—you can be sure you’ll get them for
servicing as well as newer sets.

THE HEATER CIRCUIT

First let us look at the heater cir-
cuit used in this receiver. Again, a
quick glance at Fig. 2 tells us that the
heaters of the various tubes are con-
nected in series. However, there are a
few minor variations between this
heater circuit and the heater circuit
shown in Fig. 1.

Notice the on-off switch shown on
the diagram near the power plug. This
switch is a double-pole switch. This
simply means that the switch opens
the circuit on both sides of the power
line. Therefore, when the receiver is
turned off, the power is completely re-
moved from the receiver circuits by
the switch. In the set shown in Fig. 1
only one side of the power line is
opened, and therefore it would be
possible to be shocked if you touched
one of the circuits in the receiver with
the power cord plugged into the wall
outlet, even though the receiver was
turned off. In this receiver, with the
double-pole switch you could still be
shocked by touching the terminals on
the switch, but the other circuits in the
receiver are completely disconnected
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from the power line so that there is no
danger of being shocked from them.
Of course, the way to avoid being
shocked when replacing parts in either
receiver type is to pull the plug out of
the power outlet—this is a safety pre-
caution that all smart technicians take.

In tracing the heater circuit of this
receiver, we see that the side of the
power line shown on the bottom in the
diagram connects to B+. Connected
to this side of the power line is the
heater of the 12SQ7, which is a dual
diode-triode tube. This is the second
detector-first audio stage, and as we
mentioned previously, this is the tube
whose heater is usually connected to
the side of the power line that is next
to B—. Remember this is done to
keep the heater-to-B— potential us
low as possible in order to prevent
hum pickup by the first audio stage.

The next tube in the heater string
is the 125K7, which is the pentode i-f
amplifier tube. Next to it is the
12SA7, which is a pentagrid converter
type tube. As in the case of the re-
ceivers studied previously, the tubes
whose designations start with the
numbers 12 are 12-volt tubes; to be
exact, they require a heater voltage of
12.6 volts.

The next tube in the heater circuit
is the 35L6 beam power tube. This is
a tube with a 35-volt heater. The
letters GT following the designation
35L6 indicate that the tube has a
glass envelope. These are called GT-
type tubes. Tubes of this type are
about the same size as metal tubes,
whereas the older glass tubes used in
the earlier days of radio were sub-
stantially larger than the metal tubes.

Between the heater of the 35L6 and
the heater of the 35Z5 we have an 86-
ohm resistor marked R11 on the dia-



gram. This resistor is needed in the
circuit to use up, or waste, some of the
power-line voltage so that the tubes
in the set will have the correct heater
voltage applied to them. We'll go
back to it in a minute. The last tube
in the heater string is the 35Z5 recti-
fier tube. Notice that this tube has a
tapped heater, and a dial lamp or pilot
light is connected in parallel with part
of it. Finally, the other side of the
35Z5 heater connects to the power line.

All of the tubes used in this receiver
have what is known as an octal base.
An octal base tube is a tube with 8
pins. The pins are spaced evenly
around the tube. In the center of the
tube base there is a stem that fits in-
side a hole in the tube socket. There
is 4 key on the base stem of the tube
and a keyway in the tube socket so

Courtesy RCA

FIG. 3. A metal tube
and a glass tube of
the GT type.

that the tube can be put into the
socket in only one way. The 35L6
and the 35Z5 tubes are glass tubes, the
other tubes are metal tubes. In Fig. 3
we have shown a G'I'-type tube similar
in appearance to the 35L6 and 35Z5
tubes, and a metal tube similar to the
three metal tubes in the receiver, to
give you an idea of what these tubes
look like.

Now let’s go back to the 86-ohm
resistor used in the heater circuit be-
tween the 3525 and 35L6 tubes. Let's
see why this resistor is necessary. To
do this, let’s determine what the total
heater voltage required by the tubes
connected in series is. The 35Z5 and
35L6 tubes require a heater voltage of
35 volts each. Thus the two tubes in
series need a voltage of 70 volts. The
remaining three tubes require a heater
voltage of 12.6 volts each, so con-
nected in series they need a total of
37.8 volts. Therefore, the total voltage
required by these 5 tubes will be 70
volts plus 37.8 volts, which is 107.8
volts. Most power lines have a
higher voltage than 107.8 volts, and
if these tubes were simply connected in
series and placed across the line, the
voltage applied to them would be
gsomewhat higher than normal. We
can eliminate this difficulty by adding
resistance in the heater circuit.

If we want to design this receiver
to operate from a 120-volt power line
without operating the tube heaters at
too high a voltage, we must get rid of
12.2 volts. 12.2 volts is the difference
between the 107.8 volts required by
the tubes and the voltage of a 120-volt
power line. Ohm’s Law tells us that
the resistance needed to get rid of this
12.2 volts will be equal to the voltage
divided by the current. The heaters
of the tubes in this receiver require a
current of .15 amps (which you could
find in a tube manual), so the re-
sistance will be 12.2 divided by .15.
12.2 divided by .15 is about 82. Thus,
if we put 82 ohms in the circuit,
the heater voltage required by the
combination of the tubes and the re-
sistors would be 120 volts. Apparently
the manufacturer decided to use a
slightly larger resistor than 82 ohms.
This would mean that on a 120-volt
power line, or a power line with a volt-



age lower than 120 volts, the tube
heaters would be operated at a voltage
slightly below normal. This will not
impair their efficiency, but operating
the tubes with excessive heater voltage
would shorten their useful life.

THE DC CIRCUITS

In many respects the de circuits in
this receiver are the same as those in
the receiver shown in Fig. 1. However,
don’t skip over these circuits. There
are some differences, and also by trac-
ing out these circuits you will get addi-
tional practice, which will be helpful
to you when you start doing service
work and have to trace out circuits
like these on your own.

Cathode Circuits. Again, as in the
case of the preceding receiver, we will
trace the circuit from B— to the
cathodes of the various amplifier tubes,
and then trace from the plates and
screens of the tubes back to B+,
rather than taking each tube sepa-
rately.

The cathode of the 128SA7 tube is
the number 6 pin. You identify this
pin by first locating the key shown on
the tube base. This is shown on the
diagram as a little black rectangle on
the edge of the tube envelope. Then
you count in a clock-wise direction.
You will find the No. 6 pin identified
with the letter K to indicate it is con-
nected to the cathode. In the tube
symbols used here, the cathode is
shown at the top, and the plate at the
bottom. The cathode of this tube con-
nects to B— through part of the oscil-
lator coil. Incidentally, notice that in
the small box on the right of the dia-
gram the manufacturer has indicated
two ground symbols. The upper sym-
bol indicates a chassis ground and the
lower symbol indicates a connection
to B—, which is insulated from the
chassis and called a floating ground.
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The cathode of the 12SK7 tube,
which is the No. 5 pin, connects to B —
through the 330-ohm resistor R-3. The
cathode of the 12SQ7 tube, which is
the No. 3 pin, connects directly to B—.
The cathode of the 35L6 tube, the
No. 8 pin, connects to B— through the
150-ohm resistor R-10.

Plate and Screen Circuits. Now
let’s trace the plate and sereen circuits
of the tubes back to B+. Starting
with the 12SA7 tube we find that the
plate, the No. 3 pin, connects to the
primary winding of the first i-f trans-
former. Notice that the screen grid,
which is the No. 4 pin, is shown on the
diagram connected to the other side of
this transformer primary winding, and
this lead is connected back to C-23,
which is the output filter capacitor.
Let’s leave this circuit here and trace
out the circuits in the other stages,
we’ll trace out the power supply cir-
cuit last.

The plate of the 12SK7 tube, which
is the No. 8 pin, connects to the pri-
mary of the second i-f transformer,
and the screen, which is the No. 6 pin,
connects to the other side of the pri-
mary winding. The primary of the
second i-f transformer connects back
to meet the lead to the output filter
capacitor.

The triode plate, the No. 6 pin, of
the 128Q7 tube, connects to B+
through the 220,000-ohm resistor R-8.
The screen of the 35L6 tube, the No. 4
pin, connects directly to the positive
side of the output filter capacitor, and
the plate of this tube connects back to
the same point through the primary
winding of the output transformer,
which is marked T1 on the diagram.

In order to study the power supply
circuit for this receiver more closely
we have shown it in Fig. 4. First
notice that there are two values indi-
cated for both C-22, the input filter
capacitor, and C-23, the output filter
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capacitor. This receiver was manu-
factured in two slightly different
models, one for use on a 60-cycle
power line and the other for use on a
25-cycle power line. The 60-cycle
power supply has a 20-mfd input filter
capacitor and a 12-mfd output filter
capacitor. However, if the receiver is
to be used on a 25-cycle power line,
then the value of the input filter ca-
pacitor C-22 is 40-mfd and the value
of the output filter capacitor is also
40-mfd. Remember, as we mentioned
previously, when we studied rectifiers,
the greater the number of pulses we
receive from the rectifier, the easier it

and they are more economical than the
higher-capacity filter capacitors.
Notice that this power supply uses
a filter choke between the input and
the output filter capacitors. This choke
is actually the speaker field coil. The
speaker used in this receiver is an
electrodynamic speaker. This means
that an electromagnet rather than a
permanent magnet is used in the
speaker. The magnet is energized by
the B— supply current from the re-
ceiver flowing through it. At the same
time the speaker field, because it does
have inductance, serves as a choke in
the power supply to help filter the
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FIG. 4. The power supply circuit of the
receiver shown in Fig. 2.

is to filter the pulsating dc at the out-
put to pure de. On a 25-cycle power
line there will be 25 current pulses per
second obtained from the rectifier. On
a 60-cycle power line there will be 60
current pulses per second. It is easier
to filter the output from the rectifier
operating on the 60-cycle power line
than it is if it is operating from a 25-
cycle power linc. If the receiver built
for 60-cycle operation is operated on a
25-cycle power line, there will be an
objectionable hum in the output. On
the other hand, the receiver built for
25-cycle operation could be operated
from a 60-cycle power line guite satis-
factorily. In the 60-cycle model the
manufacturer used smaller capacitors
because they were entirely satisfactory,
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pulsating de, so that we will have pure
de at the power-supply output.
Notice that immediately above the
symbol for the choke coil we see 450
ohms on the diagram. This indicates
that the dc resistance of the field is
450 ohms. If you had to replace the
speaker in this receiver, you could use
another electrodynamic speaker with a
speaker field resistance of 450 ohms.
You could also use a permanent mag-
net dynamic speaker and substitute a
choke coil in the receiver in place of the
speaker field. If the choke coil re-
sistance is slightly less than 450 ohms,
which it is for most small choke coils,
then the operating voltages through-
out the receiver will be slightly higher
than normal. In this receiver it prob-



ably would not cause any difficulty,
but in some receivers the operating
voltages are critical, and increasing
them might cause the set to go into
oscillation; if it does, the resistance be-
tween the filter capacitors can be in-
creased by connecting a resistance in
series with the choke so that the total
resistance of the choke coil plus the
resistor is equal to the resistance of the
original speaker field.

So much for the dec circuits in this
receiver; now let’s take a quick look at
the signal circuits.

THE SIGNAL CIRCUITS

RF Stage. In the input of this
receiver an antenna coil is used in-
stead of a loop antenna. A picture of
an antenna coil is shown in Fig. 5. Al-
though we call it a “‘coil” it is actually
a transformer with a primary winding
and a secondary winding. The antenna
coil itself does not have a great deal of
signal pickup, so the receiver must be
used with some type of external an-
tenna. In most cases a piece of wire 10
or 15 feet long, strung around the
room in which the receiver is operated,
will give satisfactory results. Many
people connect this antenna to a water
pipe or radiator for better signal pick-
up. Since the primary winding of the
antenna coil is isolated from the sec-
ondary winding and from B—, this
will not cause any difficulty aslongasa
short does not develop in the antenna
coil. However, if a short did develop,
and the set happened to be plugged in
so that the ungrounded side of the
power line was connected to B—, the
primary winding of the antenna coil
could, in effect, be connected directly
across the power line, if it were not for
capacitor C-1, which is in series with
the antenna. With C-1 in the circuit,
if either the coil or the capacitor should
break down, there is no likelihood of
any trouble. However, if both should
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break down, the primary winding of
the antenna coil could be connected
directly across the power line if the
antenna is grounded. If this happens,
the antenna coil will be burned up al-
most instantly. The chances are that
in your servicing career you will en-
counter a receiver in which the antenna
coil is burned and charred almost be-
yond recognition. When you get a re-
ceiver in this condition for servicing,
the primary winding of the antenna
coil has probably been accidentally
connected across the power line.

The secondary winding of the anten-
na coil is inductively coupled to the
primary, and hence a signal voltage
will be induced in it. This voltage is
applied to the grid of the 12SA7 tube,
which is the No. 8 pin, and to the
cathode, which is the No. 6 pin,
through the .1-mfd ave filter capacitor
C-15, and part of the oscillator coil.
(Both C-15 and the oscillator coil are
connected to B—, so they are in effect
connected to each other.)

The oscillator used in this receiver
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Courtesy Merit Transformer Corp.
FIG. 5. An antenna coil.



is a conventional Hartley oscillator.
Notice that in this receiver the oscil-
lator coil does not have a gimmick
winding as the oscillator coil did in the
circuit shown in Fig. 1. There is a 60-
mmf capacitor connected from the
oscillator grid of the tube, pin 5, to the
oscillator coil.

I-F and First Audio. The i-f stage
is practically identical to the i-f stage
discussed in Fig. 1. The only difference
is in the type of tube used. The second
detector also is quite similar. How-
ever, both diode plates are used, con-
nected in parallel. The only other
differences are that a 47,000-ohm re-
sistor R-5 is used in series with the
volume control, and that there is a
250-mmf capacitor C-16 connected
from the center terminal of the volume
control to B—. This is to eliminate
any rf that may get through to the
volume control and keep it out of the
grid circuit of the 128Q7 tube. You
will remember that in the receiver
described in Fig. 1 there was a plate
by-pass capacitor in the first audio
stage for the same purpose. In this
receiver the by-pass is placed in the
grid circuit instead of the plate circuit.

Notice that in the grid circuit of the
triode section of the 125Q7 there is a
Victrola jack. This is usually labeled
phono jack on later model receivers.
Two capacitors are used in conjunction
with this jack to feed the signal from a
phono pickup to the input circuit of
the tube. The .005-mfd capacitor C-18
is used to couple the phono output to
the grid of the tube, pin 2. The .01-
mfd capacitor C-19 is used to connect
the grounded side of the phono output
to B— in the receiver. A capacitor is
used rather than a direct ground con-
nection to isolate the phono pickup
from B— in this receiver. This is done
because if the power cord is plugged in
with the hot or ungrounded side of the
power line connected to B—, if this
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capacitor is not in the circuit, the
phono pickup will be connected di-
rectly to the hot side of the power line.
If you touch the pickup and ground at
the same time, you will get a rather
serious shock. This could be dangerous
in a basement or near any grounded
object, such as a water pipe. However,
with the capacitor in the circuit, even
though you may get a slight shock
through the capacitor, it will not be as
serious a shock as it would be without
the capacitor in the circuit.

The plate circuit of the 128Q7 tube
is coupled to the grid circuit of the
35L6 through the .01-mfd coupling
capacitor, C-20. The 150-ohm cathode
resistor in the output stage is left with-
out a by-pass capacitor in order to
introduce degeneration to reduce dis-
tortion and improve the tone quality
of the receiver.

Output Stage. The plate circuit of
the output stage in this receiver is
somewhat different from the plate cir-
cuit of the preceding receiver. The
plate of the tube is by-passed to B— by
a .01-mfd capacitor. Again, this ca-
pacitor will have a greater effect on the
high-frequency audio signals, and have
the apparent effect of increasing the
bass response of the receiver. It will
also reduce any tendency of the 35L6
output tube to go into oscillation.

Notice that the plate return to B+
is to the output filter capacitor in this
receiver. Because the speaker field is
used as a filter choke, the plate of the
tube can be brought back to the out-
put filter capacitor and the better-
filtered dc used for the plate circuit.
As you will remember, in the receiver
in Fig. 1, the plate of the output tube
was brought back to the input filter
capacitor so that the high current in
the plate circuit of the output tube
would not flow through the filter re-
sistor, causing such a high voltage
drop across it that the voltage for the



plates and screens of the other tubes
would be too low. In this receiver the
speaker field used as a filter choke has
a lower resistance than the filter re-
sistor used in the receiver shown in
Fig. 1. The resistance of the filter
resistor was 1000 ohms, whereas the
resistance of the speaker field is only
450 ohms. The chances are that the
voltage drop across the speaker field
will be no greater even with this in-
creased current flowing through it
than the voltage drop across the 1000-
ohm resistor in a receiver like the one
shown in Fig. 1.

In the secondary circuit of the out-
put transformer we see two coils, one is
the speaker voice coil and the other is
called a hum-neutralizing coil, or some-
times a hum-bucking coil. The speaker
voice coil is operated by the varying
current that is induced in the second-
ary winding of the output transformer.
This current causes the coil to move in
and out and actuate the speaker.

Now let’s see what the hum-neutral-
izing coil is for. As we have said, the
speaker field is used as a filter choke.
This means that the pulsating dc at
the output of the rectifier flows
through it. The ac component of the
pulsating de will produce a varying
magnetic field around the field coil.
This varying magnetic field will cut
the turns of the voice coil, which is
wound around the field coil, and in-
duce a hum voltage in the voice coil.
This hum voltage would cause a hum
current to flow which would cause the
speaker cone to vibrate, and produce
hum if the hum-neutralizing coil were
not in the circuit.

The hum-neutralizing coil is wound
right on the speaker voice coil frame
80 it, too, will be cut by the varying
magnetic field produced by the speaker
field and a voltage will be induced in it.
However, the coil is wound in the op-
posite direction to the speaker voice
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coil. The voltage induced in it by the
ac in the field coil will be equal to the
voltage induced in the speaker voice
coil, but will be of the opposite polarity
so the two voltages will cancel. Since
the voltages cancel, there will be no
hum current flow in the circuit and
hence no hum output in the speaker
from this source.

Not all electrodynamic speakers
have hum-neutralizing coils. However,
these coils are quite effective, and if
you were to replace a speaker that had
a hum-neutralizing coil with one that
did not have a hum-neutralizing coil,
you might encounter excessive hum
output in the receiver. Sometimes this
can be overcome by increasing the
size of the filter capacitors in the set.

SUMMARY

At first glance the circuit shown in
Fig. 2 looks almost identical to the cir-
cuit shown in Fig. 1, except that differ-
ent tubes are used. As you saw, the
two circuits are very similar. How-
ever, as we studied these receivers in
detail, we found many places in which
the circuits differed. To the beginner
these variations may seem confusing,
and it may look as if receiver manu-
facturers use widely varying circuitry.
However, to the experienced technician
the circuits look very similar, because
he realizes the circuit variations are
minor. Each stage in one receiver is
performing exactly the same function
as the corresponding stage in the other
receiver. For example, in both re-
ceivers, the first stage is a combination
mixer-oscillator; the next stage is the
i-f stage; the third stage is a combina-
tion second-detector-first-audio stage,
and the fourth stage is the power-out-
put stage. Although there are minor
variations in these circuits, the general
circuitry is the same. By learning to
read schematic diagrams and quickly
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FIG. 8. A four-tube trf receiver, the Meck Model 4C7, reproduced from Photofact Set No. 35,
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analyze the receiver circuits, you will
be able to spot similarities and dis-
similarities quickly. You will eventu-
ally get a mental picture of a five-tube
ac-dc receiver, and you will reach a
point where you will glance at the dia-
gram of a receiver of this type that you

are about to service, you will quickly
see that it is a standard circuit like
most other sets of this type, with per-
haps one or two minor variations, and
then be able to wade into the servicing
of this receiver with little or no diffi-
culty.

Five-Tube AC-Operated Receiver

The receivers that we have shown in
Figs. 1 and 2 have been 5-tube ac-dec
receivers. These receivers are called
ac-dc receivers because, as we men-
tioned previously, they can be oper-
ated from either an ac or a d¢ power
line. When these sets are operated
from an ac power line, the operating
voltages are sometimes a little higher
than they are if they are operated from
a dc power line of the same input
voltage. This is because the filter
capacitors are charged by the peak ac
line voltage, which, as you will re-
member, is 1.4 times the effective ac
voltage.

In Fig. 6 on the second diagram
sheet, we have shown a schematic
diagram of a 5-tube ac receiver. This
receiver can be operated from an ac
power line only, because the power
supply of the receiver contains a power
transformer. You will remember that
a power transformer can be operated
only on ac.

Let’s start our study of this receiver
with the power supply; then we'll
trace out the de supply circuits in the
amplifier stages, and finally the signal
circuits.

THE POWER SUPPLY

The first thing to notice in the power
supply in this receiver is that it uses a
power transformer. Notice that the
power transformer has a primary wind-
ing and three secondary windings. The
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primary winding of the power trans-
former connects to the power line
through an on-off switch. When the
switch is open, current cannot flow
through the primary winding, and
there will be no voltage induced in any
of the secondary windings.

Let’s consider the effect of having a
power transformer in this receiver.
First, notice that the only connection
to the power line is to the primary
winding. Thus the transformer not
only provides operating voltages other
than the voltage available from the
power line, but also it isolates all of the
receiver circuits from the power line.
Since the B — supply circuits as well as
the heater circuits will all be isolated
from the power line, the metal chassis
of the receiver can be used as the B—
connection without any shock hazard.
In fact, we can even ground the metal
chassis without worrying about a short
circuit, because regardless of which
way the power plug is put into the
power outlet, there is no way that the
hot side of the power line can be acci-
dentally shorted to ground.

Heater Circuit. Looking at the three
secondary windings on the trans-
former, we see that the connections to
the lower winding are not shown. We
simply have two arrows at the ends of
the leads and the notation that these
leads connect ““to all heaters and dial
lamps.” All of the tubes and dial



lamps used in this receiver except the
5Y4 are 6-volt types. These tubes and
the dial lamps require a heater voltage
of 6.3 volts to be exact. This voltage is
provided by this winding which is
called a filament winding. It got this
name, rather than heater winding, be-
cause the early tubes first heated from
a power transformer had filaments
rather than heater-type cathodes.
Since the heaters of the tubes and the
dial lamps all require the same operat-
ing voltage, they are operated in par-
allel instead of in series as in the ac-dc
receivers.

Notice that one side of this winding
on the power transformer is grounded.
This is done so that it is not necessary
to run two heater leads in the receiver.
One side of the winding is connected
directly to the chassis; one of the
heater connections in each tube and
one connection on each pilot light is
also connected to the chassis. You will
notice that one heater connection, the
No. 2 pin, on the 6SA7, 6SK7, and
6K6G tubes, and the No. 8 pin on the
6SQ7, connects directly to ground. In
a receiver with this type of arrange-
ment, the other lead coming from the
filament winding on the power trans-
former will connect first to the un-
grounded pin on one tube heater and
then to another, and so on to all the
tubes. For example, this lead will be
brought to the No. 7 pin of any one of
the tubes. There will be a lead going
from the No. 7 pin of this tube to the
No. 7 pin of another tube and so on to
the remaining tubes. This puts all the
tube heaters in parallel.

It might be well to mention one
other effect of this type of heater ar-
rangement. In an ac-de receiver with
the tube heaters connected in series, if
the heater of any one of the tubes
burns out, the series circuit will be
open and none of the tubes will light.
However, with the tubes connected in
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parallel, if the heater of one of the
tubes burns out, this does not inter-
rupt the current path through the
other tube heaters, so they will con-
tinue to light. Therefore, if in a re-
ceiver of this type you spot a tube
with the heater not lighting, the
chances are that the heater is burned
out, and replacing the tube will restore
the receiver to normal operating
condition.

Rectifier Filament Winding. The
secondary winding of the power trans-
former shown nearest the top is a 5-
volt filament winding used to operate
the filament of the rectifier tube. The
rectifier is a type 5Y4G full-wave
rectifier tube, and it requires a filament
voltage of 5 volts. No other tubes are
connected to this winding on the trans-
former, because the filament of the
tube is the B4 point in the receiver.
In this filament-type tube, the fila-
ment is the cathode, or source of elec-
trons. If the other tubes were operated
from this winding, all of the heaters
would be connected directly to B+,
and this would result in excessive volt-
age between the tube heaters and
cathodes. This would cause cathode-
to-heater shorts to develop in the
tubes.

High-Voltage Winding. The second-
ary winding shown between the two
filament windings is the high-voltage
winding. Notice that it is center-
tapped and that each of the outside
connections connects to one plate of
the rectifier tube. You will recognize
this as a full-wave rectifier circuit. If
this receiver is operated from a 60-cycle
power line, there will be two current
pulses through the rectifier tube dur-
ing each cycle, one pulse to one plate
of the rectifier during one half-cycle,
and one pulse to the other plate during
the next half-cycle. If the set is oper-
ated from a 25-cycle power line, we




will get 50 pulses per second, one pulse
during each half-cycle.

Before leaving the power trans-
former, notice that resistance readings
are listed for the primary and high-
voltage secondary -windings. Two
values are given for each winding, one
for a 25-cycle transformer and the
other for a 60-cycle transformer. The
25-cycle transformer has a higher re-
sistance because it is larger and has
more turns on each winding,.

The resistance on the two filament
windings is not given. This is because
the dc resistance of both of these wind-
ings is very low and difficult to meas-
ure. These windings are wound with
rather large size wire, and, since the
voltage needed from these windings is
comparatively low, there are only a
few turns in each winding. The re-
sistance is so low, that even if a short
developed that cut the resistance of
one of these windings in half, it would
be very difficult to detect the difference
by taking resistance measurements
with the type of test equipment gen-
erally available to the serviceman.

The total resistance shown for the
secondary winding is 1380 ohms for the
transformer designed for 60-cycle oper-
ation. If you measured a resistance
anywhere between 1300 and 1400
ohms, you would have good cause for
thinking this was normal.

Since the tap on the secondary
winding is the center tap and is placed
in the electrical center of this winding
(so there are an equal number of turns
on each side) you might at first expect
that each half of the winding would
have half the total resistance. How-
ever this is not necessarily true, be-
cause of the fact that the transformer
is wound in layers. Each layer is
wrapped with a special insulating
paper. The next layer will, of course,
have a slightly larger diameter than the
preceding layer. Thus, on the first
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layer the amount of wire in a single
turn will be shorter than the amount
of wire in a single turn on an outside
layer. Since the resistance of the wire
depends on its length, the longer turn
will have a higher resistance. In a
high-voltage secondary winding made
up of many turns this can cause quite
a noticeable difference in resistance
between the two halves of the second-
ary winding.

Notice that the filter capacitors used
in the power supply are 5-mfd capaci-
tors. The input filter capacitor is
marked C-19, the output filter capacitor
C-20. These capacitors have a much
lower capacity than the capacitors
found in ac-dc receivers, because with
a full-wave rectifier such as we have
here, the filter network will receive 120
pulses per second instead of 60 as with
a half-wave rectifier, and this pulsat-
ing de¢ will be much more easily
filtered.

Although the capacity of the filter
capacitors is lower, their voltage rat-
ings will be higher. In an ac-de re-
ceiver the B— supply voltages seldom
are much above 120 volts, and filter
capacitors rated at 150 volts are usu-
ally used. In an ac-operated receiver
using a power transformer of this type,
the filter capacitors are usually rated
at 450 volts because the operating
voltages often exceed 300 volts.

Notice that the speaker field is again
used in the power supply as a filter
choke. The speaker field in this re-
ceiver has a dc resistance of 1800 ohms.
A higher resistance filter can be used in
an ac-operated receiver because higher
operating voltages are available at the
rectifier output.

Now that we have looked at the
power supply, let’s trace the dc circuits
out and see how electrons get from B —
to B+ through the various amplifier
tubes in the receiver.




THE DC CIRCUITS

You will remember that in a full-
wave power supply, electrons flow
from the center tap on the high-voltage
winding of the power transformer to
B—. They then flow through the load,
consisting of the four amplifier tubes,
back to the cathode or filament of the
rectifier tube. The electrons charge the
input and output filter capacitors so
that the grounded side is negative and
the other side is positive. Electrons
reaching the filament of the rectifier
tube will flow to one of the plates of
the rectifier tube. During one half-
cycle one plate will be positive, and
they will flow to it, and during the next
half-cycle, the other plate will be posi-
tive, and they will flow to it. Now let’s
see how electrons get through the load,
whieh consists of the four amplifier
tubes.

Starting with the 6SA7 tube, which
is called the first detector and oscillator
in this receiver, electrons flow from B —
through part of the oscillator coil to
the cathode, which is the No. 6 pin of
the 6SA7 tube. From the cathode, the
electrons are emitted and flow to the
No. 2 grid of the tube, which is the
oscillator plate, and the No. 4 grid,
which is the screen, and to the plate of
the tube. Electrons striking the plate
of the tube flow through the primary
winding of the first i-f transformer back
to the output filter capacitor, through
the speaker field, and to the rectifier
tube. Electrons reaching the oscillator
plate and the screen grid, which are
connected together inside the tube,
will flow through the 18,000-ohm re-
sistor R-2, and then back through the
filter network to the rectifier tube.
This resistance is needed in the screen
circuit of the 6SA7 because the output
voltage from the power supply is much
higher than in an ac-dc receiver. The
voltage is too high for the screen of this
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tube, and if it were applied directly to
the screen, it would result in excessive
screen current, which would overheat
the tube and soon destroy it. The
18,000-ohm resistor R-2 is called a
screen-dropping resistor. The current
flowing through it produces a voltage
drop across it, and the actual voltage
applied to the screen of the tube will be
equal to the B supply voltage minus
the voltage drop across the resistor.
This reduces the screen voltage to a
safe value.

In the 6SK7 tube, electrons flow
from B — directly to the cathode of the
tube. They are emitted from the
cathode and flow to the plate of the
tube, through the primary winding of
the second i-f transformer, back to the
output filter capacitor and to the fila-
ment of the rectifier tube. Electrons
reaching the screen of the tube must
also flow through the 18,000-ohm re-
sistor R-2 and back to the filament of
the rectifier tube. Resistor R-2 is used
as a common voltage-dropping resistor
for both the 6SA7 and 6SK7 tubes. In
some receivers, a separate resistor is
found in the screen circuit of each stage.

In the 6SQ7 audio stage, electrons
will flow from B— to the cathode,
which is the No. 3 pin. The heated
cathode emits electrons, which flow to
the triode plate, which is the No. 6 pin,
and from there they flow through the
470,000-ohm resistor R-6 to the output
filter capacitor C-20, through the
speaker field, and back to the filament
of the rectifier tube.

In the output tube, electrons flow
from B— through the 470-ohm cathode
resistor R-8 to the No. 8 pin of the
6K6G output tube, which is the cath-
ode. The heated cathode emits elec-
trons, which will flow to the plate and
screen of the tube. The electrons reach
ing the plate flow through the primary
winding of the output transformer, and
the speaker field back to B+. Elec-




trons reaching the screen of the tube
will flow directly to B+ through the
speaker field.

We might point out that the screen
grid of the 6 K6G output tube is made
to operate on a much higher voltage
than the screen grids of the 6SA7 and
6SK7 tubes. Therefore, this screen can
be connected directly to B4. In fact,
since the plate current must flow
through the primary winding of the
output transformer, causing a voltage
drop across the primary, whereas the
screen circuit connects directly back to
the output filter capacitor, the voltage
on the screen will be slightly higher
than the voltage on the plate. The
plate voltage will be equal to the volt-
age across the output filter capacitor
minus the voltage drop across the
transformer. The screen voltage, on
the other hand, will be equal to the
voltage across the output filter capa-
citor. Having the screen operating at a
slightly higher voltage than the plate
does not normally cause any difficulty.
The tube is designed for operation in
this manner.

THE SIGNAL CIRCUITS

Antenna. This receiver has a loop
antenna, which will usually provide
sufficient signal pickup to give satis-
factory operation. However, there is
also a separate winding inductively
coupled to the loop that can be used in
conjunction with an outside antenna.
In areas where the signals are weak, an
outside antenna may be necessary.
However, connecting an outside an-
tenna to a receiver of this type can
cause interference. It is quite possible
that under some circumstances signals
may be picked up from stations oper-
ating so close together that this re-
ceiver, even though it is a superhetero-
dyne, will be unable to separate the
stations. Interference of this type is
often encountered in the evening dur-
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ing the winter months when reception
from distant stations is at its best. A
signal from a distant station operating
on the same, or nearly the same, fre-
quency as a local station may be picked
up almost as strongly as the signal
from a local station.

The loop antenna is connected to the
No. 3 grid of the 6SA7 tube, which is
the No. 8 pin, and is connected to B—
through the .1-mfd capacitor C-3. The
cathode of the tube connects to B—
through the oscillator coil, and there-
fore the signal is applied between the
cathode of the 6SA7 tube and the No. 3
grid.

Oscillator. The oscillator circuit
used in this stage is a Hartley oscil-
lator. The cathode connects to a tap
on the coil, which provides the neces-
sary feedback to the tank circuit.
Notice that the terminals on the oscil-
lator coil are identified by letters, and
beneath the schematic disgram the
manufacturer has shown a sketch of the
oscillator coil identifying these ter-
minals.

There are two variable capacitors
connected across the oscillator coil and
also two connected across the loop.

The capacitor C-2 across the loop is
a trimmer capacitor. You'll notice
that the manufacturer gives the capa-
city of this capacitor as 3-15 mmf.
This means that the range through
which the capacitor can be adjusted is
from 3 mmf to 15 mmf. C-1 is the
capacitor that tunes the loop circuit to
resonance. In the oscillator circuit C-5
is the oscillator trimmer and C-4 is the
oscillator tuning capacitor. Notice
that the oscillator tuning capacitor has
a much lower maximum capacity than
the loop tuning capacitor. C-4 is
labeled 11-190 mmf. This means that
the minimum capacity is 11 mmf, and
the maximum is 190 mmf. On the other
hand, C-1, which tunes the loop, has a
range from 11 to 400 mmf{.



You might wonder why the capacity
of these capacitors does not drop to
zero when they are tuned to the mini-
mum capacity position. The reason
for this is that even though the rotor
of the variable capacitor is rotated so
that the plates are not meshed with the
stator plates at all, there will still be a
certain capacity between the ends of
the rotor plates and the ends of the
stator plates. In the case of C-1 and
C4 this capacity is 11 mmf.

In the screen circuit of the 6SA7
tube you'll notice a .05-mfd capacitor
marked C-11. This capacitor is a
screen by-pass capacitor for both the
6SA7 and 6SK7 tubes. You'll notice
that the screen grid of the 6SA7 is con-
nected directly to the screen grid of
the 6SK7. You will remember from
your earlier studies of multi-element
tubes using a screen grid that a screen
grid is operated at rf ground potential.
Capacitor C-11 has a low reactance at
the frequencies encountered in both of
these stages and therefore as far as the
signal frequencies are concerned, the
screen is operated at ground potential.
In the ac-dc receivers we studied
earlier in this lesson, a separate screen
by-pass capacitor was not used because
the screen was connected directly to
the output filter capacitor. The output
filter capacitor acted as the screen by-
pass capacitor and kept the screen at
signal ground potential.

The input i-f transformer used in
this receiver has an iron core. The iron
core used in an i-f transformer is
usually made of powdered iron. The
two resonant circuits are tuned by
means of triminer capacitors connected
in parallel with the two windings.

The second i-f, or output i-f, trans-
former is an air-core transformer.
This means that there is no core, other
than air, in the windings.

Mixer and I-F. The mixer and i-f
stages in this receiver are similar to
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those you studied previously. The
signal picked up by the loop antenna
is fed to the No. 3 grid of the 6SA7
tube. The oscillator signal is developed
in the 6SA7 tube, with the No. 1 grid
acting as the oscillator grid, and the
No. 2 grid as the oscillator anode. In the
6SA7 tube, the two signals are mixed,
producing two new signal frequencies,
one equal to the sum of the two fre-
quencies and the other equal to the
difference between them. The i-f
transformer is tuned to the difference
frequency, which is 455 ke. The 455-ke
signal voltage will be developed across
the primary winding of the i-f trans-
former. Current flowing through the
primary will induce a voltage in the
secondary, and this voltage will be ap-
plied between the grid and cathode of
the i-f tube. The i-f stage will amplify
the signal, causing a signal current to
flow in the plate circuit of the i-f am-
plifier. The signal current will flow
through the primary winding of the
second i-f transformer and induce a
voltage in the secondary.

Second Detector and Audio Stage.
The signal voltage developed across
the secondary of the second i-f trans-
former is applied to the diode plate of
the 6SQ7 that is connected to the No. 4
pin of the tube. This diode plate and
the cathode form a diode tube. When
the plate is driven positive, current
will flow from B— to the cathode of
the 6SQ7, through the tube to the
diode plate connected to the No. 4 pin,
through the secondary of the i-f trans-
former, and through the 1-megohm
volume control to B—. At the same
time, current flowing in this circuit
will charge the 150-mmf capacitor
C-12. The charge across C-12 and the
voltage across the volume control will
depend upon the amplitude of the rf
signal. As the strength of the signal
varies with the modulation, the volt-
age across the volume control will vary.



The volume control selects the de-
sired amount of audio signal, feeds it
through the .01-mfd ecoupling ecapa-
citor C-13 to the grid of the triode
section of the 6SQ7 tube, which is the
No. 2 pin. The 10-megohm resistor
R-5 is used to develop convection bias
for the triode section.

The audio signal applied between
the grid and cathode of the 6SQ7 tri-
ode section will cause the current flow-
ing from the cathode to the triode
plate, which is the No. 6 pin of the
tube, to vary. This current flowing
through the 470,000-ohm triode plate-
load resistor R-6 will develop an am-
plified audio voltage across this re-
sistor. This audio voltage is coupled
to the grid of the 6K6G audio tube
through the .01-mfd coupling capaci-
tor C-16. The 470,000-ohin grid re-
sistor R-7 again is the grid leak for the
output tube. It provides a path back
to B— for any electrons accidentally
striking the grid of the tube. You’ll
notice that the plate of the 6SQ7 tube
is by-passed to ground by the 220-
mmf by-pass capacitor C-14. Again
this is an rf by-pass to provide a low-
impedance path to ground for any rf
signal that reaches the plate of the
triode section of the tube.

Output Stage. In the 6K6G tube
the current flowing from the cathode
to the plate of the tube varies as the
grid voltage on the tube is varied by
the audio signal. This causes the plate
current flowing through the primary
of the output transformer to vary, and
the varying current flowing through
the primary winding sets up a varying
magnetic field, which induces a volt-
age in the secondary of the output
transformer T-2. This voltage causes a
current to flow through the secondary
of the output transformer, the speaker
voice coil, and the hum-neutralizing
coil. The varying current flowing
through the speaker voice coil causes
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the speaker cone to vibrate in and out.

AVC Circuit. The ave filter con-
sists of a 2.2-megohm resistor R-3 and
the .1-mfd capacitor C-3. You’ll re-
member that the purpose of this filter
network is to act as a voltage divider
to separate the audio from the de com-
ponent at the diode detector output.
Remember that the .1-mfd capacitor
will have a low reactance to audio sig-
nal frequencies. Since the reactance of
this capacitor.is low, most of the audio
voltage will be dropped across the
large 2.2-megohm resistor. The net
result will be that there will be no
audio voltage appearing across the
capacitor. At the same time, the capa-
citor has a very high resistance to de.
In fact, as we have mentioned pre-
viously, if it were a perfect eapacitor,
it would not pass de at all. However,
since there is no such thing as a perfect
capacitor, there will be some de leak-
age through it. However, the resist-
ance of the capacitor will be many
times the resistance of the 2.2-megohm
resistor, so practically all of the dc
voltage will appear across the capa-
citor. This de voltage will be negative
with respect to ground or B—, and its
strength will depend upon the strength
of the incoming signal. A strong sig-
nal will produce a high ave voltage,
and a weak signal a low ave voltage.
This negative voltage fed back to the
grid of the 6SA7 tube and the grid of
the 6SK7 tube will automatically con-
trol the gain of these stages. It will
reduce the gain when the signal is
strong, but let the stages operate at
maximum gain when the signal is
weak.

Notice that the diode plate of the
6SQ7 connected to pin No. 5 is con-
nected to the ave line. This acts to
protect the tubes in case a positive
voltage should develop on the ave
line. If any defect develops in the re-
ceiver, either in the 6SA7 or 6SK7



stages, that results in a positive volt-
age appearing on the ave line, the
diode plate will be driven positive, and
the diode will begin to conduct. Since
the diode will act like a very low re-
sistancc once it starts conducting, this
will practically ground the ave line and
keep the positive voltage across it to a
minimum.

Now you might wonder how we can
get a positive voltage on this line. One
way that this could happen would be
for either the 6SA7 or the 6SK7 tube
to develop excessive gas. The electrons
flowing through the tube would strike
the gas molecules, knocking other elec-
trons off the molecules. This leaves
the molecule with a shortage of elec-
trons or a positive charge. Now the
molecule with its positive charge will
be attracted by the negative voltage on
the grid, and hence will drift over to
the grid. When a molecule reaches the
grid, it will attract electrons from the
grid. These electrons would have to
flow from B— through the volume
control and through the 2.2-meg re-
sistor R-3. In doing so they would de-
velop a voltage that would make the
ave line and the diode plate positive
with respect to B—. This will cause
the diode to conduct, as we already
mentioned. Because this circuit elimi-
nates this undesirable effect caused by
gas, it is called a gas gate. Another
defect that could put a positive volt-
age on the avc line is a short between
the control grid and the screen grid in
the 6SK7 tube. The screen grid is
operated at a positive potential of
about 100 volts. If the screen shorted
to the control grid of the tube, we
would have a positive voltage of about
100 volts applied to the control grid.
This voltage would be fed back
through the secondary winding of the
first i-f transformer to the ave line.
At the same time it would be fed

through the loop antenna to the No. 3
grid of the 6SA7 tube and would soon
ruin it. However, once the positive
voltage appears on the ave line, the
diode section of the 6SQ7 begins to
conduct and effectively grounds the
avc line, keeping the positive voltage
on it at a minimum. The current flow-
ing in the screen-grid circuit of the
6SK7 would increase somewhat, which
would result in a greater voltage drop
appearing across R-2. The screen volt-
age on the 6SK7 tube will drop, and
this will keep the voltage on the ave
line at a low value, so that the 6SA7
and the 6SQ7 will not be ruined. The
6SK7 with the short between the con-
trol grid and the screen grid will, of
course, no longer be usable.

Phono Socket. You'll notice also
that there is a phono socket on this re-
ceiver. The phono socket connects to
the grid of the 6SQ7 through a .01-mfd
capacitor marked C-15. With the
phono socket in use, a phono pickup
can be used to play records through
the audio system of the receiver.
Since the phono socket connects direct-
ly to the grid of the tube, the volume
control in the receiver will not be ef-
fective in controlling the volume of
the phono pickup. It might have some
slight effect because the center ter-
minal is connected to the grid through
a .01-mfd capacitor, and turning the
control to a minimum volume position
places a fairly low reactance circuit
from the grid of the 6SQ7 to ground,
but this would not be enough to con-
trol the volume from the record player.
The player would need a built-in vol-
ume control. When operating the re-
ceiver with a phono pickup, the set
should be tuned to a spot on the dial
where there is no local station, and the
volume control on the radio adjusted
to a low volume setting.




SUMMARY

This type of receiver, using a power
transformer, offers several advantages
over the ac-dc receiver. Perhaps the
most important of these advantages is
the isolation that the power trans-
former provides between the receiver
circuits and the power line. There is
little chance of being shocked by
touching the chassis of this type of
receiver while you happen to be touch-
ing a grounded object. You should
never touch the chassis of an ac-de re-
ceiver while it is operating if you are
standing on a concrete floor or touch-
ing any grounded object.

The higher operating voltages in the
receiver usually result in somewhat
better sensitivity than in an ac-de re-
ceiver. In addition, with the full-wave
rectifier it is easier to filter the B supply
and obtain pure de. As a result, larger
speakers that have a reasonably good
low-frequency response are often used
in this type of set. The speakers used
in ac-dec receivers usually do not have a
particularly good low-frequency re-
sponse, because if the low-frequency
response is good, the hum output is
sometimes objectionably high.

You will not encounter as many
new receivers of this type today be-
cause ac-dc receivers are cheaper to
manufacture.  However, there are
millions of receivers of this type still
in use and you can be sure that you
will be called on to service them. It is
likely that you will find that most re-
ceivers that use a power transformer
also have an rf stage ahead of the con-
verter. The rf stage provides ampli-
fication before the signal frequency is
changed. This amplification is parti-
cularly helpful in the elimination of
image interference. You will remember
that an image is an interfering signal
from a station operating at a frequency
equal to twice the i-f frequency above
the signal to which the receiver tunes.
The extra gain and the additional cir-
cuit in the rf stage usually eliminate
image interfcrence. The rf stage also
provides a better signal-to-noise ratio.
The mixer stage in a receiver develops
considerable noise. If a weak signal
is amplified by an rf stage before it is
fed to the mixer, there is a much better
chance that it will be able to over-ride
the mixer noise than if it is fed directly
to the mixer.
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A Four-Tube Superheterodyne

A number of the midget superhetero-
dyne receivers use only four tubes in-
stead of five tubes as in the receivers
we have discussed previously. In
most of these superheterodynes there
is no i-f amplifier stage. You will re-
member that we defined a superhetero-
dyne receiver as a receiver that con-
verts the incoming signal to a lower
frequency before it is detected. In
most superheterodynes, after the fre-
quency of the signal is changed, there
is a stage in the receiver that amplifies
this new signal frequency. However,
in some small superheterodynes the
frequency is changed, and the signal is
fed directly to the detector. In other
words, the i-f signal is not amplified.
However, the fact that the signal fre-
quency is changed before the signal is
detected makes the receiver a super-
heterodyne.

In Fig. 7 on the diagram sheet, we
have shown a 4-tube ac-dc super-
heterodyne. Notice that the values of
the various parts used in this set are
not marked on the diagram but in-
stead are given in a table shown with
the schematic. Manufacturers often do
this to cut down on the amount of let-
tering on the diagram.

We are not going to go into much de-
tail with circuits used in this receiver
because you are already familiar with
most of the circuits and because you
are not likely to encounter very many
of these receivers. However, we will
study the circuit briefly and also point
out a few unusual characteristics of the
receiver

THE POWER-SUPPLY CIRCUITS

First, let us look at the heater cir-
cuit. You will see that the heaters of
the tubes are connected in series as in
other ac-dc receivers. In addition we
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have a resistor marked R-7 in series
with the heater string. This resistor
has both the heater current and the B-
supply current flowing through it. The
purpose of the resistor is to drop the
line voltage so that the heater voltage
applied to the various tubes will not be
excessive.

Notice that the power supply circuit
in the receiver contains two filter re-
sistors, marked R-8 and R-9, plus a
triple-section filter capacitor.

Section C-1 is the input filter capa-
citor. Section C-2 provides some filter-
ing for the plate circuit of the 50B5
tube. Section C-3 in conjunction with
resistor R-9 provides additional filter-
ing for the dc voltage supply for the
screen of the 50B5 and the plates and
screens of the other tubes.

Capacitor C-8, connected between
the plate and cathode of the 35W4 recti-
fier tube, keeps line noise out of the B
supply and hence out of the receiver.

THE DC CIRCUITS

To trace out the dc circuits, let’s
first trace the cathodes of the three
amplifier tubes to B—. You’ll notice
that the cathode of the 12BE6 tube
connects back to B— through a wind-
ing on the oscillator coil. The cathodes
of the 12AT6 and the 50B5 tubes con-
nect directly to B—. Notice that there
is no cathode resistor used in any of
these stages.

The circuit from the plate and
screen grid of the 12BE6 tube can be
traced to the positive side of the out-
put filter capacitor C-3. The plate cir-
cuit is through the primary winding of
the i-f transformer, and the screen grid
connects directly back to this capa-
citor.

The plate of the 12AT6 tube con-
nects back to the output filter capa-




citor through the 220,000-ohm plate
sistor R-6.

The screen of the 50B5 output tube
is connected directly to the positive
side of C-3, and the plate is connected
to the positive side of C-2 through the
primary winding of the output trans-
former.

While we are looking at the dc cir-
cuits let’s look at the bias circuit of the
50B5 output tube. Notice that the
cathode connects directly to B—, and
therefore is operated at ground or B—
potential. The grid, however, con-
nects through the resistor R-5 back to
the No. 1 grid of the 12BE6 tube,
which is the oscillator grid. Now, you
know that when the oscillator is oper-
ating, the oscillator grid is driven
positive by the signal, and when this
happens, electrons flow to the grid of
the tube and then through the oscil-
lator grid resistor R-1. The electrons
also charge the oscillator grid capa-
citor, which in this circuit is a gim-
mick ‘on the oscillator coil. When the
grid is not attracting electrons, this
capacitor discharges through R-1,
maintaining the grid of the oscillator
tube negative.

Since the grid of the 50B5 is con-
nected back to the oscillator grid
through R-5, there will be a negative
potential applied to the grid of the
50B5 tube. There will be no voltage
drop across R-5 because as long as the
grid of the 50B5 is negative, there will
be no current flow in the grid circuit.
Thus the grid of the 50B5 is simply
maintained at the same negative po-
tential as the grid of the oscillator.
This is sufficient to provide an operat-
ing bias for the 50B5 tube.

THE SIGNAL CIRCUITS

The signal circuits found in this re-
ceiver are similar to the signal circuits
described in the receivers already dis-
cussed. However, we’ll go through
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these circuits once again. Notice that
an antenna coil is used on this receiver
instead of a loop. The primary wind-
ing of the antenna coil is connected to
an outside antenna. The signal picked
up by the antenna flows through the
primary winding, inducing a voltage
in the secondary. The secondary cir-
cuit is tuned to resonance by the capa-
citor connected across it. This is one
section of the tuning capacitor. The
output from the secondary winding is
connected to the No. 3 grid, which is
connected to pin No. 7 of the 12BE6
tube, and to the cathode of the tube
through the .05-mfd capacitor C-4 and
the oscillator coil. You will notice two
capacitors marked C-4 on the diagram;
both are .05-mfd capacitors. Manufac-
turers sometimes give all the parts of
the same value the same part number.
The capacitor mentioned here is the
one connected from B — to the antenna
coil.

The oscillator circuit is a Hartley
oscillator. The feedback from the
cathode circuit to the oscillator tank
circuit is inductive. Notice that the
oscillator coil has a gimmick winding
which forms the capacity from the No.
1 grid, which is the oscillator grid, to
the oscillator tank circuit.

The incoming signal is mixed with
the signal from the local oscillator in
the 12BE6 tube, producing two new
signal frequencies, one equal to the
sum of the two signals and the other
equal to the difference. The primary
winding of the i-f transformer is tuned
to this difference frequency, which is
the i-f.

The signal current flowing through
the primary winding of the i-f trans-
former induces a voltage in the sec-
ondary winding. Now this voltage,
instead of being fed to an i-f tube for
amplification, is fed to the detector for
detection. The signal across the sec-
ondary winding is applied to the diode




plate connected to the No. 5 pin. When
the diode plate is driven positive, elec-
trons flow from the cathode of the tube
to this diode plate, through the sec-
ondary of the i-f transformer, and
then through the volume control,
which is R-3, back to B—. Capacitor
C-5 is the diode load capacitor, which
is charged by this current. R-2 and C-4
make up the ave filter network. The
ave voltage is fed to the control grid
of the 12BE6 tube through the sec-
ondary of the antenna coil. Notice
that the avc line connects to the other
diode plate, which is the No. 6 pin of
the 12AT6 tube. This is a gas gate
similar to the one used in the preced-
ing set.

The signal from across the volume
control is fed to the triode section of
the 12AT6 tube through the .002-mfd
capacitor C-6. Biasfor the 12AT6 tube
is developed across the 10-megohm
grid resistor R-4 by convection.

The audio signal applied between
the grid and the cathode of the 12AT6
tube will cause the plate current flow-
ing from the cathode to the plate of the
triode section to vary. This causes the
current flowing through the 220,000-
ohm plate load resistor R-6 to vary, de-
veloping a voltage across it. This volt-
age is fed to the grid of the 50B5
through the coupling capacitor C-7, and
this audio signal fed to the input cir-
cuit of the 50B5 tube causes the plate
current flowing in this tube to vary.
The varying current flowing through

the 50B5 tube goes through the pri-
mary of the output transformer, in-
ducing a voltage in the secondary,
which in turn causes current flow
through the voice coil of the speaker,
and operates the speaker.

Notice that the plate by-pass on the
50185 output tube is connected directly
across the primary winding of the out-
put transformer. Insofar as the signal
is concerned, the end of the primary
winding of the output transformer
winding of the output transformer that
connects back to C-2 is at signal
ground potential because the size of
C-2 is so0 large that the capacitor has a
low reactance at signal frequencies.
Thus the by-pass capacitor is con-
nected from the plate of the 50B5 to
B— electrically.

SUMMARY

You are not likely to run into too
many of these small superheterodyne
receivers to service, but you will prob-
ably encounter some. The circuit is
interesting because this is the first
time you have seen a superheterodyne
that does not have an i-f amplifier. As
far as servicing this type of receiver is
concerned, people who own these sets
usually are not too willing to spend a
great deal to have them repaired, be-
cause the sets were originally quite in-
expensive. However, you may be
called on to make simple repairs, such
as replacing tubes or possibly a filter
capacitor in one of these sets.
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A Four-Tube TRF Receiver

Some of the small four-tube receivers
that were manufactured not too long
ago are trf receivers. The schematic
diagram of a receiver of this type is
shown in Fig. 8 on the diagram sheet.
This receiver usually has rather poor
selectivity and you may find that it
simply is not capable of separating
strong loeal broadcast stations.

We'll run through the circuits in
this receiver briefly,

B-SUPPLY CIRCUITS

Notice that the heaters of the tubes
used in this receiver are once again
connected in scries. The filter network
used at the power supply output is
similar to the fiiter networks you have
seen previously. The plate of the
50L6 output tube is brought back
directly to the input filter capacitor,
whereas the screen of the 50L6 tube
and the plates and screens of the other
tubes are brought back to the 30-mfd
output filter capacitor.

The cathode of the 128G7 rf ampli-
fier is connected to B— through the
220-ohm cathode resistor. The cathode
of the 125Q7 connects directly back to
B —, and the cathode of the 50L6 tube
connects to B— through the 150-ohmn
cathode bias resistor marked 21 on the
diagram.

The screen of the 125G7 tube con-
nects directly back to the output filter
capacitor; the plate of the 12SG7 tube
connects to the output filter capacitor
through the rf coil marked 28 on the
diagram. The plate of the triode sec-
tion of the 125Q)7 is connected directly
back to the output filter capacitor
through the l-megohm plate load re-
sistor marked 9. The screen of the
50L6 connects directly back to the
output filter capacitor, and the plate
of the 50L6 connects to the input filter
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capacitor through the primary of the
output transformer.

THE SIGNAL CIRCUITS

This receiver is operated with a
short external antenna. The signal
picked up by the antenna is fed to the
antenna coil and causes a current to
flow through the primary winding.
Notice that the primary winding of the
antenna transformer connects to B~
through a .01-mfd capacitor. This is
to avoid a direct connection between
the antenna and B— through the
primary winding of the coil. This
direct connection must be avoided to
keep from shorting the primary wind-
ing of the coil if the antenna is ground-

The signal current flowing through
the primary winding of the antenna
coil induces a voltage in the circuit.
The secondary is tuned to resonance by
the variable capacitor connected across
it. The lower end of the secondary
winding connects to ground through
the .01-mfd capacitor marked 9 on the
diagram, so that the tuning capacitor
is, in effect, in parallel with the sec-
ondary of the antenna coil.

The signal from the antenna coil is
fed to the cathode of the 128G7
through the 220-ohm resistor 15, and
the .01-mfd capacitor, and to the
grid through the 220-ohm resistor
marked 14. The 220-ohm resistor is
used in the grid circuit to prevent
oscillation, which would probably other-
wise occur, because both the plate cir-
cuit and the grid circuit are tuned.

The signal is amplified by the 125G7
rf amplifier. In the plate circuit of this
tube we have a parallel resonant cir-
cuit consisting of a coil marked 28, and
the second section of the tuning capa-
citor with the trimmer connected across
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it. The second tuned circuit is used to
get additional selectivity.

The amplified rf signal is fed to the
diode plate connected to the No. 5 pin
of the 128Q7 tube through the 220-
mmf capacitor 11. The diode detector
works like the diodes we have discussed
previously. When the plate is driven
positive, electrons will be attracted
from the cathode. The electrons reach-
ing the diode plate will flow through
the 47K resistor 17 and through the 1-
meg volume control, 13. The electrons
will charge the 200-mmf capacitor 12;
the charge across it and the voltage
across the volume control will depend
upon the strength of the signal fed to
the diode detector. Thus, we’ll have a
dc voltage with an audio signal super-
imposed on it appearing across these
components.

The dc component is separated from
the ac component by the ave network
made up of the 2.2-meg resistor, 16,
and the .01-mfd capacitor, 9, and fed to
the grid of the 128G7. The audio sig-
nal is taken from the center terminal
on the volume control and fed through
the .01-mfd capacitor to the grid of the
128Q7 triode section. The signal is
amplified by this tube and the ampli-
fied plate current flowing through the
1-meg plate load resistor 19 will de-
velop an amplified voltage across it.
This voltage is coupled to the grid of
the 50L6 tube through the .01-mfd
capacitor, 7.

The audio signal applied to the grid
of the 5016 tube will cause the plate
current flowing through this tube to
vary at an audio rate. This current
flowing through the primary winding
of the output transformer 24 will in-
duce a voltage in the secondary, which
will cause current to flow in the second-
ary and the speaker voice coil.

SUMMARY
Notice the simplicity of this re-
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ceiver. The signal is picked up, ampli-
fied, detected, and then the audio sig-
nal is amplified and fed to the speaker.
Notice that the signal frequency is not
changed as it is in a superheterodyne
receiver. The signal is amplified at the
rf frequency at which it is picked up
instead of being changed to a lower
intermediate frequency.

LOOKING AHEAD

The receivers we have discussed in
this lesson are typical of some of the
receivers you may service. If you are
able to trace out the circuits in these
sets, if you understand the various
circuits, and if you will study them
until you are reasonably familiar with
the circuit arrangement, you should be
well on the way towards understand-
ing the circuits of any receiver in these
categories that you're likely to en-
counter. Although there are other
types of sets, understanding these
basic circuits is actually a big step
forward in understanding some of the
other types that we have not discussed
yet.

Many modern receivers manufac-
tured today use transistors. We did
not cover transistor radios in this
lesson because most transistor radios
are portables. We'll study portable
receivers in detail in later lessons.

Two other important receiver types
that you’ll encounter are the all-wave
broadcast receiver and the FM re-
ceiver. Both of these types will be
studied in detail in later lessons.

Incidentally, circuits fround in the
radio receivers you studied here, and
those you will study in the next few
lessons are very similar to circuits
found in TV receivers. Learning these
receivers is a big step toward learning
TV receiver circuits and how to service
them. As a matter of fact, even if
you're interested in doing only tele-
vision service work and do not plan to




do any radio service work at all, it's a
good idea to become familiar with these
sets and also to do some radio service
work simply to get practice in servic-
ing electronic equipment. It is far
easier to work on a 5-tube radio re-
ceiver than it is on a 20-tube television
set. Ton’t be afraid to start small and
work up to bigger sets. There are very

few top-notch TV technicians today
who did not get their start servicing
radios. Furthermore, there are many
more radio sets in use than there are
television sets. Even if you eventually
expect to concentrate on TV service
work, there is no reason why you should
pass up the opportunity of picking up
some extra money repairing radios.

Lesson QQuestions

Be sure to number your Answer Sheet 22B.

Place your Student Number on every Answer Sheet.

Most students want to know their grade as soon as possible, so they

mail their set of answers immediately. Others, knowing they will finish
the next lesson within a few days, send in two sets of answers at a time.
Either practice is acceptable to us. However, don’t hold your answers
too long; you may lose them. Don’t hold answers to send in more than
two sets at a time, or you may run out of lessons before new ones can
reach you.

1.

10.

In the circuit shown in Fig. I, why is the B+ lead from the output trans-
former brought back directly to the cathode of the rectifier tube rather than
to the output filter capacitor?

. In Fig. 1, what is the purpose of the 15-megohm resistor marked 15, con-

nected between the oscillator grid of the 12BE6 tube and the ave line?

. In the circuit shown in Fig. 1, through what part is the signal fed from the

plate circuit of the 12AT6 tube to the grid of the 50B5?

. In the circu:t shown in Fig. 2, what is the purpose of the 86-ohm resistor

R-11?
What is the dc resistance of the field coil of the speaker in Fig. 2?

If the heater of the 6SK7 tube burns out in the circuit shown in Fig. 6, will
the heaters of the other tubes still light? Why?

In the circuiz shown in Fig. 6, through what parts do electrons flow in going
frobr:: the oscillator anode of the 6SA7 tube to the filament of the rectifier
tube?

What is the name given to the circuit in which a diode plate, such as pin 5
of the 68Q7 tube in Fig. 6, is connected to the avc line?

Where does the 50B5 output tube get its bias in the circuit shown in Fig. 7?
What type cf receiver is the four-tube receiver shown in Fig. 87
‘ 29



THE VALUE OF REVIEW

Man has acquired so much new knowledge in re-
cent years that it has become impossible for one
person to know everything available about even a
limited subject. Educational authorities realize this
fact, and the colleges of today consider a man well-
educated if he knows the elementary ideas and knows
where to find other information when he wants it.

The field of radio and television has outgrown the
memorizing ability of the human mind. Also, it is
such a comprchensive field that occasionally you
cannot recall important facts previously studied.
Review is obviously needed.

Time spent in review several weeks or months
after a book is studied will be far more profitable
than an equivalent amount of extra time spent on
the book initially, for your mind has then had a
chance to file and store away the information secured
from the first study. Each review results in more
information being transferred from the textbook to
your mind, and soon, with no conscious attempt to
memorize, you will find yourself able to recall an
amazing number of valuable facts.
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STUDY SCHEDULE No. 24

- -

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

[] 1. Introduction

[] 2. Semiconductor Fundamentals . ... ... ... . .. . .. Pages 3-13

Here you learn about semicouductor materials, their atomic structure, and
why they work as semiconductors.

[ 3. Semiconductor Diodes and Transistors .. .. ... Pages 14-30

You learn about junctions between two types of semiconductors and what
takes place there.

(] 4. Basic Transistor Circuits . . . . ..mN ... ..Pages 31-36

How transistors are used.
[0 5. Answer the Lesson Questions.

[ &. Start Studying the Next Lesson.
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N THIS lesson and in the following

one, we will discuss a relatively
new field of electronics — one that
promises many advances in circuit
types and applications. Since the tran-
sistor was first developed, it has been
improved to the point where it can
perform many of the jobs originally
done by vacuum tubes. The transistor
is a very small light-weight device;
and because of its small size, it is ideal
for such compact-unit designs as per-
sonal radios, hearing aids, and other
portable electronic equipment,

The development of the transistor
is a result of many years of research
into the electrical characteristics of
various solid materials such as ger-
manium and silicon. These elements
belong to a group called semi-
conductors. The members of this group
have electrical characteristics that
differ greatly from those of metals.

A very early application of some of
these materials was in the crystal de-
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tectors used in the first radio receivers.
The crystal was mounted so that one
side was in contact with a metal plate
or cup. A very fine wire, called a cat
whisker, was used to locate a current-
sensitive spot on the surface of the
material. The crystal acted as a de-
tector because it allowed current to flow
more easily in one direction than in
the other. This device, however, did
not amplify the applied signal.

With the development of the vacuum
tube, research on crystals for use in
electronic circuits practically ceased.
During World War 11, germanium and
silicon diodes were developed for radar
use. The work was carried on in vari-
ous laboratories, and finally led to the
development of the transistor. These
units may never entirely replace vacu-
um tubes in all applications, but they
can replace tubes in 1nany low-power
amplifier, oscillator, computer, and
switching circuits. They are better
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than tubes in many circuits, and can
do work in other circuits that vacuurp
tubes cannot duplicate.

The transistor has many advantages
over the vacuum tube. The size is ex-
tremely small; the entire transistor,
including the protective shield, may
be as small as one-eighth of an inch
in diameter by one-quarter of an inch
high. Because the material used is
golid, the transistor is very rugged. It
can withstand severe mechanical shock
without physical damage or change in
electrical characteristics.

Another advantage is that the tran-
sistor requires no filament voltage. In
addition, the supply voltage is usually
only a few volts at very low current.
Thus, the transistor can be operated
from a small lightweight battery,
which makes it ideal for use in small,
compact equipment.

For the same amount of power con-
sumed, it is possible to obtain higher
output voltage and power gains with a
transistor than with a vacuum tube.
At present, however, there are few
high power-output transistors avail-
able. Most of them are low power
units. After more improvements are
made, transistors will probably be
more efficient than vacuum tubes
operating at similar power outputs.
Transistor life extends to 100,000
hours, as compared to approximately
5000 hours for the vacuum tube. As
you can see, a transistor, when oper-
ated within the manufacturer’s recom-
mended voltage and power levels,
doesn’t need replacement very often.

A disadvantage of the transistor, at
present, is that it has more noise out-
put than a vacuum tube. This noise is
particularly noticeable at low frequen-
cies—especially in the audio range.

However, at higher frequencies, the
noise decreases; and at extremely high
frequencies, the unit has approxi-
mately the same noise output as the
vacuum tube,

Much of the electron theory we are
familiar with from our study of vacu-
um tubes is inadequate to describe the
operation of transistors. We learned
that electrons from a heated cathode
are made to flow through a vacuum
when a positive potential is applied
to the plate. This electron flow is con-
trolled by an element called a grid,
which is inserted between the cathode
and the plate. The material of which
the transistor is composed, however, is
a solid. Instead of an electron move-
ment between elements in a vacuum,
as in the vacuum tube, the current in a
transistor flows through a very small
piece of solid material. Although the
net result is the same (an amplified
signal at the output), the operation of
the transistor differs greatly from the
vacuum tube operation.

The fundamental transistor theory
that we will give in this lesson is ac-
cepted by most of the scientists who
are concerned with transistor research.
The transistor is a comparatively new
development; some of the reasons why
it is able to produce an amplified
signal at its output are not fully
understood at this time. Further re-
search will, no doubt, modify some of
the explanations now considered to be
correct, and clear up some points on
which scientists do not fully agree.

Most of the theory can be proved
by highly involved mathematics, but
some of it has been derived from the
results obtained from transistor circuit
action. We will not give you a highly
technical or mathematical explanation
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in this lesson. Instead, we will include
only enough information to give you a
clear picture of how transistors work.

We will discuss the fundamental

operation of the transistor, describe
the various types that have been de-
veloped, and briefly discuss the basic
transistor circuits.

Semiconductor

A word of caution right at the
start—do not think of the transistor
as a kind of vacuum tube or anything
like it. Transistors can be used in
some circuits which are electrically
similar to those used with vacuum
tubes. Most of the simple circuits pub-
lished in popular radio and electronics
magazines take advantage of this fact.
Even some of the best engineering
texts include chapters on “Duality”;
that is, designing transistor circuits by
comparing them with similar tube
circuits.

Unfortunately this approach does
not lead to an understanding of tran-
sistors. It does, however, lead some
people to believe that transistors are
somewhat like vacuum tubes—only
without the vacuum. Many popular
magazine articles have even tried to
explain transistor operation in this
way.

Transistors and vacuum tubes oper-
ate on entirely different principles.
You cannot understand transistors by
comparing them with vacuum tubes;
there are no grounds for comparison.
Many times new equipment and ideas
can be explained by comparison with
older, better understood things. For
instance, the grid of a triode tube is
frequently compared to a valve in a
water pipe. This comparison is a good
one since it explains the action of the

Fundamentals

grid without being misleading. No one
ever tried to put a brass faucet in a
tube envelope. When a grid does not
cut off the current flow in a tube, you
don’t grind the seat and replace the
washer. The two things are so different
in appearance and actual use that no
confusion results.

Because many of the circuits in
which they are used are so much alike,
it is easy to fall into the habit of
thinking of transistors in terms of
vacuum tubes. This comparison is
harmful; the internal operation of a
transistor is no more like that of a
vacuum tube, than a solid material is
like a vacuum.

The first thing we are going to do is
to look inside an atom to find out why
some materials are good conductors of
electricity and others are insulators.
Then we will show how semi-
conductors differ from both. When we
do this we will find that current con-
duction in a semiconductor is not only
by means of electrons but also by what
are apparently positive charges. We
will find also that there are three basic
types of conduction in these new ma-
terials. The type of conduction will
depend upon whether the current is
carried by electrons, by the positive
charges, or by both.

Transistors are only one type of
semiconductor device used today in




radio equipment. As we prepare the
ground work for the study of tran-
sistors, we will also show how silicon
and germanium diodes work. We will
spend considerable time getting an
understanding of the operation of
transistors and semiconductor diodes.
These devices are new; they are
undergoing constant changes. Each
day new circuits using these devices
are being developed. Many of these
circuits are totally unlike anything
used with vacuum tubes. An example
of one such new circuit is an oscillator
using a diode instead of a triode. This
type of operation is possible only with
semiconductor materials. It is only
by having a thorough understanding
of the operation of these devices, that
you will be able to keep up with the
rapid advances and changes in their
use. The great strides taken in the last
few years in the development and uses
of semiconductors have been only a
start. From here on the development
will move at a much more rapid pace.

SEMICONDUCTOR MATERIAL

The material used in transistors and
crystal diodes has electrical character-
istics midway between a conductor
and an insulator. From your early
studies, you know that a conductor
presents a low resistance to current
flow because its electrons are arranged
so that they can easily be removed
from their atoms. Examples of con-
ductors are copper, aluminum, and
silver.

An insulator, on the other hand, has
a high resistance to current flow. The
electrons in the atoms of an insulator,
such as glass, paper, wood, and dry
air, are arranged so that they cannot
easily be removed from their atoms.

A material, called a semiconductor,
having characteristics between these
two extremes (conductors and insula-
tors) is used in transistors and similar
devices. The electrons in a semi-
conductor can be removed from their
atoms if some type of external energy,
such as voltage, heat, or light, is
applied to the material. Then, it acts
like a conductor.

Typical semiconductor materials
are germanium, silicon, lead sulphate,
and selenium. By far the most widely
used semiconductor material for tran-
sistors is germanium—a hard metallic
substance. Although germanium is an
abundant element, it is not found in a
pure state in nature. Most of the ger-
manium used in forming transistors is
obtained as a by-product of zinc
mining and from the coal dust from
chimneys.

Before germanium can be used in
transistors, it must be refined and as
many of the impurities as possible
removed. The purifying process 1is
rather complicated, and a detailed
description is not necessary to the
understanding of transistor action. It
is interesting to note, however, that
amounts of impurities so small that
they could not affect the electrical
characteristics of other substances will
make germanium totally unsatisfac-
tory for transistors. Germanium crys-
tals used in the manufacture of
transistors are among the purest sub-
stances made by man.

When germanium is in its purest
form, it is practically an insulator.
That is, it offers a very high resistance
to current flow. To make it conductive
enough to be used in transistors, small
amounts of other elements must be
added to the pure germanium. The

T .

!
!
k



IR B i B e

o, PIC VRPNV

oS

quantity of the added materials, called
impurities, must be closely controlled.
If too many impurities are added, the
germanium becomes too conductive
and is again unsuitable for transistor
purposes. The amount of impurity, is
about 1 atom of impurity for each
10,000,000 atoms of germanium.

As the impurity atoms are added,
the germanium becomes more conduc-
tive, and the resistance to the flow of
current decreases. Thus, the current
flow in a piece of germanium can be
controlled either by varying the
amount of impurities in the substance
or by applying an energy source to the
semiconductor material. Both methods
can vary the conductivity of the ma-
terial and cause it to act as a variable
resistance. Transistor action is pos-
sible only because of this variable
resistance characteristic. In other
words, the transistor operates by con-
trolling the resistance of the semi-
conductor material. From this ability,
the unit gets its name — TRANSfer
resISTOR, It transfers variations in
external potential into variations in
resistance of the semiconductor.

The resistance of germanium also
depends upon the temperature. In
most metals, the resistance increases
with increase in temperature. With
germanium, however, the resistance
decreases with increase in tempera-
ture. This is important in the design
of circuits using transistors. Operation
of the units will be affected if they are
placed near vacuum tubes or other
components that radiate a large
amount of heat.

ATOMIC STRUCTURE OF
SEMICONDUCTORS

The best way to understand the

operation and characteristics of a
transistor is to study the atomic struc-
ture of the semiconductor material.
You have learned that a conductor is
a material in which a great many
electrons are free to move and break
away frow the atomic structure when
a voltage is applied across the ma-
terial. An insulator, on the other
hand, has no free electrons. Whether
a substance is a conductor or insulator,
therefore, depends upon whether or
not it has free electrons.

At this point we could simply say
that a semiconductor has a few free
electrons, less than a conductor but
more than an insulator. If we said
that we would be half right—part of
the time. Furthermore this simple ex-
planation does not explain several
other characteristics of semiconductors
in an electrical circuit. The semi-
conductor never has as many free
electrons as a metal conductor. How-
ever, it is possible for a semiconductor
to have no free electrons, and conse-
quently act as an insulator.

There are two other characteristics
of semiconductors which are quite im-
portant in their use in transistors. The
first of these is the fact that semi-
conductor materials do not follow
Ohm’s Law. The resistance of a semi-
conductor material does change when
the voltage changes; but thc resist-
ance is reduced as the voltage in-
creases. A second characteristic which
affects transistor operation very
greatly is that as the temperature of a
semiconductor rises, the resistance is
reduced. This is exactly opposite to
most conductors. Metallic conductors
have higher resistances at higher tem-
peratures. These characteristics are
extremely important in transistor ac-




tion and in order to understand them
we will have to take a look into an
atom.

An atom of any element consists of
a central positively charged nucleus
which is surrounded by a cloud of
electrons. In a neutral or uncharged
atom there are just the right number
of electrons to neutralize the positive
charge. The charge on the nucleus is
different for different atoms. Hydro-
gen, the simplest atom, has a single
positive charge on the nucleus while
aluminum has 13, silicon 14, copper
29 and germanium 32. In the neutral
or uncharged state, each of these
atoms has enough electrons to exactly
neutralize the charge of the nucleus.
Thus the hydrogen atom has only one
electron, while aluminum has 13, sili-
con 14, copper 29 and germanium 32.
These electrons place themselves sys-
tematically in a series of “shells”
around the nucleus.

Each of these shells can accommo-
date only a certain number of elec-
trons. The first shell can hold no more
than two electrons; the second shell, 8;
the third shell, 18; and the fourth shell
32. While there is a maximum number
of electrons that may be found in any
shell, there is no minimum. There can
be any number of electrons in a shell,
from zero to the maximum number
allowed in that shell.

An atom from which one of the
outer shell electrons has been removed
is said to be charged or ionized. The
restraining force that tends to prevent
such removal is the electrostatic at-
traction between the electron about to
leave, and the remainder of the atom.
Such attraction exists because, as an
electron starts away, its departure
leaves the atom positively charged.

The negative electron trying to leave
the atom is pulled back to the posi-
tively charged atom. Before the elec-
tron can leave the atom, the attractive
force between the electron and the
nucleus must be overcome. Some form
of outside energy must be supplied to
this electron in order for it to leave.
The amount of energy required is
different for each different type of
material.

Under the circumstances which we
will consider, the only electrons which
can be removed from an atom are
those in the outermost shell. These
outer electrons are the ones which
determine most of the electrical and
chemical characteristics of each type
of atom. They are known as valence
electrons. )

For a given electron arrangement,
the valence electrons which are located
in the shells closest to the nucleus re-
quire the greatest amounts of energy
before they can be ionized. The farther
away the valence shell is from the
nucleus, the less energy is required to
remove its electrons.

The number of electrons in the
valence shell also determines the
energy necessary to remove one of
them. Any electron that has the entire
outer shell to itself, is in general, much
less strongly attached to its atom than
one which has many companions in its
own shell. Good electrical conductors
are made from the elements in which
the farthest out shell that is occupied,
contains only one, two, or at the most
three electrons,

In solids, billions of atoms are
bound together to form crystals. With-
in each crystal the atoms are held in
a regular pattern which is called a
space lattice. The number and ar-

o T v ey

o ——E—— ey -

[ e T

e e

.
.



-t T R, P T

T

rangement of electrons within each
atom determines the shape of the
crystal and of the space lattice which
makes up the crystal. The type of
crystal structure in turn determines
many of the physical properties of the
material.

Within these crystals, the atoms are
located so close together that the outer
shell electrons are really no more
closely associated with one atom than
with another. When there are only one
or two valence electrons, the attach-
ment of these electrons to the individ-
ual atoms is weak to begin with. It
vanishes completely in this very
closely spaced arrangement of atoms.
At least one, sometimes two, and in a
few cases three, electrons per atom are
not bound at all to any one atom, but
are free to move throughout the in-
terior of the metal. They can therefore
move very easily in response to elec-
tric fields. For this reason these ma-
terials make good conductors of
electricity.

On the other hand, in the case of
insulators, the valence shell of the
atom is full or nearly full of electrons.
In this case a great amount of energy
is required to separate an electron
from its atom. Even in the closely
packed atom arrangement of a crystal,
the valence electrons are not free to
move about. Since there are no avail-
able free electrons, this material is an
insulator.

In the case of the semiconductor,
the valence ring is not full, but in
forming the crystal lattice the outer
electrons arrange themselves about
the atoms in such a manner that each
valence shell appears full. We will
show how this is possible using ger-
manium as an example,

FIG. 1. A, arrangement of electrons about
germanium nucleus. B, simplified symbol
for germanium.

Fig. 1 shows the arrangement of the
electrons about the nucleus of a ger-
manium atom. In this picture, the
shells around the nucleus are shown
as rings, and the dots on each ring
show the number of electrons in each
shell. This is the common method of
showing an atom. You can see from
this that the electrons are arranged
in four shells which contain respec-
tively 2, 8, 18, and 4 electrons. Of the
32 electrons surrounding the nucleus,
only the four outer ones concern us.
The 28 electrons in the three inner
shells are bound so closely to the
nucleus that it is very difficult to re-
move them. For this reason it is cus-
tomary to indicate the germanium
atom in an abbreviated form as shown
in Fig. 1B. In this abbreviated form,
the nucleus and inner shells are repre-
sented by the inner circle and only the
valence electrons are shown. The num-
ber in the center is the net positive
charge of the combined nucleus and
inner shells.

The arrangement of atoms in a
crystal of germanium is shown in Fig,
2. In this figure the balls represent the
centers containing the nucleus and the
28 electrons which are closely bonded
to it. The rods represent the forces
holding these atoms together within the
lattice. You will notice that there are




four of these links for each atom. That
is, there is one link for each electron in
the valence shell. Since the three di-
mensional structure is more difficult to
follow, we will flatten this lattice out
and use the picture of Fig. 3 to show a
simpler arrangement. Each germanium
atom shares each of its four valence
electrons with one other atom and in
return shares a valence electron which
is received from the second atom. This
arrangement is shown in Fig. 3.

Each pair of shared electrons, one
from each of two atoms, is called a

FIG. 2. Lattice structure of germanium.

COVALENT BOND. You may have
noticed that throughout the book we
have referred to “valence shells” not
“valence rings.” This is because the
electron is not restricted to a flat cir-
cular orbit but may move anywhere
on the surface of a sphere which has
the nucleus at its center. Furthermore,
the electron is continuously spinning
on its axis. The movement of the two
electrons of a covalent bond with re-
spect to each other, provides the force
that holds the atoms of the crystal
together. Before an electron can leave
its covalent bond, it must receive

{
} VALENCE |

e

FIG. 3. Plan diagram of arrangement of
atoms in germanium nucleus.

enough energy to overcome the force
of attraction between the two atoms.

In a perfect crystal containing only
pure germanium, and receiving no
energy of any kind from outside the
crystal, germanium would be a perfect
insulator. In order for the germanium
to be sufficiently conductive for use in
transistors, some source of outside
energy must be applied, or impurities
must be added to the crystal.

The heat energy received by the
crystal even at room temperatures is
sufficient to cause a few of the elec-
trons to move out of their proper place
in the lattice structure. Because of
this heat energy there are always a
few free electrons available for con-
duction of electric current. As the tem-
perature increases, more and more
electrons are freed from the valence
bonds, and the speed of the electrons
becomes greater. As more electrons
are freed and the speed of the elec-
trons is increased, the resistance of the
material is reduced. This is the reason
why semiconductors have a resistance
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which decreases with rigsing tempera-
ture.
Heat is not the only form of energy

.which can reduce the resistance of

semiconductor materials. You learned
in an earlier lesson on electron tubes,
that electrons can be emitted from a
metal by applying heat, light, by
bombarding the metal with other
electrons, or by subjecting the metal
to a high voltage field. These electrons
were originally a part of the crystal
structure. Therefore, they must be re-
moved from their atoms and made free
electrons before they can be emitted. In
semiconductor devices, we need only
free electrons from the valence shells
of atoms. It is not necessary to cause
them to be emitted from the material.
Electrons may be freed from their
valence bonds by any of the forms of
energy which cause emission. How-
ever, in any material, the energy re-
quired to free electrons from their
valence bonds is not as great as the
energy required for emission from the
metal. The number of free electrons
will, of course, depend upon the
amount of energy used.

As the amount of energy is in-
creased, not only is the number of
free electrons increased, but the free
electrons travel faster.

When the heat energy drives an
electron from the valence bond it
leaves an empty space in the crystal
lattice. This empty space is called a
“hole.” An electron from a neighbor-
ing atom can move into this hole, thus
creating a new hole at the place it left.
This movement of electrons to fill holes
makes it appear that the holes them-
selves move.

The filling of holes by valence elec-
trons from another atom is possible

since the electrons are in constant
motion about their atoms. If in its
movement an electron comes closer to
a hole than to its own atomic nucleus,
it will be more strongly attracted to
the hole and will leave its atom. When
there is no voltage applied across the
crystal, the movement of a hole is at
random. It can and does move in any
direction.

When a voltage is applied across the
crystal, the free electrons are attract-
ed toward the positive pole of the
voltage source and the holes move to-
ward the negative pole. In other
words the hole moves in exactly the
same way that a positively charged
particle within the crystal lattice
would move,.

It is easy to see why the hole would
move in this direction, when you re-
member that electrons moving from an
atom to fill a hole will move most
easily towards the positive pole. When
an electron leaves an atom to fill a
hole, it leaves a hole in the atom from
which it moved. Thus the hole moves
in the opposite direction to the elec-
tron. In transistors you can think of
these holes as excess positive charges.
It is important to note at this point
that the movement of holes is only
about half as fast as the movement
of electrons.

Electrons and holes are referred to
as carriers, and are responsible for the
conduction of electricity in a crystal.
The electrons are negative carriers
just as in metals, but the holes are
positive carriers. There is no equiva-
lent to current conduction by means
of holes in a metal. In a pure crystal,
holes and free electrons are formed in
pairs, The removal of one electron
from an atom always leaves one hole




in that atom. Thus there are an equal
number of holes and electrons.

The removal of an electron from an
atom leaves a positive ion. At each
hole, therefore, there is a localized
region of positive charge. These posi-
tively charged ions attract free elec-
trons which pass near them. These
electrons fill the holes and return the
atoms to their normal electrically
neutral condition. At room tempera-
tures about one ten thousandth of a
second passes between the time an
electron leaves the valence ring to be-
come free, and the time a free electron
fills the hole in that valence ring.

The {formation of hole-electron
pairs and their recombination is a
continuous process. Both formation
and recombination take place all the
time in any crystal. The conductivity
of the material depends on the average
length of time an electron is free and
on the number of free electrons, and
this conductivity rises rapidly above
room temperatures.

Conduction of this type in pure
germanium, caused by the formation
of hole-electron pairs, is called IN-
TRINSIC CONDUCTION. In tran-
sistors and semiconductor diodes this
intrinsic conduction is undesirable. It
is kept as low as possible by shielding
the unit from light and holding the
operating temperature as low as pos-
sible. The way in which intrinsic con-
duction affects transistor operation
will be covered later in this book. At
this time it is necessary only to state
that the operation of the transistor
can be greatly limited, or the transis-
tor completely destroyed if this intrin-
sic conduction becomes too great.

Intrinsic conduction is used in some
types of light-sensitive cells, The older
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selenium photocells and the new ger-
manium photo-resistors use the in-
crease in hole-electron pairs, resulting

from light energy, to control the con-

ductivity of a simple series circuit.
These circuits will be taken up in a
later book. The conductivity of ger-
manium can be increased in a manner
that will allow transistor action by
“doping” or adding impurities.

The impurities used in germanium
and silicon transistors are materials
which contain either one more, or one
less electron in the valence shell than
germanium itself. Each impurity atom
displaces one germanium atom in the
crystal structure. However, neither
type of impurity has the proper num-

FIG. 4. A, arsenic atom showing arrange-
ment of electrons and simplified drawing
of nucleus and valence shell. B, excess
electron produced by arsenic atom in
germanium crystal lattice.
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ber of valence electrons to link with
germanium atoms in exactly the same
manner that a germanium atom can.
The effect upon conductivity depends
upon whether there are more or less
electrons in the outer shell of the im-
purity, than there are in a germanium
atom.

We will take up first the type of
impurity which contains five electrons
in the outer ring. Fig. 4 shows the
effect on the crystal structure of add-
ing small amounts of arsenic. As you
can see, four of the five electrons in
the outer ring form mutual bonds with
each of four different germanium
atoms. This sharing of electrons com-
pletes the covalent bonds of the
germanium atoms, and adds four
electrons to the valence shell of the
arsenic. The extra electron which is
not part of a covalent bond would be
the ninth electron in this shell.

Now, we have already said that the
fourth shell can have as many as 32
electrons. However, it may hold 32
electrons only under certain condi-
tions. There can be nine electrons in
the fourth shell only if the fifth shell
has two. So, with eight electrons bound
in the fourtl shell, the ninth acts as if
it were the first electron in the fifth
shell. As such it is free to move
about readily within the crystal in
exactly the same manner as the single
valence electron of a good metal con-
ductor. The addition of these free
electrons greatly reduces the resis-
tivity of the material. When a semi-
conductor has been doped in this
fashion it is called N-type. The “N”
refers to negative carriers., The im-
purity atom is called a donor, since it
donates an easily freed electron. In
the example, arsenic was used as the
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impurity; however, both phosphorus
with a total of 15 electrons, and anti-
mony with 51 electrons have been used
as donors.

If the impurity which is added to
the germanium is one that has only
three electrons in its outer ring, such
as the element indium, it does not
provide sufficient electrons to fill the
outer shells of each of the four ger-
manium atoms lying closest to it. For
each atom of indium added there is
one electron missing from some coval-
ent bond in the lattice structure. The
effect on the lattice structure of re-
placing a germanium atom with an
atom of indium is shown in Fig. 5B.
Fig. 5A shows the arrangement of the

FIG. 5. A, arrangement of electrons

around indium nucleus and simplified

form showing valence electrons only. B,

hole produced by indium atom in ger-
manium crystal lattice.




clectrons in their shells around the
indium nucleus.

Since there is always some heat
energy within the crystal there are
always a few electrons moving about
within it, These free electrons are
strongly attracted to the vacancy in
the covalent bond left when the indium
atom replaced the germanium atom
leaving an incomplete covalent bond
at that point in the lattice structure.

Adding a three valence-electron ma-
terial produces P-type semiconductor.
“P"” for positive, since holes act as
positive carriers. This type of im-
purity is called an acceptor because
its atoms leave holes in the crystal
lattice that accept free electrons.
Boron, aluminum and gallium each
with three electrons in the outer ring
are also used as acceptor impurities.

The hole in the covalent bond of the
indium atom need not be filled by a
free electron. This hole may capture
an electron from one of the covalent
bonds of a nearby germanium atom.
When this happens, the hole appears
to have moved to the germanium
atom. An example of this type of hole
movement is shown by the arrows in
Fig. 5B. The original indium atom was
electrically neutral; that is, there were
just enough electrons in its outer
shells to balance the positive nucleus
charge. When the hole at the indium
atom catches an electron, there is one
more electron around the atom than
there are positive charges in the
nucleus. This gives rise to a small
region within the crystal which has a
negative charge of —1. At the same
time, the germanium atom which gave
up the electron has a positive charge
of +1. The original germanium atom
was also electrically neutral and after

losing an electron has one unit of posi-
tive charge in the nucleus that is not
balanced by the negative charges of
the electrons surrounding the nucleus.

Even though the giving up of an
electron by a donor atom or the ac-
ceptance of a free electron by an
acceptor atom ionizes the atom in-
volved, the net charge on the crystal
is still zero, The crystal itself does not
take on any charge. Each atom in a
crystal lattice was originally neutral.
It has just enough electrons surround-
ing the nucleus to neutralize the posi-
tive charge on the nucleus. Even
though individual atoms may give up
or take on electrons, the total number
of positive and negative charges within
the crystal remains the same. Further-
more, the ionized atoms will be
scattered uniformly throughout the
crystal. If any region within the
crystal were to have a very large
number of positively ionized atoms,
these charged atoms would attract
free electrons which would fill the
holes and neutralize all or part of the
ions. In the same way if a large num-
ber of atoms within a small region of
the crystal were to have excess elec-
trons, these electrons would repel each
other and leave the region, thus neu-
tralizing the charge.

Nothing we have said about holes
and electrons in semiconductors limits
electrical conduction to only one type
of carrier. In fact, we have definitely
stated that “N-type” means more elec-
trons than holes, and “P-type”’ means
more holes than electrons. It is then
apparent that both positive and nega-
tive carriers are involved in conduc-
tion at all times. The carrier which is
present in greatest quantity is called
the majority carrier; the other is
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called the minority carrier. Keep this
fact in mind—both types of carriers
are present in all semiconductor ma-
terials. A material is N-type, P-type
or intrinsic according to which type of
carrier is found in the greatest number.

This is a good place to sum up our
knowledge of semiconductor materials.
First; we know that a pure semi-
conductor crystal protected from out-
side energy is an insulator. Second; a
semiconductor at room temperature
conducts by means of hole-electron
pairs. There are both positive and
negative carriers of electricity in
semiconductor material. Third; it is
possible to increase the number of
carriers in the crystal by doping it
with very small amounts of either
three valence electron materials called
acceptors, or ive valence electron ma-
terials called donors. Fourth; A semi-
conductor is termed P-type when
there is an excess of holes; N-type

semiconductor results from an excess
of electrons. When there are the same
number of holes as there are electrons,
the material is called intrinsic. Fifth;
When an electron is freed, or a hole
captures an electron, the atoms in-
volved become ionized. Sixth; A semi-
conductor crystal has no net charge
and all charges within it are evenly
distributed.

Before you go any further in this

book, take time out for a self--

examination, That last paragraph
contains the knowledge of semiconduc-
tors you should have at this point. Go
back over that paragraph point by
point. As you take up each point, ex-
plain or account for it in your own
words. If you cannot explain to your-
self why each of these points is true,
reread the text. Make sure that you
understand. From here on, everything
in this text will be based on those six
statements.
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Semiconductor Diodes

and Transis_tors

Transistor action does not take
place within the body of the semi-
conductor material, but at a point of
contact between two different types of
material. Most transistors in use to-
day are made up of three sections in
sandwich form. The two outer sections
have the same type of majority
carrier, That is, they are both either
P-type or N-type. The center section
is also doped, but has the opposite
polarity carrier. The action which
gives rectification, amplification, or
switching, takes place at the junction
between these sections.

The first diode and the first tran-
sistors used just a single piece of
semiconductor, usually N-type. In the
diode, a single cat whisker contact
was used as the second electrode.
When a voltage was applied across the
crystal, a small P-type region was
formed at the contact wire.

The first transistors also used wire
electrodes. In this case, two contact
points were used and a small region of
P-type crystal was formed at each
contact. This type of transistor is
called a point-contact type.

The next step in transistor develop-
ment was to dope adjoining sections of
crystals with opposite type impurities.
In this way, a small N-type section of
a crystal could be sandwiched between
two P-type sections. Rectifier action
takes place where the two types of
material come in contact. This type of
transistor is called a junction tran-
sistor. The region of contact is called
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the junction.

The action of the carriers at a
junction is the same whether or not
there is another junction nearby. In
other words, the current flow through
a junction and the voltage across a
junction is the same whether the junc-
tion is in a diode rectifier or a triode
transistor,

The second stage in understanding
transistor operation is to learn what
happens to the carriers at a junction.
To show this action, we will first study
the carrier movement in a plain bar of
doped semiconductor. This plain bar
will have only one type of impurity
atom. Next we will see what happens
when two unlike types of semiconduc-
tor are brought together to form a
junction. This is the diode rectifier.
Then finally, we will see how current
flow through one junction of a triode
transistor can control the current flow
through the other junction. This is the
transistor action in which we are
interested.

Diode rectifiers and transistors of
the junction type will be described
first. While junction transistors were
developed after point-contact tran-
sistors, the operation of junction units
is more basic and more easily under-
stood. The manner in which point-
contact transistor action is obtained
is not yet fully understood, but all
present theories are based on the for-
mation of junctions near the contacts
when a current flows between the con-
tact and the crystal.
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CURRENT FLOW IN
SEMICONDUCTORS

When no voltage is applied across a
crystal, the motion of the holes and
electrons is completely at random in
the sense that there is no net move-
ment in any one direction. Their
movement may be in any direction but
never in long straight lines. Holes
move one atom at a time, and any hole
may move from its starting location
to any of the surrounding atoms. A
free electron in motion is forced to
change direction by collisions with an
atomic nucleus. When a large number
of electrons or holes are in motion,
different carriers are moving in differ-
ent directions. The effective current
flow of any one carrier is cancelled by
the movement of another carrier, and
the resultant current flow in any
direction is zero. This random motion
of carriers is called diffusion.

When a voltage is applied across a
crystal, an electron can still be made
to change direction by collision with a
nucleus, and holes still move atom by
atom. The voltage difference provides
a steady force which makes movement
in one direction easier than in any
other direction. Therefore, more elec-
trons are moving toward the positive
pole than in any other direction, and
the holes move most easily in the op-
posite direction. The result of this type
of movement is a net current flow
through the material. Movement of
carriers in response to a voltage differ-
ence is called drift. When a voltage is
applied across the crystal, drift and
diffusion occur together. This is im-
portant; even with voltage applied
there is still diffusion.

In N-type semiconductors, the elec-
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trons greatly outnumber the holes and
will carry nearly all of the current. An
external voltage attracts them to the
positive terminal, leaving behind im-
movable positive ions. When electrons
concentrate at one end of the crystal,
that region has a local negative
charge. This local negative charge
sets up a potential difference between
that portion of the crystal and the
positive terminal. Electrons are
drawn from the crystal into the wire
by this potential difference. At the
same time, there are more positive ions
around the negative terminal than
there are electrons, This sets up a
potential difference which causes elec-
trons to flow from the terminal into
the crystal. These electrons replace the
free electrons which left through the
positive terminal. The number of
electrons that leaves the crystal equals
the number of electrons arriving. Since
the crystal was electrically neutral,
and the number of electrons in it re-
mains constant, the crystal remains
electrically neutral.

In P-type semiconductors, nearly
all of the current is. carried by holes.
The external voltage causes a drift of
holes toward the negative terminal.
Holes reaching this terminal attract
free electrons from the external cir-
cuit. As these holes are filled with
electrons, they disappear. An acceptor
atom which has its hole filled is a
negative ion.

At the positive terminal electrons
are drawn from the ionized acceptor
atoms. This results in the formation
of n»w holes at this terminal. Remem-
ber these ionizing electrons are only
loosely bound to the atomic nucleus.
As these electrons are drawn off, new
holes appear. These holes drift toward




the negative terminal where they are
recombined with electrons from the
external circuit. The number of holes
formed at the positive terminal is
always just equal to the number of
holes filled at the negative terminal,
and the crystal remains electrically
neutral.

It is important to notice that even
though conduction in P-type semi-
conductor materials is by means of
holes, current flow in the external
circuit is, as always in metals, by
means of electrons,

It might appear that there was no
real difference in conduction between
P-type and N-type semiconductors.
Electrons flow from the external cir-
cuit into the crystal and then out of
the crystal into the external circuit in
both cases. There are however, two
differences between these two cases. It
is these differences that necessitate the
idea of a hole as a carrier.

The first and most basic difference
is that in N-type crystals, the free
electrons are really free. They can
move to any point in the crystal. In
the P-type, electrons are not free to
move to any point in the crystal. They
can move only to holes. Since a hole
can capture an electron from any of
its surrounding atoms, it is the hole
that is free to move in any direction.

The second difference is the speed
of movement. A free electron moves
approximately twice as fast as a hole.

The difference in speed of electrons
and holes, affects the conductivity of
the two types of semiconductor ma-
terial. Thus, when the number of im-
purity atoms is the same, the P-type
crystal will have the larger resistance.
The current through the N-type will
be greater than that through the

P-type.

Later on we will find that the speed
of travel, or drift time, of carriers has
a definite effect on the operation of
transistors at high frequencies. In this
sense it can be compared with transit-
time of electrons in a vacuum tube,
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FIG. 6. Simple P-N junction.

JUNCTION DIODE

The physical arrangement of a
simple P-N junction is shown in Fig.
6. In the construction of this junction,
two important points must be kept in
mind. First, the end contacts must not
have rectifying properties. They must
pass current equally well in both
directions. Second, the crystal lattice
must be continuous through the junc-
tion. The junction cannot be made by
clamping a piece of P-type material to
a piece of N-type. The junction is the
boundary between two regions of the
same crystal; one region containing
donor and the other acceptor im-
purities.

When a junction is formed, free
electrons in the N-type material
diffuse across the junction into the
P-type region. Holes diffuse across the
junction in the opposite direction,
from P-type to N-type.

When an electron leaves a donor
atom, the atom beconies ionized; it has
an excess positive charge equal to the
negative charge of the electron which
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is lost. In the same way, when a hole
“leaves” an aceeptor atom (i.e. is filled
by an electron), that atom takes on
the negative charge of the electron
and thus becomes a negative ion.
These ions, being atoms, are fixed in
place in the lattice structure and can-
not move, so they make up a layer of
fixed charges on either side of the
junction. Since no potential difference
exists across the junction, there will
be no further diffusion and the layers
remain in this position—a negative
layer on the P side, and a positive
layer on the N side. The ionization of
these atoms results in a shortage or
“depletion” of negative carriers on the
N side, and of positive carriers on the
P side. This is shown in Fig. 7A.

These layers form a barrier to any
further drift or flow, which is known
as the ‘“depletion layer,” “barrier
layer” or “potential barrier.” Remem-
ber all three ierms, although “deple-
tion layer” is preferred because it
more aptly describes the actual
conditions.

Figures 7B and 7C show the amount
and polarity of charge on each side of
the junction due to fixed ions and
mobile carriers respectively. Fig. 7D
shows the nat charge, due to all
charged particles, on both sides of the
barrier. These unneutralized charges
cause a voltage difference to exist
across the junction.

Current Flow Through Unbiased
Junction. Up to this point we have
not considered what happens to the
intrinsic hole-electron pairs that form
within the depletion layer. Outside of
the depletion layer, the intrinsic
carrier pairs will recombine without
materially affecting the carrier con-
centration in the crystal. Holes pro-
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duced in the N region very near the
junction will be attracted by the nega-
tive ions on the P side of the barrier
and pass through the junction. These
holes tend to neutralize the negative
ions on the P-side. Similarly free elec-
trons produced on the P-side pass
through the junction and neutralize
positive ions on the N-side. Note that
holes on the N-side and electrons on
the P-side are minority carriers. No
external connection with the crystal is
necessary for this movement of min-
ority carriers,

This flow of intrinsic minority
carriers weakens the charges in a
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FIG. 7. A, locations of ions and carriers
at a P-N junction. B, charges at junction
due 10 ionized impurity atoms. C, carrier
charges available to neutralize ions. D,
resultant charges on opposite sides of
junction. E, potential across junction.




small region around the neutralized
ions. Majority carriers, that is holes
from the P-side and electrons from the
N-side, are able to cross the junction
at the locations of these neutral
atoms. The passage of these majority
carriers offsets the reduction in charge
density caused by the minority car-
riers. Thus we have holes passing
through the junction in both direc-
tions, and electrons moving in both
directions. These movements cancel
and the charge densities remain con-
stant. Equal current flow in both
directions is the same as no current
flow at all.

Current Flow Through Forward
Biased Junction. If a battery is con-
nected to the ends of a P-N junction
with the positive terminal connected
to the P-end and the negative terminal
connected to the N-end, the distribu-
tion of charges at the depletion layer
will be changed. The positive charge
polarity at the P-end will drive holes
away from it. This causes the holes to
move toward the junction, neutralizing
some of the charged ions. At the same
time the electrons which give the ionic
charge to the acceptor atoms are at-
tractnd toward the positive terminal.
This reduces the negative charge on

o— <
(=) ) it
j e
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FIG. 8. Forward biased junction showing
holes and electron movement on both
sides of junction.
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JUNCTION

altls

FIG. 9. Reverse biased junction showing
how holes and electrons are drawn away
from junction.

the P side of the junction. At the
other end of the crystal, holes are
drawn toward the negative terminal
and electrons are forced toward the
junction. Both of these carrier move-
ments neutralize the charges on the
N-side of the junction. This is shown
in Fig. 8.

The effect of the battery then is to
reduce the voltage difference across
the junction. This allows more ma-
jority carriers, electrons from the N-
side and holes from the P-side, to
cross over. All the intrinsic minority
carriers were already crossing over.
Now the majority carriers outnumber
them and a steady current flow from
the negative terminal of the battery
through the junction to the positive
terminal exists. Biasing the junction
in this direction drives majority car-
riers into the depletion layer and
allows conduction through the junc-
tion. As the bias is raised more car-
riers arrive at the junction and the
current flow is greater. If the bias is
raised still more a point will be
reached at which all charges at the
junction are neutralized and current
flow through the barrier is limited
only by the resistivity of the material
on both sides of it.
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Current Flow Through a Reverse
Bias Junction. Suppose we reverse
the polarity cf the battery, as shown
in Fig. 9, so that the P-end of the crys-
tal is negative and the N-end is posi-
tive. When this connection is used,
holes are attracted away from the
junction toward the negative terminal,
and electrons are attracted toward the
positive term:nal. This movement of
carriers adds to the potential differ-
ence across the junction and therefore
helps in preventing current flow. The
current through the barrier however is
not zero as it is in the unbiased case.
Minority carriers which are formed
within the barrier layer still cross over
the junction. Holes from the N-side
will cross the junction but now they
are attracted toward the negative ter-
minal of the battery away from the
junction. Electrons from the P-side
are attracted to the positive terminal
after passing through the junction.
Since these minority carriers do not all
remain near the junction to neutralize
charged atoms, they no longer allow
passage of majority carriers in the op-
posite directicn. Therefore the flow of
minority carriers is not fully offset by
the flow of majority carriers and a
small current flows in the direction
indicated by tne battery polarity. This
current is very small and nearly con-
stant at all ncrmal operating voltages.

If the value of reversed bias is
raised very high, the potential differ-
ence disrupts covalent bonds at the
junction providing many more in-
trinsic carriers, When this happens the
current rises very rapidly. The voltage
at this point is called the breakdown
voltage. After the breakdown point
has been reached and the current
rises, the voltage across the crystal
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begins to drop as the current goes up.
This is exactly the opposite of what
happens in a resistor. The condition of
decreasing voltage drop with increas-
ing current is called “negative re-
sistance.” This characteristic is made
use of in some applications. Some
diodes do not exhibit this character-
istic but overheat and destroy them-
selves first. In any case, the negative
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FIG. 10. Voltage-current characteristic of
a junction diode.

resistance curve is found near the
burn-out point of the crystal.

The change in current with changes
in voltage are in a graphical form in
Fig. 10. In using this graph, note the
change in the scale on the current axis
at the zero point. Positive currents are
shown in milliamperes, and negative
currents in microamperes.

If you compare this graph of Fig. 10
with the similar graph for a vacuum
tube diode, you will find two impor-




tant diffcrences. First, the current is
zero when the voltage is zero. There
is no contact potential, Second, there
is always a small reverse current flow-
ing. Both of these facts have very
definite effects in the circuits in which
diodes are used. Both of these facts
must be taken into consideration when
deciding whether to use a semiconduc-
tor diode or a vacuum tube diode in a
rectifier circuit.

Courtesy RCA
A junction transistor.

JUNCTION TRANSISTORS

A triode junction transistor is com-
posed of a single semiconductor crys-
tal. This crystal is divided into three
regions by changes in type of im-
purity atom added to the three sec-
tions. The two end sections always
have the same type of impurity and
are separated by a very narrow band
of the opposite type. The center sec-
tion is called the base, and the end
sections are the emitter and the
collector.

A P-N junction is formed where the

20

emitter and base regions meet, and
another junction is formed between
the collector and base. These junctions
are called the emitter junction and the
collector junction. The base region
must be very thin to obtain proper
operation of the transistor.

Triode transistors may be of two
types: P-N-P or N-P-N. These letter
groups indicate the type of impurity
atom and majority carrier in each of
the three regions. A different sche-
matic symbol is used for each type.
Fig. 11 shows the physical arrange-
ment of the three regions in each of
the two types. The schematic symbol
for each type is also shown, You can
see on the schematics that the differ-
ence between the symbols for the two
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FIG. 11. A, junction P-N-P transistor and
schematic symbol. B, junction N-P-N with
schematic symbol.
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types lies in the direction of the
arrow on the emitter lead.

In addition to describing a junction
transistor by the type of semiconduc-
tor used in each section, transistors
are also described by the method of
manufacture: grown junction, fused
junction, rate-grown junction, alloy
junction and the diffused junction. All
these junctions operate on the same
basic principles.

The names given these transistors
in most cases show the methods which
different companies developed to
manufacture transistors in large quan-
tities under careful control. In general,
one type of manufacture cannot be
said to result in a better transistor
than any other, unless the methods
used result in better control of the
manufacturing process. However, at
present, transistors made by one
process are not always directly inter-
changeable with those made in a dif-
ferent way. There are differences in
frequency limits, efficiency and power
handling ability. As the different
forming processes are perfected, it is
to be expected that junction transis-
tors made for the same use will be
interchangeable, regardless of the
manner in which they were made.

Regardless of the method used to
form them, all junction transistors
operate on the same principles. The
depletion layers of junction transistors
are formed in exactly the same way as
the depletion layers of junction diodes.
The understanding of junction tran-
sistors is based on an understanding of
current flow through a junction diode.
The only additional fact that we need,
is to note the effect of two junctions
close together in the same crystal.
When one of these junctions is biased
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in the forward direction and the other
in the reverse direction, the presence
of one junction can affect the opera-
tion of the other.

Current Flow in N-P-N Transis-
tors. In transistor operation the
emitter-base junction is always biased
in the forward direction and the
collector-base junction is biased in the
reverse direction. Each of the two
junctions by itself, behaves just like
the P-N junction that was descrlbed
in the last section.

EMITTER BASE COLLECTOR
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FIG. 12. A, carrier movement at reverse
biased collector junection. B, carrier move-
ment in forward biased emitter junction.

The movement of carriers in the
collector-base circuit when the emitter
circuit is open is shown in the diagram
in Fig, 12A. The only current is the
small reverse current due to minority
carriers. The battery Ec sets the bias
level high enough so that the reverse
current is saturated, that is, it falls on
the straight line portion in the lower
left section of the curve in Fig. 10.
We will call the current which flows as
the result of this carrier movement
Icb.



Fig. 12B shows the carrier move-
ment through the emitter junction
with the collector open circuited. We
will call this current Ieb. The diagram
shows that the current across the junc-
tion is in two parts, current flow
through the complete circuit and re-
combination current flow. When elec-
trons cross the junction from the N-
side to the P-side they are in a region
with many holes, therefore, some of
the electrons will be captured by ac-
ceptor atoms. Fig. 12B does not show
any minority carrier reverse current.
This is because this current is so very
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ﬁﬁ CURRENT \

-..—on—“—“—.\ ol =0 e e —0

A\

MINORITY CARRIER

e O ..!—.-

REVERSE CURRENT
E. Ec 1
+ - l +
——jij}
Ie*lep*lce Ig= leb-Icp Igelcptlcs

FIG. 13. Current flow and carrier move-
ment through N-P-N junction transistor.

small compared with the forward ma-
jority carrier current.

If we put a meter in the collector
circuit of a transistor and then connect
the emitter bias battery, we find that
the collector current becomes much
greater than before the emitter was
connected. It is apparent that passing
a current through the emitter junction
has affected the current flow in the
collector circuit. What has happened
is shown in Fig. 13, Part of the emitter
current now flows through the base
into the collector instead of back
through the base connection to the
battery. This current adds to the
reverse current to make up the total

current in the collector circuit. The
flow of electrons from the emitter to

- the collector can be explained in the
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following manner. :

Carrier movement is always in two
parts, drift and diffusion. Electrons
moving under the influence of an elec-
tric field tend to travel in straight
lines unless they are deflected by an
atomic nucleus. The base layer is very
thin. Most electrons from the emitter
region are moving fast enough when
they enter the base to come within the
range of the electric field at the collec-
tor junction. This field is of two parts,
one part is positively charged atoms
and the other part is due to the bat-
tery potential. Current flow through
the collector due to the reverse bias is
so small that most of the battery volt-
age appears across this junction. The
electric field at the collector junction,
therefore, is of the right polarity to
attract electrons from the base. It
might appear at first, though, that
most of the electrons would be at-
tracted by the positive battery ter-
minal at the base. A very few are, but
the width of the base between the two
junctions is so much less than the
distance from most of the emitter
junction to the base terminal, that the
electrons are more strongly attracted
by the positive field at the collector
side of the junction,

However not all of the electrons get
across the base. Some recombine with
holes in the P-type base. Part of the
current in the emitter circuit is due
to holes crossing the junction from the
P-type base to the emitter. These
holes and the recombination current,
flow through the external base-emitter
circuit.

The current that we are interested
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in is the current in the collector cir-
cuit. The current in the base-emitter
circuit is all loss. This current is kept
as low as possible by making the
junction unsymmetrical. By this we
mean that the number of donor atoms
on the emitter side of the junction is
made several hundred times as great
as the number of acceptor atoms on
the base side. By doing this the num-
ber of holes crossing the junction is
made much smaller than the number
of electrons, and at the same time
there are fewer acceptor atoms to
capture electrons which cross over
from the emitter side. In a good tran-
sistor 95% to 98% of the electrons
which cross the emitter junction flow
to the collector.

The current flow in the base,
emitter, and collector circuits is shown
by the arrows on the diagrams. The
emitter current is made up of useful
current from the emitter circuit to the
collector, and hole flow from the base
to the emitter plus the recombination
current. The collector current is made
up of the very small, and nearly con-
stant, saturated reverse current, plus
the emitter-collector current. Direc-
tion of current flow in these two cir-
cuits is always in the direction
indicated by the arrows. Current flow
in the base circuit may have either
polarity. This current flow is also
composed of two parts, the emitter-
base current and the collector-base
current. As you can see from the
carrier movement at the base electrode
on the diagram, these two currents
flow in opposite directions. With low
values of collector bias, the emitter-
base current is the larger and the net
current flow is from the base to the
external circuit. This is the condition

you will find in broadcast receiver
circuits and all amplifiers,

When the collector bias is made
very high, the collector-base current
becomes the larger of the two. The
higher voltage at the collector junc-
tion, causes more of the electrons from
the emitter to flow into the collector
and the recombination current is re-
duced. At these high values of collec-
tor bias, the current flow is from the
external circuit to the base. When
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FIG. 14. Current through transistor june-
tions. A, reverse biased collector junction.
B, forward bias emitter junction.

operated under these conditions, the
transistor cannot be used as an ampli-
fier, but makes a fine multivibrator
oscillator, clipper, or switch such as
might be used in the video section of
a TV receiver.

Current Flow Through P-N-P
Transistors. The movement of car-
riers through a P-N-P transistor is
very similar to the current flow
through an N-P-N transistor. Fig. 14
shows the carrier movement and cur-




rent flow through each of the junc-
tions, when the other is open circuited.
If you compare these diagrams with
those of Fig. 12, you will note three
differences. First, the battery polari-
ties have been reversed; second, the
current arrows are in opposite direc-
tions; and third, the type of carriers
moving into and out of the base region
are changed. All three of these differ-
ences are to be expected from what
you know of carrier movement through
a P-N junction.
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FIG. 15. Current flow and carrier move-
ment in P-N-P junction transistor.

In Fig. 156 the current flow and
carrier movement through a P-N-P
junction transistor are shown. Again
we have the same three reversals,
battery polarity, current flow, and
carrier type. The explanation of the
operation of an N-P-N transistor ap-
plies equally well to the P-N-P type
when the three reversals are kept in
mind.

TRANSISTOR ACTION

We have shown that passing current
through the emitter junction of a tran-
sistor increases the current in the
collector circuit, The emitter current
controls the collector current. From
our knowledge of carrier movement
through the transistor, we can make a
good guess that a change in the value
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of the current in the emitter circuit
will cause a change in the collector
current in the same direction.

The next thing we need to know in
order to use transistors in circuits,
is how much the collector current
changes for a known change in the
emitter current. We will also need to
know what effect changing the emit-
ter-base voltage has on the collector
current, and the effect on both the
emitter and collector currents of
changing the collector-base voltage.
When we have determined these things
we will be ready to use transistors
in circuits.

We can best see what happens in a
transistor circuit by means of a simple
experiment. Fig. 16 shows the test
setup we will use. A P-N-P transistor,
a voltmeter, two milliammeters, two
small batteries and the variable re-
sistance are all we need. We will make
a few preliminary measurements first,
and then we will make the necessary
measurements to construct a set of
characteristic curves.

For the first test we adjust the re-
sistor so that there is no voltage be-
tween the emitter and the base. With
no voltage on the collector, we find no

1ll|'||lll|l|';

FIG. 16. Circuit for obtaining collector
voltage-collector current curves for P-N-P
junction transistor.
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current indicated by either meter.
There is nothing unusual in that, so
let’s see what happens if we increase
the collector voltage. As soon as we
put voltage on the collector, the meter
in the collector lead indicates a very
slight current. Next we will increase
this voltage step by step and write
down the voltage and current at each
step. As we do this we note that the
current increases very slowly, Finally
at about —24 volts on the collector,

~ the current has risen to around 15

microamperes, but the meter in the
emitter circuit still reads zero.

Next we will drop the collector volt-
age down to —6 volts, and adjust the
resistance for one milliampere through
the emitter. When we do this we find
that the collector current is just about
1 milliampere also. We mark down the
readings of all four meters; we will
need this data later. As we vary the
collector voltage both above and below
—6 volts, we find that the collector
current increases about 20 micro-
amperes at —24 volts on the collector
and drops 20 microamperes at zero
volts. During these readings we made
any necessary readjustments of the
resistor to keep the emitter current
constant.

These two tests have demonstrated
a very important point about tran-
sistor action. The collector-base volt-
age has very little effect on the collec-
tor current.

Now set the collector voltage back
to —6 volts and increase the current
through the emitter in 1 milliampere
steps up to 5 milliamperes. Record the
readings of all four meters for each
step. These meter readings will show
us that each time we raise the emitter
current one milliampere, the collector

current, increases about .95 milliam-
peres. The change in collector current
is proportional to the change in
emitter current.

The change in the collector current
divided by the change in emitter cur-
rent is called the current-gain of the
transistor. The manufacturers char-
acteristics sheets show the current
gain. It serves the same purpose in
transistor circuits that amplification
factor does in tube circuits. The
current-gain is abbreviated a or a
(alpha).

If we divide the different values of
emitter voltage by the emitter current
in each case, we will get different
quotients, If the emitter circuit fol-
lowed Ohm’s Law, we would get the
same answer each time. From this we
can see that the emitter-base resist-
ance changes with the applied voltage.
The resistance is reduced as the volt-
age is increased. This effect is most
noticeable at low voltage levels,

By combining these last two facts
about transistor information, we come
up with a guide in the use of tran-
sistors. The collector current is pro-
portional to the emitter current; the
emitter current is not proportional to
the emitter voltage. Therefore, the
collector current cannot be propor-
tional to the emitter voltage. This is
very important, since it tells us that
the collector current reproduces the
emitter current, and we must apply a
signal current, not a signal voltage, for
amplification.

For the last test we will start with
the collector voltage at zero, and an
emitter current of about 1 milliam-
pere. Then without readjusting the
resistance, increase the collector volt-
age in steps and note the change in
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FIG. 17. Grounded base typical collector characteristics.

emitter current. We find that the
emitter current increases slightly as
the collector to base voltage is in-
creased. The change in emitter current
is very small for small changes in col-
lector voltage; however, the fact that
it changes at all is extremely im-
portant,

This change in emitter current
points up one of the big differences
between tube and transistor operation.
In a tube, changing the plate voltage
does not affect the input signal or
input impedance of the tube. Not so
in transistors. Changing the collector
voltage changes the emitter current,
so there must be coupling between the
input and output of the transistor.

With this experimental circuit, we
will now obtain a set of characteristic
curves. First we adjust the resistor
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for no emitter current and take read-
ings of the collector current for differ-
ent values of collector to base voltage.
We vary this voltage from slightly
positive to about —26 volts negative.
Then the resistor is adjusted for 1
milliampere of emitter current and the
collector voltage is again changed in
steps but this time only to —24 volts.
Additional sets of readings are taken
at emitter currents of 2 milliamperes,
3 milliamperes, 4 milliamperes and 5
milliamperes. The maximum voltages
used on the collector for these steps
are respectively —20 volts, —14 volts,
—10 volts, and —7 volts. The collector
voltage range over which readings are
taken is reduced as the current goes
up, so that the collector dissipation
rating will not be exceeded. Readjust-
ment of the emitter circuit resistance
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should be wade, when necessary, so
that the emitter current is constant
for each set of readings.

Plotting these readings on graph
paper will give curves like those in
Fig. 17. These curves are called “col-
lector characteristics in grounded base
connection,” and are for a type CK722
transistor.,

Resistive Coupling Through a
Transistor. Two more simple tests
will point out a great difference be-
tween transistors and tubes; differ-
ences which have a great effect on the
operation of transistors in circuits.
The circuit of Fig. 18, measures the
voltage across an open collector-base
circuit. With this circuit we find that
changes in the current through the
emitter cause changes in the voltage
across the collector circuit. The pres-
ence of the voltage across the collector
and base shows that there is a resis-
tive connection between the emitter
and collector. If the emitter is used as
the input and the collector as output,
this means that part of the input sig-
nal will feed through from input to
output. In most cases, this feed-
through signal is so small compared to
the amplified signal that it can be
ignored.

The second test circuit, Fig. 19,
shows that current through the collec-
tor circuit causes a voltage to appear
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FIG. 18. Circuit to show feed-through
takes place in a junction transistor.
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FIG. 19. Circuit to show that resistive
feedback from output to input takes place
in a junction transistor.

between the emitter and base. This
voltage shows that there is a resistive
feedback connection from the output
to the input within the transistor. This
feedback signal must be considered in
most cases when designing circuits.
Because of this resistive connection,
the input is not isolated from the out-
put and a signal can flow both ways
through a transistor.

There is nothing really amazing
about the presence of either the feed-
through or feedback resistances. After
all, the transistor is composed of one
solid piece of resistive material. You
must, however, whenever you work
with transistors, keep in mind the fact
that these resistances exist. Most of
your work will be with vacuum tubes
in which there is no direct connection
between input and output. A vacuum
tube is a unilateral device, that is,
signals can only pass through it in one
direction (and then only when all
voltages are applied). The transistor
is bilateral (signals can pass through
it in both directions) even with no
voltage on the output circuit.

Summary of Transistor Action.
This is a good place to list the things
which we have learned about the
operation of junction diodes and junc-
tion transistors. This list will bring
together the points which we must




keep in mind when using these semi-
conductor devices. Go over this list
just as you did the summary on semi-
conductor materials. Use the list to
check yourself.

The points to keep in mind concern-
ing diodes are: (1) Rectification takes
place only at junctions. (2) When a
battery is connected across a P-N
junction with the positive terminal
connected to the P-side, current flows
easily through the junction. This is
forward bias. (3) When a battery is
connected across the junction with the
positive terminal connected to the N-
side, the diode is reverse biased. (4)
A small current always flows through
a reverse bias junction. (5) No current
flows through an unbiased junction.

There are six points to keep in mind
when working with transistor circuits.
These are as follows: (1) The emitter
of a transistor is always forward
biased, and the collector is reverse
biased. (2) The collector voltage has
very little effect on the collector
current. (3) The emitter resistance
changes as the voltage changes. (4)
The collector current reproduces
changes in the emitter current, but not
changes in the emitter voltage. (5)
There is a resistive connection be-
tween the emitter and the collector.
(6) Signals can pass through a tran-
sistor in both directions.

POINT-CONTACT DIODES
AND TRANSISTORS

Most of the diodes which you will
encounter in your service work will be
of the point-contact type. The tran-
sistors on the other hand will nearly
all be of the junction type.

Even though point-contact tran-
sistors and diodes were made and used
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before the junction types, their opera-
tion is not as well understood. Scien-
tists agreed only on the fact that P-N
junctions are formed in the base ma-
terial near the cat whisker contacts.
The explanations which will be given
in this lesson are those which account
for most of the experimental evidence.

Point-Contact Diodes. The point-
contact diode, or crystal rectifier, is
made up of a small semiconductor
block and a pointed wire contact. The
semiconductor crystal may be either
P-type or N-type, but the N-type is
the more common. This construction

FIG. 20. A, cut-away view of crystal recti-
fier. B, schematic symbol for crystal diode.

is shown in Fig. 20 along with the
schematic symbol for a diode made
with N-type germanium.

After the diode is assembled a pulse
of current is passed through it. This is
called “forming” and without that
forming, the diode is not as good a
rectifier. It is believed that this cur-
rent pulse causes a small P-type
region to be formed at the point where
the cat whisker touches the base. This
small P region, and the P-N junction
around it are shown in the diagram
of Fig. 21,

The conduction curve of a point-
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contact diode is shown in Fig. 22.
This curve differs from that of the
junction diode in both forward and
reversed bias regions. The more
gradual slope of the curve in the for-
ward bias region shows that the re-
sistance is greater in this direction
than for a junction diode. In the re-
verse bias region, the current increases
more rapidly than for a junction diode,
which indicates that the current is not
independent of the voltage. The point
contact diode does, however, have a
lower capacity between the P and N
regions, and for this reason it is more
eficient when used at the higher
frequencies.

P-N JUNCTION P-TYPE REGION

N-TYPE GERMANIUM

BASE LEAD

FIG. 21. Formation of a P-N junction in
a point-contact diode.

Point-Contact Transistors. Point-
contact transistors are made by using
two cat whiskers spaced about two-
thousandths of an inch apart on the
surface of a small germanium slab.
The construction of a typical tran-
sistor of this type is shown in Fig. 23.
Like the point-contact rectifier, the
transistor must be formed by passing
a current through the electrodes. The
point-contact transistor acts as if a
small P-region were formed directly
under each cat whisker point. There-
fore, a point-contact transistor may
be thought of as a special type of
P-N-P transistor.

As in junction transistors, point-

contact units are forward biased at the
emitter and reverse biased, on the
collector. The characteristics of the
emitter and collector P-N junctions
will be similar to the forward and
reverse biased portions of the point-
contact diode curve shown in Fig. 22.

The emitter-base resistance of a
point-contact ‘is six to ten times
greater than in a typical junction
transistor. The collector-base resist-
ance is many times less than in the
junction unit. The internal resistance
of the base is only about onc-quarter
as large as the base resistance of a
junction transistor.
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FIG. 22. Conduction curve of a typieal
point-contact rectifier.

There is one great difference be-
tween point-contact and junction
transistors that limits the usefulness
of the point-contact as an amplifier
but at the same time greatly increases
its value as an oscillator. To demon-
strate this difference, we will hook up
our point-contact transistor according
to the diagram in Fig. 24. This is the
same test circuit that was used for
junction transistors in Fig. 16. With
zero emitter current, we read the col-
lector current. Then we increase the

29



emitter current in steps and record the
meter readings at each step. When we
compare the readings, we find that the
increagse in collector current between
steps was greater than the increase in
the emitter current, and that the col-
lector current at each step is greater
than the emitter current.

GERMANIUM
PELLET

FIG. 23. Construction of a point-contaet
transistor.

The current-gain of a point-contact
transistor is greater than one. At first
this may seem to be an advantage, but
actually it limits the use of this type
of transistor. You recall that one of
the tests we described on the junction
transistor was to measure the voltage
appearing across an open emitter cir-
cuit when a current passed through
the collector junction. This test
showed that feedback exists from the
collector to the emitter. The phase of
this feedback is such that it adds to
the emitter bias, making the transistor
regenerative. This regeneration is con-
trolled by keeping the internal resist-

ance of the base low, and holding the
impedance from base to battery or
ground as low as possible.

The positive feedback through a
point-contact transistor makes some
amplifier circuits unstable. Even when
the amplifier is stable for low-level
signals or sine waves, there is a danger
that a large pulse from either noise or
some switching operation will cause
the amplifier to go into regeneration.
Unless the circuit is properly designed,
this regeneration continues to build up
and both the emitter and collector
current increase until the transistor
destroys itself. A later lesson will show
how this feedback can be used to make
very simple oscillator circuits.
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FIG. 24. Test circuit for point-contact
transistor.

Since point-contact transistors are
seldom used in present day receivers,
we will not go into a detailed discus-
sion of them. For the remainder of this