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Preface

The idea and reason for this book goes back a year or so ago when a good
friend of mine, Mr. Jerry Parks, a time-study engineer, got interested in transistor
radios. He wanted a book that would start him at the bottom and take him all
the way through the service techniques practiced by professionals, and he could
not find any book that covered the subject in an up-to-date manner. So with that
criterion in mind I wrote this book for Jerry. It includes revisions suggested by
Jerry and my son Kirk, who read the manuscript and answered the questions at
the end of the sections. It was through their suggestions that the answers to the
questions are not just A, B, C, and D answers but include the reason for the
answer as well. In many cases it is explained why some other answer is not
correct.

I suggest that you try your best to answer all the questions at the end of the
chapter before referring to the answers, then check yourself and see whether or
not you understand what is being said at that particular point in the course. And
don’t be afraid to disagree with the answers given, because that is one way we
all learn. However, to our knowledge, every answer is the correct one and each
has been double or triple checked for accuracy. If you do disagree, though, do
not hesitate to write me in care of the publishers, and you can be sure that I will
do my best to get a letter back to you within a short time.

Radio service starts out being mechanical, as many things do. However, it can
and does develop into an art, but NOT before you start DOING it. You no doubt
have an old transistor radio or two around the house someplace—dig them out
and start putting into practice what you are learning. Identify the various parts.
Obtain a good volt-ohmmeter, if possible, and make measurements on the actual
chassis. Things that sound simple on paper sometimes are the most difficult;
conversely, sometimes the simplest things to do are the hardest to get down on
paper clearly.

A good radio service technician can find almost any trouble with a small volt-
meter and ohmmeter but it is axiomatic that the good technician also is the one
who is continually adding to his equipment to help him make a quicker and more
accurate diagnosis. Equipment will not make a good technician any more than a
good camera will make a good photographer, but good equipment and tools
make 2 good technician better and probably make a poor technician little if any
worse.

WAYNE LEMONS
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CHAPTER 1

Principles of Radio

Radio was predicted as a possibility by a mathe-
matician, James Clerk Maxwell, about 100 years ago.
Heinrich Hertz, a German physicist, proved the Max-
well theories were correct. In 1895 an Italian, Gug-
lielmo Marconi, began developing a practical radio and
transmitter. By 1901 he was able to send a radio signal
across the Atlantic. Radio seemed like magic then and
it still seems so today. In 1906, an American, Dr. Lee
De Forest, added a grid to the vacuum-tube diode, or
“valve” as the developer, J. A. Fleming, called it. The
grid made the diode tube an amplifier, and for the
first time, it became possible to transmit and receive
voice and music by radio. Before this, spark-gap trans-
mitters were used and information could only be sent
by code—that is, by turning the spark on and off in a
dot and dash code sequence.

The vacuum-tube amplifier, which De Forest called
an “audion,” was able to respond to the many vari-
ations in the spoken word or music and amplify these
variations with good fidelity. These variations were
used to “modulate” or produce a change in the high-
frequency signal generated by another audion tube.
This signal, called a “carrier,” was radiated through the
air, carrying with it the voice or music modulation.

The audion could amplify the weak signal arriving
at a distant receiving location. De Forest developed
a regenerative receiver circuit permitting tremendous
amplification in the radio receiver and using only one
tube. This circuit, which was also patented by Ed-
win H. Armstrong, the inventor of the superhetero-
dyne receiver so common today, was essential to early
radio because the first audions were expensive as well
as delicate.

Essentially, the regenerative circuit uses feedback,
in controlled amounts, from the output of the ampli-
fier back to the input, which easily builds up the re-
ceived signal to headphone level, even from distant
stations. In addition, the regenerative circuit uses few
other parts, is highly selective, and requires little
power. Its big disadvantages are that it is difficult to
tune and tends to radiate a signal of its own like a
small transmitter, especially when only one tube is
used. Because of its excellent performance and sim-

plicity, the circuit is still a favorite with experimenters,
even in this day of inexpensive transistors.

PROPERTIES OF VACUUM TUBES

The vacuum tube is a “space” amplifier; that is, the
current travels through open space inside an evacu-
ated glass or metal envelope. Until 1948, all serious
amplification of radio and audio signals was by vacuum
tube. In 1948, John Bardeen and Walter Brattain of
Bell Telephone Laboratories announced the develop-
ment of the transistor. At the time it was hardly more
than a novelty—extremely delicate, noisy, and not suit-
able for amplification of higher frequencies. But “solid
state” was on its way. “Solid state” means that the
conduction and change in conduction takes place
within a “solid” piece of material, such as germanium
or silicon, and there are no longer any discrete spaces
over which the electrical current fows.

Vacuum tubes require much higher voltages to at-
tract the current across the space, and it is not at all
unusual for tube-type radio receivers to have dc volt-
ages in excess of 100 volts and often as much as 300
volts or more. Today most solid-state devices use no
more than 25 or 30 volts, and nearly all portable
battery-operated radios use no more than 9 volts.

A vacuum tube requires a heater or filament to “agi-
tate” the electrons away from the cathode so they will
be attracted to the plate of the tube. A transistor re-
quires only a voltage difference between its elements
to start current flow. The heater or fillament in a
vacuum tube consumes about 90% of the power
needed to supply an amplifier, so the transistor, with
its low current requirements, was especially attractive
to the designer of the portable radio receiver, and it
was here that the first real commercial use of the tran-
sistor began. Early transistor radios were not the so-
phisticated performers that we know today. They had
less sensitivity, were more noisy, had poorer tone qual-
ity, and were more temperamental than their tube
counterparts. With time, manufacturers learned how
to produce transistors with more gain, more stability,
wider frequency response and the circuits to match.

9



TRANSISTOR RADIO SERVICING

For the first time, the transistor became a serious rival
for the vacuum tube, and today has all but replaced it
In many circuits where it once reigned supreme.

RADIO WAVE PROPAGATION

Radio waves travel through the air at the speed of
light (186,000 miles per second) and, depending on
several factors—power, frequency, terrain, time of day,
and time of year—may travel miles, hundreds of miles,
thousands of miles, or even millions of miles through
space.

The propagation of radio waves has been compared
to the results of dropping a pebble in a pool of water.
The pebble disturbs the water, sending out ripples in
ever-widening circles. This is probably as good an anal-
ogy as any, except that it is not known that radio re-
quires a medium through which to travel. Long before
we landed on the moon, this was demonstrated by
bouncing signals off the moon and picking up the faint
return or echo signals.

Bouncing signals off the moon was a landmark, but
much earlier than this, during World War II, radio
waves were being bounced off earthbound objects, such
as enemy ships, tanks, and airplanes, and their distance
and direction were being accurately calculated. Fig.
1-1 shows how a radio signal can be beamed out over

PARABOLIC (DSHS
ANTENRA

T STATION

Fig. 1-1. Radar finds a ship and determines how far away il is.

the ocean and the reflected signal from ships or planes
detected by the sender. This system is called radar (ra-
dio detection and ranging). It is still in use today with
highly sophisticated methods which will show not just
one ship or plane, but all ships and planes in a circle
around the radar station, and will calculate their speed,
altitude, and distance.

The police radar in use today is a refinement of one
of the earliest types of radar called the Doppler sys-
tem. The returning radio signal is reflected back to
the receiver as a car approaches the radar transmitter.
Special detector circuits compute the speed in miles
per hour and apply that information either to a meter
or a digital readout. For example, in Fig. 1-2, the radar
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Fig. 1-2. Radar used to check speed of traffic.

unit first receives a reflection when the car is at point
“A” then an instant later receives the reflected signal
from the car at point “B,” etc.

It is not within the scope of this book to discuss
radar in detail, but radar is an intriguing part of the
radio story and it has proved beyond question that
the calculations of the speed of radio waves were ex-
tremely accurate. For example, in Fig. 1-1, the distance
to the ship is determined by measuring very accurately
the time interval betwcen when the signal leaves the
radar antenna and when it is received back. Knowing
that radio waves travel at a speed of 186,000 miles
per second there and back, the distance can be accu-
rately indicated. Obviously the trip out and back for
the radio wave, even if the ship is 50 miles away, is in
microseconds (millionths of a second), but electronics
is also used for measuring time and a microsecond is
a “long” time for electronic circuit actions.

HOW A RADIO WORKS

The first radio receivers had no amplification. Later
in this chapter there is a wiring diagram of a crystal
set that will pick up nearby a-m broadcast stations, if
you use a good antenna and ground system and listen
with a pair of headphones. The crystal set has no
amplification.

De Forest’s audion tube made all the difference,
because now a tiny signal coming in to the antenna
could be made larger and larger, while still retaining
its original character. This building up of the signal is
called amplification. Today transistors are used in most
broadcast receivers because they are smaller, use less
power, have almost no heat problems, start operating
as soon as power is applied, and cost less; however, it
was the vacuum tube that started it all.

The idea behind any amplifier is that a tiny alter-
nating voltage such as a radio signal can be used to
control a higher current from a battery or other power
supply, and control this higher current in exact step
with itself. For example, assume you want to receive
a broadcast signal at 600,000 cycles per second (600
kilohertz—hertz is the official name now for what sev-
eral years ago was called cycles-per-second. Kilo is a
prefix meaning 1000. Thus 600,000 cycles per second is
600 kilohertz) which we want to amplify (see Fig. 1-3) .
You feed this signal into the input of the amplifier and
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Fig. 1-3. “Black box” description of an amplifier.

at the output get an exact replica, only with greater
amplitude. This occurs because the amplifier is able
to usc the small signal going into it to control a much
larger current from its power supply.

Amplification might be compared to an automobile,
where a pound or so of pressure on the accelerator
can easily control 100 horsepower. Moving the accel-
erator up and down causes the car to respond accord-
ingly. In an electronic amplifier, moving the voltage
fed to a transistor up and down moves the current up
and down at the same rate, but in greatly increased
amounts from the power supply.

WHAT IS AN ALTERNATING SIGNAL

You probably understand that a direct current (dc),
such as that supplied by a battery, is the kind of cur-
rent that is steady and unchanging. You may even
think that the electricity that lights the lights, toasts
your bread, heats your coffee pot, and does many other
things in your home is a steady current also. Not so.
Nearly every power company supplies alternating cur-
rent. In the United States that current is 60 Hz. (You
will still see many things labeled “60 cycles” or “60
cps”—cycles-per-second—especially items not manufac-
tured in the past decade.) This means that the voltage
coming into your home is changing direction at a rate
of 60 times per second. This is fast enough so that even
though the table lamp you use is going on and oft 120
times per second ( there are 60 positive half cycles and
60 negative half cycles each second) you are not able
to see it happen. Even if the lamp could dim out and
brighten up that fast, your eyes retain or “hold” what
they see for a fraction of a second, so that you are un-
able to recognize changes of much more than 15 cycles
per second.

Alternating current is depicted as in Fig. 1-4. This is
called a “sine wave.” The sine wave is a graph show-

MAXIMUM POSITIVE (4)
VOLTAGE

0 VOLTAGE

E————m————
e

MAX IMUM NEGATIVE {-)

A
WA/ A

Fig. 1-4. Sine-wave symbol for alternating current. Time lapse between
A and B for 60-Hz current is 1/60 second.

ing the voltage (or current) as it recurs in time. The
number of times the sine wave repeats itself each sec-
ond is called “frequency,” and so for the power line
the frequency is 60 Hz.

AUDIO OR AUDIBLE FREQUENCIES

Although, so far as the eye is concerned, 60 Hz is
fast; to the ear this is a low frequency. If you listen
closely to a radio operating on the power line you
will no doubt hear a slight hum. This hum is at either
60 Hz or 120 Hz, depending on the type of power-
supply circuit used.

The audio-frequency band is considered more or
less arbitrarily to be 20 Hz to 20,000 Hz (20 kHz).
Few people hear well much above 16 kHz and, if you
are over 25 years of age, you probably do not hear well
above 12 to 14 kHz. Women usually are slightly bet-
ter than men in hearing high frequencies.

Fortunately most of the sounds you use are concen-
trated in the band between about 100 Hz and 8000 Hz,
and telephone conversations are restricted to a much
narrower band than this—from about 400 Hz to around
2500 Hz. This gives the telephone its characteristic
“crisp, tinny” sound but the actual intelligibility or
“readability” of the sound is improved.

A-m radio stations try to reproduce sound with
good fidelity over the range of about 100 Hz to 10,000
Hz. Fm stations may extend this range a bit more
from about 50 Hz to 15,000 Hz. High-fidelity amplifiers
usually reproduce all frequencies equally well be-
tween about 20 Hz to 20,000 Hz, but almost no present-
day speaker system, even the most expensive ones, can
reproduce this range as faithfully as the amplifier can
amplify it. Often the tone controls of hi-fi amplifiers
are set by the user to reduce the higher frequencies
(treble), because most of the hiss and noise heard on
records or in radio transmissions is at frequencies
above 8000 Hz.

RADIO FREQUENCIES

Audio frequencies (abbreviated af) are all low fre-
quencies compared to radio frequencies; for example,
the lowest frequency for a standard broadcast station
is 540,000 Hz (540 kHz). Although all frequencies
above 20,000 Hz are considered to be radio frequen-
cies (abbreviated rf), most use is made of those fre-
quencies above 150 kHz. However, some special long-
distance radios, especially in government service such
as communication with submarines, operate even to
frequencies below 20 kHz.

The low end of the broadcast band (540 kHz) is
still a low frequency compared to the fm broadcast
band, which is from 88 to 108 megahertz (mega is the
prefix for million). Even fm is a low frequency com-
pared to the radar and microwave frequencies, which
are measured in gigahertz (giga is a billion).
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THE BLOCK DIAGRAM OF A RADIO

A favorite recourse of engineers when drawing out a
system is to use “black boxes”—simply a rectangle,
triangle, or square to indicate a portion of the circuit
which may have a number of individual parts to do
one specific job. For instance, in Fig. 1-5 a “black box”

[j ) PUBLIC-ADDRESS l KI
AMPLIFIER
MICROPHONE SPEAKER
Fig. 1-5. “Black box” diagram of pa amplifier.

is used to symbolize a public-address amplifier rather
than to show all the various transistors (or tubes),
resistors, capacitors, transformers, etc., that are actu-
ally the component parts of the amplifier. Fig. 1-6
shows how the one big block can be broken down to
smaller blocks for a more complete representation of
the amplifier design. Either Fig. 1-5 or Fig. 1-6 is a
useful representation of the same system. While Fig.
1-6 could be more useful in understanding the pa am-
plifier itself, Fig. 1-5 is less confusing in explaining
the overall system, especially if there are many auxil-
iary systems connected with the main system.

The circuit used almost universally in radio re-
ceivers, whether they are tube or transistor types, is
called the superheterodyne or “superhet” for short. The
superhet differs from earlier radios in that it changes

Irmcnornwf VOLTAGE POWER
H ——  PRE- AMPLIFIER —m
AMPLIFIER AUPLEIER

SPEAKER

POWER
SUPPLY

Fig. 1-6. A more detailed “black box” diagram is called a
block diagram.

whatever frequency it receives into some other fre-
quency before much amplification of the signal occurs.
The idea is to provide a fixed-frequency amplifier, built
to have high efficiency and stability, and then change
all incoming frequencies to this fixed frequency.

Obviously it is necessary to be able to “select” sta-
tions since it is impossible to effectively listen to more
than one station at a time. Thus, if we want to listen
to a station on 600 kHz we obviously do not want to
listen also to a station at 1200 kHz or some other fre-
quency. This ability to select one station and reject
others is referred to as the “selectivity” of the receiver.

How is the station selected and how is its frequency
changed to a new frequency for amplification? Let us
look at the block diagram of a standard broadcast
radio shown in Fig. 1-7. Suppose that the radio is
tuned to a station on 1000 kHz. The 1000 kHz signal
is fed from the antenna into a mixer stage The block
just below the mixer is an oscillator stage. An oscillator
is an electronic device that generates a signal at a par-
ticular frequency. Now, just as hitting two notes on 2
piano produces a third sound, beating together (called
heterodyning) two rf signals produces other frequen-
cies. The two most prominent resultant frequencies
are the difference and the sum frequencies. Usually, in
radio, the difference frequency is the one used. In
Fig. 1-7 the difference between 1000 kHz and 1455 kHz
is 455 kHz, and this is the frequency to which the i-f
(intermediate frequency) amplifier is tuned. ( Methods
of tuning or selection of a particular frequency will
be covered later in this book). Since the i-f amplifier
is tuned to 455 kHz, it essentially rejects any other
frequency created by the mixing, such as, for example,
the 2455-kHz “sum” frequency.

Next, suppose that the station to be tuned in is at
1200 kHz. How can it be selected while rejecting the
1000 kHz? Although there is some tuning done in the
mixer stage that enhances the 1200 kHz signal and
diminishes the 1000 kHz, the main selective action oc-
curs because the oscillator frequency is changed by
tuning (turning the radio dial moves the necessary
electrical parts that do the tuning) to 1655 kHz. The

ANTENNA

Y

1000 kHz

MIXER Ist I-F 2nd |- DETECTOR Aupia _m SPEAKER
AMPLIFIER AMPLIFIER AMP

H5kHz 455 kHz

OSCILLATOR

1855z

Fig. 1-7. Block diagram of superhet standard broadcast radio.
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1200 kHz signal beats against the 1655 kHz of the oscil-
lator and the result is 455 kHz. This signal is ampli-
fied by the i-f amplifier, which is sharply fixed-tuned
to accept only 455 kHz, plus or minus no more than
about 20 kHz The previous 1000-kHz signal, even
though it might still be strong in the mixer, beating
against the 1655-kHz signal produces a difference fre-
quency of 655 kHz, and so it is completely rejected by
the 455-kHz i-f amplifier.

By this method of changing the oscillator frequency
and having a sharply tuned i-f amplifier, all the broad-
cast frequencies can be selected, changed in frequency,
and amplified efficiently. Thus we have a rather sim-
ple, selective, and sensitive radio.

THE RADIO TRANSMITTER

Once the signal has been changed to the i-f it may
be amplified by one or more transistor amplifiers be-
fore it reaches the “detector.” Essentially, the purpose
of the detector is to separate the audio (that part of
the signal that can be heard) from the rf or radio
frequency. The fact that there are both radio and
audio frequencies that need to be separated traveling
together makes it necessary for us to look again at the
transmitter and at how the audio is mixed with the
radio frequencies in the first place; again let us look
at a block diagram.

Radio Frequency Oscillator
In Fig. 1-8 are the basic parts of a simple radio trans-

mitter. There is a radio-frequency oscillator, which is
usually controlled to a specific frequency by a “crys-

TRANSMITTING
ANTENNA
CARRIER
CRYSTAL LU RADIO RADIO RF
FREQUENCY FREQUENCY FREQUENCY POWER  |—
CONTROL OSCILLATOR AMPLIFIER AMPLIFIER

Fig. 1-8. Block diagram of & radio transmitler.

tal.” The crystal is a specially ground quartz chip that
has the property of vibrating at a single frequency and
creating a tiny alternating voltage for each vibration.
A radio-frequency oscillator using a crystal for holding
it stable on one frequency is called a crystal-con-
trolled oscillator or just “crystal oscillator.”

Buffer Amplifier

Following the crystal oscillator is generally a radio-
frequency amplifier, sometimes called a “buffer” am-
plifier, which increases the output of the oscillator
enough that a larger power amplifier can be driven.

The buffer amplifier in many cases may be a “multi-
plier"—usually a “doubler or a tripler,” meaning that
the input frequency is changed to either double or
triple the oscillator frequency. For example, a standard
broadcast station operating on 540 kHz could use a
crystal oscillator on 270 kHz, which could then be-
come 540 kHz after being doubled in the buffer am-
plifier, or the crystal oscillator could operate at 180
kHz and be tripled to 540 kHz. Multiplying must be
in a whole-number mathematical relationship with the
original signal. In radio this is called harmonic rela-
tionship. In other words, it is a multiplication by 2,
3, 4, ete. For instance, the 2nd harmonic of 100 kHz
is 200 kHz; the 3rd harmonic is 300 kHz, etc.

Power Amplifier

The power amplifier in a transmitter is called the
“final amplifier” or just “final” for short. It builds up
the power of the radio signal before the signal is ap-
plied to the antenna. Both transmitter and receivers
have some sort of antenna system. The transmitting
antenna is normally a tower or a transmitting element
mounted on a tower. (The receiving antenna in most
modern-day broadcast radios is “built in,” that is, in-
side the radio cabinet.) Although this transmitter will
send out a radio-frequency signal from the antenna
which, depending on the power and other factors such
as the frequency used, may radiate for a hundred
miles or even hundreds of miles, it still is not of much
use to us in this form. Although the radio signals may
reach us, there is no information that we can easily
use, because our ears cannot hear radio frequencies.
Now it is necessary that we use a radio frequency
since only a radio frequency can travel these great
distances through space, but we need to have this
radio frequency “carry” audio frequencies, voice, mu-
sic, etc., so that we can get information or entertain-
ment from radio. It is because the radio frequency is
used to “carry” other frequencies that the radio fre-
quency power output of a transmitter is called a
“carrier.”

MODULATION

The process of inserting audio frequencies or other
information into the carrier is called “modulation.”
There are several different methods of modulation pos-
sible, but the two most common are “amplitude modu-
lation” (a-m) and “frequency modulation” (fm). Fm
will be discussed later in this book. Amplitude modula-
tion is used on the standard broadcast band (535 kHz
to 1605 kHz) and on most shortwave bands (bands of
frequencies above about 2000 kHz are often called
“shortwave” frequencies, although frequencies higher
than about 50 MHz are usually referred to by other
names, such as vhf [very high frequency], etc.). A-m
also is used, for example, in Citizens Band (CB) trans-
mitters.

13
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RF SIGNAL

B

° % AMPLITUDE MODULATED

MODULAT ING
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RF SIGNAL

DETECTED SIGNAL

Fig. \-9. Amplitude modulation is the changing of the rf power output
in step with a modulating signal.

Amplitude modulation is modulation that is placed
on the carrier by changing the power (or amplitude)
of the carrier in accordance with an audio or other
signal. In Fig. 1-9, for example, an audio frequency
is shown being mixed with a radio frequency to pro-
duce an if signal whose power output varies in accord-
ance with the af signal. Fig. 1-10 is a block diagram of

a radio transmitter for voice modulation.

A characteristic of amplitude modulation is that the
modulation is symmetrical, that is, the power output
goes up in a positive direction and at the same time
goes down the same amount in a negative direction.
This means that if this raw signal is applied to the
vibrating diaphragm of a headphone, or to a speaker,
there is no output since the positive excursion tries to
move the diaphragm in one direction and the negative
excursion tries to move it exactly the same amount in
the opposite direction. The two audio signals cancel
themselves out and the diaphragm in the headphone
does not move. So if a modulated xf signal is applied
to a headphone you hear nothing. And this gets us
back to “detection” in the radio receiver, why it is
necessary, and how it works.
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If you look again at Fig. 1-9 you can see that one
side of the modulated signal is a mirror image of the
other. Since the mirror image is what causes the signal

MODULATOR
AMPLIFIER

A

MODULATED RF

Fig. 1-10. Block diagram of sadio transmitter with facilities for
» voice modulation,

to cancel the audio modulation, why not cut the signal
in half along the zero line and eliminate one half or
the other?

The part of the signal going upward is considered
to be the positive-going half and the part going down-
ward is the negative-going half. If either the positive
or negative half is applied to a headphone diaphragm,
it will vibrate in step with the change in rf power, be-
cause the audio-cancelling effect has been removed.

How can the signal be cut in half? The answer—by
passing the signal through some sort of device that
allows electric current to flow in only one direction.
This type of action is pictured in Fig. 1-11.

.
y ZeiaN

CRYSTAL DIODE g ";*?;-.‘
» z AL Wk
A AFTER PASSING
. THROUGH DEVECTOR
\

INPUT RF MODULATED

DOTTED LINE SHOWS AUDIO WAVEFORM AS
SUPERIMPOSED ON AMPLITUDE OF RF SIGNAL

Fig. 1-11. A crystal diode allows current to pass in one direction only.

One of the oldest forms of detection is by means of
a “crystal.” (Do not confuse this with the quartz crys-
tal used to hold a radio transmitter on frequency.)
Early crystals were made of lead sulfide, called
“galena.” A tiny pointed wire called a “cat whisker”
was used to find a sensitive spot, Fig. 1-12. Present-
day crystals are fixed-junction type crystals, often no
larger than a pencil lead and less than a half inch long,
as shown in Fig. 1-13.

METAL STAND
INSULATED HANDLE METAL ROD

ol —

7 GALENA

/ § / CONNECTOR

CONNECTOR

s

Fig. 1:12. Crystal and catwhisker detector unit used in early days of
radio and still available for the experimenter.

Fig. 1-14 shows crystal-detector circuits using a fixed
diode detector. The rf coil in the circuit of Fig. 1-14A
allows the negative half of the signal to have a return
path to ground while the positive half cycles are flow-
ing easily through the detector diode to the head-
phones. The circuit in Fig. 1-14B does not use a coil.
The negative half of the signal flows directly to ground
while the positive half is blocked and must travel
through the earphones instead.

-
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Fig. 1-13. Representative diodes drawn to approximate scale. White line
or color bands around diode normally indicate cathode end.

Both of these circuits have the disadvantage of no
selectivity; that is, there is no tuning and so all signals
on the antenna will be detected. If you live close to a
single a-m station, it will be the only one you can hear
anyhow, and being able to select stations is unimpor-
tant. Later you will be told how to add tuning and
selectivity to a crystal radio.

The antenna wire should be from 25 to 100 feet
long, and a ground wire should be connected to a cold-
water pipe or to a stake driven in moist ground.

The circuit of Fig. 1-14B, though simpler, may not
work as well in some cases as the circuit in Fig. 1-14A,

W7 ANTENNA :7

@N& A
GERMANTUM (l/
| cRrysraL DIODE
RF COIL g ¥
—‘ EARPHONES
== GROUND = GROUND

(B) Diode in parallel; positive ex-
cursions operate headphones.

(A) Diocde in series, passing pos-
itive excursions of signal.

Fig. 1-14. Two crystal detector circuits.

but it is easily constructed and for a nearby station
may work fairly well. If you plan to build a crystal set,
we recommend that you follow the instructions in the
next few paragraphs.

\WI RE TO ANTENNA
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WLRE TO GROUND

® DOTS ARE TWISTED OR
SOLDERED CONNECTIONS

(A) Pictorial diagram.

For a practical radio to receive a single station close
by you might want to use the following procedure.
Find a discarded radio that has a ferrite-rod anterina
coil. You will recognize the coil easily—it is a black,
round or rectangular rod about 3 to 8 inches long,
mounted externally to the radio chassis inside the
radio cabinet. This coil will usually have two sets of
windings on it—one with several turns of wire and
one with only a few turns. Use the coil with several
tums of wire. Buy a germanium diode from a dealer—
just ask him for an inexpensive diode detector (type
IN34 is a popular detector diode). Obtain a set of
headphones with an impedance of 2000 ohms or more.
Also ask the dealer for a .002-uF capacitor, or you may
be able to salvage one out of the old radio (any size
from about .001 uF to .005 wF will be satisfactory—the
voltage rating is not important).

Fig. 1-15 shows both a pictorial diagram and a regu-
lar “schematic” diagram for the crystal radio receiver
to listen in on a local a-m broadcast station. If you
have more than one local station close by you will
need to build a “tunable” receiver, which will be de-
scribed later, otherwise you will hear a jumble of
stations.

The new component added in this circuit is the ca-
pacitor, which has not previously been discussed. A
capacitor is an electrical device that has the property
of passing alternating current through it while blocking
or stopping any flow of direct current (dc). The ca-
pacitor has still another property that can be used to
advantage. It allows alternating current of high fre-
quencies to pass through more easily than lower
frequencies.

Using a capacitor across the headphones in this last
manner essentially bypasses all the rf around the head-
phones, leaving a “smoothed out” audio signal.® Add-

°In reality the audio signal is simply a series of radio-fre-
quency pulses whose heights correspond to the audio modula-
tion. A capacitor of the correct size will not have time to dis-
charge between the rf pulses but provides a “bridge” between
the pulses that “cleans up” the audio signal.
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001 T0
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(B) Schematic.

Fig. 1-15. Crystal radio for receiving local a:m broadcast station.
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BACK TO THE BLOCK DIAGRAM

The block diagram of Fig. 1-17 is a slightly modi-
fied version of the previous one in this chapter. The
mixer and oscillator circuit have been included in one
block since, as a practical matter, one transistor is
frequently both mixer and oscillator. A volume-control
block has been added to show its location in the signal
path. The detector is a erystal detector, and it detects
the i-f signal, which, although changed in frequency
from the original incoming frequency, still retains the
audio modulation.

After the signal is detected and the rf signal has
been bypassed, the audio signal is passed on to the
volume control. The volume contro! taps off the amount
of audio signal desired by the radio user. This signal
is applied to a set of audio amplifiers—sometimes only
one transistor, sometimes two or more—before being
fed to the power amplifiers. These power amplifiers
provide an increased audio current flow for operating
the speaker or speakers. In transistor radios using
batteries, there are usually two transistors working
together in the power amplifier. The advantage of this
system is that the power required depends directly on
the audio volume setting so that batteries last longer
when volume is kept low. Or if the radio is acciden-
tally left on at low volume, the batteries are not dis-
charged as quickly.

As can be seen, the radio signal in a receiver is
picked up in the antenna circuit, processed, amplified,
processed some more, amplified some more, and heard
at the speaker. Any defect in any of the circuits affects

DETECTOR

symptoms are: weak output, no output, distorted out-
put, hum or whistles, etc. The trick in finding the
trouble is in determining which link in the chain, so to
speak, is defective. Each of the blocks shown can be
called a “stage,” and when you are hunting troubles in
a receiver the first job is to quickly localize the trouble,
if possible, to a particular stage or stages. Once the
trouble is localized, you can concentrate on finding the
actual faulty part or parts in that stage.

So far this chapter has been devoted primarily to an
overlook at radio transmission and reception, using the
block-diagram approach, with little emphasis on the
actual electronics circuits used other than the simple
crystal receiver. Since the superheterodyne is almost
universally “the” receiver circuit, we will concentrate
on it in the further chapters of this book. Superhets
are used in a-m, fm, tv, and in all other kinds of re-
ceivers. The basic difference between various superhet
receivers is in the intermediate-frequency amplifiers.
Broadcast and many other radios, including a great
many CB receivers, use 455 kHz for the i-f, many
automobile radios use 262 kHz as the i-f, while fm
receivers use an i-f of 10.7 MHz®, and tv uses a 40-
MHz i-f for the picture and a 4.5-MHz i-f for the
sound. Incidentally, the picture modulation in tv is a-m
and the sound modulation is fm. Next we will discuss
basic electrical theory.

ABOUT VOLTAGE, CURRENT, AND RESISTANCE

The three basic measurements of electrical and elec-
tronic circuits are voltage, current, and resistance.
These three have a definite mathematical relationship
in every circuit. This relationship is known as Ohm’s
law. But before taking up the relationship we must
first define the terms.

Voltage

Voltage is the term used for electrical pressure. A
flashlight battery, for example, has 1.5 volts of pres-
sure. An automobile battery has a pressure of 12 volts.
This pressure is just that—it is there whether or not
the battery is doing work—the flashlight battery is 1.5
volts (if not discharged) whether the flashlight is
tumned off or on. Voltage might be compared to water
pressure, which continues to press against the water

sMHz stands for megahertz—mega = 1,000,000

ANTENRA
K MIXER
/ £

AMPLIFIER
GSCII.I.MORj

Fig. 1-17. Block diagram

g AUDIO
AUDIO PONER = ok
AMPLIFIER AMPLIFIER '{ Kl
of superheterodyne radio.

1




PrincrpLES OF Rapio

whether the faucet is turned off or on, Without pressure
no water flows if the faucet is turned on, but the pres-
sure itself is not the water—it is simply the “push” be-
hind the water. Voltage is the same—it provides the
push for the electric current but is not the current it-
self. Voltage, logically enough, is measured with a
voltmeter.

Current

Current is the working part of electricity, in a sense.
It is the part that moves through a circuit and can be
compared to water moving through pipes.® The
amount of current in a particular circuit depends di-
rectly upon the amount of voltage. In other words,
twice as much current flows in a given circuit if the
voltage is doubled, or half as much current Hows if
the voltage to the circuit is cut in half.

Current is measured in amperes, often abbreviated
A or amp(s). In electronic circuits it is not often that
as much as one ampere flows, so electronic circuits
usually show the current in milliamperes (abbreviated
mA and usually called “milly-amps”). A milliampere
is Yopo of an ampere or, said another way, it takes
1000 milliamperes to make one ampere. Thus, a current
of 15 mA is 0.015 ampere or a current of 260 mA is
0.26 ampere. Moving the decimal point three places
to the right will change amperes or a fractional part
of an ampere into milliamperes. Moving the decimal
point three places to the left changes milliamperes
into amperes (or a fraction of an ampere, as the case
may be). Examples: 048 mA is 480 mA; 0.002 A is
2 mA; 12A is 12,000 mA; 0.064 A is 64 mA (decimal
point moved three places right); 26 mA is 0.026 A;
1.6 mA is 0.0016 A; 350 mA is 0.356 A; 3200 mA is
3.2 A (decimal point moved three places left).

Current is measured in a circuit with an ammeter
(not amp meter) or a milliammeter, as the condition
requires.

Resistance

The third basic ingredient of a circuit is resistance.
Resistance is just what it sounds like, something to
“hold back” or resist the flow of current. The more
resistance a circuit has, the less current flows. In a
given circuit, if the resistance is doubled, the current
is cut in half. If the resistance is cut to one third, the
current increases three times.

Resistance is measured in ohms and can be mea-
sured with an ohmmeter.

Every circuit must have some resistance to get use-
ful work done—see discussion in Chapter 2 under
“Resistance.” In electronics a great many “resistors”
are used to limit the flow of current and to provide a
“voltage drop” essential to normal circuit operation.

*Experiments have shown that electricity tends to flow at the
outer edges of conductors much more readily than at the center.

Fig. 1-18 is a simple circuit using a battery, a re-
sistor, and a small pilot lamp. With the resistor in the
circuit, the lamp is dim (brightness depends upon the
actual value of the resistor in ohms), and with the re-
sistor shorted out®, the lamp is brighter. The lamp
itself is a resistance, otherwise the battery would be
shorted out and would run down very quickly.

J
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Fig. 1-18. Resistance in a circuit reduces current.

Earlier, you learned that if the voltage is doubled
the current in the circuit will also be doubled, and if
the resistance is doubled the current will be cut in
half, etc. Let us apply this information to the circuit in
Fig. 1-19 and determine what size resistor would be
needed to drop the voltage across the lamp to 3 volts.

Since we are starting with 6 volts from the battery,
and since we want to use only 3 volts across the lamp,
it means that we must have a 3-volt drop across the
resistor (3 + 3 =6). The note near the lamp says that
it draws 2 amperes with 6 volts across it. If we have
only 3 volts across it then it should draw just half as
much, or 1 ampere.®® Now if you look at the circuit
you will see that for the current to flow from one side
of the battery to the other all the current must travel
through both the resistor and the lamp. Since we have
decided on 1 ampere of current for the lamp, it fol-

VOLTAGE DROP ACROSS RESISTOR

l—. [ESEE —_— —-I
¥ VOLTAGE DROP 3v|
6 vour ACROSS LAMP KQD
BATTERY LT asep wis oraw 2 e
SOURCE WITH 6 VOLFS ACROSS IT
{CURRENT FLOW) I

NOTE: VOLTAGE DROPS ACROSS CIRCUIT COMPONENTS MUST EQUAL VOLTAGE SQURCE,

Fig. 1-19. Using Ohm‘s law to calculate size of resistor.

(Note: arrows indicate conventional direction of current rather than
electron movement.)

°A “short” is a low resistance which prevents current from
flowing through its normal path, instead taking a “short cut”
through the low resistance.

**Some “knowledgeable” individual may tell you that this
does not work with lamps because a lamp has more resistance
when it is hotter than when it is ccoler, which is true, but for
the purpose of calculation we can disregard this factor, since in
both cases the lamp is lit and therefore the resistance will not
vary too much from the Ohm’s law expectation.
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lov?s that there is 1 ampere of current through the
resistor also.

Wh.at size is the resistor? Ohm’s law tells us that we
can divide the amount of current into the voltage drop
and find the resistance. Dividing 1 ampere into 3 volts
gives us 3 ohms. The resistor needs to be 3 ohms in
this case to provide a 3-volt drop because 1 ampere of
current is flowing. The lamp also must have 3 ohms
resistance, since it, too, has 1 ampere of current
through it and a 3-volt drop across it.

Next look at the circuit of Fig. 1-20. Here we have
a 6-volt battery connected across a 2000-ohm resistor
(K =1000. “K” is an abbreviation for kilo and when
used with a resistor indicates kilohms). (The current
in a circuit is measured with a milliammeter, in this
case, and the milliammeter must be connected so the
current flows through it to reach the resistor; there-
fore, a good milliammeter should not retard the cur-
rent flow significantly, and in this case we will assume
that it does not retard it at all, but simply measures
the amount.)

()
@

Lo
I

Fig. 1-20. How much current will the milliammeter indicate?

To find the current in a circuit, divide the resistance
in ohms into the voltage in volts. In this case, that
would be 2000 into 6, which comes out 0.003 ampere.
If amperes are changed to milliamperes by moving the
decimal point three places to the right we have an
answer of 3 mA. The above calculation may suggest
an easier way. If the resistance in K ohms is divided
into the voltage, the current in mA is obtained auto-
matically, so 2 into 6 gives 3 mA.

(i}
@
2mA

S
i~ 21K
S

Fig. 1-:21. What is the battery voitage?

Let’s take still another example of calculating with
Ohm’s law. Fig. 1-21 shows a circuit with a 12K re-
sistance and 2 mA of current flow. How much is the
voltage? To get the voltage of a circuit when the re-
sistance and the current are known, multiply the cur-
rent times the resistance. Since again we are using both
K ohms and milliamperes we can multiply directly,
12 X 2, and get the answer of 24 volts.

But suppose the resistance were 450 ohms? We have
two choices in the calculations: we can change the mA

to amperes or the resistance to K ohms. For example,
changing the current of 2 mA we get 0.002 ampere
and multiplying 450 x 0.002 gives us 0.9 volt. Or we
could have changed 450 ohms to 0.45K ohms and mul-
tiplied 045 times 2, giving us the same answer of
0.9 volt.

Ohm's Law

But all the foregoing is meaningless unless you can
remember what is to be divided and what is to be
multiplied, etc. To get the formula for Ohm’s law on
a more scientific basis we have to recognize the sym-
bols that are used in Ohm’s law calculations for volt-
age, current, and resistance. The symbols are E, I, and
R. E stands for voltage (electromotive force), I stands
for current (intensity of flow), and R stands for re-
sistance. Ohm’s law states:

E=1IxXR
E
L=
_E
RS

where,
E is the voltage in volts,
I is the current in amperes,
R is the resistance in ohms.

Even this is a bit difficult to remember until you
have had considerable experience, so a “crutch” is used
by nearly everyone to mark Ohm’s law in the memory.
One crutch is a sort of dunce cap with letters as shown
in Fig. 1-22A.

N /\
/ /
/ € / E
/ \

/TN fali\

(A) Standard units (volts, ohms, {B) Optional units (volts, kilchms,
and amperes). and milliamperes).

Fig. 1-22. Memory aid for Ohm’s law.

To use the “dunce cap” all you need to do is to
cover the factor you want and the formula for it is
given. If you cover the E you have IR, or I X R. If
you cover the I you have E/R, or E divided by R, and
if you cover the R you have E/I.

For electronics, since so often the resistances will
be in the K-ohm region and current will nearly always
be in the milliampere region, the dunce cap can be
modified as in Fig. 1-22B. Just remember, though,
when you use this short cut the current must be
in mA and the resistance in K ohms or, if they are not,
they must be changed to these units before the calcu-
lations are made. The Greek symbol omega (Q) is
used to indicate ohms in many instances. Of course
there is a good mathematical reason why the mA-K
formula works. Milli equals 1{¢90 and K equals 1000,
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so their effects cancel in the calculation, or, said an-
other way: milli is 10— power and kilo is 10° power
so the —3 and the +3 powers cancel.

Wattage

There is another measurement included in Ohm’s
law that is necessary in many calculations. This is wat-
tage. Wattage is the amount of heat dissipated in an
electric circuit. If you touch a high-wattage incan-
descent lamp you can get burned, because any time
electric current flows, the movement creates some heat.
In transistor radios there is very little heat, except in
one or two circuits. Heat in an electric circuit is the
result of the current and the resistance of the circuit.
If the current in a circuit is doubled (the resistance
remaining the same), the heat will increase FOUR
times. If the current is tripled, the heat increases NINE
times. So the formula for wattage in a circuit is I°R, or
the current in amperes multiplied by itself times the
resistance in ohms. The symbol P (for Power) indi-
cates circuit wattage.

Even though current and resistance are considered
the source of all circuit heat, it is obvious that voltage
also must be considered, since increasing the voltage
increases the current. So the formulas for power in
watts can be stated like this:

P=1I2R
P=EI

_E
¥ T

where,
P is power in watts,
E is voltage in volts,
I is current in amperes,
R is resistance in ohms.

For example, a circuit with a current of 2 amperes and
a resistance of 3 ohms will dissipate 12 watts of power
(2x2x3). A circuit with 120 volts and 2 amperes
will dissipate 240 watts (120 X 2), and a circuit with
9 volts and 300 ohms of resistance will dissipate 0.27
watt (9 X 9 divided by 300).

But what about using milliamperes and kilohms to-
gether in a calculation? Fine. The answer will be in
milliwatts, though. Here are the formulas:

P in mW =(mA)2X K ohms,
P in mW = volts X mA,
P in mW = volts squared <+ K ohms.

If any two parts of a circuit are known, the other
factors of the circuit can be calculated. This is shown
by Table 1-1, which can be used to make any Ohm’s-
law calculation in direct-current circuits. For example,
suppose you know the wattage dissipated in a circuit
and the voltage, and you wish to find the resistance, R.
Look in the table at R and see that the formula for

Table 1-1. Convenient Forms of Ohm’s Law

UNKNOWN FORMULA FOR UNKNOWN
P
E IR s VPR
! 3 {E P
R R £
R E L4 £
i 12 7
2 1
P 1°R 1] £
R

" *IF YOU USE THE UNITS BELOW THE ANSWER
WILL BE IN THE UNITS ON THE SAME LINE

E | R P

VQLTS AMPERES OHMS WATTS

VOLTS | MILLIAMPERES | K OHMS MILLIWATTS

VOLTS |MICROAMPERES| MEGOHMS | MICROWATTS

obtaining R when voltage and wattage are known is
E2/P. At the bottom of the table are the units of mea-
surement that can be used together for quicker calcu-
lations. For example, if the circuit has 50 microam-
peres—a microampere is a millionth of an ampere, ab-
breviated pA—and the resistance is 10 megohms—
megohm is one million ohms—you can find the voltage
of the circuit by simply multiplying 50 X 10, giving
500 volts, or you can find the power in the circuit as
25,000 microwatts (50 X 50 X 10), which is 25 milli-
watts.

It may seem that you have spent longer than neces-
sary on this section. However, be assured that the
Ohm’s law calculations are by far the most important
of all in understanding the operation of electronic
circuits. There are more-sophisticated formulas that
may be used for specific circuits, but if you understand
Ohm’s law as given here, you can by deduction break
down almost any circuit into its basic operation.

Measuring Voltage

The most important test in electronic servicing is the
dc voltage measurement. As you have just learned, if
you know the voltage and the resistance of the circuit
you can calculate the current in the circuit. Hence,
the voltmeter can be used to read not only voltage but
current as well, and the circuit will not have to be
opened somewhere to insert the meter, as it would
have to be if a milliammeter were used. Fig. 1-23 is
an example. In this transistor circuit there is a 5K
(5000 ohm) emitter resistor, and all the current in the
circuit must travel through this resistor in getting from
one side of the battery to the other. The voltmeter
placed across the resistor reads 6 volts. How much
current is flowing? Using Ohm’s law, I = E/R, we take
5 into 6, giving us 1.2. Since we are dealing with K
ohms the answer is in mA, or 1.2 mA of current in
the circuit.
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BATTERY
‘ =
VOLTMETER TRANSISTOR | | 9 vouTs =
READS 6 VOLTS . 3
>, -~

- i

25K I
+ L

QV L.SURRENT

Fig. 1-23. How much current is flowing in this circuit?

We could have broken the circuit at any place and
inserted a milliammeter and gotten the 1.2 mA read-
ing, but breaking a circuit means cutting a printed
circuit or a wire to insert the meter. This is not only
time consuming, but the break must be repaired after
the test is made. Fig. 1-24 is another example of meter
reading in a transistor circuit. By taking just one volt-
meter reading, we can determine three or four things
about the circuit. The meter is reading 3 volts, and
the voltage drop is being read across a 1.5K resistor.
What is the current? The answer—2 mA (3 + 1.5).
How much will the voltmeter read if placed across the
500-ohm resistor? Do you need to place the voltmeter
across it to find out? No. The current must be the same
in both the 1.5K resistor and the 500-ohm (0.5K) re-
sistor since they are in the same path between the +
and — of the battery power supply. Knowing that 2 mA
is flowing through the 0.5K resistor, Ohm’s law tells
us that the voltage drop across it is 1 volt (2 X 0.5).
Or, in this instance, it could be calculated another way
rather easily. A 500-ohm resistor is just %4 as large as
a 1500-ohm resistor, so the voltage drop across it when
the same amount of current is flowing in the two will
be 14 as large.

VOLTMETER
READS 3 VOLTS

FROM

TRANS ISTOR
INPUT CIRCUIT
500
=
9 VOLTS
SUPPLY BATTERY

Fig. 1-24. Testing for current by measuring vaoltage.

The next question might be, how much voltage drop
is there across the transistor? In other words, what
would the voltmeter read if it were placed from C to
E of the transistor? The answer is § volts. Why?P The
battery voltage is 9 volts; there is a 3-volt drop across
one resistor and a 1-volt drop across another, leaving
5 volts across the transistor. (The coil is a very low
resistance having virtually no more voltage drop than
a few inches of wire, which is negligible.)
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Another question that can be answered is: What is
the resistance of the transistor” We have found now
that there is 5 volts across it and we know there is
2 mA flowing through it—again we can resort to Ohm’s
law, R=E/I. So R=25/2, or 2.5, and since we are
dealing with current in mA, the resistance answer will
be in K ohms, or 2.5K ohms (2500), so the transistor
under these conditions is equivalent to a 2.5K resistor.

Incidentally, a transistor behaves like a resistor that
is variable. The amount of its resistance is controlled
by the amount of voltage and current applied between
its base terminal and the emitter terminal (B and E).
If more or less voltage is applied at the base, the re-
sistance between C and E changes, allowing more or
less current to flow in the circuit from the supply bat-
tery, Because it takes less current to change the re-
sistance than the amount of change in current from the
supply battery, the transistor can “amplify” a small
current into a much larger current. More about that in
Chapter 8.

Fig. 1-25 is the pictorial circuit of Fig. 1-24. You can
set up this circuit and get the actual values shown,
take readings, etc. You can use a 470-ohm, 15-watt re-
sistor instead of the 500-ohm, if a 500-ohm resistor is
not available. The transistor can be almost any sort of
pnp transistor, either germanium or silicon type. The
battery is the type used in many portable transistor
radios. The variable resistor can be an old volume con-
trol out of a tube-type radio, and the 10K resistor is
simply for protection of the transistor in case the vari-
able resistor (potentiometer) is turned to minimum
resistance. You can see the action of the transistor by
watching the voltmeter while changing the resistance
of the pot. (The pot supplies more or less current to
the base of the transistor, which changes the transistor
resistance between C and E, depending on the change
in current to the base.)

In the preceding “paper” calculation, we deduced
the voltage drop across the 500-ohm resistor. In actual
servicing, you might read the voltage drop across both
resistors to make sure that the voltage drop was cor-
rect, Suppose that for some reason the 500-ohm resistor
had changed in value to, say, 2000 ohms. The voltage
drop across it would now be 5 volts, leaving only a 1-
volt drop across the transistor. This incorrect reading
would immediately spot the source of trouble in this
case. In this case, the voltage acruss the transistor was
calculated, but it is always faster to use the voltmeter
and make the check than to make calculations, and
when circuitry is complex, calculations become even
more difficult to make quickly.

Most wiring diagrams, called schematics, have the
voltage readings listed at the transistor terminals.
These are voltages to ground. The “ground” is the
common connection made from one side of the battery
or other power supply. All of these points could be
connected together with a line (some schematics are
even drawn that way) but it is a simpler representa-
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ADJUST POT
FOR 2mA CURRENT
FLOW IN TRANSISTOR

10K

500K OR 1 MEGOHM
POTENTIOMETER

PNP TRANSISTOR

500 CHM
RESISTOR

VOLTMETER

CAPACITOR coit

1.5K
RESISTOR

9 VOLT A BATTERY

Fig. 1-25. Pictorial diagram of schematic in Fig. 1-24. For testing use, coil and capacitor may be omitled and a wire used instead.

7 SAME CKT AS BELOW
/ BUT GROUND S YMBOL NOT USED \

VW

R3 3.8V ouTPUT
et A A
le
INPUT 7
Wy
o.zv%@ R23 2.%
0.1v ou oFF
RIS 1000 swncu
BATTERY
4 YV = poweR

l SUPPLY
VOLTAGES - GRounp SYMBOL

N onED  "GROUND™ IS THE NAME GIVEN
A COMMON RETURN LEAD TO THE POWER
SUPPLY AND NOT AN ACTUAL EARTH GROUND

Fig. 1:26. Transistor circuit with voltages to ground indicated.

tion to use a ground symbol for all wires or compo-
nents returning to a common point. Metal shields such
as the shield cans around transformers are connected
to the ground and can be used as a connection for one
of the meter probes when measuring voltages to
ground.

Fig. 1-26 is part of an actual transistor amplifier
used in a transistor radio. With the voltages-to-ground
given, what is the voltage drop, or what would a volt-
meter read if you placed it across R2? The answer is
2.2 volts. Why? There is 3.8 volts on one side of the
resistor and 6 volts (to ground in both cases) on the
other side. 3.8 from 6 leaves 2.2 volts across the re-
sistor. How much current is flowing in the resistor?
The answer is 1 mA. Why? I=E/R. 1 =22/22 or
1 mA. How much voltage from C (collector) to E
(emitter)? 3.7 volts. (3.8 — 0.1). Does the voltage read-
ing from emitter to ground appear to be correct? Yes,
because we know there is 1 mA flowing in the circuit
and we know that 100 ohms is 0.1K, so 0.1 times
1=01V (E=IR).

TEST QUESTIONS

1. The prefix “kilo” means

A. 1000. =
B. 1/1000.

C. 1,000,000.

D. hertz.

2. “Hertz” is a modern-day term that used to be called

A, frequency.

B. kilo,

C. cycles per second.
D. amplitude.

-
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i ;:ﬁ moprzcﬁ.“l.u"nﬁﬂw was invented or developed at 12. Modulation means
raf
A. 1903. ke A. to turn a radio transmitter off and on.

B. detecting a radio signal.

B. 1921. C. generating a radio signal.
CD. igig D. a system for placing information on a radio-frequency

4. Amplification means

carrier.

. Detection is the process of

A. using a higher voltage battery. A. inserting audio signals on a radio-frequency carrier.

B. increasing current flow in step with a smaller controlling B. removing audio or other signals from an rf carrier.
current or voltage. C. using a capacitor to remove the radio frequency and

C. using a magnifying glass. leave the audio frequencies.

D. allowing electric current to flow in one direction. D. amplification of audio or rf signals.

. The standard power-line frequency in the United States is . A “crystal” detector works because it

A. 50 Hz. A. responds to audio signals but not to rf signals.

B. 60 Hz. B. allows the rf signals to flow in one direction only.

C. 120 Hz, C. has essentially the same qualities as a capacitor.

D. 800 kHz. D. allows only alternating current to pass through it.

6. The audio-frequency range is considered to be between

A. 20 and 20,000 Hz.
B. 20 and 20,000 kHz.
C. 100 to 8000 Hz.
D. 400 to 2500 Hz.

7. The term “xf’ stands for

. A capacitor has several qualities, one of which is it

A. allows current to flow in one direction only.

B. allows low frequencies to pass through it easier than
higher ones.

C. allows higher frequencies to pass through it easier than
lower ones.

D. can replace headphones to reproduce audio signals so
they can be heard.

A. real frequf:incy.l
B. anized field.
C. :::;‘;g ﬁ-equen:yc.l . The prefix “mega” means
D. raised frequencies. A. one million.
B. one-millionth.
C. one thousand.
8. The term “selectivity” means D. many.
A. the choosing of a particular radio circuit.
B. how loud a radio will play. - =,
C. the beating of two signals together to produce a third. Voltage” in a circuit means

D. the ability of a radio to choose between stations that are
broadcasting.

9. The radio circuit that is most common and works by

changing the incoming radio frequency into another fre-
quency is called a

A. tif or tuned-radio-frequency receiver.

A. the amount of current flow.

B. the resistance to the flow of current.
C. the power supplied to the circuit.

D. the pressure which pushes the current.

Current in an electrical circuit is measured in

B. superheterodyne. g il:lfseres.
C. regenerative or superregenerative. .
D. local oscillator or intermediate-frequency receiver. oS

10. In a superhet receiver that has an intermediate frequency

of 455 kHz and is tuned to receive a station at 1340 kHz,

19. The device that measures the resistance of a circuit is

the local-oscillator frequency will normally be at a (an)

A, 1795 kHz. A. voltmeter.
B, 455 kH2. B. ammeter.
C. 1340 kHz. C. ohmmeter.
D. 2250 kHz D, resistometer.

11. The 3rd harmonic of 330 kHz is

. Current of 600 milliamperes is the same as

A. 900 kHz. A. 6 amperes.
B. 333 kHz. B. 600,000 amperes.
C. 430 kHz. C. 60 amperes.
D. 830 kHz. D. 0.6 ampere.

4 Sis 4+~
_ 2 i
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21. A current flow of 0.004 ampere is the samc as

A. 4 amperes.

B. 4 milliamperes.

C. 4000 milliamperes.

D. 0.000,004 milliampere.

22. A “short circuit” is one that

goes only a short distance.

uses short pieces of wire.

has a low resistance path for current to flow.
. is a light ditnmer.

Somp>

23. If, in a given circuit, you double the voltage and double
the resistance, the current flow will

A. stay the same.
B. double.

C. halve.

D. quadruple.

24. In Fig. 1-27, the voltage measured across the lamp would
be

A. 5 valts.
B. G volts.
C. 3 volts.
D. 4 volts.
= VOLTMETER READING 5 VOLTS
)
2 OHMS
9VOLT =

@ LAMP

smzmT

Fig. 1-27. Test circuit for Questions 24, 25, and 26.

25. In Fig. 127, how much current in milliamperes is flowing
through the lamp?

A. 15.
B. 400.
C. 200.
D. 25.

26. In Fig. 1-27, the resistance of the lamp is

A. 20 ohms.
B. 25 ohms.
C. 200 ohms.
D. 400 ohms.

27. In Fig. 1-28, the current flowing through the transistor is

A. 4 milliamperes,
B. 4 amperes.
C. 2 amperes.
D. 2 milliamperes.

TRANSISTOR
@‘ |
[}
4vours !
< 1000 HMS
|13 | <
4]
6 VOLTS

Fig. 1-28. Test circuit for Questions 27 through 30.

28. In Fig. 1-28, the equivalent resistance of the transistor is

A. 1K
B. 2K.
C. 3K,
D. 4K.

29. In Fig. 1-28, the heat dissipated by the 1K resistor is

A. 1 watt.
waltts.
milliwatt.
milliwatts.

vow
FOR Y]

30. In Fig. 1-28, the heat dissipated by the transistor is

A. 4 watts.
B. 8 watts.
C. 8 milliwatts.
D. 4 milliwatts.

31. The term “ground” as used concerning an clectronic circuit

means in most cases

A. a direct connection to the earth through a water pipe
or stake.

a “common” connection for all the circuits.

a short circuit.

. a coil of wire.

oow

1 MEGOHM RESISTOR

HEADPHONES

pd
F“GERMANIUM

A PNP TRANSISTOR
AUDIO INPUT
2 A 3
PICTORIAL (YIS )
FLASHLIGHT BATTERY
(A) Pictorial.
1 MEGOHM -1 VOLT (MEASURED TO GROUND!
A
AUDIO INPUT "gm%"gm!ss
SUCH AS FROM  CAPACITOR
IMPEDANCE
CRYSTAL RADIO i
J_- DC RES!STANCE}
\ 15V
£ « EMITTER GROUND SYMBL :
B ~ BASE
€ * COULECTOR
{B) Schematic.

Fig. 1-29. Audio amplifier circuit for Questions 32 and 33.
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..r. amplifier that can A, 1 mA.

radio fifty- or a hundred- B. the same as that flowing through the transistor. -
is circuit may be the size C. the same as that flowing out of the battery.
esistor d even here there is consider- D. all the above are true.

q ne e rated at 2000-ohms im-
no tk headphones will measure

an ohmmeter but will “look” like a 2000-
an audio frequency. Again, the impedance 13
is not overly critical, but should be at
impedance or more and NOT the type nor-

» transistor radios, which usually are not A. 0.9 volt,

Im¢ this circuit, assuming the dc re- B. 1 voit.
dphones is 500 ohms, the amount of C. 1.5 volts.
t ougb the phones is D. Impossible to tell.

. In Fig 1-29, how much voltage drop is there across the
I.megohm resistor?



CHAPTER 2

Capacitors and Resistors

-

In this chapter and the next, you will find consider-
able detail on the components, or at least the basic
components, used in radio. You may be tempted to skip
these chapters for now and come back to them after
you have studied more about the “whole” radio. This
you can do, of course, but we suggest that you read
through these chapters before continuing. You will not
grasp all of what is meant perhaps, but you can relate
the ideas of the component parts to the whole radio a
bit better, in our opinion, if you read straight through
these chapters now. After you have finished the book,
you can come back to these chapters as your compre-
hension of radio advances. So read through, grasping
what you can readily understand, continue with the
rest of the book, and, as necessary, review these two
chapters to enlarge your viewpoint on specific areas
of interest.

CAPACITORS

If you take two metal plates, insulated from one
another as in Fig. 2-1, and connect them through a
switch to a battery and close the switch, there will be
a short instantaneous flow of current. This occurs
even though there is no physical connection between
the plates. In simple terms, what happens is that as
soon as the switch is closed, electrons® in the upper
metal plate are attracted to the positive side of the
battery and the same number are pushed into the lower
metal plate by the negative side of the battery. The
capacitor is now said to be “charged.” In other words,
if we now open the switch, or remove the battery, the
capacitor plates will still have an electric charge across

o
AIR INSULATION
/
SWITCH
AN
e =T

NETAL PLATES

i

7 BATTERY

Fig. 2-1. A simple capacitor.

*Electrons is the name given to electrical charges.

them equal to the battery voltage. A capacitor, there-
fore, can store electricity. The amount of electricity
that the capacitor will store depends on the size of the
metal plates and how close together the plates are,
without touching. The larger the plates or the closer
together, the more electric charge that will be stored.
Two metal plates as shown will store very little charge,
but many plates held close together can store consid-
erable charge.

After the capacitor is charged, if a wire is connected
between the two plates, they will be instantly dis-
charged through the wire. If we measure the energy
during discharge we find it to be equal to the “charg-
ing” energy, but flowing in the opposite direction. The
capacitor now has no voltage across it—no charge—
and so is said to be “discharged.”

Current flows in a capacitor circuit only during
charge and discharge. If the switch in Fig. 2-1 is left
turned on (closed), there will be no current flow ex-
cept the initial charging current. A capacitor, there-
fore, is essentially an open circuit, so far as direct cur-
rent (as from a battery) is concemed. But a capacitor
can pass ac (altemating current) such as audio and
radio frequency currents. It can pass ac because ac is
continuously -changing in polarity (from positive to
negative and back again); thus, the capacitor plates
charge and discharge on each alternation, causing cur-
rent to flow back and forth in the circuit.

The larger the capacitor, the more ac current that
will flow. However, all capacitors are frequency con-
scious—that is, they will pass higher frequencies easier
than lower frequencies. This is an inverse proportion.
For example, a capacitor will pass 2000 Hz twice as
easily as 1000 Hz. This is true regardless of the actual
electrical size of the capacitor, but any capacitor of
twice the electrical size of another has exactly half the
resistance to the flow of ac of any frequency. For ex-
ample, a .02-microfarad (uF) capacitor has only half
the “ac resistance” of a .01-uF capacitor (the ac resist-
ance of a capacitor is called reactance).

The Unit of Capacity

The unit of capacity is the “farad,” but a farad is
such a large unit that it is not a practical measurement

25
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for the small capacitors used in radio. Capacitors in
radios are rated in cither microfarads, which means a
millionth of a farad, or in picofarads, which is a mil-
lionth of a microfarad. For example, in the crystal re-
ceiver in Chapter 1, a .001-microfarad capacitor was
suggested. That means that the capacitor was one-
thousandth of a microfarad, or 1000 picofarads. Abbre-
viations for microfarads differ but we will use pF in
this book. The abbreviation for picofarads is pF. (A
number of years ago picofarads were designated
“micromicrofarads” and the abbreviation was mmf or
mmfd.) Although it is not popular with American
manufacturers, many foreign manufacturers have
adopted the term “nanofarads” abbreviated either N
or nF. A nanofarad is halfway between the microfarad
and the picofarad. For example, the .001-uF capacitor
would be a 1-nanofarad capacitor, or a .01-»F capaci-
tor would be a 10-nanofarad capacitor. A capacitor
labeled 20N, for example, and of foreign make, is prob-
ably a .02 uF.

Dielectric

The “dielectric” of a capacitor is the insulation be-
tween the plates. The standard dielectric is air and it
is said to have a “dielectric constant” of 1 (see Table
2-1). It has already been indicated that the capacity
of a capacitor depends upon the size or area of the
metal plates and also on the spacing between the
plates. In addition, the capacity (or capacitance) of a
capacitor is directly related to the kind or. type of di-
electric. For example, in Table 2-1, note that Plexi-
glas has a dielectric constant of 2.8, which means that
if a piece of Plexiglas were placed between the plates
of the simple capacitor in Fig. 2-1, the capacitance of
the capacitor would increase by 2.8. In other words,
2.8 times as much energy would flow during charge
and discharge as would flow if only air were used
as the insulator. The reason for this is difficult to ex-
plain. The electric charges place “stress” on the dielec-
tric, which can be compared to squeezing a spring. A
stronger spring requires more energy to “charge” but
will release more power on “discharge” than a weaker
spring, consequently the stronger spring could be said
to have more capacity.

Table 2-1. Dielectric Constants of
Common Materials

Material Dielectric Constant
Air 1
Bakelite 4.5 1o 5.5 approx
Ceramics 5 to 1000 or more
Fiber 5 to 7.5 approx
Glass 7 1o 8 approx
Mica 5 to 6 approx
Paper 3 approx (varies with type)
Plexiglas 28
Polystyrene 26
Porcelain 5 1o 6 approx
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Capacitors used in radio today are mainly of three
types: ceramic, paper, and electrolytic. Once mica di-
electric capacitors were used considerably, but the ex-
cellent propertics of the ceramics and their economy
have just about eliminated the mica types, except in
special high-quality circuits where the capacity value
must remain extremely stable.

Ceramic capacitors are usually of the “disc” type and
range in value from about 1 pF to about .01 uF, al-
though both larger and smaller sizes are sometimes
used. The ceramic capacitor works well at all fre-
quencies, and high grade types have excellent stability
and may be manufactured in tubular form (see Fig.
2-2). Less expensive types arc not quite so stable but
have ample stability for use in all but the most critical
bypass circuits, since in bypass circuits the actual ca-
pacitance, within a reasonable tolerance, is not too
critical. For example, a circuit calling for a .005-uF
bypass will probably work just as well with a .004-uF
bypass, or, in the oversize direction, with a .01 uF or
even greater.

Ceramics have high dielectric constants—the ones
with lower constants are usually somewhat more sta-
ble; that is, they change less in capacity with change in
environment—and so come in fairly large capacitances,
compared to physical size.

Paper capacitors, once used almost exclusively in
a-m broadcast radio, arc now used only for sizes above
about .05 uF, if at all. The paper capacitor has large

7 70

(A) Electrolytic types.

TUBULAR

(B) Ceramic types.
»

(C) Encapsulated mylar capacitor.

Fig. 2-2. Capacitors.
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physical size compared to capacity and also stops act-
ing as an efficient capacitor as the frequency exceeds
several megahertz. This prevents their use in most fm
and tv circuits, except for the low-frequency portions
of the circuits, such as in audio stages.

Electrolytic capacitors are generally not made in
smaller than 1-uF sizes and popular sizes now can be
purchased up to at least 2000 uF, especially in low-
voltage types for transistor circuits. Electrolytic ca-
pacitors use an electrolyte (similar to what might be
used in a battery) as the dielectric, and for this reason
electrolytics are polarized, that is, they must be con-
nected into the circuit so that the positive (+) side
connects to a higher positive voltage than the nega-
tive (—) side. Neither ceramic nor paper capacitors
have polarity requirements, so they may be connected
in either direction in a circuit.

Capacitor Veltage Ratings

Most capacitors have clearly marked voltage ratings;
this is the maximum working voltage for the capacitor
and has nothing to do with the capacitance operation
in a circuit. In other words, a .05-uF capacitor rated
at 200 volts can be replaced, if physically possible
from the standpoint of size, with a 400-volt or 600-
volt rated capacitor; however, the 200-volt capacitor
should not be replaced with a capacitor rated at less
than 200 volts, such as only 100 volts or 50 volts.
In transistor circuits where the dc voltage applied is
not more than 9 or 12 volts, a capacitor rated at 25

(8) Two-gang.

(C) Two-gang enclosed, using plastic dielectric.

‘\ :

‘ A!)
L

(E) Two-gang butterfly type.

(D) Two-gang with cut stator.

Fig. 2-3. Variable capacitors.

volts is more than safe to use. For electrolytics in a
9-volt circuit using batteries, the voltage rating may
be only 10 volts, although a 12- or 15-volt rating may
be used. In other words, never use a capacitor that
has a lower voltage rating than the voltage that will
be across it, but it is all right to use the same capaci-
tance-rated capacitor with a higher voltage rating than
the circuit requires.

VARIABLE CAPACITORS

As you will see later when tuned circuits are dis-
cussed, a variable capacitor—one whose capacitance
can be changed, usually by rotating a shaft—is often
used as the “tuning” element in a radio receiver. There
are many kinds of variable capacitors (see Fig. 2-3).
They may be single-unit capacitors, called “single
gang,” but usually there will be 2 or more capacitors
operated by a single shaft. Most receivers of the lower-
cost home-entertainment type use a 2-gang capacitor,
meaning that there are two separate variable capacitors
in one unit, rotated by a single control. For example,
in a superhet-type receiver discussed in Chapter 1, one
section of the variable capacitor unit “tunes” the incom-
ing signal for best circuit response while the other sec-
tion of the same variable capacitor tunes the oscillator
to the correct frequency so that the incoming station
will have its frequency changed to the intermediate
frequency.

Commercial receivers and those used by shortwave
listeners, amateur radio licensees, etc. often have a
variable capacitor with 3 gangs, or even more on occa-
sion—the reason for these will become apparent later
in this book.

SYMBOLS FOR CAPACITORS

In electronics, symbols are used extensively when
laying out circuits on paper. When circuits are laid out
on paper they are called schematic diagrams. Capaci-
tor symbols are shown in Fig. 2-4. The symbols vary
somewhat in actual practice but not enough to cause
much confusion. For example, a curved line is used
on some capacitors to indicate the side that goes

i

= R =

(A) Fixed, nonelectrolytic.
L TS
=i

- .
(B) Electrolytic.
{C) Variable,
Fig. 24. Capacitor symbols,

I
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toward “ground,” or the common connection for com-
ponents in a circuit. “Ground” is seldom taken to mean
an actual earth ground; instead, it is the common cir-
cuit, For example, in an automobile, only one wire is
used to carry current to a light and the car body is
then used as the return wire to the other side of the
battery. All the electrical equipment has one side re-
turned through the metal parts of the car rather than
through a separate wire. In the case of the automobile,
we would call the car brdy or chassis a “ground” be-
cause it is common to all circuits. Fig. 2-5 is a simpli-
fied diagram of such a system. The four lights in the
diagram have a common return to the car battery
through the car body or chassis. The lights are also
connected in parallel through the light switch to the
battery.

Electrolytic capacitors are polarized (see discussion
on electrolytics in this chapter) and the + side is al-
ways marked. Sometimes both the + and — side will

be marked on the schematic.
LIGHT SWITCH
_ \ 3
LARFSS T e’ -4 TAILLANPS
e \
CONNECTIONS —§---===y-====="=="=== -~y CROUNG OR
CAR BODY AND CHASSIS ) CONNECTIONS

//. ‘-Y.;'M" CAR BATTERY
Fig. 2-5. Simplified diagram of an automobile lighting system,

TIPS ABOUT CAPACITORS IN RADIOS
AND ELECTRONIC EQUIPMENT

You will find some sort of capacitors in just about all
“circuits. They are used to block dc, while allowing ac
to pass, and they are used to remove ac from dc lines
so that circuits will not interact even though supplied
by the same source of dc voltage. They are used to
change the “tone” of a radio, making it sound more
bassy or more treble. Variable capacitors are used in
tuning circuits.

Electrolytic capacitors are used to filter out hum in
dc power supplies powered from the ac line. Electro-
lytics are polarized and must be inserted in the circuit
with the + side to the most positive side of the circuit
in which they are used. Ceramic capacitors are both
tubular and disc type. Tubular types are generally
more stable but usually are not made in sizes much
larger than a few hundred pF. Disc capacitors make ex-
cellent bypass capacitors because they are capable of
high capacity in small size. Mica capacitors, once used
for all higher-frequency circuits, have been almost
completely supplanted by ceramic types, either tubular
or disc. Mylar capacitors are similar to paper capacitors,
but use Mylar instead of paper, because of the higher

28

dielectric constant. These capacitors are normally en-
capsulated in epoxy to eliminate moisture, which al-
ways causes deterioration of any capacitor. Paper ca-
pacitors use either a wax or plastic encapsulation to
keep out moisture.

A good capacitor of either the ceramic, mica, Mylar,
or paper type must have no leakage; that is, no passage
of direct current between the two terminals. If leakage
exists, the capacitor must be considered to be defective.
In many circuits, even slight leakage will upset the
circuit performance.

Electrolytic capacitors by their nature do have leak-
age and may have extremely high leakage (high di-
rect-current flow through them) if connected into the
circuit incorrectly (wrong polarity). The leakage of
electrolytics must be taken into consideration in cir-
cuit design so that it is not a problem.

The working voltage of a capacitor means the maxi-
mum voltage that should be across the capacitor.

Electrolytic capacitor values are not usually critical,
especially if they are larger in value than the original.
It is not unusual for an electrolytic to vary from 50%
to 100% in actual value from the value rated as nomi-
nal on the case by the manufacturer.

A capacitor suspected of being open can be checked
easily by simply connecting another capacitor tem-
porarily across the suspected capacitor. For example,
whistles in a transistor radio, or a weak radio, are
often caused by an open electrolytic capacitor. Almost
any electrolytic of suitable voltage rating can be tem-
porarily placed across the suspect to see whether the
radio starts performing normally. If the radio does ap-
pear to start working normally again, replace the origi-
nal capacitor permanently with a similar unit.

CONNECTING CAPACITORS IN SERIES

To connect components in an electrical circuit in
“series” means to connect one after another in such a

LAMPS CONNECTED IN SERIES

AC PLUG IN

(A) “Christmas tree” light circuit.

ISt

LAMPS RATED AT +
3 VOLTS EACH -

IF NO.2 LAMP BURNS
“{ ouUT (OPENSI THEN LAMP
{51 1 WILL NOT LIGHT SINCE
#1 THE CIRCUIT PATH FROM
ONE SIDE OF BATTERY 10
THE OTHER 15 BROKEN

2 LAMPS [N SERIES CONNECTED TO A BATTERY

(B) Closed circvit. (C) Circuit opened by burnt.

ovt lamp,

Fig. 2-6. Series connections,
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way that all the current in the circuit must pass
through all the parts in the circuit. Two examples are
shown in Fig. 2.6. One is the familiar “Christmas
Tree” light circuit, where each of the lamps is in series
with the other lamps. Obviously, in this circuit, if one
of the lamps burns out, the path for the electrical cur-
rent between one ac plug prong and the other one is
broken, so none of the lamps receive any electricity.
In the lower part of Fig. 2-6 a battery is shown con-
nected to two lamps in series, and, again, if either
lamp should burn out, the other lamp will not light,
since the circuit path is broken. (Every circuit must
have a complete electrical path from one side of the
power supply to the other side.)

@ .0l

L o1,

— —

8
E,

1l

[14"3

(A) Pictorial. (B) Schematic.

Fig. 2-7. Equal-sized capacitors in series.

If capacitors are connected in series, the effective
capacity is reduced. For example, if two .01-uF capaci-
tors are connected in series as in Fig. 2-7, the effective
capacity is reduced to one half or .005 wF. If the ca-
pacitors each had 100-volt ratings, then the new volt-
age rating would be 200 volts. In other words, if two
capacitors of identical size are connected in series, the
resultant capacity is equal to the capacity size divided
by 2; if three are connected in series, then the total
capacity is equal to the size of one capacitor divided
by 3; etc. The voltage rating is multiplied by 2, 3, etc,,
depending on the number of capacitors.

If capacitors are not the same capacity and are con-
nected in series, then a new formula must be used.
For two capacitors the simplest formula is

Cl x C2
Cl+C2

For example, if one capacitor were a .006 uF and the
other a .003 uF, the total capacity would be .002 uF
when the capacitors are connected in series.

.006 x .003
.006 + .003

Since the capacitors are to be calculated in the same
units (wF) then for quick calculation drop the decimal
points and then return them to the answer, making
the problem:

—-——BX3.or-]£=2
6+3 9

xc2 _J_

ci+ce 100 pF
100x300

100 +300

00, 00 pF
T -\-3 p

Fig. 2-8. Capacitors of different values in series.

75 pF

oY

Returning the correct decimal designation dropped in
the previous step for easier calculation, the answer is:

002 pF

Fig. 2-8 shows another problem worked out, using ca-
pacitors of unequal ratings. '

CAPACITORS IN PARALLEL

Parallel circuits are those where each of the parts
in the circuit is connected directly across the power
supply. For example, the lights in your home or shop
are connected in this manner almost invariably. Fig.
2-9 shows examples of parallel hookups. Note that the
current from the power supply has more than one path
to travel, so that if one lamp burms out or is turned
off it does not affect the other lamps in the circuit. For
instance, lamps B and C could both be burned out or
turned off but still there would be a path between the
+ and — of the battery through lamp A, so it would
continue to light; or lamp A could be out and either
or both B and C be lit. .

When capacitors are connected in parallel, the cal-
culation of total capacitance is easy: simply add the
capacitances. For example, if two .02-uF caps are con-
nected in parallel, the resultant capacity is .04 uF. It
makes no difference if the capacitors are of different

L - L. e
v v v
A B (3

{A) Pictorial,

o Q.

(B) Schematic.
Fig. 2.9, Lamps connected in parallel across a battery.
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size. For instance, a 220-pF capacitor connected in
parallel with 470 pF gives a total capacity in the cir-
cuit of 690 pF (220 + 470), etc. And it makes no dif-
ference how many are connected; the total capacity is
still the sum of all the individual capacitances. Be
careful, of course, that all the capacitances are in the
same unit measurement when the summing is done. In
other words, you cannot add 680 pF to .001 uF with-
out first changing one or the other. ( Either change .001
pF to 1000 pF or change 680 pF to .00068 nF, moving
the decimal point 6 places to make the transition.)
Other variable capacitors are used that are seldom
changed, once the initial circuit value is correctly ad-
justed (Fig. 2-10). These are generally single-unit
capacitors with some sort of screwdriver adjustment

(A) Ceramic.

(B) Mice. (C) Air dielectric.

Fig. 2-10. Trimmars are vsed to adjust the initial capacitance of a circuit,
or fo “tune” it.

and are frequently called “trimmers” and sometimes
“padders.” A trimmer is a small capacitance of usually
no more than about 30 pF which may be adjusted from
about 5 pF or less up to as much as 30 pF. Some trim-
mers in higher frequency circuits may adjust from less
than 1 pF to no more than 2 or 3 pF. On the other
hand, a “padder” is an adjustable capacitor that may
have a maximum capacity of 500 pF or more and may
be able to vary the capacity of the circuit by as much
as 100 pF or more.

The dielectric in trimmer capacitors may be ceramic,
mica, or air. Sometimes in expensive equipment, small
air trimmers are used. Padders and trimmers usually
are similar in appearance, except that the padder may
be larger or have more “plates.”

The number of plates affects capacitance in direct
relation to the number; a variable capacitor with four
“plates” facing four other plates of the same size should
have twice the capacity of a capacitor with only two
plates facing two other plates. In capacitors, a favorite
method of increasing plate area to increase capacitance
is to use a “stack” of plates, with alternate plates tied
in parallel, as shown in Fig. 2-11. “Stacking” is used
mainly in capacitors with air or mica dielectric, either
of fixed or variable construction.

<)

e

Fig. 2-11. “Stacking" the plates of a capacitor increases the capacity.

RESISTORS

A resistor, as the name suggests, resists the flow of
electric current. Resistance is necessary for any cir-
cuit to do useful work; in fact, without resistance every
circuit would be a short circuit. Resistance allows elec-
tric current to flow in useful amounts to do a specific
amount of work. Resistance in a circuit might be
compared to a dam across a waterway. The dam pro-
vides extremely high resistance to water flow and
might be compared to an open electrical circuit where
no current is flowing. If we reduce the resistance of
the dam by allowing water to flow through a tube, we
can put the water pressure to work turning a turbine
generator. The tube will not let all the water run out
of the reservoir at once, so the tube provides a re-
sistance channel.

But let us suppose the dam should break down (of-
fer virtually no resistance to the water). All the water
would rush out, doing no useful work, but creating
destruction instead. This could be compared to an
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electrical short circuit. For example, a wire across a
car battery will get hot and burn in two, whereas, a
large wire might be able to withstand the tremendous
current of the short-circuited battery, but the battery
would be run down very quickly, and what useful work
has been done? The values of resistors are measured
in ohms, as far as resistance is concerned. For exam-
ple, a 100-ohm resistor has twice the resistance to the
How of current as a 50-chm resistor. Since resistance
for electronic circuits is often in the thousands or mil-
lions of ohms, the letter “K” is used to indicate “1000”
and “meg” for “1,000,000.” For example, a 22K re-
sistor is a 22,000-ohm resistor. A 2.7 meg resistor is a
2.7 megohm resistor or 2,700,000 ohms.

Wattage

Standard resistors may be connected in the circuit
in either direction, since they do not have “polarity.”

Something else about resistors that is important is
their “wattage” rating. The wattage rating refers to
how much current can flow through the resistor with-
out overheating it so that it is damaged. A }4-watt re-
sistor, for example, can dissipate 15 watt of heat with-
out damage while a 1-watt resistor can get rid of twice
as much heat. Heat, as indicated, is a function of the
current in the resistor. If the current in a given resistor
is doubled, the heat is increased by FOUR times. If a
circuit uses a Y4-watt resistor, you can use a l-watt
resistor of the same ohms value if there is enough room
to mount the larger resistor.

Value Tolerance

Another rating of resistors is “tolerance.” This means
the possible variation from the nominal or marked
value of the resistor. For example, the resistor may
have 20% tolerance, which in turn means that a 1000-
ohm resistor could be anywhere between 800 and
1200 ohms (=200 ohms). A 10% tolerance would
mean the resistor would be between 900 and 1100
ohms.

Coler Code

Although today the nominal values of many replace-
ment resistors are marked in English, the common
practice is to color code the resistors for quick and
permanent identification. Fig. 2-12 is a color-code chart.
Note that the first color band is the one nearest the
end of the resistor. Suppose that a resistor has brown,

BLACK - 0 GREEN = 5 TOLERANCE
BROWN = 1 BLUE» 6 MULTIPLIER
RED - 2 VIOLET = 7
ORANGE » 3 GRAY - 8
YELLOW = 4 WHITE = 9
2nd SIGNIFICANT
GOLD BAND = 5% TOLERANCE 15t SIGNIF ICANT DIGIT

SILVER BAND ~ 10% TOLERANCE oiGIT
NO COLOR BAND = 20% TOLERANCE

Fig. 2-12. Color code for resistars.

red, orange, and silver bands—what value resistor is
it? Looking at the color code, we see that brown =1,
red = 2, and orange = 3, and silver equals 10% toler-
ance. Does this mean that the resistor is 123 ohms with
a 10% tolerance? NO. Note that the first two color
bands are significant digits so the first two bands are
1 and 2, but the 3rd band is a multiplier that literally
means “how many zeros?” Since orange stands for 3,
this band stands for three zeros. The real value of the
resistor, then, is NOT 123 ohms but 12,000 ochms, with
a 10% tolerance.

Another problem: what color bands would be on a
100-ohm resistor? The answer: brown (1), black (0),
and brown (1 zero). What about a 10-ohm resistor?
The answer: brown (1), black (0), and black (NO
Zeros).

What about a resistor of less than 10 ohms—say,
a 4.7-ohm resistor—how would it be marked? The an-
swer: yellow (4), violet (7), and the third band, gold,
which indicates the moving of the decimal point one
place to the left. A 0.39-ohm resistor would have color
bands: orange-white-silver. In other words, if the third
color band is silver, the decimal point is to be moved
two places to the left or in front of the two significant
digits. See Fig. 2-13.

GOLD SILVER

- i ’\ GRAY,SILVEE \
_ODW

BLUE._ .
2.2 OHMS 5%

0.68 OHM 10%

Fig. 2-13. Color code for resistors of less than 10 chms.

The Greek letter Q (omega) is usually used to in-
dicate ohms, especially on schematic diagrams. For ex-
ample, a 220Q resistor is a 220-ohm resistor. A 330K
resistor may be marked just that way, or it may be
marked 330KQ, etc.

Standard Values

Resistors, especially 1%4-, %-, 1-, and 2-watt size,
carbon-composition resistors, are provided in nominal
sizes that have few “round” numbers. The actual nomi-
nal sizes have been agreed upon by domestic manu-
facturers for convenience. The sizes are chosen so that
a resistor will not be a “loner” or discard. That is, it
will always be within tolerance, if not for one specific
size, then for the next lower or higher value within
10%. For example, the standard sizes are 10, 12, 15,
18, 22, 27, 33, 39, 47, 56, 68, 82, 91, 100, 120, 150, 180,
220, 330, 390, 470, etc. right up through 2.2 megohm,
2.7 megohm, 3.3 megohm, and so forth.

Manufacturing of carbon resistors is an art, but not
an exact one, That is it is difficult to control the mix
so that every resistor comes out of the machines with
exactly, or even nearly exactly, the same resistance.

31



- “’!"g

- —

TransisTorR Rapio SErvicing

Suppose that the manufacturer makes a batch that is
on the borderline between 56 and 68 ohms. Plus or
minus 10% of 68 means that the resistor could be
as low as 68 — 6.8, or 61.2, but suppose when it is
measured it is found to be 60 ohms. It is out of toler-
ance as a 68-ohm resistor, but it can now be called a
nominal 56 ohms since +10% of 58 would be 5.6 ohms
and when added to 56 would mean that the resistor
would still be in tolerance at 61.6 ohms. The idea then
should be clear: there are no “orphan” resistors. No
matter what the actual value, they will fall within
10% tolerance of one of the standard values set up
by the industry.

PICTORIAL

3K 4K
SCHEMATIC
Rt = 33K ¢ 47K - 80K

150 150 330

150 150 330

Ry = 150 + 150 + 330 - 6300

Fig. 2-14. Resistors in series provide total resistance R; equal to the sum
of the individual resistances.

RESISTORS IN SERIES

To obtain additional resistance if a resistor of the
correct size is not available, resistors can be connected
in series. The total resistance will then be the sum of
each of the series resistors. For example, as in Fig. 2-
14, a 33K resistor and a 47K resistor in series makes
80K total resistance. A 330-ohm resistor in series with
two 150-ohm resistors makes a total resistance of 630
ohms.

Another advantage obtained by using series resistors,
other than obtaining the necessary resistance, is in
wattage rating. Suppose that a circuit should call for
a 6800-ohm, 2-watt resistor. If this resistor were not
available, you could use two 3300-ohm, 1-watt resistors
as a replacement. The two 3300-chm (3.3K) resistors
add up to only 6600 ohms, but this is still well within
a 10% (actually within 5%) tolerance, and since each
resistor can dissipate 1 watt, it will be a satisfactory
replacement for the 2-watt unit. Notice, though, that
for the wattage rating to be additive in exact propor-
tion, the two resistors must be of equal value. If one of
the resistors, for example, were 5600 ohms and the
other 1200 ohms, then the l-watt, 5600-ohm resistor
would overheat in the circuit. Since it is more than four
times the 1200-ohm resistor, it will have more than four
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times the heat build up. In this particular case, for
safety’s sake, the 5600-chm resistor should be a 2-watt
unit, while the 1200-ohm resistor could be a 4-watt
unit.

RESISTORS IN PARALLEL

You can also duplicate an unavailable resistor for
repair purposes by connecting resistors of suitable
value in parallel. Resistors connected in parallel have
less resistance to current than either of the parallel
resistors would have by itself, since there are now two
paths for current. For example, in Fig. 2-15, the two
1000-ohm (1K) resistors in parallel provide a total re-
sistance of 1000 divided by 2, or 500 ohms. Resistors
in parallel might be compared to dual-lane traffic on a
highway as compared to single-lane traffic. If the lanes
are identical, twice as many cars could drive the dual
lane as the single lane, so the “resistance” to the flow
of traffic would be cut in half.

1K - 1 WATT
K
1% - L WATT }and 1K
m‘{_—é)m)): _-M_r—

Rl = 500 OHMS 2 WATTS

Fig. 2-15. Equal-value resistors connected in parallel.

So far the calculations have been easy, but what if
the two resistors in parallel are of different size? Now
we must use the formula learned earlier in this chap-
ter for capacitors in series. The formula for resistors of
unequal value when only two resistors are to be con-
sidered is:

R, X R.
R; +R;

Fig. 2-16 shows a problem worked out for a 22K and
3.3K resistor in parallel. Note that in any case where
parallel resistors of unequal size are used, the total
resistance will always be smaller than the LEAST re-
sistor in the circuit. This is true because no matter
what the size of the parallel resistors around any re-
sistor, more paths are provided for current, so the total
resistance to current is reduced.

2.

) —

3

Fig. 2-16. Calculation of total resistance of two unequal-value resistors
in parallel.
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MORE THAN TWO RESISTORS IN PARALLEL

There are two ways to calculate more than two re-
sistors of unequal value placed in parallel. One way is
to use the formula in Fig. 2-17:

1= 15E TRl
R R KR
There is a considerable disadvantage to this method,

especially with resistor sizes as they are, because find-
ing the common denominator is difficult. A faster way,

220K
200
100K
100k
270K _/ 20K
11 1,1 1 1 1 135 21
— a ¢ = o= 4 A —— ¥ +
TR R RT @MW T an T A T B
110 542 1 410 |
RE " Fiw TO REMOVE 3 INVERT - o5 =54.8K

Fig. 2-17. Calculating valuve of more than two unequal resistors
in parallel.

in most cases, is to use the formula for two resistors
on any two of the resistors in parallel, then use the
resulting answer and the two-resistor formula with the
remaining resistor as in Fig. 2-18. Because resistors in
most circuits have 10% tolerance, when calculating
resistors it is perfectly permissible to round off the fig-
ures in order to make the calculations easier. In the

S— '}
VWA—

2K

A

10K

AAA
VWA—

aK

JKAK 2D

TR 7 APPROX 7K
IKx 21K . 189
THEN RS - ST+ 5.5K APPROX
Fig. 2-18. Three resistors in parallel calculated by 2-r formula.

case of Fig. 2-18 there is no standard resistor of 5.5K,
and if a single resistor were to be used the nearest
thing available would be a 5.6K. So you can see that
accurate calculations to several decimal places are
completely uncalled for.

VARIABLE RESISTORS

In order to have control over volume in a radio it is
necessary to have a variable resistance. Variable re-
sistors may also be used for tone controls, and some
times a screwdriver-adjusted variable resistor may be
used to set transistor bias for most efficient operation or
for best tone quality.

Because variable resistors “control” some function or
another the variable resistors themselves are often
called controls. For example, the variable resistor that
controls the volume is called a volume control; a vari-
able resistor controlling the tone is called a tone con-

trol; etc.
®
l ,I

—_— 0

<
AUDYO INPUT AUDIO OUTPUT
T © TO AMPLIFIERS

0

..“*_

Fig. 2-19. Volume-contrel circuit.

Most variable resistors used in radios are poten-
tiometers, that is, they pick off a voltage between 0
and the full available voltage. Fig. 2-19, for example,
shows a volume-control circuit. Note that the resistance
between (&) and (©) does not change. Movable arm(®)
simply moves up or down between(®)and(Q) selecting
the amount of voltage (signal) desired between the
maximum signal at point(A)and zero signal at point@©).

AUDIO I

INPUT AUDIO

BASS. @ ouTPUT

2.
TREBLE<(C)
0.—4[___..0
R

Fig. 2:20. Simple tone-contrel circuit using a variable resistor
and a capacitor.

Some tone-control circuits, such as the one shown in
Fig. 2-20, may use only two terminals on the poten-
tiometer. The resistor here allows the capacitor to by-
pass more or less of the high frequencies in an audio
circuit. With the arm at the@side, the capacitor is
a direct bypass to ground and the audio will sound
“bassy.” With the arm at the(C)end, the resistance in
series with the capacitor allows it to pass LESS of the
higher frequencies and so there is more treble in the
sound.
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1.

TEST QUESTIONS

The insulation between capacitor plates may be air or

some other insulating material. The insulation in a capaci-
tor is called

A. insulation.
B. plate area.
C. dielectric.
D. electrons.

2. A capacitor that is connected across a battery or has been

connected across a battery is

A. charged.

B. discharged.
C. a short circuit.
D. defective.

3. If a capacitor forrned of two plates separated by air has a

4.

5.

8.

9,

-

6,

7.

piece of glass slipped between the plates without moving
the plates apart, this will

A. increase the capacitance.
B. decrease the capacitance.
C. have little, if any, effect on the capacitance.
D. discharge the capacitor,

A small capacitor is connected across a battery for several
seconds. If a meter is now inserted to measure the current
flow of the battery into the capacitor, it should rcad

A. high current.
B. low current.
C. zero current.
D. alternating current.

A microfarad is a millionth of a farad. It is also

A. one-thousandth of a picofarad.
B. one-millionth of a picofarad.
C. the same as a micromicrofarad.
D. one million picofarads.

A nanofarad used by some manufacturers is the same as

A. a microfarad.

B. 1000 microfarads.

C. 1000 picofarads.

D. one-thousandth of a farad.

At the present time the capacitor made in small sizes which
can be made physically the smallest for its capacitance has
a dielectric of

A. mica.
B, ceramic.
C. Mylar.
D. Plexiglas.

The type capacitor that works best at high frequencies is

A. paper.
B. ceramic.
C. Mylar.
D. Plexiglas.

One difference in electrolytic capacitors from other types is

A. they are generally made in smaller values of capacitance.

B. they have less leakage current.

C. they are polarized and should be connected in the cir-
cuit with the 4 to the most positive side of the circuit.

D. they are smaller physically,

10.

11.

12,

13.

14.

15.

16.

17.

Concerning the voltage rating of capacitors:

A. A replacement with a higher voltage rating than the
original is permissible.

B. A replacement with the same voltage rating as the origi-
nal is essential.

C. In transistor radio service the voltage rating of a ca-
pacitor should not normally be less than 100 volts.

D. T]}e voltage rating indicates the maximum capacity
value.

A variable capacitor is one that

changes in capacity when voltage is applied.
changes in capacity due to changes in temperature.
changes in capacity by mechanical means.

. normally has ceramic insulation between the plates.

gow>

A “2-gang” capacitor is

the type normally used in small portable a-m radios.
the type normally used in expensive commercial re-
ceivers.

a fixed capacitor with two sections.

. a fixed capacitor and a variable capacitor made in one
unit.

oo =

The common name given to a wiring layout drawn on paper
for an electronic circuit is a

schematic.

wiring diagram,
electronic diagram.
. ground circuit.

ga=px

A ground circuit is

an electronic wiring diagram.

a circuit that goes to a rod driven in the ground (earth).
the name given to the circuit common to all parts of
the circuit.

. the antenna circuit of a radio.

o o>

Electrical parts connected in series have

A. one end of each part connected to ground or to a
common point.

B. the same amount of current flowing through each part.

C. the ability to keep working, even though one part is
removed from the circuit.

D. less resistance to current flow than any one part by
itself.

For an electrical circuit to be complete it must have

A. a current path from one side of the power supply to
the other.

B. an “open” in the circuit.

C. a current path from the negative side of one power
supply to the positive side of another power supply.

D. an alternating current supply.

Two capacitors rated at .01 uF, if connected in series have
a circuit capacitance of

A. .02 uF.
B. .005 pF.
C. .01 pF.
D. .001 pF.
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18.

19.

20.

21.

22.

23.

24,

25.

Two capacitors, one rated at .03 uF and one rated at .05
uF connected in series have a circuit capacitance of ap-
proximately

A. .02 uF.
B. .08 uF.
C. .04 uF.
D. .026 uF.

Two capacitors, a .05 and a 0.1 uF, connected in parallel
have a circuit capacitance of

A. about .033 uF.

B. .075 uF.
C. .08 uF.
D. 0.I5 uF.

A “trimmer” capacitor is

A. a variable capacitor generally used to tune a radio to
different stations.

B. a variable capacitor that is only adjusted to “tune up”
a radio for best sensitivity.

C. a variable capacitor using air only as a dielectric.

D. a variable capacitor designed to change the capacity of
a circuit by several hundred picofarads.

The three things that affect the capacity of a capacitor are

A. the voltage applied, the area of the plates, and the
diclectric.

B. the dielectric used, the distance between the plates, and
the applied voltage.

C. the distance between the plates, the area of the plates
facing one another, and the dielectric type.

D. the type of metal used in plates, the area of plates, and
the distance between plates.

One of the following is not true about capacitors, Which
one?

A. Steady direct current will not flow through them.

B. Current flows when a capacitor is first connected across
a battery.

C. Alternating current flows through capacitors.

D. Slight moisture improves the efficiency of capacitors.

A transistor radio that has whistles or squeals in the speaker
when turned on might have a defective

A. antenna.

B. speaker.

C. tuning mechanism.
D. electrolytic capacitor.

A parallel circuit is one that

A, has the same current fowing through each part of the
circuit.

B. has the working parts each connected across the power
supply so that removing one part does not stop the other
from working.

C. has all parts placed side by side.

In Fig. 2-21, which circuit is most truly a parallel circuit?

—il—

RESISTOR
{st ISTOR - (%
. ' A
< 3 &
s MOTOR 7~ fuwe
- \_/Marer
{A) (B)

s T RESISTOR
i L‘@'uﬁlp T
I MOTOR | MOTOR
AP

28.

29.

30.

(C) (D)
Fig. 2-21. Circuits for Questions 25, 26, and 27.

. In Fig, 2-21, which circuit is most truly a series circuit?

Qwm>

A.
B.
C.
D.

o

. In the circuit of 2-21C,

the light will not light if the motor is disconnected.

the motor will have no current fow through it if the
lamp burns out.

the motor will have no current fow through it if the
resistor alone burns out.

. we have a series circuit.

o Q ¥>

In Fig. 2-22, which capacitor symbol would you take to
indicate an electrolytic type?

Al
B. 2.
C. 3.
D. 4.

A resistance is

an electromotive force.

a small capacitor.

. a limitation on the flow of electrical current.
. a battery.

oow>

A wire connected directly across a battery would be

a high resistance.

a short circuit,

a medium resistance.
. a normal load.

|
|

o>

|
|

1 2 3 4

Fig. 2-22. Symbols for Question 28.
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f resistance measurement is 38. The color code for the resistor in Fig. 2-23D is

A. brown, black, green.
B. brown, black, blue.
C. brown, brown, blue.
D. black, brown, blue.

A megohm is equal to 39. The resistor size in Fig. 2-23E is

. A. 185 ohms.
: ig.l;?ot;’gt:shms B. 1.8 ohms.
~ C. 1,000,000 ohms. CD. (1).818hohm;. -
‘D. 100K ohms. b ohms 5% tolerance.

40. The resistor value in Fig. 2-23F is

A. 270,000 ohms plus or minus 27K ohms.
B. 274 ohms plus or minus 5%.

' 33 If the current in a resistor is cut in half, the wattage dissi-
pated by the resistor will be

A. cut in half. C. 274 ohms plus or minus 10%.
B. doubled. D. 470K plus or minus 47,000 ohms.
C. quadrupled.

D. cut to one-fourth.

41. The color code for the resistor in Fig. 2-23C is

A. white, brown, silver, gold.
34. A 2.2K resistor with a 20% tolerance rating means B. white, black, brown, gold.
A. it could be anywhere between 1760 and 2640 ohms. C. “’hf“" black, bl?“'k' Sil_v e
B. it could be any resistance value 10% either side of its D. white, brown, silver, silver.
4 rated value.
s C. it will withstand 20% more current than rated. 42. The color code for the resistor in Fig. 2-23H is
D. it will withstand 20% more wattage than rated.

red, red, red, gold.

orange, orange, orange, gold.
orange, orange, yellow, gold.
. red, red, orange, gold.

J i

vow>

35, A resistor with the color bands as shown in Fig. 223 is

~A. 27 ohms.
~ B. 271 ohms.

: C. 2700 ohms 43. You might commonly expect to find these values in Ameri-

,‘ = "D, 270 ohms can made, carbon-composition resistors:
- b-lr A. 33K, 39K, 47K, 56K, 68K.
- | ap VIO GRAY B. 30K, 40K, S0K, 60K, 70K.
T - BROWN srown, | _cowo C. 25K, 33K, 45K, 55K, 60K.
; ‘}@ == y— ® D. 32K, 38K, 45K, 58K, 69K.
o " b 4 .‘  BUK GRAY o raANGE Ytutxvlij\t [m;'mm 44. In Fig. 2-24, the resistors are connected in
@® %_ ® — “ - A. panllel.
i B. series.
ol C. tandem.
] D. unison.
© —m—
0.91 OHMS 5% TOLERANCE RED WHITE
BROWN. BROWN

R, — g
. 33K 5% TOLERANCE
Questions 35 through 42.

A ] "
b L
own in Fig. 2-23B is

™y ;“ ) ! 45. The total resistance of the two resistors connected as in
Fig. 2-24 is

A. 120 chms.
B. 159 ohms.
C. about 29 ohms.
D. 39 ohms.

B

Ly TN
9))D B -

Fig. 2-24. Drawing for Questions 44 and 45,

—

L
. r
6. You have to replace a resistor in a radio. The value of th

~ original resistor was 1500 ohms. You do not have a 150
~ ohm resistor but do have several 1000-chm resistors. To

 form a 1500-ochm resistor you would connect
dk.—) - . - L& “

)
i Y oy

. .
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AU

47. If you connected two 330-ohm resistors in parallel with &
220-0hm resistor, the three in parallel would equal ap-

48.

A. three in series.

B. three in parallel.

C. two in series.

D. two in parallel and one in series,

COUPLING
CAPACITOR
it

TRANSISTOR

D10 AMPLIFIER TO NEXT STAGE

<
. by

> TONE CONTROL
s!-

Fig. 2-25. Schematic for Question 49.

L]

proximately

A. 150 ohms.
B. 133 ohms.
C. 94 ohms.
D. 880 ohms.

A volume control in & radio may be called &

variable resistor.

a control.

a potentiometer or pot.
. all of the above.

Qwy>

49. In Fig. 2-25, if the tone control arm were moved to the

50.

@ position,

A. the audio would sound more “bassy.”

B. the audio would sound more treble.

C. there would be no change in tone, only in volume.
D. the dc voltage would be shorted out.

4

,ﬂ% VOLUME
(B CoNTROL

OETECTOR

A
AMPLIFIER

Fig. 2-26. Schematic for Question 50.

In Fig. 2-26, if the volume control arm is at point(®

A. volume will be minimum.

B. volume will be maximum.

C. volume will be about midway.

D. ;)he resistance from the detector output to ground will
€ zero.

7






CHAPTER 3

Inductors and Transformers

Another basic component in radio circuits is the
inductor. This is a fancy name for a coil of wire wound
on a form of some sort. The wire may be wound
around a cardboard form only, in which case we say
the coil® is an air-core conductor; that is, the core or
inside of the coil has nothing but air to affect its
inductance.

If we were to wind the coils of wire around a card-
board form which had a piece of iron inside, this
would be called an iron-core inductor. Putting iron
inside an inductor has the effect of increasing the in-
ductance, the same as if many more turns of wire were
used. For example, a 300-turn coil of wire wound over
a nail might have the same effect in a circuit as a
1000-turn, air-core coil.

But there is a disadvantage to using iron in a coil,
especially a solid piece of iron. A solid piece of iron
tends to absorb a lot of the energy in the coil, and
this is undesirable. To minimize this effect, the iron
used in an inductor is laminated—that is it is made up
of flat thin pieces of iron insulated from one another,
as in Fig. 3-1.

The iron core works more efficiently in low fre-
quency circuits if it is a closed core—that is, if the core
not only goes through the center of the coil but also
surrounds it on two sides as in Fig. 3-2. Most of the
low frequency inductors (or their close relatives, the
transformers) that you will see in radio use the closed-
core construction. Actually, low-frequency inductors
per se are rarely used in transistor radios, except as in
the example of transformers, which are covered in the
next section of this chapter.

{RON CORE FERRITE CORE
L WOUCTOR  INDUCTOR
1305 —= A STACK OF IRCN STRIPS
‘””ul ‘””ul ‘ﬂ u“I INSULATED FROM ONE ANOTHER
MAKES A LAMINATED CORE FOR
AN INDUCTOR
(A} Symbols. (B) Laminated core construction,

Fig. 3-1. Inductor symbols and construction.

*An inductor may also be called either a coil or a choke.

RE Inductors

The losses of even laminated iron are prohibitive
when dealing with higher frequencies. However, this
can be overcome and still the Q (quality) of the coil
will be improved. (The quality of any inductor rests
almost entirely on its inductance as compared to the
number of turns used, so that a higher quality coil is
always possible if you can reduce the number of tums

AIR GAP

___—-con

AiR GAP

Fig. 3-2. lron-core inductor with a “closed” core. Air gap prevants
core saturation,

and still maintain the inductance value. This is what
iron or ferrite cores do.) Iron cores can be used at
radio frequencies if the iron is ground into a powder
and then the particles are suspended in an insulating
binder so that each fine particle is insulated from all
other particles. The binder hardens, creating a solid
material usually referred to as ferrite. The use of fer-
rites makes it possible for tuned circuits to tune more
sharply—that is, be more selective—and the additional
selectivity also increases the sensitivity.

" The built-in antennas used in transistor radios in the
a-m broadcast section have ferrite cores. These are fixed
cores—that is, they are not adjustable.

Since ferrites can be formed into any practical shape,
it has become popular practice to make ferrite cores
adjustable. Because the core can be moved in and out
of the inductor, the amount of inductance can be
quickly and easily changed. This is important, since it

39
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TRANSISTOR RaDIO SERVICING

makes a convenient means of tuning various radio cir-
cuits. See the chapters on i-f amplifiers.
An inductor is in some ways the exact opposite of a
capacitor. A capacitor offers less and less resistance
to alternating current as the frequency goes higher.
For example, a specific capacitor will have twice the
reactance at 1000 kHz as at 2000 kHz. (The “re-
sistance” or opposition of a capacitor or inductor to al-
ternating current is called “reactance.” To designate, if
necessary, between the two, they are called “capacitive
reactance” and “inductive reactance.”) However, an
inductor, other things being equal, will have twice the
reactance at 2000 kHz as at 1000 kHz. A capacitor
blocks the flow of direct current while an inductor
passes direct current easily.

Because of the opposite reactance of inductors and
capacitors you might expect that they could be used
together for some purpose, and they are. Any inductor
and capacitor when connected in parallel or in series,
as in Fig. 3-3, become sensitive to one frequency only.
This of course makes possible the selection of stations
in radio. The parallel-resonant circuit is used almost
exclusively in radio except for a few rather special aux-
iliary circuits sometimes used. Changing either the in-
ductance (by moving a ferrite core in and out of the
coil) or the capacitance changes the “resonant” fre-
quency of the circuit. There is more about resonance
and tuning in other chapters of this book.

(A) Parallel-resonant circuit. {B) Series-resonant circuit.

Fig. 3-3. Resonant or tuned circuits used in radio.

Inductance is measured in henrys, and where small
inductances are involved this may be broken down
into millihenrys or microhenrys.

When inductances are placed in series and there is
no mutual inductance between them, the inductances
add. For example, a 5-millihenry coil in series with a
3-millihenry coil would be 8 millihenrys. If there is
mutual inductance between the two coils then the total
inductance will be even greater. For example, an in-
ductor with 20 turns might have an inductance of 5
microhenrys, but close-winding another 20 turns on the
same core could mean a total inductance of perhaps
15 microhenrys, whereas two separate 20-turn induc-
tances would be only 10 microhenrys when they are
connected in series but are separated from one another.

The foregoing assumes, when the windings are all on

_one core, that all windings are wound in the same di-
rection. If part of the windings are wound in the op-

=

posite direction, and if the windings so wound are
close together, the reverse-wound windings can reduce
the amount of total inductance below what would be
obtained if the two coils were connected some distance
apart.

Inductances connected in parallel reduce the in-
ductance in the same manner as resistors in parallel.
For example, a 4-millihenry coil connected in paral-
lel (again no mutual inductance)} with a 6-millihenry
coil results in total circuit inductance of 2.4 millihenrys:

4x6 24
ir6 10 24

Transformers for Audio Frequencies

If a coil is wound on an iron core and still another
coil is wound over it, but having no actual connection
to the first one, there will still be a transfer of energy
from one coil to the other if energy is applied to one.
The transfer of energy is by what is called “mutual
inductance.” A transformer is so called because it has
the property of changing one ac voltage into another
voltage through the mutual inductance. For example,
if one coil on a transformer has 1000 turns and another
coil wound under or over the first coil has 500 turns,
and if a 100-volt ac voltage is applied to the 1000-turm
coil, the voltage developed across the 500-turn coil will
be half as much, or 50 volts. On the other hand, if 100
volts is applied to the 500-turn coil, the voltage de-
veloped across the 1000-turn coil will be twice the
applied voltage, or 200 volts.

_In other words, a transformer has the ability to step
down or step up an ac voltage. The step down or step
up is in direct relation to the number of turns on the
respective coils. If the turns ratio is 10 to 1, the volt-
age ratio, either step down or step up, will be 10to 1
also.

The winding on a transformer that acts as the source
is called the primary winding, and the winding where
the voltage is taken off is called the secondary wind-
ing. A transformer may have one primary and severa:
secondaries, and each of the secondaries may have &
different voltage output.

The schematic representation of the audio or powes
transformer (a power transformer is designed espe-
cially for stepping up or down the power-line voltage -
is shown in Fig. 3-4. All audio and power transformers

PRIMARY {RON CORE PRIMARY

/ N
SECONDARY IRON CORE SECONDARTE=
(A) Single secondary winding. (B) More than one secondary
winding, -

Fig. 3-4. Schamatic symbols of audio or power trensformer.



INDuCTORS AND TRANSFORMERS

use a closed core construction as explained in this
chapter concerning inductors.

As with inductors, iron-core transformers are prac-
tical only at power and audio frequencies, even with
laminated iron cores. Above the audio frequencies, the
losses in the core cause the efficiency of the transformer
to drop out of sight.

AC AMMETER

—(/‘F]
120 VOLTS } 120 VOLTS
AC ?, AC

T p—

.~>f<\

———

‘oToTo_l

{A) Secondary not loaded. (B) Loaded secondary.

Fig. 3-5. Effect of load on power lransformer.

A well-designed transformer has practically no losses
(efficiencies of up to 98% are not uncommon), and if
the primary is connected to a source, but there is no
load on the secondary, there will be virtually no cur-
rent flow in the primary. This is demonstrated in
Fig. 3-5.

if the Voltage Is Stepped Down,
What About Current?

In the circuit of Fig. 3-5 suppose that the voltage
step down for the lamp is 10 to 1. This would mean
that the voltage on the secondary lighting the lamp
would be 12 volts. Next suppose that the lamp draws
10 amperes of current at 12 volts. How much current
will the ammeter in the primary circuit read? The an-
swer is 1 ampere (assuming there are no transformer
losses, which generally are negligible). In other words,
if the voltage is stepped down by a given amount, the
current available is stepped up by the same ratio. On
the other hand, if the voltage is stepped up, the cur-
rent available is reduced in like ratio. Fig. 3-6 shows

AC AMMETER
@) L |
AC -
s 0 3 s
VOLTMETER IV
|

(<

AC
OLTMETER

LOW-VOLTAGE
SOLDERING IRON

PRIMARY SECONDARY
20: 1 TURNS RATIO

(A) Voltage step down=—current step up.

—()— |
AC INPUT Gov) g
T r

PRIMARY SECONDARY
1:2 TURNS RATIO

(B) Voltage step up—current step down.

sdobove

Fig. 3-6. Voltage transformation is accompanied by inverse
current transformation.

some examples of step-up and step-down action,
checked by the use of ammeters and voltmeters in-the
primary and secondary circuits of transformers.

TRANSFORMERS CANNOT OPERATE ON DC—
OR CAN THEY?

A transformer cannot operate on a steady dc voltage
such as from a battery. A transformer works because
of a rise and fall in voltage applied to it. Ac rises and
falls—that is, it goes first positive and then negative—
or, said another way, the current travels back and forth
in an ac circuit rather than in one direction only as
with de.

But a transformer will operate if the dc voltage
changes. The examples that concern us in radio are
those transformers used as audio coupling or output
transformers in audio amplifiers. All these transformers
work on a changing dc voltage called pulsating dc.
So far as a transformer is concerned, it cannot tell the
difference between ac and pulsating de, since both are
changing voltages and in fact have, or can have, identi-
cal waveforms except for the zero reference line. Here
is what we mean: Fig. 3-7 shows an ac waveform and

FARAY -
RV S/

(A) Ac. {B) Pulsating dc.

Fig. 3-7. Ac and pulsating dc can both operate a transformer.

a pulsating dc waveform, and, as can be seen, both are
identical in shape. The only real difference is that one
moves above and below the zero voltage line and the
other is always above (or it could be always below®)
the zero voltage line. For instance, the ac voltage might
be going from —5 volts through zero to +5 volts, which
is a total change of 10 volts. The pulsating voltage
might start at +4 volts and go to +14 volts, Still, the
change is 10 volts, and it is this change that causes the
transformer to work.

As a practical example, transistors operate from dc
voltage, but as the ac signal is fed into the transistor,
the dc voltage is changed up and down, so a transistor
amplifier can be connected to the primary of a trans-
former and produce an ac voltage output at the sec-
ondary.

*“Below” does not mean “less than nothing” but means a
negative voltage.
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IMPEDANCE MATCHING

As discussed in more detail later, one of the uses for
a transformer in radio is in “matching impedances.”
What this really means is that some circuit may work
at high voltage and low current, but this circuit needs
to be coupled to another circuit which requires a
higher current and lower voltage. (A higher-voltage
circuit is called a high-impedance circuit, while a low-
voltage, higher-current circuit is referred to as a low-
impedance circuit.}) A good way to get a good transfer
of signal from one type of circuit to the other is to
use a transformer as an impedance-matching device,
since that is what a transformer does best—steps up
or steps down voltage while stepping down or step-
ping up cwrent.

Because both current and voltage are being consid-
ered, it is called impedance matching rather than, say,
current matching or voltage matching. Impedance is
measured in ohms, and ohms is a unit of resistance to
current flow. But voltage and current always have a di-
rect relation to the resistance of the circuit, so both
can be considered in an impedance measurement, For
instance, a circuit that has 6 volts across it and 6 mA
of current, has an impedance of 1K (1000 ohms). If
we transform that to 1 volt at 36 mA, the impedance is
about 28 ohms (1 divided by .036 amp). See discussion
on Ohm’s law. In other words, the impedance ratio of
a transformer is the square of the tumns ratio. In this
case, the tumns ratio is 6 to 1 but the impedance ratio
is 36 to 1 (6 X 6).

TRANSFORMER CONSTRUCTION

Most radio transformers for audio frequencies or
power transformation are made similar to the one
shown in Fig. 3-8, The windings are wound on a spe-
cial form called a “bobbin” and then slipped over the
center of the “E” laminations. The “I” laminations are
then placed across the end of the “E” and the entire
core is clamped inside a metal case to hold the lami-
nations together and to provide mounting tabs to hold
the transformer to the chassis of the radio.

Because the “E” and “I” laminations have some
tendency to buzz when used on power transformers,
especially on those supplying considerable power,
power transformers often use only “E” laminations with

"€ LAMINATIONS

“E" LAMINATION

!
“{** LAMINATION

alternate laminations facing one another so that they
are interleaved into the windings. On larger trans-
formers, bolts with an insulating sleeving over them
are used to clamp the laminations together to prevent
transformer buzz.

The laminations are usually made of silicon steel,
called “transformer iron.” The laminations are insu-
lated from each other, usually with a thin coating of
shellac or some other material.

AUTOTRANSFORMERS

Sometimes in radio circuits a transformer is used
that does not have direct current isolation between
the primary and secondary. Fig. 3-9A shows an audio

AUTQTRANSFORMER
CONNECTION FOR

AUTOTRANSFORMER REGULAR TRANSFORMER

R X
= ©
Tk i

(B) Autotransformer action ob-
tained by tying two leads of a
regular transformer together.

3w

(A) Standard autotransformer
construction.

Fig. 3-9. Circuits using avtotransformers.

output stage in an automobile radio that uses a trans-
former of this sort. There is really no difference be-
tween this transformer and a regular transformer ex-
cept that the windings have a connection between
primary and secondary. Any transformer, though, can
use an autotransformer (sometimes called autoformer)
connection, as shown by the alternate drawing in Fig.
3-9B. The step-up or step-down ratio, as with other
transformers, depends on the turns ratio between the
primary and secondary. Fig. 3-10 shows how an auto-
transformer may be used to step up or to step down
an ac voltage. The autotransformer is also used quite

o
o

o—=f | foutpur iNeUT || fo——e
INPUT ouTPUT
(A) Step up. (8) Step down.
E 150V
“ e 135V
= 10V
- = ov .
= (C) Adjustable up or down.
INPUT |[S 3V 0-150VAC
j ov  OuTPuUT
c o

Fig, 3.10. Autotransformer connections,
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often for an adjustable transformer to both step down
or step up the input voltage. This is made possible by
exposing the turns of wire and removing the enamel
insulation along one side of the turns in a narrow slot
so that a wiper arm can connect to individual turns as
a knob is rotated. Because the voltage can be changed
in one-volt steps or less, the adjustable autotransformer
is often used for a light dimmer or for adjusting power
to a radio transmitter, etc.

SERVICE

As a rule, transformers are rugged and seldom give
trouble. A power transformer may be damaged if a
circuit to which it is connected develops a short that
draws excessive current. In larger equipment, a fuse
in the primary circuit protects the transformer from
damage in case of overload, but fuses are seldom used
in radio circuits. Power transformers that have been
damaged by overload have a characteristic smell from
the charred vamish and enamel. A technician will
recognize this smell, once he has experienced it.

Audio transformers usually do not burn up because
not enough current fows in them. The most common
fault for small audio transformers is an open circuit,
which may be caused by a broken lead. Repair of an
open transformer winding is seldom practical, since
the break is generally under the insulation of the wind-
ing and not in external leads.

Another fault of transformers is shorted turns; that
is, a short occurs between one winding and another
winding wound over it. This is the same thing as add-
ing a shorted secondary winding to the transformer.
A power transformer may burn out if shorted turns
develop, but in an audio transformer the symptom is
usually to make the signal weak, and perhaps it sounds
“tinny” because of the severe mismatch that develops.
Substitution of a suspected transformer is about the
only sure method of the diagnosis, although, as the
technician gains experience, he may be able to discern
by the sound output whether or not a particular trans-
former is defective.

Power transformers should be replaced with one of
similar electrical characteristics, which means not only
that the voltage output at the secondary is the same,
but also that the secondary can supply the required
current. For example, if the secondary is rated at 12
volts and 200 mA, the transformer should not be re-
placed with a transformer with a 12-volt output and
rated at LESS than 200 mA. Usually, though, mount-
ing problems will dictate that an exact replacement
transformer be used, since a transformer having a
higher current rating is almost certain to be larger in
size.

Mounting is also generally a consideration in audio
transformers, especially in transistor radios, and elec-
trically the transformer should be identical (within
925% at least) with the original.

Audio output transformers are generally rated in
terms of “ohms impedance” and “wattage.” For exam-
ple, a typical output transformer may have 500-ohms
primary impedance and a 1-watt rating. The secondary
impedance is generally considered to be 3 to 8 ohms
to match a speaker, unless otherwise noted. If the pri-
mary is center-tapped—that is, if it has three leads—
it is for a push-pull output circuit using two output
transistors. The wattage rating indicates the maximum
amount of output audio that the transformer will han-
dle without serious distortion. Obviously a 10-watt
transformer, although otherwise the same electrically,
is wound on a larger iron core and uses larger wire
on the windings; hence, it is physically larger than a
5-watt transformer, for example.

Exact replacement driver transformers for audio are
recommended, since any marked change in impedance
will cause serious distortion in the sound. However,
so long as the electrical characteristics are similar and
mounting is not a problem, a different replacement
transformer than the original can be made to perform
well. Unfortunately, many manufacturers of radios do
not provide the exact electrical data for their trans-
formers, so unless you are “circuit wise” you may have
a few headaches trying to use something besides a re-
placement furnished by the original manufacturer.

RF TRANSFORMERS

Transformers for radio frequencies have a much
different appearance from audio transformers. An rf
transformer, like an rf inductor, uses either no core { air
core) material or uses ferrite cores. Most rf trans-
formers are adjustable, if a core is used, although
there are fixed rf transformers that have a core; the
best example is the antenna coil (note that sometimes
the term “coil” is used even though the item may
actually be a transformer).

An 1f transformer is simply an rf inductor that has
more than one winding on it. If only a few turns are
used on the secondary as compared to the primary,
then, as with other transformers, there is a step down
in voltage but a step up in available current. All tran-
sistors except field-effect transistors (FETs) have a
low-impedance input, meaning they require low volt-
age but higher current for operation. The crystal radio
discussed earlier (and also later) in this book uses an
antenna coil, about which it was said to not use the
winding with few turns, but only the larger winding.
However, in order to use this same coil in a transistor
radio, it is necessary to step down the impedance of
the tuned circuit so that the signal can be matched to
the low impedance input of a transistor. Fig. 3-11 is
an actual schematic circuit of the front end of an a-m
transistor radio showing how the secondary coil feeds
the input (base) of the transistor.

Nearly all rf transformers have one or both of the
windings tuned. That is, in conjunction with a capaci-
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ANTENNA COIL TRANS1STOR ANTENNA COIL TRANSISTOR

&

—

(A) Separate primary and {B) Autotransformer connection.
secondary,

Fig. 3-11. Antenna coil (transformer) circuit in a typical transistor radio.

tor, they form a resonant circuit that works best at
one certain frequency.

There is more discussion about tuned circuits and
how they work in other chapters of this book, such as
the chapter on i-f amplifiers.

Transformers for f may use windings to feed sig-
nals “in” as well as “out.” For example, a long wire
antenna can be connected or coupled into the antenna-
coil circuit by wrapping several turns of wire around
the ferrite core (it does not have to be directly over the
other windings but should be over the ferrite core at

ANTENNA

GROUND :’

3

Fig. 3-12. An ouiside antenna “primary’’ added o a built-in
ferrite antenna.

some point) and a long wire antenna connected to one
end and a ground to the other end to increase the sensi-
tivity of the radio without producing the “tuning” ef-
fect. If along wire antenna were connected directly to
the coil, however, it would cause such serious detuning
that the radio likely would work better without an an-
tenna than with one. Fig. 3-12 shows the schematic
representation of a built-in antenna-coil circuit that has
had an outside antenna and ground connection added.

TEST QUESTIONS

1. An inductor may also be called

A. a coil.

B. a choke.

C. a resistor.

D. either A or B.

2. Putting a suitable core inside an inductor

A. increases the inductance.
B. decreases the inductance.

3. A solid piece of iron

A. makes an excellent core material for low frequencies.
B. is less desirable than a laminated core.

C. decreases the losses in an inductor.

D. is the only useful core for radio frequencies.

4. An “air gap” in an iron ocore inductor prevents

A. saturation of the core when high current flows.

B. a “swinging” effect to lower the inductance at high
currents.

C. transformer action.

D. both effects given in A and B.

5. Iron core material used at high frequencies
3 A. is impossible or impractical.
B. reduces inductance but also reduces losses.
C. is called ferrite,
D. is laminated.

6. A capacitor allows higher frequencies to pass more readily
than lower frequencies. This is not true of

7. The resistance of an inductor to the flow of ac is called

henrys.
reactance.
. reluctance.
. restriction.

gowE»>

8. A capacitor and a coil connected together are at some
frequency

A. resonant.
B. unstable.
C. a tuned circuit.
D. both A and C.

9. The unit of inductance is

A. ohm.

B. inductive reactance.
C. inducti,

D. henry.

10. Two chokes are connected as shown in Fig. 3-13. The two
have identical characteristics. Because of the closed core
around them, there is little or no mutual inductance (cou-
pling) between the two. The total inductance of the two is

A. half the inductance of either one.

B. the same as the inductance of one.

C. double the inductance of either one.

D. zero inductance if they are wound in opposite directions.

11, The transfer of energy from one transformer winding to
another is by

A, a metallic connection.
B. mutual inductance.
C. compatibility.

D. reluctance.
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12.

13.

14,

15,

18.

17.

Fig. 3-13. Drawing for Questian 10.

In Fig. 3-14, if the output voltage is 30 volts, assuming no
losses in the transformer, what is the input voltage?

A. 30 volts.
B. 120 volts.
C. 20 volts.
D. 40 volts.

3
3

400 €0
INPUT  qyRNS % TURNs  QUTPUT
- <

Fig. 3-14. Circvit for Questions 12 and 13.

In Fig. 3-14, if 50 volts steady direct current is applied to
the primary winding, the steady output voltage will be

18.

19.

21.

A. zero.

B. 75 volts. by U, - 1,8, T Re
C. 37.5 volts. T T S R
D. 100 volts approx. ny, ""| h Nq
Audio and power transformers use M' =

A. a solid iron core. E'_L = haT

B. a ferrite core in most cases. ‘ - hy T

C. an open core. 7

D. a laminated iron core.

The output winding of any transformer is called

A. the primary.

B. the secondary.

C. closed core.

D. laminated winding.

In an efficient transformer the energy transferred from
input to output

A. depends on the tumns ratio.
B. is 100%.

C. is above 90%.

D. is direct current.

Assuming no losses in the transformer, a 120-volt trans-
former drawing 2 amperes from the power source steps the
voltage down to 6 volts, This is the only output wmdmg
on the transformer. If an ammeter were placed in the cir-
cuit to see how much current was being taken from the
6-volt winding, it would read

A. 2 amperes.
B. 8 amperes.
C. 40 amperes.
D. not enough information to tell is given in the question.

A transformer can operate

A. only on direct current.

B. only on alternating current.

C. only on changing direct current.
D. none of the above are correct.

In Fig. 3-15, if either voltage 1, 2, or 3 were fed into the
input of the transformer, the output voltage would be

. the same as that fed into it.

the same as that shown in (1).

. zero voltage, if either 2 or 3 fed into it.

. either the same as 2 or 3, depending upon _the dlrectlon
of the windings on the output side. z
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Fig. 3-15. Drawing for Question 19.

. One use made for a transformer is

A. to change ac to dc.

B. to step up or step down steady dc voltage

C. to eliminate a metallic connection between the power
line and the electronic device.

D. change steady dc to pulsating de.

Transformers are used in impedance matching, as in match-
ing the output of one transistor to the input of another
one, or a transistor to a loudspeaker. Suppose you need to
match an 8-chm speaker to a transistor requiring an 800-
ohm load. The turns ratio for the transformer should be

4+A. 10 to 1. e .
B. 49t 1 U;%gur %:('—"2&
C. 100 to 1. "‘E g ! 2
D. 283 to 1. ! ,
u'/: h'ul = 2 2, =
22. In Fig. 3-16, which transformer(s) is/are connected as an
autotransformer(s)?
A. 1, 2, and 3.
B. 1 and 2.
C. 1 only.
D. 2 only.
@ @ ©)
c C-_ﬁ o—:
INPUT = ouTPUT INPUT §u|
ouTPUT
0_1_33 ok

QUTPUT INPYT

Fig. 3-14. Circuits for Question 22.
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line, you might use a transformer with a secondary rated at

A. 10 volts, 400 milliamperes.
B. 10 volts, 20 amperes.

C. 9.5 volts, 1 ampere.

D. 15 volts, 750 milliamperes.

An adjustable core in an rf transformer can be used to

A. change the inductance of the rf coils.

B. change the capacitance across the transformer.
C. change the turns ratio of the transformer.

D. make it into an af transformer.



CHAPTER 4

The Mixer-Oscillator Stage

In Chapter 1 you familiarized yourself with the
block diagram. This sort of block diagram has been
used for years in getting across the basic functions of
a radio circuit. This is fine so far as it goes, but once
you have passed this stage, the great temptation for
authors and teachers is to jump directly to the sche-
matic diagram, which is a giant step indeed. In this
book we do something not often done, and that is to
continue with the block diagram or “black box” ap-
proach, adding one or two circuits at a time, along with
pictures and diagrams, to minimize the confusion of
“explaining everything at once.”

TUNING

Without tuning, radio as we know it would be im-
possible. Tuning is the process of selecting one station
and excluding the others. You learned in Chapter 1
that in the superhet the oscillator (called local oscil-
lator) in the receiver was tuned to a specific frequency,
which in turn beat against the station frequency to pro-
duce a difference frequency called the intermediate
frequency (i-f).

Tuning in the antenna or station frequency input
stage is also desirable, especially to prevent “images.”
Basically, images occur in superhet radios if two sta-
tions can be heard that are separated by twice the in-
termediate frequency. For example, suppose you are
listening to a radio tuned to 560 kHz. With a 455-kHz
i-f, the local oscillator is operating at 1015 kHz. Now,
let’s suppose that within the hearing range of the re-
ceiver there is a station on 1470 kHz. If a 1470-kHz
signal beats against the 1015-kHz local-oscillator sig-
nal, again there is 455-kHz output for the i-f coming
out of the mixer. This means that the 560-kHz station
and the one on 1470 kHz could be heard at the same
time if there were no tuning in the antenna circuit.

So all radios use at least a 2-gang variable capacitor
for tuning. One of the capacitors is for tuning the an-
tenna input circuit and the other is used to tune the
oscillator. In the example just mentioned, with the sta-
tion tuned to 560 kHz, the antenna circuit is also tuned
to this frequency and this will greatly reduce any 1470-
kHz signal that might reach the antenna circuit.

RESONANCE £

If any coil of wire is placed across any capacjtor,
such as in Fig. 4-1, the circuit will be “resonant™ at
some frequency; that is, it will react critically to this
frequency much as a tuning fork will vibrate at a
particular tone when struck. What happens is timat at
the critical frequency, an oscillatory current is ‘set up
inside the circuit which charges the capacitor; then
when the capacitor is charged, it discharges into the
coil, the coil returns the energy into_the capacitor, and
the cycle starts over. The only thing preventing. this
action from going on forever is the presence of small
resistance losses. It’s a bit like swinging a child in a
swing: give him a shove and he will continue to swing
back and forth at the same speed for quite some time,
though each oscillation (back-and-forth eycle} will
be slightly less vigorous than the preceding one. Once
the child starts swinging, though, it takes only a light
tap at the proper instant to keep the swing going con-
tinuously. The tap makes up for the losses in the swing
“circuit” caused by air friction, etc.

COLL (INDUCTOR) E ]J- CAPACITOR

Fig. 41, Parallel-resonant cireuit.  }

In a tuned radio circuit, or resonant circuit, the same
as with the child’s swing, it takes only a light tap at
the right time to keep the circuit oscillating, or, as it
is often called, “ringing.” But as with the child’s swing,
if you should “tap” the circuit at, say, the bottom of
the swing, you would stop or greatly retard the action
of the swing rather than keep it going smoothly. In
radio, then, if the incoming station signal is at the
same frequency as the resonant frequency of the tuned
circuit, the tuned circuit will respond strongly, but
any other signals will be reduced considerably. One
tuned circuit is not sufficient to separate stations that
are fairly close together in frequency, but for stations
as far apart as the image frequency (as, for example,
560 and 1470 kHz) one tuned circuit is enough to pre-
vent serious problems, even though both stations might
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VARIABLE

SEVERAL COILS
OR TURNS OF CAPACITOR K
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. ] MIXER
) OF WIRE

FERRITE ROD OSCILLATOR

{A) Pictorial. (B} Schematic.

Fig. 42. Common maethod of tuning an antenna coil.

be received with approximately the same amount of
signal.

The tuned circuit in Fig. 4-1 has a serious disadvan-
tage for radio tuning—it is fixed at one frequency with
no way of changing from one frequency to another.
To tune a circuit, either the capacitor or the coil must
be electrically changed, by some mechanical (or maybe
even electrical) means. The most common way of
changing the circuit, especially in a home radio, is to
use a variable capacitor and a fixed coil, as in Fig. 4-2.
The coil is wound on a ferrite rod, which has the effect
of making the coil appear to have more tumns. Thus,
fewer turns are needed on the coil and the resistance
of the circuit is reduced. This means that less input
signal is required to “tap” the circuit and keep it
“ringing” at a particular frequency.

When the correct incoming frequency is striking
the antenna circuit, it causes an increase in voltage
across the tuned circuit. By transformer action this
voltage is induced into the smaller coil, which ef-
fectively reduces the voltage but “steps up” the cur-
rent that is used to drive the transistor mixer ampli-

fier. (In tube or field-effect transistor circuits, the
transformer action is not necessary, and the signal is
tapped off at the top of the tuning capacitor, but for
bipolar transistors, which are the most common ones
in use at the present time, the step-up in current is
necessary. )

EXPERIMENTING WITH TUNING
A CRYSTAL RADIO

Fig. 4-3 shows how to add a variable capacitor
across the antenna coil of the crystal radio first dia-
grammed in Chapter 1. Adding the variable capacitor
not only makes the radio sclective but also improves
its ability to pick up stations with more volume (im-
proved sensitivity ). The antenna on this circuit should
be only a short piece of wire, perhaps six or eight feet
long, otherwise the tuning of the circuit will be broad
and the selectivity poor. Be sure to connect the circuit
to a good earth ground. An ideal ground is a cold water
pipe. Use a clamp around the pipe to make a firm
connection and run the ground wire as far as neces-
sary. The length of the ground wire is not too critical,
although usually a short one is slightly better. You can
vary the length of the antenna wire to find the most
suitable length between good sensitivity and good se-
lectivity. If you want to use a long wire antenna to
increase sensitivity, you can keep the selectivity up by
simply wrapping a few turns of the antenna wire over
the coil, making no metallic connection at all. The ra-
dio signals will feed through the capacity between the
coil and the wire and couple in enough signal without
“loading” the circuit and affecting the tuning.

For radio signals that are near the low end of the
broadcast band, you will find that you can use a longer

AV

SHORT WIRE ANTENNA

)
A CRYSTAL D10DE
VARIABLE

CAPACITOR

FIXED CAPACITOR

T EARTH GRGUND
(COLD WATER P1PE OR RO DRIVEN IN EARTH)
.

Y47 GROUND

(A) Pictorial.

(B) Schematic.

Fig. 43. A tunable crystal radio.



THE Mixer-OSCILLATOR STAGE

antenna wire connected directly to the circuit as shown
in the schematic, but you will also find that the vari-
able capacitor will have to be rotated to less capacity
to tune in the stations for maximum. This is because
adding length to the antenna is the same as adding
capacity across the coil. Early crystal sets made use of
this phenomenon to eliminate the variable capacitor
from the circuit by bringing out various taps on the
coil where the antenna wire could be connected. Fig.
4-4 shows one circuit of this type.

On the modem a-m superhet, no antenna wire is
used at all. The pickup directly from the coil is suffi-
cient to operate the radio at full volume for all but
extremely distant stations. However, since crystal ra-
dios have no amplification, you will generally need an
antenna unless you live close to a fairly powerful sta-
tion. No earth ground is used on the modern super-
het either. The ground is simply the metallic parts of
the radio which are connected together as a common
terminal.

LONG WIRE
ANTENNA

\%

»l

(o v (L
£ |
Eo—z =00pF & a
o flo—aiZ r - . 2000 OHM
—a o—Yo i < o
o %= \ f 001 pf PHONES
12— i
=S ? :
l 10K 1/2 WATT RESISTOR SHOULD

=~ GROUND BE CONNECTED HERE ONLY IF

“CRYSTAL" PHONES ARE USED

Fig. 4-4. Tapped-coil method of tuning a crystal set. Dotted-in capacitor
can be vsed if desired.

If you build the crystal radio, you will get consider-
able insight into how tuned circuits operate. With a
good antenna and ground you may be able to get a
number of distant stations, especially at night when
a-m broadcast signals “skip” due to sky reflections. If
you are going to buy headphones, be sure to buy the
best high-impedance phones® (2000 ohms or more)
that you feel you can afford. Later on, this book will
show you how to make a simple transistor amplifier
for the crystal radio that will increase the volume con-
siderably and will operate for several months from a
single flashlight battery.

What happens in this circuit is that a signal is picked
up on the antenna coil, which will be tuned close to the
incoming frequency; let’s say a station on 1230 kHz.
This signal is fed by transformer action to the input of
the transistor. The transistor amplifies the signal in the
collector circuit and sends it along toward the i-f am-
plifier. Another tuned circuit is used in the oscillator.

~Crystal headphones have the highest impedance and high
censitivity, but if you use them you will need to place about
a 10K, %-watt resistor across them-in the circuits shown in this

book-

Note the dotted line between the two variable capaci-
tors. This means they are ganged together—that is,
both rotated by the same knob. The oscillator tuned
circuit is at 1685 kHz (1230 + 455) and a portion of
the oscillator voltage is fed back through a .05-uF ca-
pacitor to the base to sustain the oscillation in the cir-
cuit at the 1685-kHz frequency. The two signals mix
in the collector circuit of the transistor, and the i-f
amplifier, which we will study in more detail next, will
“see” the difference frequency of 455 kHz and this is
what it will amplify.

The 100K and 10K resistors in the base circuit of the
transistor are called “bias” resistors and they are for
supplying “turn on” current for the transistor from the
power supply. The 1.5K resistor and the .02-uF capaci-
tor in the emitter circuit of the transistor help to main-
tain an automatic level inside the transistor for best
mix between the input signal and the oscillator.

The oscillator coil is “tapped down” on the tuned
circuit side, for two reasons. First, only a small amount
of signal is needed to be fed back for sustaining oscil-
lation, and second, it prevents loading of the tuned
circuit, which would make it tune broadly rather than
sharp.

THE OSCILLATOR

An oscillator, as was pointed out earlier, is an elec-
tronic device that actually generates a signal at a spe-
cific frequency. It is an amplifier that uses a tuned
circuit, usually in the input, and part of the output of
the amplifier is “fed back” to keep the tuned circuit
working vigorously (Fig. 4-5). This is the same idea

MIXER
ANTENNA
AND TUNED 10 |-F AMPLIFIER
clreun OSCILLATOR

I~

7

Fig. 4-5. Qscillator is amplifier that “feeds back.”

as discussed earlier in this chapter concerning the “tap-
ping” or “pulsing” of the tuned circuit by the signal
input. The oscillator uses its own increased (amplified)
output to make up for circuit losses and provide a
steady output signal.

In most less expensive a-m broadcast radios, includ-
ing most portables and many table radios, the same
transistor is used for the local oscillator and the mixer
amplifier as well. (Local oscillator is the term used to
indicate an oscillator used in receivers. Transmitters
also use oscillators often controlled by quartz crystals.)
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ng of the signal and the oscillator occurs
ansistor.
gh we are not yet ready to leamn all about
transistor mixer-oscillator circuit works and
w to check it for trouble, still it should be helpful
' you to look at a representative circuit now (Fig,
). If you have a schematic of a small transistor radio
ailable, you will see a similar circuit almost surely.
eral complete circuits are also included in this book.
(O g o .
ransistor amplifies in somewhat the same manner
lescribed for a tube in Chapter 1, except that the
\ ransistor does not require any heating as a tube fila-
> ent does. The transistor is a close relative of the
~ crystal detector, both of which are “solid” pieces of
- germanium or silicon, and this is why transistors are
- called “solid-state” devices. What happens in a tran-
- sistor is that & small current between the base and
- emitter causes considerably more current between the
‘.-I, v?i"collector and emitter, and this produces amplification

] “image” in a superhet radio (with an i-f of 455 kHz)
~ tuned to a frequency of kHz would occur (assuming

~ the local oscillator to be™funed above the incoming fre-
— {-quency) at :

normally with one gang only.
ith two or more variable capacitors ganged together.

adjusted with two separate knobs.
‘Q ing the image frequency or frequencies.

.
a

. be compared to a string on a guitar or
he string is plucked, it emits a particular
ance in an electrical circuit
t at radio frequencies.
nnected across a resistor.
a capacitor) is connected in

r are connected either

when the collector-emitter current flows through=
next tuned or untuned circuit.
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[N} NPN e mewr weB )
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Fig. 4-6. Circuit of transistor mixer oscillator. Note differens manne

drawing antenna coil, which allows for cleaner schematic layaut.

TEST QUESTIONS

6. “Broad” tuning means

. radio selectivity is high.
g. :t: radio will resg)nd ofly to one particular frequen
and reject all others. |
C. the radio may get more than one station at a time.
D. the radio can be expected to pick up both a-m and
broadcast bands.

. “Loading” a circuit means to require the circuit to supg

power to some other circuit or to be affected adverSfel)'_

some sort of coupling to the circuit. (?ne meth9d of mt

mizing the loading on a tuned circuit in a transistor amg

fier is

A. to couple to the next circuit by a step-down transfonz
winding,

B. to couple to the next circuit by a step-up transfors
winding.

C. to connect a bipolar transistor directly across the tun
circuit. —_

D. to use a large capacitor across the tuned circuit.

Y ANTENNA
2
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N
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e
8. In Fig. 4-7, which of the two crystal-set circuits would you 10. In a superhet radio tuned to receive a 960-kHz signal,
expect to tune sharper (be more selective)? oscillator frequency is at 1415 kHz. What is the inte

mediate frequency?

3 A 1 - — )
B. 2. A. 10.7 MHz. < by IT;) y
B. 2370 kHz.

9. An oscillator might be described as C. 1415 kHz.
A. an electronic device for generating radio signals. D. 455 kHz.
B. an amplifier to increase the signal strength coming in
on the antenna. :
/e. a fixed-frequency amplifier in a superheterodyne radio. 11. In the “black box” of Fig. ‘what would you expect the
D. a replacement for a long wire antenna. circuit to be?

B. An oscillator.
C. An i-f amplifier.
D. A coil and capacitor.

INPUT ouTPUT
BLACK 80X

iA. An audio ampliﬁe:;aofr'o am];:’;/f.ﬁ!é?

12, In a transistor we can get increased current between emit-
¢ ter and collector by

=

Fig. 4-8. Schematic for Question 11.
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supplying a small current between base and emitter.
supplying a small current between collector and emitter.
. tlying a tuned circuit across the collector and emitter.

. placing a short across the base and emitter.
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CHAPTER 5

The Intermediate-Frequency Amplifier

The next step in a transistor a-m broadcast radio, or
most other superhet radios, for that matter, is the i-f
(intermediate frequency) amplifier. The most popular
i-f for broadcast radio is 455 kHz, but 2 number of
automobile radios use an i-f of 262 kHz instead. Cir-
cuits for both frequencies are almost identical. The
262-kHz circuit, because of the lower frequencies in-
volved, will tune a bit sharper and will have a bit more
sensitivity, both of which are important factors in car
radios where maximum performance is essential. The
disadvantage of the lower-frequency circuit is the
closer image frequency, but this is not a problem in
car radios since an additional tuned antenna (rf) cir-
cuit is used. (Recall that image frequency is the de-
sired frequency plus twice the i-f, so that in 262-kHz
radios the image is only 524 kHz away.)

As you have already leamned, the superhet receiver
selects stations by beating an oscillator frequency
against the desired frequency so that the result is the
same frequency as the i-f amplifier. Since the i-f ampli-
fier is fixed-tuned—that is, it can be adjusted to the cor-
rect frequency and is not changed as the stations are
changed—it is much easier to manufacture with both
good selectivity and sensitivity.

I-F TRANSFORMERS

Most present-day a-m radios use a two-transistor
amplifier, with three i-f transformers, as shown in Fig.
5-1. A “slug” inside the can screws up and down in-
side the coils for initial adjustment of the i-f trans-
former to 455 kHz. The slug is made of material
similar to that used in the core of the antenna coil—
ferrite. Ferrite is essentially powdered iron that is
suspended in a glue that has hardened. Placing a core
of this sort inside the coil makes the coil appear to
have more turns. In other words, a coil with a spe-
cific number of turns of wire will have a specific
amount of inductance, but if a suitable core is in-
serted, the inductance increases. The core may be
fixed, as it is in some coils, such as the antenna coil,
or it may be adjustable, as it is in i-f coils for adjust-
ing the tuning of the circuit.

Shielding

Often the slug is made so that it is also a shield
around the coil, as in Fig. 5-2. This improves the iso-
lation between coils, even though additional shielding
is provided by the metal cans. Shielding is necessary

FROM MIXER

TRANSISTOR
|-F
AMPLIFIER

DOTTED LINES IND|CATE METAL CANS ARQUND !-F TRANSFORMERS

- sl
\ ’
TOP VIEW | -F CAN
JAPANESE TYPE

BATTERY VOLTAGE

N

(/

N /

TOP VIEW | -F CAN (AMERICAN TYPE),
NOTE HEX ADJUSTMENT HOLE IN SLUG.

Fig. 5-1. Combinatien circuit and block diagram of an i-f amplifier.
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in circuits tuned to the same frequency, such as i-f
amplifiers, since some of the energy from the output
of an amplifier might get into the input of the same
or other amplifiers and cause oscillation. Obviously,
the amplifier must process only the signal coming into
it and not “take off” on its own. Oscillating i-f stages
at best will cause whistles in the output and at worst
will prevent any signals at all from getting through.

ACTUAL APPEARANCE

N3 sLuc cross
~ “SECTION

COIL FORM

THREADED SUPPORTS — |

=t

coi

S e

Fig. 5-2. Construction of an adjustable coil in which the tuning slug also
sorves as a coil shield.

Oscillation in an i-f amplifier of a transistor radio
(causing whistles or “motorboating” and the like) is
usually caused by an open electrolytic capacitor. To
check, use a known good capacitor and temporarily
connect it across any suspected capacitor, making sure
to observe correct polarity (+ to + and — to =).

Referring to the block diagram of Fig. 5-1, note that
there is only one tuned circuit in each of the i-f trans-
formers. The resonant, or tuned, circuit is made up of
a coil and capacitor, with the tuning done by a shug
inside the coil. The signal transfer to the next stage is
done by a few turns of wire wound on the same coil
form as the tuned circuit. Again, we have this step-
down of the voltage and step-up of the current to pro-
vide a “match” between the tuned circuit and the in-
put circuit of the next transistor. Because the parallel-
resonant circuit has a comparatively high reactance to
the i-f signal applied to it from the transistor, it is
called a high-impedance circuit. The take-off coil is a
few turns and is not tuned. Because it has only a few

turns, the voltage induced in it is low, but the cwrr
is increased in the process. This is called a low-&
pedance circuit.

Impedance Matching

“Matching” is a term used in electronics to indic=
that the output of one circuit couples efficiently to #
input of the next one. If an attempt is made to coug
a high-impedance circuit into a low-impedance <
cuit, or vice versa, without some sort of matching €
vice such as a transformer, the coupling between £
circuits may cause more loss of signal than the next 2
plifier can make up for.

Not all amplifiers require low-impedance inputs st
as those required for most bipolar transistor circus
The vacuum tube and the field-effect transistor (FE"
can both use high-impedance inputs. An example
an i-f amplifier with high-impedance input is s‘hown _
Fig. 5-3. Note that there is one other thing this amp:
fier has that the amplifier in Fig. 5-1 does not have: &
additional tuned circuit inside the i-f can. Since z
step-down is needed, the pickoff coil is also tuned 2c
this improves the selectivity of the i-f somewhat.

P
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Fig. 5:3. I-f amplifier circvit for amplifiers using high-impedance inp:

To overcome this loss of selectivity in the i-f circuit
some manufacturers use i-f transformers made like tk
one at A in Fig. 5-4. This transformer has two tune
circuits, but the output is tapped down on the secorx
or pickoff, coil to provide the necessary low impedanc
for the transistor amplifier. Another method is show
at B, in Fig. 5-4, where the coil is tapped down on th
amplifier output side. Any tapping down of a cm! th;
is resonant will result in a more sharply tuned circuw
since there is less loading on the circuit. So, the circw
at B, even though there is only one tuned circuit, wi
be more selective than the circuit of Fig. 5-1. Sinc
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THE INTERMEDIATE-FREQUENCY AMPLIFIER

the amount of signal the pickup coil receives is dirvectly
dependent upon the amount of tuned current in the
resonant coil, the gain is not affected. In fact, the gain
of the stage may be improved because of the sharper
tuning.

TUNING THE I-F TRANSFORMER

Normally, the i-f amplifiers will not need to be re-
tuned often, if at all, unless someone moves the tuning
slugs. However, for a radio that has poor sensitivity
(weak) it is a good idea to check the tuning, if no
other common troubles for weakness have shown up
in diagnosis.

Tuning an i-f scientifically is done with a signal gen-
erator (an electronic device that can be quickly ad-
justed to supply a definite strength of output signal at
a desired frequency) and with some sort of output
meter. The complete tuning of a receiver, using the
signal generator and meter, will be covered in more
detail later, but a creditable job of tuning can be done
“by ear” if you are careful and if you understand what
you are doing. This is a touchup adjustment for a radio
that is already working—make sure that you do not
attempt to tune a radio if it is dead—the chances of
the tuning being so far off as to completely kill all
sounds from the radio are small.

Tune in a station, if possible, and check the dial
reading. If the reading on the radio dial is close to
where the station should be heard, the local oscillator
of the radio is close to being correctly tuned. Inciden-
tally, in many transistor radios, the oscillator coil and
the i-f coils are identical in appearance. If you are not
sure which is the oscillator coil, tune in a station and
then just barely adjust each of the coils. The one that
causes the station to change position on the dial is the
oscillator coil; the i-f coils will simply reduce (or some-
times increase) the volume.

If the stations at the low end of the dial (between
540 kHz and about 750 kHz) are close to the correct
point on the dial, do NOT adjust the oscillator coil—-
not now, at least.

Next, tune the radio dial away from a station. Now
you should hear only noise or grinding in the speaker
(volume control should be turned full up). If there is
little or no noise, move the radio near a fluorescent
lamp until you hear noise. Hold the radio only near
enough to the lamp to barely pick up a noticeable
noise or grinding in the speaker.

While listening to the noise, carefully adjust the i-f
transformer slugs one at a time for maximum noise. If
the noise comes up considerably, so that it is fairly
loud, move the radio further away from the fluorescent
lamp. Continue to adjust the slugs until you are sure
the noise is maximum. Keeping the noise low makes
the adjustment easier and more accurate, since your
ears have much more sensitivity to change in volume
level when the volume level is low.

OSCILLATOR AND TRACKING ADJUSTMENTS

Now you are ready to adjust the oscillator slug, but
first turn the radio dial to a vacant spot on the dial near
600 kHz and again, while listening carefully, adjust
the oscillator coil for maximum noise. This last adjust-
ment is called “tracking.” What it does is to make sure
that when the oscillator is tuned correctly to pick up
a certain station, the antenna circuit will be tuned to
the frequency of that station. When this happens, the
radio is said to be “tracked” and the sensitivity of the
radio will be maximum.

The other tracking adjustments for the radio are the
trimmers on the tuning capacitor. These are screw-
driver adjustments and are adjusted at the high end
of the dial (from around 1350 kHz or higher). There
is usually one trimmer for the oscillator and one for
the antenna circuit. If a station comes in at the right
spot (or close to it) at the high end of the dial, then
the oscillator trimmer does not need adjustment. In-
stead, tune the radio to another vacant spot (a place
where no station is received), but this time at the
high end (above 1300 kHz), and adjust the antenna-
circuit trimmer on the tuning capacitor for maximum
noise. ( Again, you can tell which trimmer is which by
a very tiny adjustment. The oscillator trimmer will
change the spot on the dial where you get a station,
while the antenna trimmer will simply make the sta-
tion weaker or louder.) Caution: Be careful not to
adjust trimmers on the tuning capacitor on an am-fm
radio until you are sure which trimmers are which.
This is also true of slugs in i-f transformers since sepa-
rate transformers are used for a-m and fm. If you try
to “adjust” an fm transformer while listening to the
a-m band, you can throw off the circuit and not be
aware of it at the time. No slug should ever be tumed,
nor any other adjustment, unless you are listening to
the radio, and you should note the approximate posi-
tion of the adjustment so that if you tum it and noth-
ing happens you can retum it to the same spot. When
“trying” an adjustment, never turn it more than an
eighth of a turn as a check. An eighth of a turn should
make at least a noticeable difference in the radio’s
output—either a change in volume or a shift in fre-

quency.

THE ACTUAL CIRCUIT

Fig. 5-5 is a partial schematic of an actual circuit
used in an a-m broadcast radio receiver. This particu-
lar circuit uses pnp transistors. Pnp and npn transistors
are similar in performance, the one essential differ-
ence being the polarity of battery voltage required. In
the pnp circuit, the negative battery voltage goes to
the collector, while in the npn circuit the positive bat-
tery voltage must go to the collector. This will be
covered in much more detail in the chapter on tran-
sistor amplifiers.
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Fig. 5-5. Partial i-f amplifier circuit in an =
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This particular circuit uses only a single tuned cir-
cuit inside each i-f can. To increase the selectivity,
the battery circuit is “tapped up” on the coil rather
than the collector being “tapped down.” Either system
has the effect of preventing the battery and collector
circuit from being wholly across the tuned circuit with
possible loading effects. Loading of a tuned circuit
reduces how sharply it tunes—that is, how selective it
is to a particular frequency or narrow band of fre-
quencies. If a resistor is placed across a tuned circuit,
the tuned circuit will tune more broadly; it will accept
a wider band of frequencies and at the same time the
gain of the circuit is lowered (Fig. 5-6). Sometimes
resistors are deliberately placed across a tuned circuit
to broaden the response, but usually this is not de-
sirable in a-m radio. If the collector and battery cir-
cuit are connected directly across a tuned circuit, the
effect is the same as putting a resistor across the cir.
cuit. Tapping down (or up) effectively reduces loading
and produces a sharper circuit response.

SUMMARY

The intermediate-frequency amplifier is a fixed-tuned
amplifier. The selectivity and sensitivity of the i-f am-
plifier largely determine the sensitivity and selectivity
of the entire radio. The i-f amplifier tuning can be
checked by making tiny adjustments while listening
for increase in background noise in the radio. Do not
attempt to adjust an if amplifier if the radio is dead

L 47K g
% g W= = 3T :I- =
I T
£
E3

es = TAPPING DOWN
g = § = g REDUCES LOADING
EEE B E ON TUNED CIRCUIT

TUNED CIRCUITWITH
RESISIOR ACROSS 17

SAME TUNED CIRCUIT
-WITH SMALLER VALUE
_RESISTOR ACROSS [T

b
Fig. 3-6. Effect of loading on tunad circuit,
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(no sound output), because the trouble is almo=
surely elsewhere. If the i-f amplifier is detuned vem
much, it may be impossible to get it back accuratel
without elaborate equipment—that is, unless you has
had considerable experience in adjusting the an'lpl_
fiers. Squeals, whistles, or motorboating sounds in
radio may be caused by oscillation in the i—.f. This i
usually caused by a defective bypass capacitor, mos
often an electrolytic bypass that has opened up. Tem
porarily connect another capacitor across the old one
observing correct polarity, to see if the troublt? clc:*ar
away. Tuning may seem to eliminate the oscillation
but this is seldom the reason for the squealing. Eves
if detuning eliminates the whistles or squeal.ing, ﬁ_l'
sensitivity of the radio will be lowered excessively, i1
all probability. In a well-designed radio, no amoun
of detuning, or of peak tuning, should cause the rad_u
to “take off” into whistles or squeals. This means, i1
other words, that mistuning is normally neither the
cause nor the cure for i-f amplifier oscillations.

One thing in portable radios that may be ovz?rlooke(
when the problems is squealing or whistles is a de
fective battery. Always replace the battery as a chec
before going further. :

Most transistor radios that are used here in tl}l
United States are built in Japan, so most of these wnll
have i-f adjustments that can be made with an ordi
nary screwdriver. Be careful, though, not to put ex
cessive pressure on the slug as it is adjusted, and b

\—\4
\ UNDERCUT SO THAT TOOL CAN REACH
l/

THROUGH UPPER SLUG TO ADJUST
LOWER SLUG INSIDE CAN

Fig. 5-7. Hex adjustment too! for "American” type if transformers.
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sure not to use a screwdriver either too large or too the adjustment slug. Often, in the American-type coil,
small for the slot. The “Japanese” i-f can has only one there will be two slugs in the coil (i-f coils or trans-
adjustment slug. formers) to adjust, one at the top and the other at

In radios using American-type i-f transformers, the the bottom. You can normally adjust both slugs from
adjustment is normally made with a hex tool (Fig. 5-7). the top by simply passing the tool down through the

This is a plastic tool that fits a hexagon-shaped hole in top slug and into the hex hole in the bottom slug,

TEST QUESTIONS

. The intermediate frequency used most often in small and
large broadcast radios on a-m is

A. 262 kHz.
B. 455 kHz.
C. 10.7 MHz.
D. 465 kHz.

. The intermediate-frequency amplifier

A, is tuned to various station frequencies by the radio dial.
B. is always tuned above the station’s incoming frequency.
C. increases the power of the local-oscillator signal.

D. is fixed-tuned to one particular frequency.

. The tuning of the i-f transformers in transistor radios is
nearly always done with

A. variable capacitors.

B. moving the transformer core in and out of the trans-
former winding.

C. changing bias on the transistors.

D. variable resistors or pots.

4. The “slugs” in an i-f transformer are made of

A. ferrite.

B. laminated iron.
C. Plexiglas.

D. carbon.

. The most common trouble causing “oscillation” in i-f ampli-
fiers is
A. defective transistors. -
B. open i-f transformers. /
C. transformers not in tune, /N

D. electrolytic capacitor open.

4

6. “Matching” in an electronic circuit means

,( A. a high impedance connected directly to a low imped-
ance.
B. a method of transferring the maximum amount of sig-
nal between different kinds of circuits. °
C. selecting of component parts so that they are com-
patible.
D. transformer coupled stages.

7. A field-effect transistor has an advantage over the bipolar
type because it has

= A. high input impedance.
B. low input impedance,
C. low output impedance.
D. smaller size.

8. The instrument used to provide a signal for tuning an i-f
amplifier is commonly called a

signal sweeper,

signal oscillator.
signal generator.
. output meter.

vowy>

9. If you move a slug in a transformer and the station you
are listening to changes to another place on the dial, you
can be sure you have adjusted

A. an i-f transformer.
B. an oscillator coil.

10. The best way to peak up the i-f transformers in a radio by
ear is

A. tune radio off station and tune i-fs for maximum noise.

B. tune to a strong local station and tune i-f’s for maxi-
mum output.

C. use any station and adjust radio for maximum volume,
using the volume control before tuning the i-Fs.

D. by using an output meter.

11. “Tracking” a radio means

adjusting the i-f’s for maximum output.

adjusting the oscillator circuit so radio dial reads cor-
rectly.

. adjusting volume control for medium volume.

. adjusting oscillator and antenna circuits so that there
is maximum output from the radio over the entire range

of the dial.

oo w»

12. The “trimmer” on the oscillator section of the tuning ca-
pacitor should be adjusted so that

A. the dial reads correctly at the low end of the dial.
B. the radio dial reads correctly at the high end of the dial.

13. You should be careful about adjusting if transformers
without test equipment by

A. not tuming any adjustment unless you are listening
carefully for results.

B. using only the correct alignment tool.

C. not turning any adjustment more than a slight amount
if it makes no difference in the output.

D. all the above are correct.

14. An npn transistor uses

A. a negative voltage on the collector with respect to
emitter.

B. a positive voltage on the collector with respect to
emitter.

15. Transistor radios made in Japan generally

A. use a single-tuned i-f transformer with a slug turned
by a hex tool,

B. use a single-tuned i-f transformer with a slug tuned by
a regular screwdriver,

C. use dual-tuned i-f transformers tuned with a hex tool.

D. use dual-tuned i-f transformers tuned by variable ca-
pacitors.
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The Detector

Once the signal has been selected, processed, and
amplified by the mixer-oscillator and i-f stages, the
next step is detection. As explained in Chapter 1, de-
tection is the process of removing the audio and radio
frequency signals, keeping the audio for further am-
plification and discarding the no longer needed rf
signal.

WHY DETECTION IS NECESSARY

To detect an a-m signal, it is only necessary to put
the signal through a device that will essentially “cut
the signal in half.” This “halving” of the signal is re-
quired since the total signal has an algebraic sum of
zero, so far as audio is concemed, so that even if it
were possible to use some sort of frequency-discrimi-
native filter to separate the rf and af, still the af signal
would not cause a speaker cone to vibrate. Fig. 6-1
shows a representation of an amplitude-modulated sig-
nal and why detection by rectification is necessary.
(“Rectification” is a term used in electronics to de-
scribe the action of a diode on an altermating-current
voltage. Diodes used in this manner are called “recti-
fiers.”) In Fig. 6-1, the rf signal is represented by the
straight vertical lines, and the audio signal is repre-
sented by the wavy-line border of the waveform. Note
that the audio is self-cancelling—the negative ampli-
tude at each point equals the positive amplitude at the
same instant and therefore cancels it out. Rectification
allows only one-half of the signal to pass, so that the
audio signal is no longer self-cancelling. Since each
half of the waveform is a mirror image of the other,
either half will give a usable audio signal. For reasons
to be discussed in detail later, the polarity of the de-
tector diode (that is, which way it is connected into
the circuit) is important. Replacement of a detector
diode should always be in the same polarity as the
original, otherwise the radio may not work or at best
will work erratically. )

+

ZERO VOLTAGE

Fig. 6-1. Amplitude-modulated rf signal.

TYPICAL DETECTOR CIRCUIT

Fig. 6-2 is a typical a-m detector circuit. The i-f sig-
nal in the last i-f transformer is picked off through
another low-impedance winding, and fed to the crys-
tal diode detector. Sometimes the last i-f transformer
will have a slightly higher impedance than those used
for the transistors in earlier stages, meaning that the
pickoff winding may have a few more turns of wire.

Current in any circuit must have a complete path
from one end of the source to the other. The source,
in the case of this detector, is the pickoff winding of
the if transformer. The current travels through the
diode, but in order to return back to the grounded
side of the pickoff coil, it must also travel through
resistors R1 and R2. Because there is current through
these resistors dependent upon the incoming signal, a
pulsating, positive-going audio signal appears at (B)
There would still be an rf signal at point(B)except that
the rf bypass capacitor “short circuits” the rf signal, or
at least the greater portion of it, around the resistors
and directly back to the ground side of the pickoff coil.
What rf may be left is bypassed around the volume
control by C2. Many circuits do not even use the filter
resistor and C2 but connect the volume control di-
rectly to point B in the circuit. C1 and C2 are large

AUD10Q-MODULATED RF AF ONLY

*0e 2

LAST |-F TRANSFORMER

\ DIODE DETECTOR
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1
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' 1
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Fig. 6-2. A-m detector circuit.
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enough to bypass the rf signal, but small enough that
the audio signal is not greatly affected. A typical size
for Cl1 and C2 is about .01 uF. If only one capacitor
is used in the circuit, it may be a .02 pF.

THE VOLUME CONTROL

The volume control in a transistor radio is seldom
larger than about 10K ohms. A typical size would be
9K ohms. In tube circuits, the volume control is usu-
ally 500K or more. The reason again is the difference
in input impedance between a tube, which has high
impedance, and a bipolar (npn or pnp) transistor,
which has relatively low impedance.

The arrow on the volume control indicates that the
resistance is variable; therefore, a variable audio volt-
age can be picked off along the volume control re-
sistance. If the arrow (which will be the center con-
nection of the volume control) is at the ground side,
there can be no audio voltage at the output terminals,
since the voltage is taken off between the center termi-
nal and ground. As the control is rotated, the center
arm moves toward point©in the diagram, thus pick-
ing off more and more audio voltage for feeding to the
audio amplifiers, and so the volume becomes greater
and greater until maximum volume occurs. Notice that
this method of controlling volume does not change the
resistance of the circuit between(C)and ground for the
detector circuit. It changes only the pickoff point
along the resistance. This is important, as you will see
later on, since the voltage at(C)can be filtered and
used to automatically control the previous circuits to
prevent fading and blasting as the signal input to the
antenna changes. This is called an automatic gain con-
trol (agc), or sometimes an automatic volume con-
trol (ave) circuit. This circuit is an important factor
in the superior performance of present-day radios un-
der many different signal conditions and is one of the
chief reasons that smal} built-in antennas are practical.
This circuit also keeps car radios from fading or blast-
ing as you go away or toward the station, up and down
hills, etc. Further discussion of ave must follow later
since amplifier theory needs to be discussed first in or-
der to show how a voltage can make an amplifier
change in gain (amount of amplification it gives the
signals coming into it).

DETECTOR-CIRCUIT VARIATIONS

There are variations to the a-m detector circuit of
Fig. 62, but they all work in essentially the same
manner. Fig. 6-3 is a circuit in which the diode de-
tector is grounded, and the volume control is con-
nected to the other end of the pickoff coil. This cir-
cuit works in the same way because in its journey from
one side of the pickoff coil to the other, the signal must
still travel in the circuit which includes the volume
control.
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Fig. 6-3. Variation of detectar circuit.
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Another variation, which really is not a variation E
simply a different sort of diode, is to use a transis
as a diode. A transistor is, so far as cxternal measw
ment is concerned, two diodes facing one another,
shown in the inset of Fig. 6-4. Sometimes a manuf:
turer may find he can buy a transistor as cheaply as
diode, or he may be overstocked on transistors, so -
uses the transistor as a diode, usually between the ba
and collector. However, it is also possible to use t
emitter-base junction. The third element is usually I
unconnected, or possibly tied to the emitter.

There have been a few transistor detector circu
developed where the transistor not only detects b
also acts as an amplifier of the audio signals as we
However, because these circuits are generally hard
handle without creating too much distortion®, th
are seldom seen in a-m broadcast radio.

Diode detectors do not often give trouble in broa
cast radio. It is rather a rare thing to find a defect
detector, but it can happen. They can be checked w3
fairly good accuracy using an ohmmeter (an instr
ment discussed under test equipment). Probab.ly,
more frequent trouble in detectors is a broken print
circuit or wire leading to the transformer or to the ¢
ode itself, although this kind of trouble is also rath

*“Distortion” is a term for any change of a signal as cx
pared to the original signal, that is, in the output sal_md
compared to how the original sounded. There is no ampllﬁel-l
radio that does not distort the signal slightly, but norma
when we say the audio is distorted, we mean that the distorti
is high enough to make the sound muddy or garbled, hard
understand, etc.
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!_.”_L_k_c FACING ONE ANOTHER

Fig. 6-4. Transistor used as dicde dectectar.
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rare. Remember that if you do replace a diode, you
should be sure to connect it in the same polarity as
the original. Fig. 6-5 shows some of the various ways
that a new diode may be marked. Later, in the chap-
ter on test equipment, you will find out how to check
unmarked diodes for polarity.

+

ANODE CATHODE

— ==
—(eiill=
e N [

Fig. 6-5. Diodes are marked in various ways to indicate polarity. Usually
they are marked at the cathode end.

Another precaution to observe in the replacement of
detector diodes is the kind of diode used. Presently,
there are two popular types of diodes—the germanium
type and the silicon type. The germanium type is
nearly always used in a-m detector circuits, since it will
start conducting on a much weaker signal. Silicon di-
odes are more often used in rectifier or biasing circuits.

POLARITY OF DIODE CONNECTION

Although the detection process is not in itself af-
fected by the polarity in which a detector diode is
installed in the circuit, the voltage taken off at the
detector diode—that is, the dc voltage due to the recti-
fication process—is often used for automatic control of
previous circuits, since the dc voltage developed at the
detector is directly proportional to the signal strength.
For this last reason, diodes should always be installed
properly, not because of the detection process itself.

Fig. 6-6 shows two identical detector circuits, ex-
cept the diode is reversed in the second one. With the
cathode of the diode toward the output circuit (the
volume control) there is a positive output. The audio
is positive going, and the rf develops a positive dc volt-
age that can be read with a voltmeter across the vol-
ume control. The capacitor not only removes the rf
signal but acts as a filter to hold the dc voltage steady,
since the capacitor does piot have time to discharge
between each of the rf positive half cycles.

al

€06

600 ,
GE = [

Fig. 6-6. Reversing a diode reverses polarity of output voltage.

In the lower picture, the diode is reversed and a
negative output voltage is developed.

At the risk of confusing the issue, it should be
pointed out that the diode detector is not actually rec-
tifying the audio but, rather, the rf signal. The com-
posite audio is both positive and negative and so, just

AUDIQ OUTLINED IN BLACK«_

v _2a

Fig. 6-7. Diode rectification has the effect of cutting the modulated
signal in half.

as it has a cancelling effect on the diaphragm of head-
phones, it would have the same cancelling effect on
the diode detector if, indeed, it was audio that was
being “split in half.”

Fig. 6-7 should make this clear. Modulation makes
individual cycles of the rf larger and smaller, and as
these cycles are so close together and so much faster
than the audio, the audio modulation appears on the
rf as a symmetrical waveform going both positive and
negative. A diode will clip off one-half of the rf wave-
form which removes this “symmetry.”

The audio signal, then, is simply a “sample” of the
peak outputs of the individual rf cycles. The rf bypass
capacitor prevents any possible interference from these
rf pulses by holding the pulse voltage peaks relatively
constant. The rf bypass must be large enough to do
this but not so large that it will do the same thing to
the audio pulses.
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1t best l;e described as

the audio signals from the radio-frequency

i

¢ audio signals onto an rf carrier.

plifying audio signals.

moving the audio from a signal so only the radio fre-
y is amplified.
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rcuit using a volume control is shown in Fig. 6-8. A
d ’I- ing of a volume control is also shown. If you were to
C e volume control in the circuit so that volume
would increase with clockwise rotation of the control shaft,
01 Ou d
-

connect A to 1, B to 2, C to 3.

'B. connect A to 3, B to 2, C to 1.

- C. comnect Ato 2, Cto3, Btol.
D :mect-A to 2, Bto3, Ctol.
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L0 TEST QUESTIONS
.

10.

If a diode is used as a detector it is most likely to be

A. a germanium type.
B. a silicon type.

. Distortion

A. can be completely eliminated in electronic circuits.

B. is the difference between the reproduced sound 2

the original sound as transmitted. I
C. is the amount of amplification during detection.
D.

both A and B above are correct.

. Detection in a superheterodyne radio occurs

A. preceding the i-f amplifier.

B. preceding the audio amplifiers.
C. following the audio anwplifiers.
D. in the antenna circuit.

. A substitute for the diode when used in detection is

. a capacitor.

. a transistor.

. a coil.

. a volume control.

SOE>

. Rectification is a term used to indicate that an alternati

voltage passes through some device that allows gnb' 14
half of the alternating cycle to flow. “Rectification may
used to indicate what happens in detection but is m
often used

. about i-f amplifier circuits.
about antenna input circuits.
about power-supply circuits.
. about audio circuits.

vow>

In Fig. 6-8, the dc output of the detector (voltage acr
volume control)} will be

A. positive at point A with respect to C.
B. negative at point A with respect to C.
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Audio

There are more variations in audio amplifiers in
transistor radios than in almost any other circuit; how-
ever, there are similarities, too, since most portable
transistor radios use what is called a class-B audio
output circuit. The reason will become apparent pres-
ently. First, look at block diagram A in Fig. 7-1. The
audio level picked off at the volume control is fed to
a transistor audio amplifier. This transistor builds up
the amplitude of the audio signal enough to “drive”
the output stage or stages. The output stages then pro-
vide enough power gain to drive the speaker to pro-
duce ample audio volume without exceeding practical
limits of distortion.

SPEAKERS

The speaker, by its nature, is a low-impedance de-
vice—that is, it requires considerable current at low
voltage for operation. In most vacuum-tube circuits,
an audio output transformer is used to match the high
output impedance of the tube to the low impedance
of the speaker. In transistor circuits this is not always
so, since the transistor itself can be made to match a
fairly low impedance. However, many transistor cir-
cuits do use an output transformer for matching, as
well as interstage audio transformers for matching,
thus providing the right kind of signals for a class-B
audio output.

CLASS-B OUTPUT STAGES

In Fig. 7-1B is a block diagram of a class-B audio
output stage using both an interstage (between
stages) audio transformer and an output transformer.
The idea of a class-B stage is that one of the audio
output transistor amplifiers takes one-half of the sig-
nal, and the other output transistor operates on the
other half of the signal. This might be compared to a
two-cylinder engine, in which one cylinder delivers
the power to the crankshaft while the other is idling,
waiting for its turn as the crankshaft makes a half turn.

The advantage of class-B stages in portable radios
is that during the time when there is no signal input to

(2228
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the output transistors they draw very little current; the
amount of current drawn by a class-B output depends
directly on the strength of the input signal. If you play
the radio at low volume, it draws very little current as
compared to that drawn at high volume. Since the
output stage of any radio is the stage that draws the
major portion of the battery current, controlling the
output stage current by the volume level saves consid-
erable battery power. For a single-ended stage (class
A), the current would have to be at maximum all the
time, regardless of volume.

Phase Inversion

In order to make a class-B output stage work, it is
necessary to provide out-of-phase signals. That is, the
signal going into one transistor must be positive-going
while at the same instant the signal going to the other
output transistor is negative. This makes a sort of
switching arrangement so that the audio signal coming
into the output transistors is switched from one tran-
sistor to the other on alternate audio cycles.

One excellent method of providing out-of-phase sig-
nals is with a transformer. By its very nature, the sig-

—Cq SPEAKER

(A) Single-ended output.
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(8) Class-B output.
Fig. 7-1. Block diagrams of audic amplifiers.
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nal at one end of a winding is 180 degrees® out-of-
phase with the other end—that is, at any given instant,
one end of the winding has a positive-going signal and
the other end has a negative-going signal.

By using a center-tapped transformer and grounding
that point so far as the signal is concemned, as in Fig.
7-2, one transistor and then the other can be turned on

SIGNAL 1S EXACY REPLICA OF INPUT, EXCEPT
IT 1S POSITIVE-GOING ON UPPER TRANSISTOR
AND NEGATIVE-GOING ON LOWER TRANSISTOR

W

SIGNAL AT
COLLECTOR

Fig. 7-2. Audio transformer with center-tapped dary provides out-
of-phase signals for class-B output stages.

for each half of the audio signal alternations. By using
a center-tapped output transformer, each of the tran-
sistors can work as an independent of sorts and yet
aid the other in driving the speaker back and forth on
alternate half cycles. If there is no signal coming in
(no volume) then neither of the transistors will be
“turned on” and so will draw no current from the bat-
tery. (Actually both transistors must draw a small
amount of current, called idling current, continuously,
or distortion will occur at low-volume signals.)

900

POSITIVE-GOING: 0° 7090° AND 270° 10 360°
NEGATIVE-GOING: 90° TO 220°

MAXIMUM POS ITIVE : 50°

MAXIMUM NEGATIVE: 270°

Fig. 7-3. Sine wave showing degree check points.

Current Drain

Typically, a small portable radio using class-B audio
output stages will draw about 5 milliamperes with the
volume control turned all the way down and draw a
peak current of 50 milliamperes (mA) or so at full
volume. If a milliammeter is connected in series with

“180 degrees” means a half cycle, since a full cycle is made
up of 360 degrees. A full alternation of an alternating-current
cycle, then, is 360 degrees. If you look at a sine wave, you will
see that it contains a poritive-going signal for a half cycle and
a negative-going signal for the other half cycle. Thus, two sig-
nals 180 degrees out-of-phase with each other are exactly op-
posite in polarity. See Fig. 7-3.
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the radio battery, the meter will show a steady, I
current when the volume is turned down, but when |
volume is turned up the meter needle will “%ick™
and down in stcp with the words and music he:
from the speaker. The use of a milliammeter is ©
ered in more detail in the chapter on test equipme

TROUBLESHOOTING METHODS

If a radio sounds “tinny” or distorted at low volu,
it may be because the idling current is insufficient,
more likely it is a defective speaker, or perhaps
more than a weak battery. Radios that sound all ri
but are not as loud as they should be can have trou
almost anywhere in the radio. However, if the trou
is in the audio stages, it is likely that it is caused
an open electrolytic capacitor. Try connecting an &'
trolytic of almost any size (10 uF at 10 volts is usu:
adequate for portable radios; use a higher voltage
ing for larger power-line-operated transistor rad:
across each of the electrolytics in the audio ampli
and see whether the volume level returns to norr
If it does, replace the defective capacitor.

If the radio is dead, you can usually tell whether
audio stages are working (at least working to s¢
degree) by holding the speaker next to your ear
your ear next to the speaker) while turning the vols
control. If you hear a staticlike rushing noise as
change the volume, then probably the audio arr
fier is working well enough to produce some out
and you can conclude that the cause for the dead r:
is somewhere other than in the audio stages.

If you do not hear noise in the speaker as the vol
control is rotated, then the trouble very likely is ix
audio stages. If the radio has an earphone jack, us
earphone to see if the radio plays through it—
does, then the trouble is likely in the speaker, <
may be that the earphone jack is defective (the
phone jack disconnects the speaker when the EhOl
plugged in—it may not be remaking the circuit
the earphone is removed.)

Since in most circuits the earphone jack conx
directly across the terminals to the speaker, many
nicians have a test-speaker handy. An carphone
and cord is connected to the test speaker. This PCx
a quick check of the radio speaker and earphone
by substitution with a known good speaker.

Sometimes squeals in a transistor radio arc Czy
in the audio amplifier. A good indication of thi
though not an absolute one, is that if the hox:
squecal changes in pitch as the volume contx-
turned, or if there is no change in the volume
of the howl, the most likely location of the fault
the audio amplifier. The cause may be an opet Cle
lytic, or it may be a*broken printed circuit. In
cases, it could be that a replacement part is of t¥-
correct type or has been installed incorrectly; Pay
with the leads to the wrong terminals.
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Twisting the printed board or putting gentle pres-
sure on it may cause the howls to stop, and in this
case the trouble likely is a broken printed circuit or a
broken wire connection.

Remember that a weak battery can cause abnormal
squeals or howls, so, if in doubt at all, always replace
the battery with a known good one before going on
to more serious diagnosis.

OTL CIRCUITS

More and more, both portable and more expensive
transistor radios, stereos, and the like have gone to
the output-transformerless (OTL) circuit. This means
that the transistors drive the speaker directly, and
there is no output transformer between the transistor
output stages and the speaker. The circuits may or
may not have an interstage audio transformer. If they
do have a transformer, it is of a special type that has
two separate secondary windings, instead of the usual
center-tapped secondary. This arrangement is essen-
tial because of the method of biasing the transistors
(biasing methods and the reason for biasing are in-
cluded in the chapter on transistor amplifiers and am-
plifying). Fig. 7-4 shows a block diagram of an OTL
circuit using an interstage amplifier.

BATTERY VOLTAGE

ELECTROLYTIC SPEAKER-
% E TRANSISTOR FEED CAPACITOR
| Nod
= /
7 =

SPEAKER

K

Fig. 7-4. An OTL circuit.

This is still a class-B stage, so it draws little current
at low volume and more current from the battery at
high volume. In this circuit, the transistors are turned
on, first one and then the other, on alternate half cy-
cles of the audio input signal. When transistor No. 1
turns on, a connection is made to the battery voltage
through the speaker and the feed capacitor. On the
next half cycle, when transistor No. 2 turns on, the
feed capacitor discharges to ground through the
speaker and the transistor, so the speaker cone moves
in the opposite direction. The amount the feed capaci-
tor charges and discharges and the speed with which
it does are detcrmined by the incoming audio signal.
The louder the input signals, the more the transistors
turn on, the more the feed capacitor charges, and the
more the speaker cone moves. The frequency of the
audio determines how quickly the speaker cone moves
in and out. For example, a 1000-Hz tone would make

the speaker cone move in and out 1000 times per
second; a 2000-Hz tone, 2000 times per second; etc.

In circuits such as this, the speaker impedance used
may be higher than that used in an output-transformer
circuit, although not always. For example, the speaker
may have an impedance (usually referred to in cata-
logs as voice-coil impedance) of up to about 40 ohms,
but sometimes as high as 100 ohms. The standard
speaker impedance for transistor radios is usually
around 8 ohms. Replacing a 40-ohm speaker with an
8-ohm speaker may work surprisingly well. However,
you may find that the radio battery will run down
sooner, and if the radio is habitually played at high
volume, it could happen that the output transistors
might overheat. So, if possible, always replace a
speaker with one of similar impedance to the original,
with no more than a 25% difference for best overall
results. Even if the problem of battery rundown or of
overheating transistors does not exist, a lower-im-
pedance speaker will often have poorer tonal response,
especially for bass notes.

ANOTHER TYPE OF OTL CIRCUIT

Another kind of OTL circuit does not require either
an output transformer or an interstage transformer for
changing the phase of the signal input. In this circuit,
two different types of output transistors are used. We
have mentioned before that npn and pnp transistors
can have similar characteristics, except that the col-
lector voltage should be positive for one and nega-
tive for the other for proper operation, The two tran-
sistors also require a different polarity of “turn on”
voltage—that is, the npn turns on with a small posi-
tive voltage on the base while the pnp turns on with a
small negative voltage. Fig. 7-5 is a complete sche-
matic of the output stage of this sort of OTL circuit.

In this circuit, when the audio signal is positive-
going, the upper npn transistor turns on, and the
speaker cone moves because of the charging of capaci-
tor Cl through the transistor from the 9-volt battery.

v
0
AUDTO
ANSIST rmpglemk
TRANSISTOR wn (O
4, &
4.2V cl
b3 - i
1 N
TRANS ISTOR S;EE‘EEER
CR.74 CAPAGITOR SPEAKER
$ L& v ) <
+v Y
23.3K
<
- v

Fig. 7-5. OTL circvit using npn and pnp transistors eliminates need for
driver transformer.
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On the next half cycle, the audio signal is negative
and this negative-going voltage will turn on the lower
pap transistor. Capacitor C1. now discharges to ground
through the transistor and the speaker, and the speaker
cone moves in the opposite direction. Note the simi-
larity of speaker operation in this circuit and the cir.
cuit of Fig. 7-4. The same rules apply here as to
speaker impedance.

When a circuit of this type is used in a stereo re-
ceiver or radio operated from the power line, or in a
high fidelity amplifier, the speaker impedance required
is usually between 4 and 16 ohms, and, under normal
conditions, the circuit will operate any speaker satis-
factorily that is within this impedance range.

THE HIGHER-VOLTAGE SINGLE-ENDED
OUTPUT STAGE

When a circuit has only one output transistor, it is
called “single ended,” and, because there is only one
transistor, the circuit must operate in class A. Class A
means that ideally the current flow in the output stage
is always the same regardless of volume. Although the
class-A stage draws more current than the class-B
stage, this is no problem on line-operated radios or in
auto radios. A class-A stage requires fewer parts, one
less transistor, and has good fidelity (low distortion).
It generally maintains better fidelity without critical

adjustment, especially when listening at low volume
levels.

Home Radios

Fig. 76 is a class-A output stage used in a home
radio. The collector voltage on this transistor is above
80 volts. Since this transistor uses higher voltage and

+88 VOLTS VA
% 3

AUDIO INPUT 0 J. o %
£ I 40Hm
{3vours SPEAKER
TP

680
\

ouTPUT
TRANSFORMER
Y
Fig. 7-6._ Line-power operated radio using high-voltage transistor,

lower current, it will naturally have a higher imped-
ance, so an output transformer is necessary to trans-
form the high voltage/low current into lower voltage
and high current for the speaker. The 0033 #F capaci-
tor from the collector to ground is a “tone control” ca-
pacitor and takes out the higher-pitched “hissy” noises
that are objectionable to the average listener.

If this transistor must be replaced, it has to be with
one of the same general type, one designed to use
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higher collector voltages. If a lower-voltage trans=
is installed in the circuit, it will almost invariably s
out quickly, causing the 68-ohm resistor ip the em—
to burn open. If you find the 68-ohm resistor opem
this circuit, it likely indicates a shorted transistor, el
the output transistor or one directly coupled to i
is the case in some circuits. To check for shorts =
transistor, measure between the collector and emn
terminal with an ohmmeter as described in the el
ter on test equipment.

Avtomobile Radios

Another place where class-A output stages are w-
is in automobile radios. Older radios use an out
stage similar to that in Fig. 7-7 with a transforc
input and output. Sometimes the output transforc
is not used, with the speaker driven directly as
Fig. 7-7B or with an audio-frequency choke connecd
across the speaker as in Fig. 7-7C. An automok
class-A stage may draw up to about 1 to 2 amperes:
current ( compared with about 44 mA for the circuit
Fig. 7-8). The high current is necessary to provi
high-level output, neceded in auto radios, with oz

DRIVER L
R
TRANSFORMER ~ PNI

DRIVER
TRANSISTOR

ADJUST 100

FUSIBLE
RESISTOR

T
1
E

AFCHOE
{B) OTL circuit. (C) Af choke across speater

Fig. 7-7. Some class-A audio output stages used in aute tadios.

about 12 to 14 volts between collector and emitt
Note, that even though the collector has only 0.8 w
shown, this is a measurement to ground: between t
collector and emitter the voltage would be 11.2 vol
which is the same as saying that the collector is 11
volts negative in respect to the emitter. g
The most common trouble in these circuits is
shorted output transistor. Because of the high curres
these transistors normally run at much higher ht
levels than the small transistors in portable radi
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They are larger and are often mounted on heat sinks,
which are finned pieces of metal designed to carry
the heat away from the transistor. If the transistor
shorts, it nearly always shorts between the collector
and emiitter. In so doing it causes the fusible resistor
in the emitter circuit to open and prevents damage to
other parts of the set and prevents a possible firé if
the fuse in the battery power supply fails to blow. If
you find the fusible resistor open, you will probably
have to replace the output transistor, even though it
may temporarily check all right. It is possible, of
course, as sometimes happens, that the fusible resistor
will simply go out because of “fatigue,” not because
the output transistor is defective; however, this occur-
rence is fairly rare.

One thing which happens that can blow out the
fusible resistor and still leave the transistor undam-
aged is the installation of the storage battery in the car
so that the battery cables are accidentally reversed.
Since this reverses the polarity to the radio, the radio
cannot work, yet the output transistor will draw
enough current to blow the fusible resistor. The other
operations of the car may not be noticeably affected by
this battery reversal. To check the battery polarity, use
a voltmeter with the + lead on the “hot” lead to the
radio and the — lead (the + lead is normally the red
lead and the — lead is normally the black one) to the
metal frame of the car. Set the meter to a dc voltage
range of more than 12 but less than about 60 volts.
The meter should read up scale. If the meter pointer
moves off scale to the left, the battery is in backward.
Incidentally, the larger post on a storage battery is
the positive (+) terminal. It has been standard prac-
tice now for several years for the manufacturers of
American cars to ground the negative battery terminal
to the metal frame of the car.

DIRECT-COUPLED AUDIO CIRCUITS

Dircct coupling in an amplifier circuit means that
there are no transformers and no capacitors between
one transistor and the next. The direct-coupled circuit

is extremely popular, especially since silicon transis-
tors came into good supply for new designs several
years ago. Diagnosing the troubles in direct-coupled
stages can be much more difficult because any defect in
one transistor has an effect on the entire operation of
the one it is direct coupled to. Sometimes as many as
four or five transistors may be directly coupled with
additional direct coupling from some transistors back
to other transistors to provide for automatic bias bal-
ancing. In this chapter we will not discuss these cir-
cuits further, since first you should understand about
transistor circuits, how they are biased, what biasing
really is, etc. Direct-coupled circuits are discussed in
some detail in the chapter on transistor amplifiers and
amplifying, after discussing considerably less com-
plex methods of coupling and biasing.

CHECKING THE AUDIO IN
AN AUTO RADIO

As in other transistor radios, if the audio stages are
working you can gencrally hear a noise as you turn
the volume control back and forth. Also, if the radio
uses a class-A output stage—as many of them, prob-
ably 80%, do—you should hear a definite “thump” in
the speaker when you turn the set off and on. If you
do not hear this thump, then it is likely that the trou-
ble is in the speaker or in the output stage, or it could
be that the power is just not getting to the radio be-
cause of a blown fuse or a defective on-off switch.

The bias control on the output stage was once used
for nearly all auto radios; however, some sort of autoc-
matic bias control is now more commonly used. For
those radios with a bias control, you can usually do a
passable job of setting the control by ear, if you have
some method of measuring the amount of current the
radio is pulling. Using an ammeter, you should set the
bias control for the minimum amount of current. This
will, no doubt, produce distortion in the speaker when
tuned to a local station. Next, slowly turn the bias con-
trol for best tone quality possible with the least amount
of current drawn, at both low and high volume.

TEST QUESTIONS

1. Most portable transistor radios have

A. a class-A audio output circuit.
B. a class-B audio output circuit.
C. a class-C audio output circuit.
D. only one transistor in the audio output circuit.

2. A radio speaker is

A. a low-impedance device.

B. a high-impedance device.

C. a medium-impedance device.

D. connected across the volume control.

3. The output circuit in a radio which draws the least amount
of battery power as compared to output (in other words
has the highest efliciency) is

A. a class-A output stage.

B. a ciass-B output stage.

C. an output stage with only one transistor.
D. both B and C are correct.

4. If we have two identical signals, one going positive and the
other going negative, we would say they are

A. “In phase.”

B. 180 degrees out of phase.
C. 360 degrees out of phase.
D. 90 degrees out of phase.

5. In a class-B audio output, if you connect a meter to read
the battery current flow to it, the meter will
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10.

11.

12.

13.

A. read zero current when volume is low.

B. read lowest current when volume level is high.

C. read more current flow when volume is low.

D. read maximum peak current when volume is maximum.

. If a direct current milliammeter reads 40 milliamperes, this

is the same as

A. 40 amperes.

B. 0.4 amperes.
C. 0.04 amperes.
D. 40,000 amperes.

Something that should NOT cause a radio to sound “tinny”
is

A. full battery voltage.

B. a defective speaker.

C. insufficient idling current in a class-B output stage.
D. a weak battery.

If you hear a noise in the radio speaker when you move
the volume control it is a good indication that

A. the speaker is defective.

B. the volume control is not working.

C. the battery is dead or very, very weak.
D. the audio stages are not “dead.”

. A “dead” radio or a “dead” stage means a radio or a stage

which does not perform at all. A possible cause of a com-
pletely dead radio might be

a bad speaker.

a defective earphone jack.

a dead battery.

. all of the above.

only A and C above.

FoOE»>

If you hear squeals in the speaker of a defective radio that
drop to zero when the volume is turned down, the trouble
is most likely to be in

A. the audio stages.

B. the speaker.

C. the i-f amplifiers or converter stages.
D. the volume control.

The two things most likely to cause squeals in a transistor
portable radio are

A. speaker and earphone jack.

B. battery and electrolytic capacitors.

C. defective transistor and volume control.
D. i-f transformer or audio transformer.

An OTL circuit is one that has

A. no output transformer.
B. no interstage transformer.
C. no capacitors.

D. no resistors.

The voice-coil impedance of a speaker used in transistor
radios will normally be

14.

15.

16.

17.

18.

19.

20.

A. between 4 and 100 ohms.

B. between 100 and 500 ohms.

C. above 1000 ohms.

D. almost any impedance from 1 ohm to 100,000 ohms.

Class-A stages used in radios to be operated from the
power line usually have transistors in the output using

A. low collector voltage.

B. high collector current.
C. higher collector voltage.
D. no output transformer.

When a capacitor is used between the collector and
ground or collector and emitter circuits in audio amplifiers
it is to

A. bypass all the audio.

B. bypass only the radio frequencies.

C. reduce the high frequency audio in the output.

D. increase the “ireble” response of the amplifier.

Auto (car) radios which use class-A output stages

A. may use output transistors with collector current of
1 amp or more.

B. do so to reduce the amount of current drawn by the
radio so the radio can be played for long periods with-
out running down the car battery.

C. generally use two output transistors.

D. have very low levels of audio output at the speaker.

The most common short in a transistor accurs between

A. the collector and base.

B. the emitter and base.

C. the collector and the case of the transistor.
D. the collector and emitter.

Most cars, and especially American-made cars, use

A. a positive ground on the battery, that is, the positive
side of the battery is connected to the frame of the car

B. same as abave, except the negative side is grounded.

C. battery connections in which neither side is connected
to the car frame.

D. a 6-volt storage battery.

A direct-coupled circuit is one

A. coupled through capacitors rather than transformers.

B. that is more easily serviced, since troubles in it ar
easier to find.

C. that uses neither transformers nor capacitors for cou

pling.

D. that operates on either ac or dc supply voltage.

If you turn on a car radio and hear a “thump” in the

speaker you can be sure that

>

. the fuse to the radio is open.

B. the radio uses a class-B output circuit.

C. the speaker is not open and the output stage is likels
all right.

D. the fusible resistor has burnt open.



CHAPTER 8

Transistor Amplifying and
Simple AF Amplifiers

Broadcast radio uses transistors extensively today.
The transistor has almost replaced the vacuum tube
as a means of amplifying signals because it operates
several times more efficiently, operates on low voltages,
and does not have to “warm up,” so it can provide
instantancous operation when supplied with power.
Besides all this, it takes up much less room, costs less
to manufacture, and has a much longer expected life,
with practically no change in the amount of amplifi-
cation it produces throughout its useful life.

How does a transistor amplify? It is not within the
scope of this book to cover all the physical properties
of the transistor nor just why the crystal structures of
which they are made react as they do. More to the
point for the radio technician is how they react when
installed in circuits, what circuit elements are required,
how to test for defective transistors, etc. Amplifica-
tion, as discussed in Chapter 1, is a process of con-
trolling electric current in step with smaller amounts
of current, reproducing in the output an exact but
larger replica of the input (see Fig. 8-1).

To “make” this larger signal at the output possible,
it is necessary to have some sort of direct-current volt-
age source. In transistor portable radios this source is
a battery; in auto radios it is the car battery. In
line-operated transistor radios the ac power-line volt-
age is rectified and filtered before being applied to an
amplifier,

SWITCHING

One of the best ways to understand an amplifier is
to start with a “switching” concept. Take for example,
the switch that turns on a 100-watt lamp in your
home. The tiny pressure you put on the switch con-
trols 100 watts of power. Turning off the switch stops
the current flow.

Now suppose you have a “dimmer” on the lamp in-
stead of a switch. If you rotate the dimmer control,
the lamp will get brighter or dimmer; thus you are

reproducing with the lamp, in a sense, the rotation of
the control. In an electronic amplifier, the input signal
itself provides this “dimmer” action. As the signal goes
up, the transistor draws more current, and as the sig-
nal goes down, the transistor draws less current. If the
current drawn by the transistor control circuit (input)
changes 0.1 mA and the controlled current (output)
changes 1 mA, the gain of the circuit is 10. If the
change is linear, that is, a change of 0.1 mA changes
the output current 1 mA, or an input change of 0.2 mA
changes the output current 2 mA, or an input change
of .05 mA changes the output current by 0.5 mA, etc,,
we have a class-A amplifier. No amplifier can be de-
signed to be linear over a large range of inputs, but
any amplifier can be_functionally linear within a spe-
_cific range of inputs. Thistsone-reason that more than
one amplifier is needed in a radio, so that successive
amplifiers can be adjusted for linear operation, de-
pending upon their expected input voltage or current.
Fig. 8-2 is a simple npn transistor amplifier circuit
using a silicon transistor. We can tell the transistor is
an npn because the arrow on the emitter points out-
ward (Not Pointing iN). We know it is a silicon tran-
sistor, because the voltage between the base and the
emitter is more than 0.4 volt (germanium transistors,
the other general type, use a maximum bias of 0.2
volt). But before we consider the entire amplifier, we
should first consider the properties of the transistor.
In Fig. 8-3 we have a small pilot lamp connected in
a circuit that includes a battery and the collector-

—— <3
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Fig. 8-1. Simple ampifiers, showing relation of cutput to input.
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(A) Pictarial.

PILOT

INPUT LAMP oV

<

(B} Schematic.

Fig. 8-3. Pilot lamp does not light in this circuit because transistor is “turned off.”

Fig. 8-2. Audio amplifier circuit.

emitter circuit of the transistor. With this circuit, al-
most no current can flow in the C-E circuit of the tran-
sistor, so the lamp cannot light. If a wire were con-
nected across C and E the lamp would light. On the
other haird, if we co y some method cause the
circuit inside the transistor between C and E to con.
duct current, the lamp would light. Fig. 8-4B shows
how a transistor can be “turned on.” Connecting a
small voltage between the base and collector “closes™
the C-E “switch,” and in this way a 1.5-volt battery
closes the circuit on a B-volt battery. In a sense we can
say that the 1.5 volts has been “amplified” enough to
light a 6-volt lamp. (In reality only about 0.6 volt is
needed to turn on this transistor. Resistor R drops the
voltage down to this level from the 1.5-volt battery. )

NPN SILICON
TRANSISTOR

7

(A) Pictorisl.

70

SINGLE-BATTERY BIASING

It is not necessary to have a separate battery for
turning on the lamp. By selecting a suitably sized re-
sistor R, we can connect this resistor to the + side of
the 6-volt battery and to the base as in Fig. 8-5, and
again the nccessary 0.6 volt will appear at the base,
switching on the lamp.

Basically, then, a transistor is a switch that can be
controlled by a voltage between the base and the
emitter. Since less current is required between the
base and emitter than will low between the collector
and emitter, the transistor can amplify current flow.

In Fig. 8-5, if the resistor value is changed so th-at
more or less current can flow in the base-emitter cir-
cuit, more or less current will flow in the collector-
emitter circuit, making the lamp get brighter or
dimmer. 2

It is just because a transistor can act as a “dimmer
rather than just a straight on-off switch that we can
apply a varying current (ac or pulsating dc) to the
base-emitter circuit and get out an amplified current
changing at the same rate as the input. How? \

Let us suppose, as in Fig. 8-6, that an altematm.g
current signal is added to the base-emitter circuit. It is
fed through a capacitor that blocks the dc on the base
and prevents the dc from possibly being shorted out

(B) Schematic.
Fig. 8-4. Bias battery “tums on’’ the transistor, causing lamp to light.
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Fig. 8-5. Single battery provides Iransistor bias and current for lamp.

by the ac source. Suppose that resistor R has been
selected so that the lamp is half bright. And suppose
that the frequency of the input signal is 2 Hz. The ac
signal as shown is varying between +0.1 volt and —0.1
volt. For ease in explanation, let us say that the dc bias
voltage (the voltage between the base and emitter) is
0.5 volt. What will happen to the glow of the lamp
when the ac is applied? It will get brighter and dim-
mer at the rate of 2 times per second. Why? Because
the ac voltage is added on the positive half cycle, mak-
ing the total voltage between base and emitter go up
to 0.6 volt, which will cause the lamp to glow brighter.
On the negative half cycle, 0.1 volt is subtracted from
the 0.5-volt bias so that now there is only 0.4 volt be-
tween the base and cmitter, and the lamp glows dimly.
So, without the ac input voltage, the lamp glows at
half brightness, but with the ac input, the lamp re-
sponds to the change in input voltage and gets brighter
and dimmer at the same rate as the ac input voltage.

@

+3VOLTS

e
i T TES)  RETP
R ’ |

< 2

6 VOLTS

Fig. 8-6. Adding ac signal voltage to the circuit of Fig. 8-5.

Let us look at the other voltages around the circuit
of Fig. 8-6. With no input signal and only the bias volt-
age, we indicated that there was 0.5 volt between the
base and emitter (bias voltage). The lamp is also in-
dicated as half bright. Since it is a 6-volt lamp, let us
assume that it is half bright with 3 volts across it ( this
might not be the case, but it works well for the pur-
pose of this explanation). Since the supply is a 6-volt
battery, and since there is 3 volts across the lamp, then
there must also be 3 volts between the collector and
emitter of the transistor. When the signal voltage goes
positive, the transistor draws more current and the
lamp gets brighter. This means that there is more volt-
age across the lamp—let’s say it goes to 4 volts across
the lamp. The collector voltage (the voltage across
the transistor) must now drop to 2 volts because there
is only 6 volts available from the battery. This makes

sense, of course, because the transistor is acting like
a smaller resistance (has more current through it)
when the bias voltage increases. On the negative half
cycle of the signal, the transistor current is decreased,
and the lamp gets dimmer. Now, assume that there is
only 2 volts across the lJamp. How much will the col-
lector voltage be? Four volts. If the above figures are
used, then we have a transistor on which a change of
0.1 volt on the base causes a 1-volt change in the col-
lector circuit. We can say that this circuit has a voltage
gain of 10.

THE NEED FOR BIAS

If we are to reproduce faithfully both the negative
and the positive half of the input signal, there must
be enough dc bias on the transistor to hold the lamp
at half-brightness. Suppose we removed R from the
circuit of Fig. 8-6. Nothing would happen in the out-
put circuit since without resistor R, the lamp would
not glow. The 0.1 volt positive of the ac signal could
not turn on the transistor, since at least 0.4 volt is re-
quired for that. If we increased the ac voltage so that
it went positive by 0.4 volt, the lamp would glow dimly
only at the peak of the ac signal and be out for the
remainder of the input cycle. Bias voltage is necessary
to turn on the transistor, but it should not turn it fully
on. The signal, then, can increase or decrease the tran-
sistor current so that the output current becomes an
amplified replica of the input signal.

We should point out that not all amplifiers work in
class A, which is the type of amplifier discussed here,
and, in fact, it is sometimes desirable that only the
peaks of the input signal “trigger” an output signal,
but in radio and audio amplification in receivers, the
class-A circuit is used more than any other. Many audio
output stages use class B, as has already been dis-
cussed, and mixer-oscillator stages commonly operate
class B, or even class C.

VOLTAGES SHOWN ON SCHEMATICS

Voltages given at various points on schematics are
generally read between those points and ground unless
otherwise indicated. In the amplifier of Fig. 8-7 the
emitter is grounded, so the voltages are being read
between base and emitter (this is called the “bias”
voltage) and between the collector and emitter (this
is called the “collector” voltage).

Often, a resistor is used in series with the emitter as
in Fig. 8-8. This resistor is usually bypassed with a ca-
pacitor, though not always. The resistor provides what
may be called “self bias” and helps to automatically
keep the transistor drawing about the same amount of
current, regardless of changes in environment, or even
changes of the supply voltage, within reason. The bias
voltage is still 0.6 volt—the difference between 1.1 and
0.5 on the base and emitter. The collector voltage to

71



- VYT Ye——_—n v

TRANSISTOR RaADIO SERVICING

ground (common) is 5 volts, but the voltage between
the collector and emitter is 4.5 volts. The emitter re-
sistor tends to stabilize the bias, since, if the transistor
starts to draw more current, there will be additional
current through R3, which will make the emitter volt-
age more positive. A higher emitter voltage (more posi-
tive) subtracts from the positive voltage on the base,
in effect reducing the bias (base to emitter) voltage,
and tends to reduce the transistor current, thus cancel-
ling the effect (or a great deal but not all) of the
original increase in current.

4.5v
1
0,8V c2
- it
INPUT l ' QuTPUT
l RE S RZ 210K il
o
B T

Fig. 8-7. Transistor audic amplifier.

The bypass capacitor effectively short circuits the
emitter resistor for signal voltage input so that the
resistor does not tend to reduce the bias when the bias
is increased because of signal voltage. If this bypass
capacitor should open, the gain (amplification) of the
stage will be reduced considerably. Some circuit de-
signs use an unbypassed emitter resistor, or sometimes
there will be two resistors in the emitter, only one of
which will be bypassed. Although the gain of a stage
is reduced by leaving the emitter resistance or a por-
tion of it unbypassed, still, this may be desirable since
the circuit will tend to automatically compensate for
varying gain at different frequencies. For example, a
particular amplifier might amplify 100 Hz by 10 times,
a 5000-Hz signal by only 8 times, and a 10,000-Hz sig-
nal by only 6 times. Since the audio spectrum covers
all these frequencies, and more, it would mean that
the amplifier was not faithfully reproducing input sig-
nals at the same output level. An unbypassed emitter
resistor will often help to correct for this fault, making
the amplifier stage more “fat.”*

A PRACTICAL TRANSISTOR AMPLIFIER

The circuit of Fig. 8-7 is a practical circuit. Refine-
ments could be and often are added to produce an am-

®A “flat” amplifier is one that amplifies all frequencies within
its specified frequency range the same amount whether they
are 20 Hz, let’s say, or 20,000 Hz. No amplifier is perfect, but
some approach it closely. An amplifier that is flat within plus
or minus 2 dB is a good enough amplifier that only a “golden
ear” could fault it; however, some higher priced amplifiers may
be flat within 0.1 dB—a good spec, indeed! Most small port-
able radios and even home radios of the small type may do
well to be flat within 3 dB. Flatness must be stipulated for cor-
rected interpretation. For example, flat from 300 to 3000 Hz is
not too good for an audio amplifier.
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Fig. 8-8. Transistor amplifier stabilized by emitter resistor.

plifier with better linearity over a wider range of in-
puts and also to provide stabilization by automatically
changing the bias to a lower value if the transistor
starts to draw more than normal current for any rea-
son, such as an outside temperature increase. (Tran-
sistor current always tends to increase if the transistor
case warms up, but it is a greater problem with ger-
manium than with silicon transistors.) However, this
circuit will work. Note that it is the same circuit as we
have been discussing except that the small pilot lamp
is now replaced with a 10K resistor. This is called the
“collector-load” resistor, and it is the change in current
through this resistor that produces the voltage change
that is picked off by C2 going to the output terminals.

Bias resistor Rl is selected so that the voltage be-
tween the collector and ground is approximately +4.5
volts. This means that the transistor and the load re-
sistor have approximately equal voltages across tllem.
This permits the collector voltage to go “two ways,” up
or down. It can go up as much as 9 volts (transistor
drawing no current—turned off) or down to 0 volts
(transistor drawing heavy current—turned full on).
With the voltage at the collector 4.5 volts, the tran-
sistor is turned on half. If an ac input signal is applied,
the voltage on the collector will rise and fall in step
with the input voltage. Depending on the input volt-
age amplitude, the voltage on the collector cquld
change as much as 9 volts, but in the interest of line-
arity a change of no more than 1 or 2 volts might be
the maximum permissible.

The stabilizing effect of an emitter resistor has al-
ready been mentioned. Another way of helping t¢
automatically bias a transistor, especially in audio am-
plifiers, requires no more parts than the circuit of
Fig. 8-7.

Fig. 8-9 shows how this is done. The base-bias re
sistor, R1, instead of being connected directly to the
+ side of the power supply, is tied to the collector
Now suppose that the transistor starts to draw mort
current. More current flows through R2, which mean:
there is more voltage drop across R2 and less voltage
available at the collector. Since the bias resistor is tiec
to the collector, this means a lower voltage source fo
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Fig. 8-9. Resistar from collector to base stabilizes operation, but
reduces gain.

the base-bias resistor, reduced base bias, and a reduc-
tion in transistor current. So again, there is the self-
correcting tendency when the transistor current tends
to change for any reason. As with the unbypassed
emitter resistor, this circuit also tends to feed back
the signal. That is, as the signal tends to increase the
transistor current, the bias voltage is reduced, par-
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Fig. 8-10. Alternate version of Fig. 8-9 gives slightly greater signal gain.

tially counteracting the original change and so reduc-
ing the amount of change, which is the same as saying
the amplification is reduced. Again, though, there are
some good effects and some “Hattening” of the ampli-
fier frequency response with this sort of bias.

You can obtain the advantage of the collector sta-
bilization circuit without loss of gain in the stage, using
the circuit of Fig. 8-10. Here the bias resistance is made
up of two resistors with a capacitor connected from
their junction to ground. Any audio change coming
back through the resistors from the collector circuit is
bypasscd to ground so that only the dc bias voltage
stabilization remains. This circuit will have more gain
than the circuit of Fig. 8-9, but the frequency response
will not be as good.

PNP CIRCUITS

So far we have talked only of npn transistors, but
the circuits for pnp transistors are identical except for
one thing—the battery or supply voltage is reversed.
All the circuits shown so far in this chapter will apply
equally well to pnp transistors if the battery supply
voltage is inverted. Fig. 8-11 shows an audio ampli-
fier using a pnp; note its similarity to the amplifier in
Fig. 8-9.

The difference in the symbol for the pnp is in the
arrow on the emitter, which points inward (Pointing
iN Proper) instead of outward as in the npn.

PNP
TRANSISTOR
BIAS
INPUT RES ISTOR c QUTPUT
CAPACITOR - CAPACITOR
it P
INPUT . OUTPUT
01 3 COLLECTOR
: ST
-[7 + oy -

Fig. 8:11. Pnp amplifier circuit is similar to npn circuits, but supply
polarity is reversed.

ADDING A TRANSISTOR AMPLIFIER
TO A CRYSTAL RADIO

A description of how to build an inexpensive un-
tuned crystal radio appeared earlier in the book and
a little later a tuned one was described. At best, a
crystal radio is not noted for high volume, especially if
the station to be received is more than a few miles
away. If a transistor amplifier is added, it is possible
to receive stations at a greater distance and to get
more headphone volume on the locals.

Fig. 8-12 is an addition to the crystal radio which
uses an inexpensive pnp germanium transistor powered
by a single small flashlight battery. The one-megohm
bias resistor is a nominal value and may not even be
necessary in some cases, since germanium transistors
often have enough internal leakage to provide suffi-
cient bias for this low-level circuit. No switch for turn-
ing off the battery is shown in this circuit. It is mounted
on the headphone jack, and the act of unplugging the
phones disconnects the battery from the transistor.
Even if the circuit is left connected, it is possible that
the battery may last for several weeks, especially if
the headphones are high impedance, the only type that
should be used with this circuit for best results. A tiny
earphone such as the low-impedance ones that come
with a transistor radio will not work well here since
the gain will be so low.

Other types of transistors can be used in this circuit,
including silicon types, but germanium is probably best
unless a higher battery voltage is used.

Low-impedance headphones or an earphone of low
impedance such as the one supplied with most port-
able radios can be operated from the crystal set, using
two silicon transistors in a circuit similar to Fig. 8-13.
This circuit will accept either low- or high-impedance
phones. This is known as a Darlington circuit, with the
first transistor driving the second one in a direct-
coupled circuit. A .001-uF capacitor is placed across
the bias resistor. This has about the same effect as
would a .02-uF capacitor placed across the phones.

The 25-uF electrolytic capacitor that bypasses the
100-ohm emitter resistor in the second stage can be
omitted, but the headphone volume will not be as
great.
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Fig. 8-12. Crystal radio with a one-transistor audio amplifier.

Almost all silicon transistors will work in this audic
amplifier circuit, even though they are recommendec
for rf circuits, but you will find the better grade of r
transistors to be generally more expensive than those
recommended for general-purpose audio applications

A SHUNT-FEED CIRCUIT

The circuits of Figs. 8-12 and 8-13 are called “series
feed” circuits, which basically means that the direci
current from the battery, as well as the ac signal volt-
age, passes through the headphones. To use this cir-
cuit, the headphones must have a direct-current path
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Fig. 8:14. Common basing diagrams for silicon transistors

(lead view).

through them (which most headphones do have). An
exception is crystal phones, which have high sensi-
tivity but will not pass direct current. In order to use
this type of phones, it is necessary to feed the collector
voltage from the battery through a resistor and the
headphones are fed through a capacitor. Fig. 8-15

-5 VOLT TO -1 VOLT

Lmeg /
Bleg ) i
RESISTOR o
I+ o5 05F SELECT BIAS
\ &Y T S
FROM - L COLLECTOR
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]
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Fig. 8-15. Shunt-feed circuit for crystal headphones (may be used with
other phonas, too).

shows a shunt-feed circuit suitable for use with crystal
headphones but which will also work as well with
other kinds of headphones, if desired. Again, in this
circuit the 1-megohm bias resistor may have to be se-
lected for best results, and for some cheaper transis-
tors, it may not even be necessary, because of internal
leakage in the transistor itself.

TEST QUESTIONS

1. All amplifiers have this in common:

A. they must have a source of direct current.

B. they are direct coupled.

C. they all amplify voltage rather than current.
D. they must use transistors.

2. A transistor amplifier is built which when tested shows
that a 0.2-volt alternating current on the base produces a
4-volt alternating current on the collector. The gain of this
amplifier stage is
A. 0.8,

B. 10.
C. 2.
D. 20.

3. A single-transistor amplifier which produces a high-fidelity
replica of its input signal at the output is

A. a voltage amplifier only.
B. a class-A amplifier.
C. a class-B amplifier.
D. a current amplifier only.

4. In Fig. 8-16, using Ohm’s law end deduction, which an-
swer is correct?

A. The transistor is germanium, npn, with collector cur-
rent of 0.5 mA.

B. The transistor is silicon, npn, with collector current of
2 mA.

C. The transistor is silicon, npn, with collector current of
0.5 mA.

D. The transistor is silicon, pnp, with collector current of

0.5 mA. (Hint: For all practical purposes, the same

current flows through the emitter resistor as through

the collector resistor. }

5. In Fig. §8-16, the emitter voltage in respect to ground is

A. 0.5 volt.
B. 1 volt.

C. 2 volts.
D. 6 volts.

6. In Fig. 8-17, the polarity of battery voltage for normal
aperation of this circuit should be

A. positive from A to B and also from C to D.
B. negative from A to B and also from C to D.
C. positive from A to B and negative from C to D.
D. negative from A to B and positive from C to D.

7. The transistor in Fig. 8-17 is

A. a pnp silicon.
B. an npn silicon.
C. a pop, but could be either germanium or silicon.
D. an npn, but could be either germanium or silicon.
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Fig. 8-16. Circuit for Questions 4 and 5.
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Fig. B-17. Circvit for Questions 6 and 7.

8. A good definition of “bias” might be

A. the voltage applied to the collector of a transistor.

B. the voltage (dc) read between collector and base.

C. a dc voltage between base and emitter to cut off the
collector current.

D. a dc voltage between base and emitter which holds the
collector current tumed on but not turned on maximum.

9. In Fig. 8-18, the bias voltage on this transistor amplifier is

A. +0.2 volt,
B. 44.9 volts.
C. —0.2 volt.
D. 43.8 volts,
Rgc
ML
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11K
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&
DC SUPPLY
Fig. 8-18. Circuit for Questions 9, 10, and 11.

10. In Fig. 8-18, without the bypass capacitor around the
emitter resistor, this circuit would

A. have more gain (amplification).
B. have less direct current flow.

C. have no amplification at all.

D. have reduced gain.

11. In Fig. 818, if resistor Rac were made smaller (less re-
sistance) so that the base voltage decreased to 44.8 volts,
you would expect the emitter voltage to
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Fig. 8-19. Circuit for Questions 15 and

6.
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A. stay the same.

B. decrease about the same amount.

C. decrease slightly because transistor current would de-
crease,

D. decrease about the same amount because of an increase
in transistor current.
(Hint: Work out the problem with voltage drops across

the resistors, especially the emitter resistor.)

12. A “Bat” amplifier is one that

A. has no “sparkle” in its output and seems sluggish.

B. has a poor frequency response, causing musical notes
to be off pitch.

C. is mounted horizontally.

D. responds equally well over a wide band of frequencies.

13. In a typical class-A transistor audio amplifier, the collector
voltage may

A. change from zero to maximum battery voltage as the
signal input voltage swings positive and negative.

B. be at zero until a signal arrives at the base or input
circuit.

C. swing no more than a volt or a fraction of a volt with
a positive and negative voltage change caused by sig-
nal on the input.

D. be maximum until a signal voltage is applied to the
input. (It should be pointed out that a meter on the
collector of a class-A amplifier should show NO change
in voltage, with signal or without, because the meter
cannot register quickly enough to indicate the actual
collector voltage changes caused by the changing sig-
nals. In fact, if the meter does show a change in col-
lector voltage with signal, either there is too much sig-
nal input or else the circuit is incorrectly biased. )

14. A certain transistor can be used in a circuit if it is

A. a pnp and has negative collector voltage and negative
bias voltage with respect to the emitter.

B. an npn and has negative collector voltage and negative
bias voltage with respect to the emitter.

C. a pnp and has negative collector voltage and positive
bias voltage with respect to the emitter.

D. an npn and has positive collector voltage and negative
bias voltage with respect to the emitter.

15. Fig. 8-19 is a crystal radio with a transistor amplifier.
Which of the following statements is the only one totally
correct?

A. The transistor is an npn, silicon type, and the battery
voltage is above 3 volts.

B. The transistor is a germanium npn, and the battery
voltage is no more than 3 volts.

C. The transistor is a pnp silicon type, and the battery
voltage probably is 3 volts.

D. The transistor is an npn silicon type, and the battery
voltage is no more than 3 volts.

16. In Fig. 8-19, the headphones are

A. shunt fed.
B. series fed.



CHAPTER 9

Test Equipment

Without question, the single most important and
useful piece of test equipment for the radio technician
is the volt-ohm-milliammeter (vom). The vom is a
self-contained unit that can be used for measuring
voltage, resistance, or current by simply selecting the
correct function with a switch or sometimes by switch-
ing the test leads to different plugs.

FEATURES OF THE VOM

A good vom will measure both dc and ac voltage,
with full-scale readings switchable from about 3 volts
or less to 1000 volts or more. Resistance can be read
with good accuracy from zero to at least 10 megohms
or more. Direct current can be read from about 50 or
60 microamperes to 1 ampere or more. There are many
vom'’s manufactured, and each one will have slightly
different voltage and current ranges, but all work on
virtually the same principle. Each will have several
different sets of figures called “scales” on the meter
face (see Fig. 9-1). The scales on a meter are “unit”
scales that require that you mentally add or subtract
zeros, depending on the range selected. For example,
the same set of scale numbers may be used for 3-volt,
30-volt, and 300-volt ranges, as shown by Fig. 9-2. The
scale shown can be used for any meter range that is
a multiple or submultiple of 10. For example, in the
position shown, the meter pointer could be indicating
75 volts, 7.5 volts, or 0.75 volt, depending on the posi-
tion of the range switch. The range switch position
indicates the maximum scale reading obtained when
the pointer is at the right-hand limit of the scale.

Depending on the meter manufacturer and other
factors, the same scales may be used for both ac and
dc voltage readings, as well as current readings. On
the other hand, the manufacturer may find it desirable
to have separate ac and dc scale numbers, and often
the ac scales may be printed in red.

The units of measure for each scale will be listed at
the left edge of the scale, e.g., pC, AC, OHMS, or (), etc.

When reading an unknown voltage or current, you
should always first switch the meter function or range
switch (some meters use a single switch, others use
two) to a high range, place the test leads on the

points where the test is to be made, and then reduce
the meter range until the meter pointer reads up scale
enough to make an easy readout possible. Obviously,
some judgment must be made as to the range. For ex-
ample, if you are testing a radio that uses a 9-volt bat-
tery, the maximum voltage possible in the radio is 9
volts, so setting the meter on a 300-volt range as a
trial would be foolish. On the other hand, if the radio
operates from the power line, it is possible to have as
much as 130 volts or so at some point in the radio, es-
pecially if no stepdown power transformer is used in
the radio.

MEASURING RESISTANCE

Resistance is measured with the ohmmeter section
of the vom. In every case resistance must be measured

Fig. 9-1. Typical vom.



TraNnsSISTOR Rapio SERVICING

Fig. 9-2. Detail of scale easily used for several ranges by using
range mullipliers.

with no power applied to the circuit, not only so the
reading will not be erroneous, but to prevent very pos-
sible damage to the meter or the meter circuits or both.

An ohmmeter is self-powered by means of internal
batteries in the meter case. Basically, an ohmmeter is
simply a voltmeter connected so that the resistor you
are measuring becomes a part of the meter circuit,
making the meter read a value corresponding to the
value of the resistor. The ohmmeter scale is calibrated
in ohms, of course, rather than volts. Fig. 9-3 is a
basic ohmmeter circuit. The upper circuit shows how
a lamp could be used to check continuity (whether a
wire is broken, etc.) because if the wire is connected
between lead 1 and 2, the circuit is complete and the
lamp lights unless the wire is broken. The lamp and
battery are fine for checking wires, but it takes con-
siderable current to light the lamp. If you attempted
to measure a resistor of more than 100 ohms or so, this
lamp would not light; or, if you tried to measure a
transistor, for example, you might burn out the tran-
sistor by passing too much current through it.

The meter is used because it requires very little
current to deflect it from zero to full scale. For exam-
ple, the 20,000 ohms-per-volt meter will deflect to full
scale with a current of only 50-millionths of an amp
(50 microamperes). This small amount of current can
be passed by almost any electronic device without
damage; and, in addition, resistances can be measured
up to several megohms with low-voltage batteries.

The resistor in the ohmmeter circuit limits the cur-
rent; so the meter will read just full scale when test
leads 1 and 2 are shorted together. This resistor and
the internal battery are why an ohmmeter is essen-
tially a voltmeter—with the leads shorted together, the
meter is reading the battery voltage. Since this is a
50-microampere meter, the resistor value to read full
scale on 3 volts, is 60,000 ohms (Ohm’s law, R=E/I).
(Note that for each volt on the meter, it requires a
series resistance of 20,000 ohms. This is why a 50-
microampere meter is called a 20,000 ohms-per-volt

R
e o A—
MICROAMMETER
M)
LAMP METER
1 2z 1 2

Fig. 9-3. Basic ohmmeter circuit.
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meter when used in a voltmeter circuit.) It follows
that if we added another 60,000-ohm resistor in series
with the meter (between test leads 1 and 2) the meter
pointer would indicate half scale so that point on the
ohmmeter can be marked 60K. Other resistors can be
connected in series with the leads and the correct cali-
bration marks made. All this is done by the ohmmeter
manufacturer, but we have included this information
to aid in understanding how the ochmmeter works and
why there should be no power in the circuit when you
are testing resistance.

A “meter zero” control is found on all chmmeters to
compensate for slight differences in battery voltage.
The meter should be zeroed by holding the test leads
together and adjusting the meter zero control until the
meter pointer reads exactly 0 at the proper end of the
meter scale.

Only one ohmmeter scale is used, but several ranges
are included on the meter in multiples of 10. These
maybe be marked “R x 1,” “R x 10,” “R x 100,” etc.,
which simply means that you multiply the meter read-
ing by the multiplier indicated on the range switch.
For instance, in Fig. 9-4 the meter pointer is indicat-
ing 4. This means 4 ohms if the chmmeter range scale
ison R X 1 (some meters have R1 or X1 or some other
easily understood abbreviation) but if the ohmmeter
range is on R X 1000, then the meter is reading 4000
(4 x 1000). Notice that the distance between scale
marks is not linear, but becomes more crowded at the
left end of the scale. The ohms range should be set so
that a reading is obtained in the right half of the meter
scale, if possible.

THE VACUUM-TUBE VOLTMETER OR
TRANSISTORIZED VOLTMETER

A useful tool for the radio technician is an ampli-
fied voltmeter. Older types use vacuum tubes and are
known as vtvm’s (vacuum-tube voltmeters) while
newer amplified voltmeters use solid-state circuits and
are called “transistorized vom’s,” “solid-state vom’s” or
“FET (for field-effect transistor) vom’s.”

The real advantage of these voltmeters is that they
do not significantly “load” the circuit while making
measurements. This means that a measurement can be
taken without changing circuit action in most cases.
With even a 20,000 ohms-per-volt vom, on lower volt-
age scales the resistance of the meter circuit can upset
the circuit so that the meter readings are incorrect.
The circuit in Fig. 9-5 shows how the voltage can

Fig. 94, Typical chmmeler scale with right-hand zero.
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SUPPLY

ACTUAL VOLTAGE

METER READS 100K
1.2V

RESISTANCE OF METER
APPEARS IN CIRCUIT
THIS IS CALLED

"LOADING' ——

Fig. 9-5. Effect of meter resistance on a voltage measurement, Current
through a 100K resistor reduces actual voltage of 1.2V 1o 0.8V on the
20,000 ohms-per-volt meter.

change when a vom is connected in the circuit. This is
because the meter resistance pulls more current
through the 100K bias resistor; so the voltage is low-
ered at the base.

This loading occurs only in circuits where the re-
sistance of the meter is a significant part of the circuit.
In Fig. 9-5, we might assume that the vom is 20,000
ohms (1-volt scale), which is quite a load on a base
fed with a 100K resistor, but if the voltage is read
across the 560-ohm emitter resistor, the 20,000 ohms
of the meter would be such an insignificant amount as
to make no noticeable variation on either the voltage
reading or the circuit performance.

Vacuum-tube voltmeters and solid-state vom’s nor-
mally have a circuit loading of no less than 10 meg-
ohms, and some may have a circuit loading as high as
22 megohms. Input impedances at 10 or 11 megohms
are the most popular, and this much impedance is suffi-
cient for all radio circuits.

The disadvantage of the vtvm is that it must be
plugged into the power line for power and takes a
minute or so to warm up. The solid-state vom uses
an internal battery for power, but has a slight disad-
vantage in that the battery can be run down rather
easily if you forget to turn it off after use, especially
if it is left on an ohmmeter scale.®

The ohmmeter on most vtvm’s and many solid-state
vom’s is a “powered” type. That is, the meter reads all
the way to the right when the test leads are apart and
all the way to the left when the leads are shorted
together—just opposite to the vom. Thus, the ohmmeter

*Not all solid-state ohmmeters use the transistors in the chm-
meter circuit. Instead they use the same circuit as a vom; so
leaving the circuit on onms will not run down the transistor
battery, though it may run down the chmmeter batteries if
the test leads are accidentally touching together.

reads “up scale,” with the higher resistance readings to
the right instead of to the left.

USING A VOLTMETER

The voltmeter, if used wisely, is able to ind more
than 80% of the circuit troubles in a transistor radio,
or at least localize them to a narrow area. Most radio
schematics include typical voltage readings on the ter-
minals of the transistors. Unless othenwise stated, these
voltages will be from the terminal to ground, or com-
mon. This is why a clip terminal on your voltmeter
lead is a convenience—you can clip this to a common
connection and leave it there to make all preliminary
voltage readings. Unfortunately, unlike tube-type ra-
dios which always used a negative common or ground,
transistor radios may use either one. This means that
you may need a clip on either the positive or negative
lead of the voltmeter unless your meter has a polarity-
reversing switch. The polarity-reversing switch actu-
ally just reverses the leads so that you can always have
the meter reading up scale regardless of the actual
circuit polarity.

Even though voltage readings are given to ground,
you may want to read the voltage drop across a resistor
to get a more significant reading. For example, exam-
ine the circuit of Fig. 9-6. If you read the emitter volt-
age to ground and then the base voltage to ground,
it is difficult to determine if the bias is correct and in
the right polarity, because the meter pointer has
dropped back to zero after each reading. However,
measuring between base and emitter, you can read out
the —.1 volt on a low voltage range without too much
trouble.

Although loading has been mentioned as a problem,
with a little “voltmeter sense” the radio technician
learns to compensate for the slight difference that
occurs because of loading; so after a bit of practice,
the 20,000 ohms-per-volt vom creates little if any
problem to a practical man. However, for the purist
who likes to know the correct reading as precisely as
possible, the vacuum-tube or solid-state voltmeter is
the best tool to use. Still another choice is available:
the 100,000 ohms-per-volt meter. If this last meter is
used on a 3-volt scale or higher, it will offer little if
any serious loading on any radio circuit. Nearly all
serious technicians have both the vom and the ampli-

3V m OuTPUT

c 1 1
INPUT 1.4V 05
kS,
Al 33K

v

Fig. 9-6. Transistor audio circuit, showing voltage readings to ground.
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fied voltmeter in their test equipment inventory, if for
nothing more than to check out one against the other.

USING THE OHMMETER

The ohmmeter is used for measuring continuity of
circuits as well as resistance. Continuity measurements
are those that are zero or near zero ohms (no con-
ductors have completely zero ohms, but they are so
close that they indicate zero on the meter) such as
wires, printed-circuit conductors, etc. (Fig. 9-7).
Broken wires often cannot be found by visual inspec-
tion since the insulation may not be broken, just the
wires inside. Often wires break near where they make
a connection to a plug, such as at the snap-on battery
connections and the like. You can check power-line
cords by connecting the ohmmeter leads across the
cord and turning on the switch—of course the line cord
must NOT be plugged into electricity, otherwise
good-by ohmmeter!

Besides continuity, you can check resistances to see
whether or not they are the correct value, remember-
ing that usually a resistor can be from 10 to 20%
away from its coded value and still work all right in
the circuits. Checking resistors in a transistor circuit
is a bit tricky. The reason is that transistors themselves
are resistances and are low resistances if the proper
polarity voltage is applied—sce the section on testing
transistors with an ohmmeter a little later in the chap-
ter. So, to check a resistor in-circuit, take two read-
ings across it with the ochmmeter, one with the leads
across it in one direction and the other with leads re-

CONTINULTY OK
LAMP SHOULD
WORK

CONTINUITY OK

b
¢

(A) Checking lamp filament.

ad
ol

((”\

(B) Power cord.

®9 ?

OPEN FUSE

CIRCUIT OPEN
(NO CONTINUITY)

NO CONTINUITY

%,
:

WIRE BROKEN
INSIDE INSULATION

(C) Broken wire. (D) Open fuse.

Fig. 9-7. Some examples of continuity measurement with an chmmeter,
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versed. The highest resistance reading—if there is a
difference—is the correct one. The low resistance read-
ing indicates that the ohmmeter is causing a transistor
to conduct.

Sometimes reversing the leads still will not give you
the correct reading, because one transistor (or diode)
may conduct when the leads are connected one way,
and another transistor or diode will conduct when
the ohmmeter leads are connected in the opposite di-
rection. Being able to decide either from the circuit or
from experience whether or not the “in-circuit” read-
ing is valid, is part of the “art” of radio servicing.

You can, though, always be sure of the reading if
you remove one lead of the resistor from the circuit—
so when you make an inconclusive resistance reading
in-circuit, then you will want to disconnect one end
and make a final reading before being sure of your
diagnosis. (Obviously checking each resistor in a ra-
dio is not an efficient method of troubleshooting, not
only because it is time consuming, but also because
resistors are probably one of the least possible causes
of trouble unless they show obvious faults such as be-
ing bumt (even a burned resistor means some other
part is defective, causing it to burn) or broken in two.
The secret of radio service, or any other kind of re-
pair service, for that matter, is to be able to localize
the trouble first (that is, find the defective stage) and
then make individual checks of the parts as necessary.

TESTING DIODES WITH AN OHMMETER

A diode, as you have already learned, is a device that
allows electric current to flow through it in one di-
rection but not in the other. Fig. 9-8 shows how a
vom will test a diode. Do not be confused because
the + lead is connected to the cathode of the diode
for conduction. Actually, the + from the vom is for
voltmeter readings, but on omms the + lead actually
has the more negative voltage on it. Incidentally, this
is not true of ALL vom’s, but it is of most. Also, vtvm’s,
and some solid-state vom’s, have a plus voltage on the

READS 15 TQ 500 APPROX READS INFINATY =0

(A) Forward bias.

Fig. 9-8. Checking diodes with a vom. Polarity marks are for voltage
measurement. Polarity of ohmmeter leads is normally the reverse of
this (see text).

(B) Reverse bias.
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+ lead when in the ohmmeter position. It really does
not make any difference so far as testing is concerned,
but it is important if you are trying to find out which
is the anode and which is the cathode of an unmarked
or faintly marked diode. You should check a known
good diode that has obvious markings to sec which
lead of your ohmmeter has a positive voltage on it.
Again, most vom’s will be like the one in Fig. 9-7.
You can check most radio diodes without disconnect-
ing them from the circuit by first taking a reading in
one direction and then in the other. In the “reverse”
direction you will get a reading of whatever resistance
is in the circuit, and in the forward direction, you will
get from about 20 to 100 ohms on the R X 10 scale of
the ohmmeter from most diodes (Fig. 9-9). It is usu-
ally best, unless you are sure of the circuit, to measure
directly across the diode. However, in Fig. 9-9, which
is a typical radio circuit, you could get the same effect,
if it is easier to get at, by measuring across the volume
control—trace it out and see, if you doubt it.

APPROX 50000

0701000

- o

(A) Forward bias. (B) Reverse bias.

Fig. 9-9. Measuring diodes in-cirevit.

Rectifier diodes can often be tested in-circuit, but
there is always a possibility of getting a false indica-
tion. If you get a difference in the forward and reverse
readings, this would seem to be a good indication of
diode action, but not always. The dc supply circuit is
tied to all transistors in the radio, and you may get a
false indication through one of these transistors. An-
other problem: suppose X1 is open and X2 is all right.
In reality, because of the low resistance of the power
transformer winding, you are reading across diode X2
when checking across X1. The converse is also true;
sl;’ocl)l(;ing across X2 is also looking across X1. See Fig.

Another problem sometimes occurs with rectifier di-
odes: they may check all right with an ohmmeter, yet
break down when in the circuit and quit working or
cause buming, This is not too true when the diodes
are used in circuits of 20 volts or less, but for circuits
with higher voltage it is a good idea to check diodes

2701000

TO RADIO

:l%_ X1 CIRCUITS
X2

TO RADIO
CIRCUTS

(B) Reverse bias.

Fig. 9-10. Measurement of rectifier diocde may give an inconclusive
result (see text).

by substitution or use the circuit of Fig. 9-11 for test-
ing. When the diode is good, the lamp should light at
about half brightness (since it is allowing only one-
half of each ac cycle to pass). If the lamp lights at
full brightness, the diode is shorted. If the lamp does
not light, the diode is open. This circuit can be used to
test diodes in a radio by disconnecting one end of the
diode from the radio and then running test leads to
the tester. The power transformer can be any 12-volt
transformer capable of 100 mA or more of output. Do
not use this circuit to test small detector diodes.

DIODE
UNDER TEST
[ ) 12 VOLT- 100 OR
bk x 150 mA LANP SUCH
= v AS USED IN PILOT
B LAMP CIRCUTTS
i OF AUTO RADIGS.

Fig. 9-11. Rectifier diode tester. (Not for use with detector diodes.)
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TESTING TRANSISTORS WITH AN OHMMMETER

An ohmmeter also makes a reasonably good transis-
tor tester; in fact, its accuracy rivals many of the less
expensive transistor testers on the market. In-circuit
testing is also possible with it.

A transistor, so far as an ohmmeter is concerned, is
equivalent to two diodes facing one another, with a
third diode connected across the two (see Fig. 9-12).
Since a traumsistor has this “diode action” between
various elements, the ohmmeter can “read out” the
condition of a transistor in many cases.

Fig. 9-13 shows how an ohmmeter (you need only
one, but several are shown here to make the explana-
tion more clear) can be used to test a transistor by
checking between elements and then reversing the test
leads. In a germanium transistor, you should get diode
action (one high and one low reading—use R X 10 or
R X 100 scale) between base and emitter, base and
collector, and between collector and emitter in most
cases. This is not always the case in a silicon transis-
tor. The reading from collector to emitter occurs when
the voltage of correct polarity from the ohmmeter is
placed between the collector and emitter, and there is
enough leakage to the base to “turn on” the transistor.
If the transistor has low internal leakage, you will not

PNP

NPN

{A) Pnp transistor. (8) Npn transistor.

Fig. $-12. Diode representiation of transistors, based on chmmeter tests.

get this reading unless you connect a resistor between
the collector and base. You can use about a 47K re-
sistor if you wish, but most of the time just touching
your fingers from the collector to base will cause
enough current to flow to bias the base circuit on, so
the ohmmeter reads, showing that current will flow
through collector and emitter.

The foregoing applies to transistors out of the cir-
cuit. When the transistor is in the circuit, the bias cir-
cuit will normally turn on the transistor when you

that you get the diode action.

Most transistors can be read in-circuit for diode ac-
tion—that is, one reading greater than the reverse-lead
reading, except those transistors that are used in direct-
coupled circuits. In direct-coupled circuits, the con-
nections may be such that diode action occurs through
one transistor when the test leads are in one direction
and through another transistor when the leads are re-
versed, so that you get two low readings and, of course,
an inconclusive result. For an accurate check, in this

make the measurement from collector to emitter so

s

RX10

-l
ad

(A) Base-to-collector test.

Y |
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(B) Base-to-emitter test.
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(C) Emitter-to-collector test (see text).

Fig. 9-13. Ohmmeter tests of an npn transistor by reversing test loads.

case, you will need to remove at least the one connec-
tion that goes directly to another transistor; then take
the measurements again.

If you check from base to emitter of any transistor in
any circuit and find that you have a high resistance in
both directions (using a standard ohmmeter), then
you can be sure that that transistor is open. This is
also true if you read between base and collector. A
high resistance in both directions between collector
and emitter may mean that the transistor is not re-
ceiving proper bias from the circuit, or it could mean
an open transistor, but you should remove the transis-
tor for a final check. If you get a low resistance be-
tween collector and emitter, it likely means a shorted
transistor, but because a few circuits can deceive you
in this regard, remove the transistor and make 2 final
check before replacing with a new one. You can leave
one lead of the transistor connected in the circuit and
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make a valid test with either the ohmmeter or any
good transistor checker.

SIGNAL GENERATOR

The signal generator is a useful and necessary tool
for the professional radio technician. The signal gen-
erator is a tunable oscillator and output circuits with
audio modulation. The generator is used to provide a
test signal, either for checking amplifiers or for align-
ment. Usually you can turn off the modulation to make
it simpler to check for unwanted noise in the radio.

Fig. 9-14 shows how a signal generator can be used
to localize a defective stage. Suppose you cannot hear
any stations on the radio, or they are very weak. Tune
the signal generator to 455 kHz (or whatever other
frequency the i-f might be) and inject a signal into
point A, which can be the base of the converter tran-
sistor. Be sure the generator is set for internal modu-
lation. Do you hear the tone in the output? If you do,
is it loud and clear? You will have to learn how to set
the attenuators on your signal generator for the cor-
rect amount of signal. A signal generator can have
such a strong output that it can push a signal through
an otherwise dead radio simply by “brute force.” If
the signal comes through all right and the radio won't
pick up stations, then the trouble obviously is in the
converter stage. If you get no signal at the converter
stage, move up to point B, the base of the 1st i-f tran-
sistor. Do you hear the signal? If so, then the circuit
from the 1st i-f through the output stages is working.
If not, then move to point C and try again. You will,
of course, have to turn up a little more signal from the
generator since you now have less amplification—this
again, is why you must find out by checking on a good
radio just where the attenuators should be set for each
input test point.

Most signal generators also have an audio tone out-
put alone, either switchable to the cutput cable or in

some cases taken out with another cable. You can feed
this signal in at the volume control and check the
audio stages, again moving forward in the stages if
there is no output across the volume control.

Many technicians prefer to trace from the speaker
back when using a signal generator. Starting with the
speaker, you can usually hear a weak tone with the
audio tone turned up full, then move back to the col-
lector of the driver transistor, and the volume should
increase considerably since now you have the ampli-
fication of the output stages. Reduce the audio output
from the generator so that you do not overload the
circuits. Next move back to the base of the driver; and
again, you should hear an increase in output volume,
indicating that the driver stage is amplifying. This
continues back through any other audio stages, always
turning down the generator for low output before mov-
ing back to check the next stage. When you have tested
back to the detector, the generator is changed to rf
output at the intermediate frequency. Go to the base
circuit of the last i-f and turn up the generator so you
can hear the output in the speaker weakly. Next, move
back to the next i-f amplifier base and you should hear
a considerable increase, indicating that the amplifier
is working.

With a little practice you can use your signal gen-
erator not only to find dead stages but weak stages as
well. The ONLY way to become proficient at this tech-
nique, though, is by DOING it!

You can also check alignment of the amplifier stages
as you move through, by tuning each transformer for
maximum in the circuits FOLLOWING the generator
connection.

You can also use the signal generator to tune up the
antenna and oscillator circuits, but the “noise” method
described in Chapter 5 is a much more effective way
and apt to give better radio sensitivity unless you
have had considerable practice using the generator
learning to “rock” the circuits into tune.
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Fig. 9-14. Using a signal generator 1o locate a defactive stage in & radio.
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SIGNAL TRACERS

Back in Ehe heyday of radio when there were prob-
ably more “professional” radio technicians than today,

signal has reached that point, move on through the
i-f’s, and finally out through the audio. The technician,
with a signal tracer, is able to find where the signal
stops on its way through a defective radio and so lo-
calize the defect to a particular stage.

rized. VoLT- oMwETER

Fig. 9-15. Transistorized voli-chmmeter.

Two types of signal tracers have been built—the
tuned and the untuned type. The tuned type has cir-
cuits which are tuned to the radio and intermediate
frequencies or can be tuned to these frequencies with
an external dial. The untuned tracer is simply a high-
gain audio amplifier with a diode detector in the
probe. The diode detector rectifies the signal and feeds
it to the audio amplifier, where it is amplified so it
can be heard in the speaker of the tracer.

The untuned tracer is less expensive in most in-
stances, but the tuned tracer has the advantage of be-
ing able to pick up signals “out of the air” so to

84

speak, so that just getting close to a transistor ampli-
fier is all that is needed to pick up even fairly w
signals. With the untuned tracer you generally neec
to actually touch the circuit test point in order to gem
enough signal to drive the speaker, especially in the
early stages of the radio. )

Signal tracers, like any other piece of test equip—
ment, are a valuable tool if you learn to use the par—
ticular tracer you own according to the recomme_nda—
tions of the manufacturer. No set of instructions_
though, can take the place of actual day-to-day ex—
perience with the unit. You will scon learn what- tom
expect from most any radio at any given test point.
and with this information you are a long way toward
becoming a good radio technician. Even the expert
radio technician is greatly hampered if he has to use-
equipment with which he is not familiar or if he has
not had time to find out what to expect from it in the
way of indications on defective radios.
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Fig. 9-16, Crystal-controlled signal generator.

Figs. 9-15, 9-16, and 9-17 show representative exam.
ples of some of the test equipment previously covered.
Fig. 9-15 is a transistorized voltohmmeter. Note that
it differs slightly from a standard vom, since it has no
current-measuring function. Fig. 9-16 is a signal gen-
erator with provision for crystal control. Fig. 9-17
shows two examples of signal tracers.
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(A) Untuned tracer.
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(B) Tuned tracer.

Fig. 9-17. Representative signal tracers.

THE OSCILLOSCOPE

The oscilloscope is an electronic unit using a cath-
ode-ray tube (which works a bit like tv) that draws
an electronic graph on the screen corresponding to
the signal voltage at a particular test point. Modern

oscilloscopes can easily amplify frequencies through
the broadcast band and much higher. Obviously, then,
the oscilloscope can be used to follow a signal through
a radio from the antenna to the output. As with the
signal tracer, you have to learn by first working with a
radio that has NO faults, in order to get a standard
of comparison. If you have a strong local station, you
may want to use this as the signal source; in fact, an
actual signal is generally best for any sort of signal
tracing if that signal is steady and if it is strong
enough to produce usable output on the tracer or
scope in the early stages. An oscilloscope has about
the sensitivity of the untuned signal tracer.

However, some technicians prefer to use a signal
generator input, often radiated “through the air.”
Fig. 9-18 shows how a signal generator may be con-
nected to a ferrite loop antenna coil and capacitor to
radiate a steady, strong test signal within several feet.
A “through-the-air” pickup is best since it eliminates
any possible detuning in the radio due to connecting
the signal generator into the circuit.

This also provides a good “check point” for the dial
or for setting the oscillator trimmers at the high end
of the band. Just tune the signal generator and “phan-
tom” antenna to 1300 kHz or higher, to a “dead” spot
on the dial where no radio stations are picked up in
your area.

DC POWER SUPPLIES

Power supplies made for powering radios during
testing are available from several manufacturers. You
can build one if you wish. The circuit in Fig. 9-19
is a simple power supply that is adjustable between
zero and about 15 volts. The circuit shows components
that will produce an output of up to 1000 milliam-
peres (1 ampere). For small portable radios only, you
need no more than about 100 mA, but by making the

SIGNAL GENERATOR

TUNE TO UNUSED SPOT ON
RADIO DIAL IN YOUR AREA

O ON ONCE=

MOQUNTING STRAP

81G COIL—__

FERRITE ANTENNA 1 CAPACITOR
CoIL -

SMALL COIL—" Y=

MOUNT COIL TO BOARD
OR TO WALL OR SHELF

LISTENING 7O SIGNAL ON GOQD RADIO
SOME DISTANCE AWAY, TUNE
; CAPACITOR FOR MAXIMUM OUTPUT,

&

=

£ VARIABLE
3= TumInG

CLIP GENERATOR OUTPUT TERMINALS
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TERMINAL STRIP

_—GROUND CONNECT | ON
(SHIELD ON CABLE}

OUTPUT CABLE

Fig. 9-18. “Phantom* antenna used to radiste generator signal in shop area for signal tracing.
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Fig. 9-19. Power supply with electronic fiitering, used to power portable radios.

unit able to pass 1 ampere you get considerable safe-
guard in case of overload due to defective parts in
the radio.

This circuit has “electronic” filtering in that the base
circuit is held at low ripple by the capacitor in the
base circuit (low ripple at the base is assured because
the base current is very low; and, hence, does not dis-
charge the capacitor between “charges”}, thus any rip-
Ple appearing in the output (will be negative going)
reduces the transistor bias and so increases the re.
sistance to the source during the ripple. This method
of filtering makes the effective output filtering equal
to the base capacitor (500 uF) times the gain of the
transistor, which is around 30. In other words, the ef-
fective output filtering is about the same as that given
by a 15,000-uF capacitor.

A milli eter is nice to have in a power supply,
since it immediately indicates the current drawn by
the tramsistor radio. Any shorts will be shown up in-
stantly by a high reading on the meter. The meter
should be a low-resistance type and should have a
maximum reading of the maximum expected to be

taken from the power supply under normal use. For
example, if only portable-type radios are to be tes?ed
with this supply, then a 100-mA full-scale-reading
meter would be suitable. A 1-ampere meter could be
used, but for small radios the reading would mak.e
such small movement of the meter needle that it
would be difficult to make an accurate readout.

If the power supply is to be used on radic?s draw-
ing up to one amp, as well as on portable radios, t-hen
a circuit such as that in the inset of Fig. 9-19'rplgl3t
be used. A 100-mA meter is used, with a shunt circuit
that can be switched in to make the meter read 1000
mA. The adjustable shunt resistor is set so that .the
100-mA meter reads 1000 mA when the meter switch
is closed and 1 amp of current is being drawn f:'rom
the power supply. Another way to set the shunt is to
draw 100 mA from the power supply, then close the
switch and set the shunt so the meter reads at.IO.
The 10 now becomes 100 mA when the shunt switch
is closed for the high meter reading; so wheq 1000
mA is drawn, the meter will read full scale in the
“high” position.

TEST QUESTIONS

1. The single most important instrument for testing transistor
radios is
A. a milliammeter,
B. a wattmeter,
C. a vom.
D. a signal geperator.

2. In a transistor radio that uses a 6-volt battery for power,
you want to measure voltage at a particular point, and
you are not sure what the voltege may be, You should set
the voltmeter range switch to

A. the 150-volt scale and then drop down, if necessary, to
get a more accurate reading.

B. the 10-volt scale and then drop down, if necessary, for
more accuracy.

C. any scale, so long as it is for dc voltage. ;

D. a milliampere scale first to see if current is present.

3. When using an ohmmeter, you should
A. have the power to the circuit turned off.
B, zero the meter by holding the leads together and set-
ting the “meter zero” adjustment. )
C. always set the ohmmeter range to a high-value setting
before making a test.
D. A and B above are correct.
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4. A 20,000 ohms-per-volt meter will deflect full scale with

current through the meter of

A. 50 microamperes.
B. 100 microamperes.
C. 20,000 volts.
D. 20,000 ohms.

. Fig. 9-20 is the circuit of a 20,000 ohms-per-volt voltmeter.
For the meter to be reading full scale what should the size
of resistor R be?

A. 20,000 ohms.
B. 60,000 ohms.
C. 120,000 ohms.
D. 240,000 chms.

)

b/
: s
%o.'°
Ll
Sl
6V

Fig. 9-20. Circuit for Questions 5 and 6.

. In Fig. 9-20, suppose the meter were reading only half
scale. What size would resistor R be?

(Choose answer from those given in question No. 5.)

. In Fig, 9-21, the ohmmeter is reading

about 400 ohms.
about 4000 ohms.

. nearly 5 ohms.

. a little over 500 ohms.

gow>

. A voltmeter that does not load the circuit which it tests, to
any great extent is

a vacuum-tube voltmeter (vtvm).
a solid-state vom. .
. a 1000 ohms-per-volt meter.

. either A or B above.

. A, B, or C above.

— 10 5 S —
—% R [ i 1
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Fig. 9-21. Drawing for Question 7.
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14,

In Fig. 9-22, looking at the voltage readings, what would
you suspect was wrong in the circuit?

A. Transistor bias too high.

B. Transistor bias too low.

C. Transistor shorted collector-to-emitter,
D. 6.8K resistor open.

i1y
+0.6V
&y 6.8
¢80
- . *“V' +11IvV

Fig. 9-22. Circvit for Question 9.

In Fig. 9-23, the emitter current is

A. about 1 mA.

B. about 4 mA.

C. about 0.5 mA.

D. showing a significant difference as compared to the
collector current.

z

S d
?'t{:“
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- > 410
>
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Fig. 9-23. Circvit for Questions 10, 11, 12, and 14.

In Fig. 9-23, the amount of bias indicates that

A. the transistor is reverse biased.

B. the transistor is a germanium type.

C. the transistor is a silicon type.

D. the transistor should be drawing excessive current.

In Fig. 9-23, the voltage drop across the emitter resistor is

A. 2 volts approx.

B. 0.2 volt approx.

C. 5.3 volts approx.

D. about 0.2 milliamperes.

A “polarity switch” on a vom or other meter

A. intemally reverses the meter lead connections. -

B. changes the meter from ac to dc and back again.

C. automatically changes the meter ranges, depending
upon voltage.

D. makes meter into a “zero center” type meter.

In Fig. 923, which way would be best to measure tram-
sistor biasP

A. By measuring all voltages to ground and then subtract-
ing the base and emitter voltages.

B. By measuring the emitter and collector voltages to
ground and then subtracting the two.

C. By measuring between base and emitter.

D. By measuring between C and B.
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15. “?on!inuity," as measured with an ohmmeter, means the
circuit or part has

A.
B,

C.

high or infinite resistance.

a complete path through which current should flow
in the desired amount.

one ohm resistance or less,

D. no internal shorts.

16. If you are measuring across a resistance in a transistor cir-
cuit, you should reverse the ohmmeter leads and take a
second reading across the resistor. Why?

A. Resistors are polarized and measure different values,

depending on the polarity of the ohmmeter leads.

B. Another resistor may be shunted across the one you are

measuring.

C. A diode or transistor in the circuit with the resistor may

cause the ohmmeter reading to be incorrect.

D. An ohmmeter measures a resistor correctly only when

the leads from the ohmmeter are in a certain polarity.

17. If you get an inconclusive reading when measuring a re-
sistor in the circuit, and you have strong suspicions that
the resistor is defective, you should

A. and must remove the resistor completely from the cir-

cuit and check with the chmmeter.

B. and may remove one end of the resistor only, leaving

the other end connected in the circuit, and check with
an ohmmeter from the “free” end of the resistor to the
end still in the circuit.

C. immediately replace the resistor with a new one.
D. place a milliammeter across the resistor,

LOW RESISTANCE

LEADS REVERSED
HIGH RES ISTANCE
(INFINITY)

X

o

ity
A

Fig. 9-24. Diagram for Question 19.

18. The 4 lead on the vom, it can be safe to assume,

A. is the positive lead, so far as the ohmmeter circuit is

B.
C.

concerned.

is the negative lead, so far as the ohmmeter circuit is
concerned.

might be either the positive or negative lead, depend-
ing upon the manufacturer of the meter.

D. is not used at all for the ohmmeter circuit.

19. In Fig. 9-24, the vom is reading the resistance of a normal

semiconductor diode, The readings show that
A. the vom has the positive side of the ohmmeter circuit

going to the 4 lead of the meter.

B. the vom has the positive side of the chmmeter going

to the negative (—) lead of the meter.

C. there is not enough information to tell about ohmmeter

polarity.

D. the diode is defective.

20. In Fig. 9-25, the transistor

A. appears to be all right, so far as an ohmmeter test goes.
appears to be a pnp, rather than an npn as shown
schematically,

. has a collector-emitter short.

. cannot have a collector-emitter short, since the base is
between the collector and emitter, and there is no short
shown between either the collector and base or the
emitter and base.

B
C

METERS 1& 2

READS 50 OHMS

INFINITE WITH
LEADS REVERSED

METER 3
READS ALMOST ZERO OHMS
EITHER DIRECTION OF LEADS

READS 50 OHMS APPROX
INFINITE WHEN LEADS REVERSED

Fig. 9-25. Diagram for Question 20.

21. For final checking of any transistor that appears suspect
after an in-circuit ohmmeter test, you may make a com-
pletely valid test by

A, disconnecting two leads from the circuit.
B. disconnecting one lead from the circuit.
C. disconnecting all three leads from the circuit.

22. A normal service-type signal generator.

A. has both rf and af output signals available,
B. has audio only.

C. has radio frequency only.

D. is not tunable.

23. If you inject a signal from a signal generator into a radio,
you should

A. keep the output no higher than necessary.

B. turn the output up full, except when checking audio
circuits,

C. turn full attenuation by using the output controls.

D. use the “modulated f’ position for checking atdio
stages.

24. There are two types of signal tracers—the tuned and the
untuned. Concerning these two types of tracers:

A. The untuned tracer usually costs less.

B. The tuned tracer will pick up a weaker signal.
C. The oscilloscope is an untuned type of tracer.
D. All the above are correct.



CHAPTER 10

A-M Radio: Converter Section

In this chapter we want to take a complete typical
a-m broadcast radio and, following the schematic,
discuss how it works, what can go wrong, and ways
to diagnose the troubles that may occur. We will start
with the “front end” of the radio and move toward the
speaker with the signal.

The entire schematic is shown in Fig. 10-1. Note
tHat the sizes of each capacitor and resistor, as well
as a designation number, are on the schematic. For
example, the coupling capacitor from the antenna coil
to the first transistor is an .01-uF capacitor labeled
C10. This labeling will be used throughout this chap-
ter so that there will be no mistaking which part is
being discussed.

FOLLOWING THE SIGNAL

The signal is first picked up by the antenna coil (see
Fig. 10-2), which is resonant or “tuned” to the incom-
ing signal frequency. For the sake of explanation, let
us say this signal is at 820 kHz. The antenna coil is
L1. The pickoff coil, a few turns of wire wound near
the larger antenna coil, inductively couples the signal
through C10 to the base of mixer-oscillator transistor
Q1 (also called a converter). The other side of the
small coil goes to ground, or common, as indicated by
the ground symbol. As with audio transistors, the con-
verter transistor must be biased. This is done by con-
necting a 40K resistor, R6, from the —8.8V source to
the base and a 7K resistor, RS, to ground. These two
resistors make up a “voltage divider” which applies the
correct bias to the transistor. The purpose of coupling
capacitor C10 now should be clear. Without it, the dc
bias voltage would be shorted to ground through the
coil, but, since capacitors block dc and pass ac, C10
couples the signal to the base and allows the dc bias
voltage to remain undisturbed.

We leave the incoming signal at this point in the
cxplanation and drop down to the oscillator section of
this stage. The oscillator coil, L2, is also tuned by a
variable capacitor ganged with the variable capacitor
across the antenna coil, but the oscillator capacitor
has less capacity (fewer or smaller plates) and so the
oscillator coil which it tunes is resonated at a higher

frequency. If the radio is properly aligned, the oscil-
lator frequency should always be 455 kHz above the
incoming signal. In this case, we have arbitrarily
chosen 820 kHz as the incoming signal frequency (it
could be any frequency in the broadcast band from
540 to 1600 kHz) so this means the oscillator fre-
quency should be 820 kHz plus 455 kHz, or 1275 kHz.

The oscillator signal is fed to the emitter through
Cl1l, a .01-uF capacitor. The feedback circuit for the
oscillator is from the collector-circuit coil, which is a
part of the oscillator coil. This feedback keeps the cir-
cuit oscillating (generating a signal) by feeding back
a portion of the output signal in proper phase to rein-
force the input signal of the oscillator tuned circuit.
The 2K resistor, R7, in the emitter circuit tends to
limit the transistor current so that the transistor does
not amplify in a linear manner and therefore becomes
a better mixer. (If the circuit were perfectly linear,
there would be no mixing and therefore no 435-kHz
output signal. Linear circuits are used in audio stages,
since, obviously, if we have a 1000-Hz signal and a
4000-Hz signal being amplified at the same time, we
do not want a 3000-Hz and a 5000-Hz beat signal
also.)

Mixing of the signal frequency coming in on the
base and the oscillator frequency fed into the emitter
occurs in the collector circuit, since both signals are
affecting the transistor signal bias voltages. How can
you troubleshoot this stage? You can read the volt-
ages. The voltages listed on schematics are usually
measured to ground (common). Common is the +
side of the battery in this circuit. The most significant
voltages in this particular circuit are the emitter and
base voltages. Note that the schematic calls for —1
volt from emitter to ground. Suppose you have zero
voltage? Zero voltage would mean there is no tran-
sistor current. This could mean that the transistor is
bad, or it could mean that the transistor has no dc
bias. Measure the base voltage. If it is also zero, then
it is likely that the trouble is in the bias-resistor cir-
cuit. Probably, R6 is open or the printed circuit to R6
is broken. Make sure, of course, that the set is turned
on and the battery is all right. Another possible trouble
is that C10 is shorted, which would leak all the dc bias
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Fig. 10-1. Complete schematic of a typical broadcast radio.
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. Ql
MIXER-OSCILLATOR
ANTENNA ANTENNA (CONVERTER)
TRIMMER coi PNP TRANSISTOR

‘r/__- - 3.4V

OSCILLATOR

TUNING CAP a TRIMMER

; (ANT)
|
E : 1 wix [/ %],
~ 3 * 6
GANGED “~. [ Z7,
~ : 4
g TNINGATS w
CAP(OSCI / = OSCILLATOR
. | )
- h col |, 4

}‘_" E
7 1]

NO CONNECTION
TOEXTERNAL CIRCUIT B-8Y

Fig. 10-2. Mixer-oscillator (converter) circuit of a-m broadcast radio,

voltage to ground through the antenna coil. However,
a shorted capacitor is a fairly infrequent trouble; so
you normally look for the other faults first. If the bias
voltage is normal, or appears to be, you should measure
the collector voltage to ground. In this case, it should
be about —8.8 volts. If the voltage is near zero, then
check for an open oscillator coil by checking at termi-
nal 4 of the oscillator coil. If there is —8.8 volts at
terminal 4 and not at terminal 2, the oscillator coil is
open. If there is not —8.8 volts at terminal 4, move to
terminal 5 on the 1st i-f transformer (Fig. 10-1) and see
if there is —8.8 volts there. If not, perhaps the battery
is bad or the switch not turned on, or there is a printed
circuit broken that carries the voltage source to the i-f
transformer. Check on other terminals that should have
—8.8 volts. Keep following the circuit back toward the
battery, or from the battery toward the i-f transformer
circuits, until you find where the voltage is lost. A
possibility is an open 100-ohm resistor R20 in the
—8.8-volt circuit. If this resistor is burned, you can
expect there has been or still is a short on the —8.8-
volt side. This could be the 50-uF capacitor, Cl.

But suppose the voltages are apparently about cor-
rect (voltages may sometimes vary 20 to 25% with-
out being abnormal; so it is difficult to say exactly
what is the “correct” voltage for any particular cir-
cuit) yet all you hear in the radio is a hissing or static
noise but no station? You can strongly suspect that
the oscillator circuit is not working. How can you
tell’> An easy way is to measure the bias voltage on
the transistor, between the base and emitter. Or you
can simply measure the base voltage to ground, or the
emitter voltage to ground. Then, while turning the
tuning capacitor from one end of the dial to the other,
you should get a slow variation in reading because the
strength of oscillation varies with frequency, and this

shows up in the dc bias voltage readings. Another
method is to measure the voltage on the base or emit-
ter and, while taking the measurement, touch a finger
to the terminals of the oscillator coil. This will load
the coil and cause the bias readings to change. Still
another way to see whether the oscillator is working
is with another a-m radio that is known to be work-
ing normally. Use the normal receiver to check the
defective one in the following manner.

1. Tune in a station on the working radio, prefer-
ably near the high end of the a-m dial.

2. Holding the defective radio close to the work-
ing radio, turn it on and then slowly tune the
dial of the defective radio from one end to
the other.

3. If you hear a whistle in the working radio at
some point on the dial, this indicates that the
oscillator in the defective set is working.

The whistle is caused by the beating of the oscil-
lator signal from the set being tested with signals in the
working radio. When the two signal frequencies are
close together, the beat between them will be an audi-
ble whistle that changes to a lower and lower pitch, fi-
nally comes to “zero beat,” and then starts rising in
pitch again. If the oscillator in the defective set is in-
operative, obviously there will be no beats and no
audible signal. If you have two working radios, try
this out to see how well it works.

TRIMMERS

There are two variable capacitors shown in parallel
with the main tuning capacitors in this schematic.
These are trimmers, which allow for small corrections
to “tune” or “align” the radio so that it tracks. Track-
ing means that when the antenna coil is tuned to 1300
kHz, the oscillator frequency should be at 1755 kHz
so that we get 455-kHz output and maximum volume.
But suppose the oscillator is at 1755 kHz and the an-
tenna circuit is tuned to 1500 kHz. We still get the
1300-kHz station since the i-f will only accept the
455-kHz difference, but since the antenna circuit is
not tuned to 1300 kHz but is peaked at 1500 kHz in-
stead, the signal will be weakened considerably.

The trimmers allow us to make small changes in the
capacity of the circuit to correct for minor errors in
tracking. To set the trimmers without using a signal
generator, you can simply set the dial of the radio to
a known station at the high end of the dial. Let us
say that you know of a station at 1400 kHz. Set the
dial to 1400 kHz. If the station comes in, then the
oscillator trimmer is all right. If the station does not
come in, leave the dial at 1400 and adjust the oscil-
lator trimmer (which is an integral part of the tuning
capacitor mechanism) whichever way is necessary to
get the station to come in at the 1400 spot on the dial.
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Next, adjust the antenna trimmer until the station is
louc.lest. Now check at the low end of the dial by
tuning to a quiet spot (no station) and adjust A5, the
slug in the oscillator coil, for maximum noise in the
speaker. You may have to hold the radio near a fluo-
rescent light to increase the noise, but the lower the
noise is and still provides a good indication, the more
accurate the adjustment will be.

Next, tune in a known station at the low end of the
dial and see if the dial calibration is close. It should
be.® If you turned the oscillator slug very much, you
should return to the high end of the dial and again
adjust the trimmers as already discussed. Go back
and forth between the adjustments at the low and
high ends until no other improvement in the sensitivity
of the radio is possible.

2!
|

Ny
1
[}

oul

-8.8v

Fig. 10-3. Variation of circuit for coupling station signal into
first transistor.

VARIATIONS IN THE CONVERTER CIRCUIT

Depending on the designer and the physical layout
he may want, there are variations in circuits that do
not affect the performance in any way, but may or
may not make the method of testing a circuit change
slightly. Fig. 10-3 shows a variation in coupling the
signal from the antenna coil circuit. The secondary
coil is connected directly to the base on one side in-
stead of through a capacitor. Instead of the other side
being directly grounded, it is grounded so far as the
ac signal is concerned by capacitor C10, but the dc
bias voltage is applied at the bottom of the coil, feed-
ing through the coil to the transistor. Again, the ca-
pacitor provides a low-loss signal path but blocks or
prevents the dc bias from being shorted out as well.

Fig. 10-4 has several variations in it. Instead of a
pnp germanium transistor which uses negative volt-

*The mass-produced dials on radios should not be expected
to give an exact readout of the station frequency, especially in
less expensive radios; so some compromise is necessary on occa-
sion to obtain the best sensitivity. If it is impossible to get the
circuit to track near the right spot at both the high and low
ends of the band, then probably someone has been “diddling”
with the i-f tuning, and the i-f is tuned to an incorrect point.
This takes a signal generator to correct, and the method of do-
ing this is covered in the next chapter.
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Fig. 10-4. Variation of mixer-oscillator circuit.

age on the collector, this one has an npn silicon tran-
sistor using positive voltage on the collector. In this
circuit, the oscillator voltage is fed, not into the emit-
ter, but into the base circuit. Another variation is the
padder capacitor, which is in series with the oscillator
variable tuning capacitor. The padder makes it possi-
ble for both the antenna and oscillator variables to be
of identical physical size and capacity. The padder, in
series with the coil and the capacitor, causes the os-
cillator frequency to be 455 kHz higher than the sig-
nal frequency.

Regardless of variations, the testing procedures for
the circuits remain essentially identical. Note that the
silicon transistor has more dc bias (about .55 volt, in
this case), where germanium transistors use a bias of
only about 0.1 volt. In converter circuits, though, do
not depend on the exact bias reading too much, since
it will vary with tuning, as has already been indicated
—in fact, if the bias does not vary with tuning, the os-
cillator circuit is not working!

There is another variation which, in reality, is not
a variation, except in which circuit is made positive
or negative. Fig. 10-5 shows exactly the same circuit
as Fig. 10-1 and 10-2, except that the emitter circuit
is “hot” and the collector circuit is grounded (con-
nected to the common, which in this case is the nega-
tive side of the battery). Look at the voltages indi-
cated at the transistor terminals: zero voltage read to

= 7.7V, Y f
2 1 -[_.z —-t
01 yF —E ”
!L." - +7.8V = 3 =
b y A " s

>
Sak ¢
‘D

[
)
~iL

+8.8v +8.8V

Fig. 10-5, Same as Fig. 10-2, but with reversed battery polarity.
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ground at the collector, +7.8 volts to ground at the
emitter, and +7.7 volts to ground at the base. But
note that if you read the voltages across the transistor
in either circuit they are identical. Reading between

collector and emitter in either circuit, there is a nega-
tive 7.8 volts. Reading between the base and emitter
(bias voltage) there is still a negative 0.1 volt (+7.7
volts is 0.1 volt more negative than +7.8 volts).

TEST QUESTIONS

I. The process of “turning on” a transistor by a dc voltage
so that the transistor is ready to amplify a signal is called

A. biasing.
B. labeling.
C. connecting.
D. tuning.

2. A capacitor is often used to couple the rf signal to the base

of the transistor amplifier. The reason a capacitor is used
for coupling is

A. s0 dc1 voltage can be applied through it along with the
signal.

B. to allow radio frequency to pass but restrict the audio
frequencies.

C. to raise the impedance of the incoming signal.

D. to couple the rf signal without shorting out the tran-
sistor bias.

3. In a superhet radio, if the incoming signal to be received
is at 1400 kHz and the i-f is 455 kHz, the frequency of
the local oscillator must be

A. 1400 kHz.
B. 1855 kHz.
C. 455 kHz.
D. 2310 kHz.

:'*

..A circuit that uses some of the output signal to feed back
into the input, creating what might be called a “vicious
cycle,” is

A. an amplifier.
B. a power supply.
C. an oscillator.
D. a linear circuit.

3. One name for a circuit where the incoming received fre-
quency and the local-oscillator signal are beat together is a
“mixer.” Another name for this circuit, especially if only
one transistor is used for both a local oscillator and the
rf amplifier, is a (an)

A. i-f amplifier.
B. audio amplifier.
C. converter.

D. bias amplifier.

6. In a transistor circuit, if the oscillator is working and you
tune the radio while measuring the bias on the converter
transistor,

A. the bias changes as you tune the radio across the dial.
the bias should stay almost perfectly the same as you
tune.

. the bias should rise sharply whenever you touch the
tuning knob.

. the bias should drop to zero at the high end of the dial.

B.
C
D

b

Normally, the oscillator and antenna trimmers are a part
of the variable capacitor unit and are adjustable with a
screwdriver. When aligning a radio, the trimmers should be

A. adjusted for best results at the low-frequency end of
the dial.

B. adjusted for best results at the high-frequency end of
the dial.

C. adjusted for best results near the center of the dial

D. screwed down snug, but not overtightened.

8. To adjust for best tracking at the low-frequency end of
the dial,

A. set the dial to a quiet spot near the low end of the
dial, but not on a station; tune the oscillator coil slug
for maximum noise.

B. set the dial to a quiet spot near the low-frequency end
of the dial, and adjust the antenna trimmer for maxi-
mum noise.

C. set the dial at the low-frequency end on a moderately
strong station; adjust the oscillator-coil slug for maxi-
mum output of the station.

D. make sure that tracking is all right at the high-fre-
quency end of the dial.

9. In Fig. 10-6, the trimmer capacitors are

A. C3 and C5.
B. Cl1 and C2.
C. C4 and C86.
D. C6 and CT7.

10. In Fig. 10-6, the main purpose of Cl is to

A. block dc voltage.

~— B. couple signal to base of transistor.
C. supply dc bias to base.
D. “track” the radio dial.

11. In Fig. 10-6, the transistor shown here is

A. a pnp.
B. npn.

g

Fig. 10:6. Circvit for Questions 9 through 16.
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12. In Fig. 10-6, the output of L3 goes directly to

A. the detector.

B. the audio amplifier.

C. the i-f amplifier.

D. the mixer or converter.

13. In the circuit of Fig. 10-6, the oscillator feedback signal

A. goes to the base circuit of the transistor.

B. goes to the antenna circuit of the transistor amplifier.
C. goes to the emitter circuit of the transistor.

D. is fed to the i-f through C7.

14. In Fig. 10-8, which is a partial circuit of a broadcast a-m
radio, the tuned circuit that will be tuned highest in fre-
quency is

A. L1-C3,C4,
B. L2-C5,C8.
C. L3-C7.
D. RI1-R2.

15. Looking at the circuit in Fig- 10-6, about how much volt-
age should be on the collector of the transistor?

A. 5 volts.
B. Zero volts.
C. 8 volts. -6 vol# -

D. Difficult to tell.

18. Rl and R2 in Fig. 10-6 are called

A. collector load resistors.

B. base-bias resistors.

C. emitter-bias resistors.

D. a high-frequency tuned circuit.

17. If both the variable capacitors in the antenna and oscil-
lator circuits have identical capacity, it is necessary to

A. use a trimmer in parallel with the oscillator coil.

B. use a padder in series with the oscillator coil.

C. turn the oscillator coil slug farther into the coil (to
lower the oscillator frequency).

D. use more turns of wire on the oscillator coil.

18. In Fig. 10-7, if the collector voltage reads about —7 volts
to ground you would suspect that
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Fig. 10-7. Circuit for Questions 18
through 24.

A. either L4 or L3 is open circuited {wire broken).

B. transistor Q1 is shorted.

C. Rl is open, so transistor has no bias, or Cl could be
shorted.

D. the transistor itself is open between collector and base
or collector and emitter.

19. In Fig. 10-7, judging from what you know about transis-
tors, the one used is
A. a pnp silicon.
B. an npn silicon.
C. a pnp germanium.
D. an npn germanium.

20. In Fig. 10-7, the bias voltage on Q1 is
A. —=5.6 volts.
B. —6 volts.
C. zero volts.
D. 40.4 volt.

21. In Fig. 10-7, assuming the voltages shown are correct, the
collector current of Q1 is approximately
A. zero.
B. 1 mA.
C. 2 mA.
D, 1.5 mA.

22. In Fig. 10-7, the tuning capacitor across L1 normally

will have more maximum capacity than the tuning
capacitor across L2.

will have less maximum capacity than the tuning ca-
pacitor across L2.

should have the same maximum capacity as the tuning
capacitor across L2,

. is used to make that circuit resonant to 455 kllz.

O o w >

23. In Fig. 10-7, the oscillator feedback is fed from the col-

lector circuit to

A. ground.

B. the emitter circuit of Q1.
C. the base circuit of Q1.
D. —17.5 volts.

24. In Fig 10-7, if L3 should open so that no current could
flow in the collector circuit, the voltage from the emitter
of Q1 to ground should be about

A. zero.

B. —5.8 volts,
C. —86 volts.
D. —7.5 volts.



CHAPTER 11

A-M Radio: The I-F Amplifier

"’l‘he intermediate-frequency amplifier is “where it's
at” in the superheterodyne type radio. The i-f ampli-
fier selects the signal, allowing only a narrow band of
frequencies to pass, and amplifies these signals so
they can be fed to the detector. It is in the i-f ampli-
fier where most, if not all, of the automatic gain con-
trol (age) occurs. The agc circuits tend to increase the
level of weaker signals while decreasing the level of
stronger signals and in this manner maintain nearly
the same volume level, even if the signals fade in and
out, etc. This will be discussed again later in this
chapter.

I-F AMPLIFIER OPERATION

The i-f amplifier shown in Fig. 11-1 uses a frequency
of 455 kHz. The transistors used are germanium pnp
types. Pnp transistors require that the collector volt-
age be negative with respect to the emitter and also
require that the base bias be slightly negative with
respect to the emitter. The base bias will range from
about 0.1 to 0.2 volt, depending on the circuit and the
particular transistor. All except sealed i-f amplifiers
have tuning adjustments for originally setting up the
circuit. Normally these adjustments will not change
drastically without the help of someone with a screw-
driver. In other words, once an i-f amplifier is tuned,
it does not normally get out of tune by more than a
very slight amount, unless the screws are turned.
There are exceptions to this, of course, but not many.

This particular amplifier, as with other Japanese
types, has only one tuned circuit for each i-f trans-
former. The adjustment is made with a screwdriver,
and, because of the “shielded” design of the slug, a
metal screwdriver may be used, but be sure that it
fits the slot, or you may “chew” out the slot so it can-
not be used. Plastic alignment tools are available and
should be used when possible. But before we talk
further about tuning, let us take an overall look at the
i-f amplifier circuit.

Coming from the convertor (mixer-oscillator), the
signal is fed through the lst i-f transformer to the
base of the st i-f amplifier. Again, as has already been
explained, a step-down action is used, which lowers

the signal voltage but increases the curmrent. The lst
i-f transistor is biased by a negative voltage taken
through a 50K resistor, R8. The other part of the bias
voltage divider is a 4K resistor, R9. RO does not go
back to ground but goes to the audio and agc source
voltage line. The reason for using this connection is
covered in this section when agc is discussed in detail.

An emitter resistor in this circuit (R10) provides
protective bias for the transistor, since, as explained
earlier, an emitter resistor tends to reduce the base
bias if the total transistor current tends to increase.
R10 is bypassed by a .04-uF capacitor, Cl3, to pre-
vent the increase and decrease in signal voltage from
affecting the dc bias of the transistor.

The output of the 1st i-f amplifier is fed through
the 2nd i-f transformer to the 2nd i-f amplifier. The
base bias for this transistor is obtained through 2K re-
sistor R11 connected to the emitter of the Ist i-f tran-
sistor. The reason for this will become clear a little
later, when the agc circuit is discussed.

The output of the 2nd i-f amplifier is fed through
i-f transformer L5 to the diode detector, X3.

The diode rectifies the signal, allowing, in this case,
only the positive portions of the signal to pass. This
signal is fed from the cathode of the diode detector
to the volume control. The .04-uF capacitor, C14, re-
moves the rf (i-f) while having very little effect on
the audio signal.

AUTOMATIC GAIN CONTROL (AGC)

All high-gain radios need some sort of automatic
control to prevent strong signals from overloading the
circuit and yet permit higher gain when a weak sig-
nal is being received. In transistor radios this circuit
is called automatic gain control (agc) by most circuit
designers and manufacturers. In tube radios a similar
circuit is called automatic volume control (avce), and
in some instances that term is used in transistor radios.

To get automatic control action, we need some sort
of voltage that varies with the signal strength and that
can be used to regulate the gain of the amplifiers. The
output of the diode detector produces such a voltage.
If you take a dc voltmeter and measure at the detector
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Fig. 11-1. Schematic of i-f amplifier for broadcast radia.

output, you will find that that voltage will change to
a higher value when a station is tuned in and to a
lower value when no station or a weak station is tuned
in.
When the cathode of a diode is toward the output
line, the dc voltage will be positive. Fig. 11-2 shows
how reversing the diode in the circuit reverses the dc
polarity in the output circuit.

You might think that since there is audio on this line
the meter needle would move up and down with
changes in audio. This does happen to a small extent
if the meter responds quickly enough, and it is be-
cause of this audio that additional processing must be
done before using the agc voltage. Obviously, we do
not want the gain of the i-f amplifiers to vary in step
with the audio, since everytime a louder note oc-

YOU CAN REMEMBER THAT THE POSITIVE OUTPUT 1S ON THE
“UINE" SIDE OF THE DEODE BY REMEMBERING THAT A
SINGLE LINE DRAWN AS SHOWN WILL MAKE A+ SYMBOL.

El P
1é -
L g
3
|
-

Fig. 11-2. Reversing a diode in the circuit reverses the polarity of the
de output voltage.
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curred it would be “compressed” by having the gain
of the amplifier reduced.

This is why the agc voltage is fed through another
resistor and why, following that resistor, a rather large
bypass (C2 in Fig. 11-1) is used. C2 is called the agc
bypass capacitor, and, along with R9, it forms what is
called an “RC filter,” which takes out all the audio
signals and leaves only the dc voltage.

Now, suppose that we tune in a strong station, what
happens? The positive voltage output of the detector
diode increases. This applies more positive voltage
through the 4K resistor to the base of the 1st i-f ampli-
fier. These are pnp transistors, which require a nega-
tive bias on the base, and a more negative bias makes
the transistor draw more current; a less negative bias
makes the transistor draw less current. A positive volt-
age is a “less negative” voltage; so if the positive volt-
age is applied to the base of the 1st i-f amp, the tran-
sistor current is reduced, and thereby the gain is
lowered.

Next, suppose that we tune in a weaker station. Now
the detector-diode output voltage is lower (less posi-
tive} and there is less positive (more negative) volt-
age applied to the st i-f. What happens? The transis-
tor current goes up and the i-f amplifier gain increases.

Another interesting thing happens in this circuit.
The bias for the 2nd i-f amplifier is supplied by the
emitter voltage of the Ist i-f. When the agc voltage
causes more current flow in the 1st i-f transistor, what
happens to its emitter voltage? It goes up ( more nega-
tive). This increased negative voltage is fed to the
2nd i-f amplifier and, since it, too, is a pnp transistor,
a more negative voltage on its basc increascs its cur-
rent also. If the current through the 1st i-f drops, then
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the current through the 2nd i-f drops also. This is the
method used here, and in a number of circuits by dif-
ferent manufacturers, to provide agc action to two
transistors by applying the actual age voltage only to
the 1st amplifier.

To make sure there is no interaction between the
two amplifiers through the bias circuit, which might
cause instability, an additional smoothing filter (usu-
ally called a decoupling circuit) is added between
the emitter and the next base (R11-Cl4).

TESTING THE |-F AMPLIFIERS

If trouble is suspected in the i-f amplifiers, a good
first check is the emitter voltage. This voltage indi-
cates the amount of current flow in the transistor. The
Ist i-f has —0.6 volt at the emitter, and the emitter
resistor is 1K; so the current (calculated by Ohm’s
law) is 0.6 mA. (Note that whatever the voltage is
across a 1K resistor it will be the same as the number
of milliamperes flowing through the resistor.) Sup-
pose this voltage is zero or very close to it. What
then? This mcans the transistor is not drawing current.
It could be that the transistor is open, but it could also
be that there is no bias voltage to the base to “turn
on” the transistor. Check the base voltage. If it is zero
or very near it, then likely the 50K resistor, R8, is
open, or the 5-uF age bypass capacitor, C2 might be
shorted. CAUTION: Always make sure that you have
supply voltage before making checks of bias and cur-
rent flow. If the battery is dead, the switch not turned
on, or, for some other reason, therc is no collector
voltage available at the collector, then you will have
no current flow.

But what if the emitter voltage is high, say, 1.5
volts. What might be the trouble? Probably, too much
negative bias. This could be caused by the 4K re-
sistor, R9, being open, or it could mean that the tran-
sistor has excessive leakage between the collector and
base.

What is the emitter voltage reads very high—say,
above 5 volts? The problem is almost sure to be just
one thing: the transistor is shorted or very leaky from
collector to emitter.

The 2nd i-f bias is controlled by the emitter voltage
on the Ist i-f stage in this circuit; so any fault in the
Ist i-f will cause an apparent fault in the 2nd i-f. If
the 1st i-f checks out all right, measure the emitter
voltage of the 2nd i-f transistor. The voltage indicated
on the schematic is 0.4 volt. The emitter resistor is
300 ohms (14K); so the current through this transistor
is 0.8 mA. If the transistor current is considerably dif-
ferent from this, you should check the bias, etc, as

for the first stage. Remember that in both the 1st and
2nd stage if you get a change in transistor current
when you tune across the radio dial, chances are that
the i-f amplifiers are working, since if they were not
amplifying there could be very little, or no voltage

change at the detector, and with no change in voltage
at the detector diode, there should be no change in the
transistor current as you tune across the dial. The pos-
sible exception to this would be that if you were near
enough to a local station the signal would be strong
enough to overload the transistors. (May we point out
here that it is the exceptions that make electronics
servicing not only intriguing at times, but also mad-
deningly frustrating at other times.)

The problem of measuring the emitter voltage of
transistors is not always quite so easy as just measur-
ing the emitter voltage to ground. Take, for example,
the circuit in Fig. 11-3. This circuit is identical to the
previous ones except that the designer has elected to
make the negative side of the battery supply at ground
or common. Since the pnp transistor requires a nega-
tive voltage on the collector (with respect to the emit-
ter) it means that the collector circuit is grounded
and the emitter circuits are tied to the +, which in this
case is the “hot” side. If you measure the emitter volt-
age to ground, you no longer are measuring the emit-
ter current through a 1K resistor. Instead, you are
measuring the emitter voltage subtracted from the +
supply voltage.

Q1
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Fig. 11-3, Same circuil as Fig. 11-1, but with reversed
supply polarity.
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The emitter voltage is +8.2 and the voltage on the
other side of the emitter resistor is +8.8 volts; so the
voltage drop across the 1K emitter resistor is 0.6 volt,
just as it was in the other circuit. You can best mea-
sure the emitter current by measuring across the emit-
ter resistor, or you can find the +88-volt line and
connect the + lead of your meter to this point. Now
measure the emitter voltage and base bias voltage just
as you did in the other circuit where the + lead of
the meter was connected to ground or common. Note
that the +8.8-volt line is also a “common,” but to dif-
ferentiate between the two, we call the line opposite
the ground or common line the “bus.” So, for the cir-
cuit of Fig, 11-3, measure the emitter and bias volt-
ages from the +8.8-volt bus rather than from ground.
It is easier to make a correct interpretation and it
saves calculations by subtractions.
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TUNING OR ALIGNMENT

In a previous chapter on i-f amplifiers, we explained
how you can set up the i-f amplifier transformer ad-
justments “by ear.” The “ear” method is fine for a
touch up, that is, to “tweak” the last little bit of sensi-
tivity out of an i-f circuit for maximum volume, espe-
cially on weaker stations. But, if the i-f transformer
adjustments have been turmed a round or so, it is diffi-
cult to get them back to their correct frequency with-
out using a signal generator. True, if the oscillator
trimmer or the coil in the oscillator slug has not been
tampered with, you can simply tune the i-f trans-
formers for maximum noise (from a nearby fluorescent
light) and probably have a passable if not excellent
alignment. Unfortunately, when someone “diddles” the
i-f transformer adjustments, he usually is not con-
tent with those alone but tries all the others as well.

The Signal Generator

A signal generator is simply an oscillator much like
the local oscillator used in a receiver, except that it
is so designed that the output level can be adjusted,
and it also provides enough signal so that it can be
fed by way of a coaxial cable to a set. It has a dial
that not only changes the oscillator frequency, but
also indicates what the frequency is. In addition to
this, the oscillator is modulated with an audible tone
so that it can be heard and also so that the amount of
signal can be measured by measuring the audio out-
put of the receiver.

Alignment Procedure

To align an i-f at 455 kHz, turn the signal-generator
band switch to the proper band and the dial to 455
kHz. Because the signal generator has considerable
output available, you can generally connect the signal-
generator leads right across the antenna coil or be-
tween a “hot” connection to the tuning capacitor and
ground. Turn up the signal generator output until you
hear a tone in the speaker. Even with the i-f ampli-
fiers considerably out of tune, you can usually hear
a tiny bit of signal. Even if you do not hear a signal,
you should be able to hear one by adjusting just one
transformer. When that i-f transformer is tuned to 455
kHz, enough signal should get through the other i-f
transformers, even though they may be a long way
out of tune, so that the signal may be heard. If not,
then check the connections to the signal-generator
output cable, make sure it is connected to a “hot” ter-
minal on the tuning capacitor, etc.

Once you hear the signal, adjust each of the trans-
former slugs for maximum signal, but be sure you
keep turning down the attenuators on the signal gen-
erator to keep the signal weak; otherwise, the age will
take over and try to prevent a change. Thus, you will

not get a good, sharp tuning indication. If you are
using your ears to judge the signal strength (not the
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best method by any means) keep the signal so low
that you have to hold your ear close to the speaker,
even with the receiver volume control up full. The rea-
son for this is that the ear is much more sensitive to
change in volume level at low volume levels.

Using Output Meters

There are meter methods of output indication that
are more accurate than the “ear” method, and these
should be used whenever possible, but, still, the sig-
nal should be kept low so that the agc action will be
minimum during the alignment.

One of the simplest methods to connect a meter is
on the end of an earphone jack, with about 2 or 3 feet
of connecting cord between the jack and the meter.
Fig. 11-4 shows representative circuits. In Fig. 11-4A
an output transformer is used in reverse, so to speak,
to provide a step-up in impedance to match the meter,
which in this case has a maximum reading of 1 milli-
ampere and an impedance of about 1000 ohms.
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(C) Voltage-doubler output.

Fig. 114, Examples of output-meter circuits.

Almost any output transformer used in portable
transistor radios is suitable for this circuit. The diode
can be almost any small detector diode. The capacitor
across the meter is not always needed, and its size is
not critical.

The circuit at Fig. 11-4B does not use a transformer,
but does use a more sensitive meter. This meter reads
full scale with only 50 microamperes (a microampere
is a millionth of an ampere). A 22-ohm resistor takes
the place of the speaker load, and a capacitor isolates
the radio circuit from the meter, because in some radio
circuits there is a dc current through the speaker cir-
cuit. This could damage the meter, or at least make
it read off-scale so that an output reading would be
impossible.
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The circuit of Fig. 11-4C is virtually the same as at
Fig. 11-4B, except that a less sensitive meter is used.
The two diodes make it a “voltage doubler” circuit.
The actual values in these circuits are not terribly
critical; for example, the 22-ohm resistor can be any-
where from 10 to 33 ohms in most cases. The 0.1-uF
capacitors can be 0.25, or even 10 uF, etc.

To use the output meter for alignment, first tum
the volume control on the radio all the way down, then
plug in the meter into the earphone or external
speaker jack. Next, turn the volume control on the
radio up to full volume. The meter should not indi-
cate unless you are receiving a station or have the sig-
nal gencrator turned on, or unless there is consider-
able noise being picked up by the radio.

Turn on the signal generator after first turning the
attenuators all the way down. Tum up the attenu-
ators until the meter starts to indicate about ¥4 of full
scale on the dial. (Pull out the meter and listen to the
speaker to make sure you are rcading the correct
signal, then plug the meter back in.) Start adjusting
the i-f transformers so that the meter rcads maximum.
If the meter goes off-scale, reduce the output from
the signal generator by turning down its attenuators
(NOT by tuming down the volume control of the ra-
dio.) Keep adjusting after this manner until you have
coaxed the last bit of output from the circuit.

Remove the output meter, and check out the an-
tenna and oscillator circuit tuning as previously de-
scribed, by using noise signals and a known station at
the high end of the dial.

Phantom Connection of Signal Generator

If the i-f circuit is not terribly out of tune, and you
want to perform a touchup using the signal generator,
you can often couple enough signal into the set for
alignment, without even making a direct connection
between the signal generator and the radio.

Simply clip the two output lcads from the signal
generator together, and hang them around or near
the antenna-coil core. If you can hear the signal, you
are in business, and if you can hear the signal your
output meter should also be able to detect it.

Alternate Output Meter

Most transistor radios, especially portables, have
class-B audio-output stages. These stages draw maxi-
mum current with maximum audio input signal. If, for
your radio testing, you use a power supply that has
a milliammeter in the output to read current flow, you
can usc this milliammeter as an output meter, since,
as the signal increases during alignment, the milli-
ammeter will show an increase in current drawn by
the radio because of the class-B audio stages.

Another Alternate Output Meter

You can use a vtvm or a vom or transistor-operated
meter directly across the volume control in many ra-

dio circuits and read the change in detector output
voltage as the alignment proceeds. However, you can-
not always depend on this method, since some radios
have a separate agc diode or a detector load resistor
that is not also the volume control. Be sure to check
the schematic.

VARIATIONS IN I-F CIRCUITS

It would be practically impossible, in all probability,
to illustrate each of the small variations in i-f circuits
that have occurred over the years with various manu-
facturers, but some of the major differences should be
pointed out and discussed.

Not all radios use the emitter 1st to base 2nd for
applying agc to both i-f stages. In fact, a good many
radios use agc only on the 1st i-f stage and use fixed
bias on the 2nd stage in much the same manner as the
converter stage is biased (see Fig. 11-5A). Another
manufacturer saved a couple of resistors and a capaci-
tor by using the emitter bias of the Ist audio amplifier
to fix-bias the 2nd i-f amplifier transistor (Fig. 11-5B).
Sometimes you will find diodes in the signal path with-

Znd
|-F AMP

nd
|-F AMP

ol

AWV

= -
(A) Fixed bias.

Fig. 11-5. Biasing arrangements for 2nd if amplifier.

(B) Bias from emitler of 1st i-f.

out immediately seeing their reason for being. These
are usually connected in such a way that if an ex-
tremely strong signal is received (one so strong that
the normal agc circuit cannot turn the gain down
enough) these diodes will conduct and short out part
of the signal or drastically detune a circuit so that the
gain of the stage is reduced sharply. A shorted diode
could cause a problem such as weak output. To check,
tune in a station (one not too strong) and temporarily
disconnect the diode. If the volume increases a great
deal and the radio starts getting inany more stations,
either the diode is defective (check with an ohm-
meter) or its biasing circuit has been fouled up. If the
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radio is not to be used near a strong local station, you
can leave the diode out.

Neuvtralization

One variation that is used quite extensively, espe-
cially in older transistor radios, is neutralization. It is
still used in fm radios quite frequently, but that is
discussed under FM I-F Amplifiers in another chapter.
Fig. 11-6 is a neutralized a-m i-f amplifier stage. In
the inset of Fig. 11-6, note that the output signal (at
the collector) could get back to the input (at the
base) through the inherent capacity between the col-
lector and base connections inside the transistor. This
feedback, if strong enough, could even cause the 455-
kHz stage to oscillate and put out a signal of its own,
something that will cause whistles or, at best, hiss and
noise that are objectionable.
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Fig. 11-6. Nevtralized i-f stage.

A neutralization capacitor (C,) can eliminate this
fault by feeding back a portion of the output signal
from the other end of the if output transformer. If
the same amount of signal is fed back out-of-phase
(going negative when the signal at the other end of
the transformer is going positive) then whatever sig-
nal gets back to the base through the collector-to-base
capacity will be cancelled out of the inverse signal
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supplied by the neutralizing capacitor. If an i-f stage
will not tune to a peak without starting to produce a
whistle in the audio circuit, then it could be that the
neutralization capacitor is defective or missing. With
newer transistors, a-m i-f amplifiers seldom, if ever,
need neutralization, since the collector-to-base ca-
pacity is so very small as to be negligible.

Dval-Tuned 1-F Transformers

Fig. 11-7 is an i-f circuit that uses dual-tuned i-f
transformers. This means there are two tuning slugs
in each transformer, which improve the selectivity of
the circuit and the sensitivity as well, if the trans-
former is carefully designed. Npn transistors are used,
which means that a positive voltage is required on
the collector (with respect to the emitter) and a posi-
tive base bias is required. In the case of silicon tran-
sistors such as these are, the bias voltage will be
around 0.6 volt.

Other Features

Another major difference in the circuit of Fig. 11-7
is the agc circuit. Instead of using the detector diode
as the source of agc voltage, some of the i-f signal is
picked off through the 10-pF capacitor and fed to two
diodes. Diode X1 is returned to the +11.5-volt source,
and, since the two diodes are connected to pass a posi-
tive voltage, the +11.5 volts biases the st i-f amplifier
through resistor R1. But added to this bias will be the
rectified i-f signal provided by the voltage-doubler di-
odes (X1 and X2) so that the positive voltage in-
creases with an increase in signal. This is exactly back-
ward to most age radio circuits, which reduce the
bias on the i-f amplifier when the signal increases.
But the gain of a transistor amplifier can be decreased
by increasing the bias above the normal amount. When
the bias is high enough, any increase in signal cannot
cause any increase in collector current; so there is no
increase in signal level. In addition, the 1K resistor,

£

Fig. 11-7. I-f amplifier using forward agc.
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R2, in the collector circuit will have more current
through it and, therefore, more voltage drop across it.
As a result, there will be less voltage on the collector
circuit, which in turn reduces the “saturation” point
for the bias. Hence, there is a “quicker” reduction in
gain. This type of agc, which causes an increase in
transistor current in order to reduce the gain, is called
forward” age. Not too many radios use this type of

SILICON
NPN
T TRANS ISTOR

Fig. 11-8. Silicon transistor circuit showing some variations that may not
be possible with germ transistors.

agc, although it is quite common to find it in agc cir-
cuits used in transistor tv.

Some other innovations are shown in Fig. 11-8.
Note that the bypass capacitors in the input and out-
put circuits return to the emitter, and, since this re-
turn is direct, there is no need for an emitter bypass
capacitor. Because a silicon transistor is used, which is
much less sensitive to leakage, there is not so much
need for a voltage-divider circuit in the base circuit.
In fact, it is often not used when silicon transistors
are used. Just one resistor is used from the B+ line,
and it is selected to provide the right amount of bias.
Because the silicon does not have this tendency
toward “thermal runaway,”® the emitter resistor may
be omitted altogether in some circuits.

°Thermal runaway is the condition of a transistor starting
to draw more current as it warms up, which in tumn heats the
transistor more, making the transistor draw more current, and
so on and on until the transistor actually burns itself up. The
emitter resistor prevents this by providing an increase in re-
verse bias with an increase in current. Silicon transistors,
though, are relatively insensitive to change in current with heat
and because of low fonward resistance create much less in-
ternal heat with current fow.

TEST QUESTIONS

1. The letters “i-f’ stand for

A. inferior frequency.

B. intentional frequency.
C. instant frequency.

D. intermediate frequency.

2. The letters “agc” stand for

A. automatic gate compensation.
B. automatic gain control.

C. average gain compensation.
D. average gate control.

3. If the if transformer adjustments are sealed and do not
appear to have been tampered with, your best bet is to

A. leave them alcne.

B. dig out the seal and adjust each time the radio is
serviced.

C. not remove the seal since this is sure to detune the
radio.

D. forget about trying to service the i-f amplifier.

4. The “untuned” winding of a single-tuned i-f amplifier is

A. a step-up winding to provide additional current to the
base of the i-f amplifier transistor.

B. a step-down winding to step up the current to the base
of the i-f amplifier transistor.

C. used only for applying bias to the i-f amplifier transistor.

D. a high-impedance winding.

5. In a transistor circuit where the input is to the base and
the output is from the collector (common-emitter circuit),
you expect
A. the base to have a higher impedance than the ccllector.
B. the reverse of A is true.

6. In Fig. 11-9, assuming the transistor is drawing 1.5 mA of
collector current, resistors R3 and R4 are respectively
about

A. 330 ohms and 1K.

B. 1K and 330 ohms.

C. 330 ohms and impossible to calculate R4.
D. IK and impossible to calculate R4.

7. The transistor in Fig. 11-9 is

A. pnp germanium.
B. pnp silicon.
C. npn germanium.
D. npn silicon.

8. To reduce the current in transistor Ql, the voltage applied
by the agc circuit must make the base more
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Fig. 11-9. I-f amplifier circuit for Questions 6 through 10.
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A. positive,
B. negative.

9. 1f C4 opens, in Fig. 11-9, the symptom would he

A. high output from the radio.

B. little difference in the performance of the radio.

C. very low output from the radio, even on a strong sta-
tion.

D. loss of de voltage on the collector of Q1.

10. If R1 opens, in Fig. 11-9, the voltage on the emitter of Q1

A. would drop to zero.

B. would risc to 4.5 volts.

C. would rise to 6 volts.

D. would rise to about 1 voit.

(all voltages with respect to ground or common)

11. In Fig. 11-10, if the signal strength to the i-f amplifier in-
creases, the agc voltage will increase in a
A. positive polarity direction.
B. negative polarity direction.
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Fig. 11-10. Circuit for Question 11.
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12. When you have troubles in an i-f amplifier, one of the best
first checks you can make is to see if the transistor is draw-
ing current. This can be done easiest by

A. disconnecting the wire or printed circuit going to either
the emitter or collector and connecting a milliammeter
across the broken connection.

B. checking the bias voltage from base to ground.

C. checking the voltage drop across the emitter resistor.

D. feeling the transistor to see if it is warm.

13. In Fig. 11-11, the easiest way to check if the transistor is
drawing current would be by

measuring the emitter voltage.

measuring the base voltage.

comparing the collector voltage to the B4 voltage.

. disconnecting the emitter and placing a milliammeter
between the emitter and ground.

CoE»>

14. In Fig. 11-11, when the signal strength increases, the volt-
age across the volume control, and, consequently, the agc
voltage will go more

A. positive.
B. negative.

15. In Fig. 11-11, the current through the collector circuit of
the transistor is about
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r
A. 4 mA.
B. 1 mA.
C. 2 mA.
D. 143 mA

The circuit shown in Fig. 11-11 could logically be called

an agc-controlled i-f amplifier.
first i-f amplifier stage.

. last i-f and detector stages.

. detector and 1st audio amplifier.

ca=E>

I the emitter circuit is “hot” so far as the dc voltage is
concerned, it is usually best to measure bias for a transistor

A. fromn base to ground.

B. from emitter to ground.
C. from base to emitter.
D. from collector to base.

When aligning (tuning) an i-f amplifier, the signal input
should be

A. as weak as possible, so that you can better discern a
change during adjustment of transformers.

B. strong, so that the agc will be working during align-
ment.

C. at the frequency indicated by the radio dial.

D. increased as the radio gets nearer in tune or alignment.

A good place to connect an output meter when aligning a
radio is

A. across the antenna coil.

B. to the earphone jack.

C. from emitter to ground of last i-f amplifier.
D. across the power-supply voltage.

An output meter is in reality a dc milliammeter that uses
diode rectifiers to change the audio signal to dc current,
proportional to the audio signal strength. If a 50-micro-
ampere meter is used, how much direct current is required
to make the meter read half scale?

A. 50 millionths of an ampere.
B. One milliampere.
C. 25 milliamperes.
D. .000025 ampere.
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21. If a transistor radio uses a class-B audio output stage (as
most portable sets and many other types do) you can judge
maximum audio output during alignment by

22.

A.

B.
C.
D.

reading the battery-supply voltage.

reading the current supplied by the power supply to
the radio.

ear much better than by meter.

checking the heat of the output transistors.

Neutralization is a circuit refinement that

A.
B.

is used extensively on newer transistor a-m radios.
feeds back a cancellation signal to eliminate the effects
of signal feed-through from base to collector, caused by
the capacitance between the base and collector.
reduces the amplifier output when signal strength is
strong and prevents the amplifier from overloading.

D. is a type of detection used quite frequently in older

type a-m transistor radios and on many fm radios.

23. “Thermal runaway” occurs

A. most often in silicon transistors.
B. where an increase in current increases the heat of the

transistor, which in tumn increases the current even
more, finally causing possible damage to the transistor.

C. when the bias on a transistor falls below its normal

value,
when the bias is reversed on a transistor, that is, a
negative bias on an npn transistor or a positive bias on

a pnp.

24. “Forward” agc is a type of agc that
A. increases the transistor bias so that the transistor cur-

rent increases as the signal strength increases.

B. is applied only to the front end of a radio or only to

one transistor, which in turn supplies bias to one or
more succeeding transistors.

C. relies on the signal itself to bias the base circuit of the

i-f transistors.

D. increases the output of the radio when the signal

strength increases.
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CHAPTER 12

A-M Radio: Audio Amplifiers

; The circuit of Fig. 12-1 is what might be called the

classic” audio amplifier circuit used in portable ra-
dios. It is gradually giving way to a number of other
different circuits, some using only one transformer,
some using no transformers at all, but there are still
new radios being built that use essentially this same
circuit. The circuit is also popular in portable tape
recorders and players.

AMPLIFIER CIRCUIT DESCRIPTION

The audio signal taken off the detector is fed to the
volume control, where the signal is then picked off
at the desired level through electrolytic capacitor C3
to the base of the driver transistor. The capacitor is
necessary to prevent the volume control from short-
ing the driver transistor bias voltage. It is large so
that it can pass all the audio, including the bass notes,
with almost no loss. The bias for the driver transistor
is a voltage-divider circuit like those used in converter
and i-f circuits. Because this is a germanium transis-
tor circuit, the voltage-divider circuit is needed since
it provides a low resistance to ground from the base
circuit, which effectively prevents leakage between
collector and base of the transistor from being a big
problem.

The emitter resistor, R15, supplies protective bias
to prevent thermal runaway® and it is bypassed by
C4 so that the audio signal will not be affected by
the resistor. If this emitter bypass capacitor opens, the
gain of this driver stage will drop drastically, and the
audio output from the speaker will be weak. If the ca-
pacitor is suspected of being open, try temporarily
connecting another capacitor across it and see if the
volume level returns to normal. If it does, replace C4.

The collector connects to the primary of an audio
transformer. The capacitor C18 across the primary is
NOT for the purpose of “tuning,” as it might appear.
It is for bypassing the higher audio frequencies and
climinating objectionable hiss and noise. It does have
to be selected so that there is no resonance problem
within the audio range, however. The amplified audio

*See discussion of thermal runaway earlier in the book.

in the primary is coupled through the transformer to
a 3-lead secondary—in other words, the secondary is
really two windings, with the two windings tied to-
gether at the center and a lead brought out. The pur-
pose of this tapped secondary is to provide an alter-
nate + and — signal to the bases of the output tran-
sistors with respect to emitters. (The emitters are es-
sentially at ground potential, as is the center tap of
the audio transformer.) The center tap of the trans-
former also provides an excellent place to insert bias
voltage to both transistors. As has already been dis-
cussed in the chapter on audio amplifiers, the output
stages of a transistor radio where two transistors are
used are nearly always in class B. That is, the tran-
sistors are mostly biased by the signal, itself, with only
enough dc bias to prevent distortion at low volume
levels.

Thermistors and Thermal Runaway

If you look at the values of resistors R16 and R17
and compare them to the driver stage, for example,
you see that there is a considerable difference in the
ratio of the resistors. The driver stage is 7} to 1
whereas the ratio of R16 and R17 is about 43 to 1. But
that's not all; there is another resistor in parallel with
R17 to make the ratio about 58 to 1, and this is only
when the radio is first turned on and everything is
cool. The circled resistor is called a “thermistor,” and
it has the property that it decreases in resistance as
it heats up. The thermistor prevents thermal runaway
in the output stages, which are much more suscepti-
ble than other stages, since they draw more current
and thus get hotter. Unlike transistors in other stages,
they cannot use a large emitter resistor because it
would use some of the power needed to drive the
speaker. As the output transistors start to heat up, the
thermistor also heats up, decreasing its resistance and
reducing the amount of bias on the output transistors.

Class-B Output

The class-B output stage works with low bias be-
cause each of the output transistors functions only
during half of the audio cycle. When the signal is
negative on the upper transistor, it conducts, and cur-
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rent flows through the upper half of the output trans-
former primary. This induces current in the secondary
of the output transformer, and the speaker is moved
in one direction. On the next half cycle of audio, the
bottom transistor has a negative voltage on the base,
so it conducts, and current flows through the lower
half of the output transformer. This induces current
in the secondary and moves the speaker in the oppo-
site direction.

In other words, when one transistor is working, the
other is idle, except that a slight amount of bias must
be provided to prevent crossover distortion at low
volume levels, where the audio signal is not strong
enough to “turn on” the transistors far enough to pro-
duce a linear output.

Uses of Earphone Jacks

The circuit of Fig. 12-1 shows an earphone jack in
its normal location, in the speaker circuit. When an
earphone is plugged in, a switch in the jack opens the
speaker circuit so the speaker is inoperative. An exter-
nal speaker, instead of an earphone, can also be
plugged into this jack, if desired. A large speaker will
improve the tone quality of just about any transistor
portable radio. The technician should also have a test
speaker with a plug on it that fits this earphone jack
so he can make a quick diagnosis as to whether there
is speaker trouble.

Speakers and Distortion

Common speaker troubles are: a dead radio—no
sound output, a2 weak and distorted radio sound espe-
cially at low volume, a “rattlely” or “paper” sound
from the speaker.

Other things that can cause distorted sound at low
volume might be a complete lack of base bias on the
output transistors, such as would occur if R16 opened
or the printed circuit to it breaks. A weak, “tinny”
sound may also be caused by C18 or C19 being par-
tially shorted. Distorted or unclear sound may be
caused by improper bias or no bias on the driver tran-
sistor. Check the emitter voltage and make sure that
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there is the right amount of bias between base and
emitter on the driver transistor. Sometimes C3 will de-
velop leakage, which will make the radio sound dis-
torted at certain volume levels and perhaps not at
others. If you get a drastic change in base bias on
the driver transistor as you rotate the volume up and
down, capacitor C3 may be leaky. If a new one is in-
stalled, make sure that its polarity is correct, otherwise
you will have the same problem, since an electrolytic
may be very leaky when connected in the reverse di-
rection from that required.

Transformers

Transformers T1 and T2 do not often give trouble
except, on occasion, one winding will open up, which
may cause loss of the audio or may just cause a high
level of distortion. If the primary of T1 opens, there
will be no audio. If one side of the secondary opens
and not the other, there will be considerable distor-
tion, since only one of the output transistors can work,
and so only half of the audio signal will be processed.
This same kind of distortion can happen if one side
of the primary of output transformer T2 opens.

On fairly rare occasions, a transformer will develop
“shorted tumns” and cause either weak or distorted
audio, usually both. There are not too many ways of
making a valid check for this sort of trouble, except,
if it is suspected, to temporarily tack in a new trans-
former after disconnecting the original one from the
circuit.

An audio signal tracer (see chapter on test equip-
ment) should let you determine whether the distortion
is occurring in the stages of T1 or T2. In other words,
if the signal appears not to have distortion at the
base terminals of the output transistors, then the trou-
ble is not likely to be in T1.

OTHER AUDIO CIRCUITS

There are more variations of audio circuits in tran-
sistor radios than in any other circuit. Although the
designer’s purpose is simple—to start with a small
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amount of audio at the detector and arrive at the
speaker with enough audio for at least “room” vol-
ume—the ways of achieving this end are numerous and
sometimes complex.

One rather common variation is to add one or two
stages of RC-coupled audio amplification preceding
the driver and output stages. RC means “resistance-
capacity” and means that a resistor instead of a trans-
former is used in the collector load circuit and a ca-
pacitor is used for blocking the dc betwecen the col-
lector of one stage and the base circuit of the next,
while allowing the audio signal to pass through with-
out attenuation. A typical RC-coupled stage is shown
in Fig. 12-2, using a pnp germanium transistor. Note
that in this case the battery supply has the negative
terminal common; so the collector-circuit load resistor
returns to ground. Base biasing is obtained in the same
manner as for transformer-coupled stages.
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Fig. 12-2, RC-covpled audio stage for additional audio gain.

The approximate normal current for a stage of this
sort is about 1 mA, though it can vary considerably.
This stage has a current of just over 1 mA, as can be
determined by the collector voltage. The collector is
+2.4 volts, meaning that the drop across the 2.2K
collector load resistor is 2.4 volts. A current of 1 mA
through a 2.2K resistor would give a voltage drop of
2.2 volts. Another place where the transistor current
can be calculated is across the emitter resistor. Here
there is +6 volts on one side and +5.3 volts on the
emitter side, meaning that across the resistor there is
a voltage drop of 0.7 volt. A current of 1 mA through
a 880-ohm resistor would give calculated voltage drop
of 0.68 volt.

NOTE: It is a good idea to remember that the volt-
ages on schematics may vary slightly from the voltage
calt.:ulated with Ohm’s law. This is to be expected for
various reasons:

1. The voltage readings are usually shown to only
one decimal place.
2. Reading a meter with extreme accuracy is diffi-

cult, especially on low voltages and fractional
voltages.

3. The conditions under which the measurements
are made may not be exactly the same as those
in the field.

4. Resistors may vary in tolerance up to 10 and
20%, which will affect the voltage drop across
them by like amounts, assuming that current
remains constant.

In other words, voltage readings are for reference to
give the technician an indication of what the actual
voltage should be, but there are too many variables to
expect that the voltages given on schematics and those
you will take will be exactly the same—the very fact
that different meters are being used in the measure-
ment means, in all probability, a different set of read-
ings. At least, you can expect as much as a 5% error
on this account in many cases. The whole idea should
be to recognize significant changes in voltage read-
ings. If you are supposed to have —2.8 volts, for ex-
ample, and you find —2.6 volts, you can safely assume
that the voltage is within normal limits, and you
should look elsewhere for the circuit problem. More
important in the small voltage readings encountered
in parts of transistor circuits is the polarity of the
voltage. For example, the bias voltage on the pnp
transistor in Fig, 12-2, if measured between the base
and emitter, should be negative (on the base) about
0.1 volt; since, according to the schematic, there is
+5.3 volts on the emitter and +5.2 on the base—the
base is more negative than the emitter by 0.1 wvolt.
So long as that base is negative and so long as the volt-
age reads between about .08 and 0.12 volt, you can
be pretty sure it is all right, but an even better test is
the collector voltage—if it is near the right amount,
then it is obvious that the transistor must be drawing
the right amount of current, and it is the bias that pro-
vides this transistor current flow.

One way to make sure that the transistor is reacting
in the circuit is by measuring the collector voltage or
the emitter voltage of a transistor—whichever circuit
has a resistance in it, if not both—and then temporarily
shorting across between the base and emitter. Short-
ing from base to emitter with a jumper wire drops the
bias to zero, and the current in the transistor should
drop to zero. This should produce a significant change
in either the collector or emitter currents, or, if both
have resistances in the circuit, in both the collector
and emitter voltages.

Fig. 12-3 is a simpler preamp circuit, in that no
emitter resistor and bypass are used. Again, the cur-
rent flow is a bit over 1 mA (judging by the collector
voltage). The biasing is done with a single 100K re-
sistor from the collector. This serves two purposes. It
provides protective bias as welk as regular bias, since,
if the transistor starts to draw more current, there
will be more voltage drop across the 4.7K collector
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Fig. 12-3. Simple preamplifier circuit.

resistor. This in turn causes the collector to go more
positive (less negative), resulting in less negative
voltage applied to the base, tending to reduce the
transistor current flow. In addition, the resistor also
feeds back some of the output signal through the 100K
resistor which, though reducing the gain of the stage
to some extent, can provide a stage with a flatter fre-
quency response over the audio range.

Something that should be noticed about this stage
is that the transistor is operating with only about 2.6
volts across it (between collector and emitter). This
is ample voltage, however, for a preamplifier circuit.
Note also that this is a pnp transistor, which requires
a negative voltage on collector and base, but remem-
ber that these voltages are in respect to the emitter.
When you place a meter across from collector to emit-
ter, you find that the collector voltage is —2.6 with
respect to the emitter, and the base voltage is —0.1
volt with respect to the emitter. The point is, do not
let the voltages shown on the schematic (all referenced
to ground) deceive you as to the polarities on the
transistor.

Silicon transistor preamplifier circuits are very simi-
lar to germanium transistor circuits. The essential dif-
ference in the circuits is in the amount of bias used.
So far as troubleshooting is concerned, the same gen-
eral techniques are used. Measure the voltages, then
determine if they are of the correct polarity and if
they are near the right amplitude. Silicon transistors
are often designed to operate with a bit more current
than germanium types, though not always. A silicon
transistor which is less subject to heat can operate at
higher currents without creating problems due to heat,
and often has somewhat simpler bias circuits.

DIRECT-COUPLED CIRCUITS

Two or more transistors are said to be direct cou-

pled when they are interconnected so that the out-
put of one transistor is tied directly to the input of
the next transistor, with no dc blocking capacitors.
This means that the circuit must be so arranged that
the dc voltage on the output of the 1st transistor is the
same amount required on the input element of the next
transistor. The circuit of Fig. 12-4 is a good example.
For the moment, disregard the first transistor, Ql, and
look at Q2. We have a transistor circuit with a 3.3K
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Fig. 12-4. Direct-coupled 2-stage audio preamplifier circuit.

collector load resistor and a 3.3K emitter resistor. The
base bias is supplied by the 4.7K resistor from the
~—8.2-volt source. Q2 draws current but without Q1
connected, the base bias will be high, so that we
might expect a collector voltage of perhaps —4.4 volts
and an emitter voltage of —3.8 volts.

Now let us attach QI in the circuit. Q1 receives its
base bias from that —3.8 volts on the emitter of Q2
through the voltage divider circuit of R1 and R2. This
causes QI to draw collector current and increases the
voltage drop across R4 and the voltage on the base
of Q2 decreases (less negative). Q2 draws less cur-
rent, which in turn means less voltage drop across the
emitter resistor R5 and less negative voltage for base
biasing of Q1. What happens is that the circuit finds
an equilibrium (a spot where both transistors can
work and where a change in the current of either tran-
sistor is reflected back through the other one to coun-
teract the change because of the bias connection to
the emitter of Q2).

As an instance, suppose that Q1 tries to draw more
current. This means less bias and less emitter voltage
for Q2. The reduced Q2 emitter voltage reduces the
bias on the base of Ql, so the current in QI tries to
reduce and the circuit is stabilized. The reverse is also
true. If Q1 should lower in current, it receives more
bias from the emitter voltage of Q2; this tends to in-
crease current in QI.

Since there are no bypasses for the signal in this
circuit, it follows that the signal voltage is also fed
back in such a way as to tend to reduce the amplifier
gain. This is what happens, and the gain of these two
stages may not be as much as that of one single stage.
At this point, the designer is not interested in gain so
much as in linearity. He wants the signal to be ampli-
fied over the entire audio range with as little variation
as possible in the amount of amplification for any in-
dividual frequency. This can be obtained, using this
circuit, over much wider volume input levels than if
only a single stage is used. In other words, this cir-
cuit will tend to maintain good fidelity for the high-
volume addict as well as for the person who likes his
music softly in the background. Even if the circuit
has no gain, but processes the signal in a good, “clean”
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fashion, it may be all the designer cares about since he
still has ample gain in the driver and output stages.

The servicing of a defective direct-coupled stage is
a bit involved, since a defect in either Q1 or Q2 or
their circuits is going to affect the other transistor volt-
ages. Suppose, for example, that transistor Q2 opens.
Let us see if we can dectermine what the QI voltages
would do.

With Q1 open, its collector voltage would rise to
—8.2 volts, since with no current flow there would be
no voltage drop across R6, but the collector voltage
on Q2 would not affect Q2 voltages. But what about
the emitter voltage of Q2?7 With no current flow
through Q2, we could expect the emitter voltage to
drop to zero. With zerc voltage on the Q2 emitter,
there would be zero bias voltage for Q1. With no bias
on Q1 there would be no current flow. Thus, Q1's col-
lector voltage would rise to —8.2 volts,® and its emit-
ter voltage would drop to zero.

What would happen to the voltages around the cir-
cuit if Q1 should open? With Q1 open, it would be
the same as previously discussed in explaining the
circuit: Q2 would draw higher current, its emitter
voltage would increase, and its collcctor voltage would
drop. It is possible that Q2 would “saturate”—that is,
develop almost zero resistance across it from collector
to emitter. This would mean that there would be
—4.1 volts on the collector and ~4.1 volts on the emit-
ter. (The voltage divides exactly in this case because
the collector load and emitter resistors are the same
size—3.3K.)

Suppose Q1 shorts, what then? With Ql shorted
(transistors nearly always short between the collector
and emitter) the voltage on the collector would drop
to about —.75 volt, and, since the collector is shorted
to the emitter, there would be —.75 volt there also.
This would lower the bias considerably on Q2, and
its current would decrease significantly. These are just
some of the different ways that a direct-coupled cir-
cuit can be defective, and how the voltage drops
around the circuit change. For practice, see if you can
determine what would happen in the circuit if Q2 de-
veloped a collector to emitter short.

OTHER OUTPUT CIRCUITS

One of the first variations on the classic two-trans-
former audio driver and output circuit was the so-
called OTL (output transformerless) circuit. This is
a class-B circuit that uses a driver transformer with the
two secondaries brought out to four leads, instead of
three, and the speaker driven directly by the current

°Remember that Q2 is open and we are assuming the open
is between base and emitter, where most opens in transistors
occur. Therefore, the base circuit of Q2 cannot draw any cur-
rent, so, with Q1 drawing no current, there is no voltage drop
across R4, and the collector voltage on Q1 (as well as the base
voltage on Q2) rises to —8.2 volts.

through the output transistors, rather than by first be-
ing impedance matched through an output trans-
former.

Fig. 12-5 shows the first type of design. The speaker
was connected to the emitters of the two transistors
and to the center tap of the battery power supply. The
transistors are in a “stacked” position, that is, one is
in series with the other, with the emitter of QI tied
to the collector of Q2. The driver transformer must
have split secondary connections so that each one of
the transistors can be biased separately—Ql has a
—4.7-volt bias to ground and Q2 has —0.2-volt bias to
ground though each has its correct —2 volt between
base and emitter.
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Fig. 12-5. OTL circuit using a center-tapped battery supply.

Let us see what happens when an audio signal is
fed to the output transistor base circuits. These are
pnp transistors; so a negative voltage is required for
“turn on.” When a negative half cycle of audio reaches
the base of Ql, the current increases through it. At
the same instant, the audio voltage is positive on Q2
so it is “turned off.” If we follow the current through
the transistor Ql, we find that it travels out of the
battery, through the speaker, through QIl, and back
to the battery. And let us suppose that current travel-
ing in this direction through the speaker causes the
speaker cone to pull inward. On the next half cycle,
Q2 has the negative signal; so its current increases and
Q1 is turned off. This time, the current travels out of
battery B2, through the ground connections, to the
emitter of Q2, to the collector circuit, and through the
speaker back to the battery. But this time the current
is traveling through the speaker in the opposite direc-
tion; so the speaker cone moves outward.

The tapped battery supply was a disadvantage, es-
pecially to those small sets that use a single 9-volt
battery. For that reason, the circuit of Fig. 9-20 and
others similar to it were developed. This particular
circuit shows npn transistors being used—it makes no
difference whether they are npn or pnp so long as both
are the same type and the battery polarity is correct.
Either germanium or silicon types may be used in the
circuit. The bias resistors are selected so that the
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idling current of the transistors is sufficient to prevent
crossover distortion at low volume.

In ?ig. 12-6, the speaker is fed with a capacitor.
The side of the capacitor is normally from about 100
to 300 uF. This circuit works almost the same as the
one with the tapped battery supply, except that here
when QI is conducting, the capacitor C1 charges up
through the speaker, causing the speaker cone to move
in one direction. On the next half cycle when Q2 con-
ducts, the capacitor discharges through Q2 and the
speaker cone moves in the opposite direction. It might
be said that the capacitor is the “other” battery in this
circuit, being charged up on each half cycle by the
supply battery and then being discharged on the next
half cycle of the audio.

i M o g - ——

Fig. 12-6. OTL circuit uses capacitor to feed audio to speaker.

TESTING THE OTL CIRCUIT

If trouble occurs in the OTL circuit, the simplest
and perhaps the best and fastest method to find the
trouble is with the trusty vom. Make sure voltage is
reaching the collector of Q1. Next, check the voltage
on the collector of Q2. The collector on Q2 should
have about half as much voltage as the collector of
QL. If the collector voltage of Q2 is high or low,
suspect a defective output transistor—it could be
either one or both (in the OTL circuit when one out-
put transistor becomes defective the other may be
damaged also) at any rate, it is not a bad idea to re-
place both with a matched pair, even if only one tests
bad. Check the transistors for a short by measuring
between the collector and emitter of the suspected
transistor, using an ohmmeter (radio must be turned
off). If the reading is only a few ohms or less, reverse
the ohmmeter leads and check again. If the reading is
the same, there is almost no doubt that the transistor
is shorted—remove it from the circuit and make a final
ohmmeter test across it to make sure.

Low or high voltage on the collector of Q2 could
also be caused by a defect in the bias resistor circuits
(true only of the circuit in Fig. 12-6). To check bias,
check between the base of the transistor and its emit-
ter. The bias will be around 0.2 volt for germanium

transistors and around 0.7 volt for silicons. For npn
transistors the bias will be positive on the base with
respect to the emitter, and for pnp the bias will be
negative.

THE “TL” AMPLIFIER

The “transformerless” amplifier has gained some
popularity and will probably be used more and more
as the circuit state of the art progresses. It is ex-
tremely popular as an integrated-circuit packaged
audio amplifier since it uses mostly resistors, transis-
tors, and diodes, all of which are easily produced in
IC packages.

The simplified circuit of Fig. 12-7 should explain
how this circuit operates, so far as the speaker is con-
cerned. Two different type transistors are used—one
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Fig. 12-7. Simplified "TL” amplifier.

is an npn and the other a pnp. In some circuits, one
of the transistors is a silicon and the other a germa-
nium type, while others use both germanium or both
silicon. Using a pnp and an npn transistor makes phase
inversion at the bases unnecessary, in fact, consider-
ing the signal, both bases are essentially tied together.
What happens when a signal comes in? The negative
half cycle of the audio increases the current of Ql,
the pnp, and turns off Q2, the npn. Capacitor C5
charges from the battery through the speaker and
capacitor C5. On the positive half cycle of the in-
coming audio, transistor Q1 is turned off, but tran-
sistor Q2 is turmed on, discharging capacitor C5
through the speaker and moving the speaker cone in
the opposite direction. NOTE: In this book we are
using conventional current direction, rather than “elec-
tron” current direction. This is easier to follow since
we assume the current to be flowing in the same direc-
tion as the arrows on the transistors are pointing.

Fig. 12-8 is a complete “TL” circuit as used in an
a-m-fm radio. The transistors are fed from driver tran-
sistor Q3 which gets its dc collector voltage through
R6, R4, R5, and X1. The diode is forward-biased (is
conducting) so it is essentially a short circuit® for the

*Typical forward bias resistance for a diode is less than 50
chms,
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Fig. 12:8. “TL” audic amplifier. Note that one npn and one pnp are
used as output transisters,

audio signal but i, along with RS, provides a dc volt-
age drop so that the dc bias for the transistors is cor-
rect. The diode also acts as a bias regulator of sorts,
since, if the circuit heats up, the diodc will conduct
more (look like a smaller resistance) and so there
will be less voltage drop across it. The 1.5-chm resis-
tors in the emitter circuits of the output transistors are
for protection only. In the event that either of the
transistors should short, the 1.5-ohm resistor burns
open and “turns off” the circuit, preventing damage
to other parts of the circuit and the battery.

The bias for the driver is taken from the speaker
takeoff point and so receives not only the required de
voltage, but an audio voltage as well. This is an “in-
verse” feedback circuit such as was discussed under
direct-coupled circuits, and it tends to balance out
current changes in the circuit, as well as provide im-
proved circuit linearity so far as the audio is con-
cerned. There is still another feedback circuit—C4,
which feeds back a signal from the speaker direct to
the base of the driver. Since a capacitor feeds back
high frequencies better than low frequencies, the
high frequencies, as compared to the bass frequencies,
are reduced by this connection. The bass frequencies
receive more amplification and the bass is boosted.

The principal disadvantages with the TL circuit are
the difficulty in providing good linearity and the fact
that biasing is somewhat critical. With careful design,
though, it can do a good job of reproducing audio,
especially for radios. To test, check the dc voltages.
Check the bias of the transistors by measuring be-
tween base and emitter. Recognize that the bias on
the output stages is determined by the current through
the driver stage. If the driver-stage bias is upset, there
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Fig. 12-9. Test circuit for adjusting bias on transistor circuit.

will be considerable distortion in the output. Check
the emitter voltage of the driver to determine if the
driver current is approximately correct. If a different
transistor from the original is replaced in the driver
circuit, it is likely that the bias to the driver will have
to be juggled a bit. If the emitter voltage is low, de-
crease the size of R1 by shunting another resistor
across it. Try various sizes starting with about 220K,
then 100K, then 47K, and see if the current can be
brought to its proper point. If the current is too high
in the driver stage, shunt a resistor across R2, starting
with about a 15K, then a 10K, etc. Getting the correct
bias on this stage can sometimes be best accomplished
by listening to the radio at normal volume (music is
preferrcd for listening tests, rather than voice) while
juggling the bias on the driver stage. A 500K variable
resistor with a 10K limiting resistor in series with it
can be used to “adjust” the bias to the correct point,
then measure the variable resistance to see what size
resistor should be used in shunting either R1 or R2
permanently as needed. See Fig, 12-9,
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Fig. 1210, “TL” circuit with thermistor as bias stabilizer and a “bias
adjust” control for initial setup of the circuit when changing transistors.

Fig. 12-10 is a TL circuit that has a bias-adjust con-
trol built into the circuit, A thermistor is used instead
of a diode as the automatic bias voltage stabilizer.
Thermistors, much like diodes, have lower resistance
as they warm up.
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Speakers used with these TL as well as OTL cir-
cuits usually have higher impedance than 8 ohms,
which is more or less a standard impedance for cone-
type voice-coil speakers. If a replacement speaker is
needed and can be mounted, an 8-ohm speaker will
work; however, you will get a bit better performance
if you use an exact replacement speaker, if the original
had a higher impedance rating such as 20 or 40 ohms.

Fig. 12-11 is still another variation of the TL cir-
cuit. Here, a silicon and germanium transistor com-
bination is used for the outputs; a silicon transistor
with the emitter not connected serves as a diode for
establishing the necessary dc bias differential between
the two transistors and also acts as a bias regulator,
since its collector-base forward resistance is reduced
as the heat increases. A silicon transistor is used for
the driver and only one bias resistor and no emitter
resistor, attesting to the stability of the silicon tran-
sistor amplifier under varying conditions. Besides the
input and output electrolytics, only two capacitors are
used in this circuit, both for bypassing the higher fre-
quencies to eliminate “hissy” noise in the output when
a station is tuned in.
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Fig. 12-11. A Motorela “TL” circuit that returns speaker to ""hot” side
of battery rather than to ground.

SINGLE-ENDED AUDi1O

Almost no portable radijos use single-ended audio
because the single-ended audio stage must be class A,
and class-A stages continuously draw higher current,
whereas class-B audio draws current only in propor-
tion to the amount of audio. This means that batteries
last longer when the audio circuits are class B. For
table radios operated from the power line, however,
the single-ended class-A output is feasible, since the
additional current used is of virtually no concern.

Two single-ended circuits are shown in Fig. 12-12.
At Fig. 12-12A is a low-voltage single-ended audio
stage, using a germanium power transistor driven by
a small silicon transistor in a direct-coupled circuit.
The output transformer is an autoformer type match-

12

ing the speaker to the somewhat higher impedance of
the power transistor. At Fig. 12-12B is a transistor
output circuit that uses over 90 volts on the collector
of the specially designed power transistor. Bias for the
output stage is supplied through the emitter circuit of
the driver transistor. The output transformer in this
type of circuit usually has a primary impedance of
1000 ohms or more.
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(B) Fairly high voltage.
Fig. 12-12, Single-ended output stages.

Trouble in either of these circuits can usually be
spotted quickly by voltage measurement. As in any
circuit, if the output is weak, one of the first things to
check for is an open electrolytic, either one of the by-
passes or those coupling the signal from previous
stages.

A low-power single-ended stage (about 300 milli-
watts) of the type shown in Fig. 12-13 is often used
in small clock radios and similar radios. It will give
ample room volume and has a “clean” undistorted
output if the volume level is not tumed too high.

In this circuit, if the trouble is insufficient volume,
check the 200-uF emitter bypass and also the 3-uF in-
put coupling capacitor. For distortion, check for an
open 10K resistor in the bias circuit. If the transistor
overheats, check bias voltage; if high, it may be
caused by a defective transistor or by a change in value
of the 27K resistor. This symptom can also be caused
by a leaky 3-uF capacitor, allowing dc voltage from
the previous stage to affect base bias on the output
stage.
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Fig. 12-13. Low-power class-A audio output stage. Total current for
circuit is about 30 mA.

If a transistor must be replaced, be sure to replace
metal heat sinks if used. These are sometimes circular,
finned devices and other times arc simply metal
sleeves that slide over the transistor. Make sure that
the heat sink does not touch any metal parts of the
radio circuit, unless originally attached.® A heat sink
carries away heat from the transistor itself, so that it
does not draw excessive current.

HINTS ON AUDIO CIRCUIT REPAIRING

Transistors that mount with bolts often use an in-
sulator between the transistor and the chassis. This
insulator must be reinstalled, since the collector con-
nection on these power transistors is made directly to
the metal case of the transistor.

Squeals in audio amplifiers are usually traced to an
open electrolytic somewhere in the circuit. Try by-
passing each one as a test. On rare occasions a tran-
sistor will cause squeals and have to be replaced. A
wire from the output transformer passing too close to
the volume control circuit may cause squeals or
whistles.

A speaker with an earphone plug is an extremely
useful device for checking out a transistor radio, espe-
cially for checking thec speaker, earphone jack, etc.
A test speaker is also 2 good place to install an output
meter for use when checking alignment—be sure to
use an on-off switch on the meter so that it will not
work except when you have the output level set cor-
rectly, otherwise you could damage the meter—or, if
you like to have the meter working all the time, install
a sensitivity control as shown in Fig. 12-14. The sensi-
tivity control will turn the meter off or on, or any-
where in between. For protection, keep the meter at
a low sensitivity except when actually doing align-
ment; then it should be tumed to maximum.

°This is because the metal case of some transistors is con-
nected internally to the collector terminal.
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sensitivity control.

For distortion at low volume, check the speaker
first, and, if this is not the trouble, check for incor-
rect base bias on one of the audio transistors.

For direct-coupled circuits try to determine from
the schematic how the circuit will react to trouble,
since the voltages on the entire direct-coupled circuit
will be affected by trouble in any part in the circuit.

When the symptom is a2 weak radio, the most com-
mon trouble is an open electrolytic capacitor. It is
often easier to temporarily shunt a good electrolytic
across each of the electrolytics of the set, one at a
time, to see if there is a significant improvement,
rather than to attempt any other sort of diagnosis.

You can check to see if any transistor will respond
to a bias change by using a jumper wire to short be-
tween the base and emitter—if the current in the tran-
sistor drops, as measured across either an emitter or
collector resistor, then, obviously, the transistor is
working at some level of bias. If you suspect that the
transistor has no bias, you can always check by con-
necting a 10K resistor from the collector to base while
again checking for a change in voltage across either
an emitter or collector resistance.

It is always easier to get an accurate reading of bias
voltage if you measure directly between the base and
emitter, rather than reading each voltage separately
to ground.

For transistor circuits, use at least a 20,000 ohms-
per-volt vom, a vtvm or 2 FET/vom so that the me-
ter itself will not upset the circuit by its internal re-
sistance.

You can nearly always tell if a signal is getting
through the audio circuits of an audio amplifier by
turning the volume control and listening for a scratchy
sound or some other disturbance in the speaker that
changes as the volume control is turned.

13
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TEST QUESTIONS

L. In Fig. 12-15, the transistor is

A.
B.

AUDIO

R 4 |

2 In

a pnp.
an npn.

TO AuDIO
QuUTPUT
TRANSISTORS
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Fig. 12-15, Circult for Questions 1 through 6.

Fig. 12-15, the polarity of the supply voltage at point

@ should be

A.
B.

3 In

positive.
negative.

Fig. 12-15, C1 and C2 are electrolytics. They should be

connected in the circuit

A

B,
C.
D.

4. In

with the 4 sides connected to the base and emitter.
with the + side of Cl connected to base and the +
side of C2 connected to point @) .

with the 4 side of Cl connected to the volume con-
trol and the 4 side of C2 connected to the emitter.
with the negative (—) sides of both capacitors con-
nected toward the transistor.

Fig. 12-15, suppose that C2 opened because of an in-

ternal defect in it. The amplifier stage would

A,
B.

C.
D.

5. In

A
B.
C.

D.

have increased volume but poorer frequency response.
have decreased volume with, perhaps, better frequency
response.
probably cause whistles or squeals in the output stages.
develop nearly zero emitter voltage (measured to
ground).

Fig. 12-15, if Cl opened, the result would be

low audio output with perhaps a tinny sound.

zero bias on the transistor.

significant increase in collector voltage.

significant decrease in de voltage across emitter resistor.

8. In Fig. 12-15, if C1 sborted or became very leaky, the re-
sult would be

A. a decrease in audio available at the base of the tran-

B.

C.
D.

sistor.

the emitter de voltage changing with a change in the
setting of the volume control and probable distortion of
audio.

a significant increase in audio output.

that the volume control would have no effect on audio
output.

7. One of the best ways to check for an open electrolytic in
a circuit is to

A.
B.
C
D

114

remove the capacitor and insert a new one in its place.
use an electrolytic capacitor checker.

. measure the dc voltage drop across it.
. temporarily connect a known good capacitor across the

one suspected of being defective.

10,

11.

12.

13.

14.

The main reason for a center-tapped audio transformer
feeding from the driver to the audio output transistors is

A. to increase the audio voltage fed to the outputs.

B. for isolating the driver stage from the output transis-
tors, so far as dc voltages are concerned.

C. to provide out-of-phase signals to the bases of the out-
put transistors.

D. to make sure that both transistors get positive- or nega-
tive-going audio signals at the same time.

. A class-B audio output stage

A. uses only one transistor, to save battery power.

B. operates with very low dc bias voltages.

C. has less current flow from the battery at high volume
than when low-level signals are being fed to it.

D. is not normally used in portable radios.

A thermistor is a device that

A. is much like a transistor, but has decreased amplifica-
tion when it gets hotter.

B. increases in resistance as it gets hotter.

C. decreases in resistance as it gets hotter.

D. is used to increase transistor bias as the transistors tend
to draw more current due to heat.

In a class-B output stage

A. only one transistor is working at a time, for all practical
purposes.

B. only one transistor is used.

C. both transistors work together and supply power to the
output transformer or speaker on each half cycle of
audio.

D. battery current remains constant, regardless of the

audio-signal input.

“Distortion” is a term used in radio servicing that means

A. the radio case is warped so that controls will not work,

or the “works” of the radio are difficult to remove from

it.

the gain of a stage is low.

. the radio does not have a clear, understandable output.

. the normal phase inversion of an audio amplifier with
a negative-going input signal results in a positive-going
output signal.

gow

Fig. 12-16, the purpose of diode X1 is to

rectify the audio and provide bias for the output stages.

prevent positive audio pulses from occurring at the

center-tap of the transformer.

. act in the manner of a thermistor to control the bias,
depending on the surrounding temperature of the cir-
cuit.

D. make sure that only negative pulses are applied to the

output transistors,

O w» K

In Fig. 12-16, the purpose of R3 is to

A, improve the frequency response of the output stages.
B. protect the circuits if an output transistor should short.
C. provide the necessary bias for the output transistors.

D. increase the audio-output signal.
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15.

16.

17.

18.
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Fig. 12-16. Circuit for Questions 13 through 17.

In Fig. 12-16, the dc bias on Q2 as compared to Q3 is

A. higher.
B. lower.
C. the same.
D. negative.

In Fig. 12-16, the polarity of the voltage with respect to
ground at point (A should be

A. positive.
B. negative.

In Fig. 12-16, the purpose of C2 is

to bypass higher audio frequencies.

to bypass lower audio frequencies.

. to tune T2 to resonance.

. to keep the dc voltage on Q2 and Q3 at the same value.

oowm»>

In a transistor audio amplifier, an RC circuit is

. a tuned circuit.

. a circuit that uses a resistor to supply dc voltage to the
collector and a capacitor to couple the audio signal to
the next stage.

C. a circuit that uses a transformer with a capacitor across

it to control the tone of the amplifier.

o>

D. a circuit that is resistance-controlled—that is, the gain
or bias is controlled by changing one or more variable
resistors.

19. In Fig. 12-17, how much bias does the transistor have?

A. —8.5 volts.

B. —0.5 volt.

C. 405 volt.

D. Nat enough information to tell.
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Fig. 12-17. Circuit for Questions 19, 20, 21, 22, 24, and 25.

20.

21.

22.

23.

25.

26.

217.

In Fig. 12-17, the collector current (and consequently the
emitter current) is

A. more than 1 mA.
B. more than 2 mA.
C. less than 1 mA.

D. less than 0.5 mA.

In Fig. 12-17, the 560K resistor

A. provides both dc bias and some audio feedback which
reduces the gain of the stage.

B. provides dc bias only, but it is regulated or stabilized
because it is connected to the collector,

C. is for degenerative audio feedback only, so as to give
better frequency response.

D. provides neutralization of the audio amplifier.

In Fig. 12-17, if you shorted between the base and emitter
with a jumper wire, and the transistor were good, you
would expect

A. the collector voltage to rise to near 9 volts to ground.

B. the collector voltage to drop to near zero wvolts to
ground.

C. the transistor to be damaged or overheated because of
heavy current flow.

D. no change in dc voltages, but a loss of the audio signal.

If you were to measure the bias voltage on a transistor
between base and emitter and find that the voltage were
2.5 volts, you would expect that

A. the transistor is a silicon type.

B. the transistor is a germanium type.

C. the transistor is defective or connected in the circuit
wrong.

D. the base bias resistor has changed to a low value, or,

if a bleeder circuit is used, one of the resistors is open.

. In Fig. 12-17, how much is the collector voltage with re-

spect to emitter, and what polarity?

A. Positive 6 volts.
B. Negative 3 volts.
C. Positive 3 volts.
D. Negative 6 volts.

In Fig. 12-17, if you measured the collector voltage to
ground and found it was almost 9 volts, the likely trouble
might be

. an open 4.7K resistor.

. a shorted transistor.

. too much transistor bias, which might be caused by a
leaky capacitor CI.

. any of the above.

. none of the above.

HY Ow>

The transistor type that is least likely to be affected by the
temperature eround it and that generates less internal
heat in the same type circuit is

A. the thermistor.
B. the npn.

C. the pnp.

D. the silicon.

A class-B output circuit in a radio may draw no more than
4 to 8 mA, with no signal input, but perhaps as much as
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29.

31.

50 or 100 mA on peaks, when the si i is hi
 signal input is high.
What about the current drawn by the driver stage? i

g. Current \.\1'l| wamnally ran at least 10 mA, ar more.
. Current increases with the signal fnput, us it dees for
the output stages.
C. Current u mannatly ks than 10 mA and does not
change \\.1th change in the amount of signal input.
D. Current is extremely sma') since the driver stage has
no de¢ bias.

. Fig. 12118, is o direct-coupled circuit of a type used in

some car radios. Note thst QI is an npn and Q2 a pnp.
If the current increases through Q1 for any reason,

A. the current through Q2 should also increase.

B. the current through Q2 should decrease,

C. the bias voltage fed back through R{ and R35 should
g0 mare pasitive at the base of QI.

D. the voltage drop across R4 should decrease.
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Fig. 12-18. Circuit for Questions 28 through 34.

In Fig. 12-18, if Q1 should short (collector to emitter) the
current

A. through R6 will increase considerably.

B. through R6 will decrease considerably.

C. through R4 will decrease.

D. through the speaker and audio choke will decrease.

. In Fig. 12-18, R7 and C5 isolate the bias resistor, R1, from

the +12-volt line, This kind of circuit is normally called

A. a decoupling circuit.

B. an unlatching circuit.
C. an isolation circuit.

D. a bias-smoothing circuit.

Looking at the circuit in Fig. 1218, why do you suppose
that R3 is needed?

A. To reduce the collector voltage on Ql.
B, To limit the amount of current flow, should Q1 short

out.
C. To reduce the volume or signal level going to Q2.
D. To act as a collector load resistor for Q1.
(Hint: The above question is not answered directly in the
text, but you should be able to decide why it is
needed. )
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32.

33.

34.

35.

36.

37.

38.

In Fig. 12-18, the purpose of C3 is to

A. prevent the signal coming into Ql from being trans-
ferred directly to the speaker.

B. reduce the dc voltage fed back from the collector of
Q2 to the base of QI.

C. eliminate audio feedback from the collector of Q2 to
the base of QI while still allowing a dc bias stabiliza-
tion voltage to be fed back.

D. bypass the higher audio frequencies and so give a
more “bassy” tone to the amplifier.

In Fig. 12-18, a fusible resistor is used in the emitter ?f
the output transistor (Q2). This resistor, when used, will
burn open (like a fuse) if the Q2 transistor current be-
comes excessive or if Q2 should short. If you were to
find this resistor open and you wished to check Q2 to see
if it were shorted, you would measure with an ohmmeter
between

A. the collector and emitter of QI.
B. the collector and base of Q2.
C. the collector and emitter of Q2.
D. the emitter and base of Q2.

In Fig. 12-18, the transistors are:

A. QI is a silicon npn and Q2 is a germanium pnp.

B. QI is a germanium npn and Q2 is a germanium pnp.
C. Ql is a silicon pnp and Q2 is a silicon npn.

D. Ql is a silicon pnp and Q2 is a germanium npn.

In a direct-coupled circuit, an increase in current in one
transistor

A. should always cause an increase in current in the other
transistors in the same circuit.

B. should always cause a decrease in current in the other
transistors of the same circuit.

C. may cause either an increase or a decrease in the cur-
rents of other transistors in the circuit.

D. may occur if the set is operated in low temperatures.

direct-coupled circuits, a replacement transistor may be

In

A. almost any that is of the same general type.

B. more critical to replace and should be an exact replace-
ment whenever possible.

C. less critical than in RC-coupled circuits.

D. either a silicon or germanium, regardless of the original

type.

direct-coupled circuits, often,

. frequency response is sacrificed in favor of gain,

. gain is sacrificed in favor of economy.

. gain is sacrificed in favor of frequency response.

. there are fewer transistors used than in a transformer-
coupled circuit.

vomy g

Fig. 12-19 is

A. a direct-coupled circuit.
B. an OTL circuit.

C. a class-B circuit.

D. both B and C above.
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39. The notes by the thermistors in Fig. 12-19 indicate that
they measure 110 ohms cold. If they are heated, their re-
sistance would

increase.

decrease.

remain unchanged.

. g0 to zero immediately.
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Fig. 12-19. Circuit for Quastions 38 through 43.

40. In Fig. 12-19, when the signal voltage is positive-going on
the base of QI,

. it will also be positive-going on the base of Q2.

. it will be negative-going on the base of Q2.

. it might be either positive or negative-going on the
base of Q2.

. the dc bias must be positive on QI.

o oOm>

41. In Fig. 12-19, so far as the speaker is concerned,

. there should be no direct current through it.

. the cone should move back and forth as QI and Q2
conduct.

. it should make a loud “pop” when the set is first turned
on,

. all the above are correct.

. only A and B above are correct.

mo O w»
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Fig. 12-20. Circuit for Questions 45, 46, and 47.

42.

43.

44.

45.

In Fig. 1219, if the output signal is distorted—that is,
difficult to understand—you might expect that one of the
transistors was not working. If Q1 were shorted (collector
to emitter),

A. this would not cause distortion, since one transistor can
drive the speaker. The second one simply adds more
power so you can have more volume.

. the collector voltage (dc) on Q2 would be near zero.

. the emitter voltage on QI would be near 9 volts,

. the 49 volts would be shorted direct to ground (volt-
ages measured to ground).

OOw=

In Fig. 12-19, suppose Q2 should open or should lose its

bias

A. Q1 would continue to work normally, since its bias and
voltages would not be affected tc any great extent.

B. audio output would drop to nothing or be heavily dis-
torted, if the volume control were turned full up on a
strong station.

C. Q1 would overheat; and, therefare, its current would
increase, eventually cutting it off and causing severe
distortion.

D. you would be able to tell it, because Q2 would over-
heat from excessive collector current.

In an OTL or a TL circuit you can best check the bias
on individual transistors by

. measuring from the base to emitter of each transistor.

. measuring from the base to ground and the emitter to
ground of each transistor and then subtracting one
from the other.

. by feeling them to see whether or not they are warm.

. by reading the bias at the center tap of the driver
transformer.

&>

o0

Fig. 12-20 is a TL circuit that uses the same type of tran-
sistor for both the outputs (just as in the OTL circuit),
but instead of a transformer, a transistor is used as a phase
inverter to “turn the signal over” on Q5 as compared to
Q4. This occurs because in any transistor with the input
going into its base and the output taken from the col-
lector, the signal is reversed 180 degrees—that is, if the
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signal xs'positiye-going at any instant at the base, it will
be negative-going at the collector. The silicon diodes are
used in this circuit to feed the signal from the collector
o.f Q2 to the base of Q3. Diodes are often used like this
since a forward-biased diode has a resistance of less than
100 ohms, which will, as in the case of a thermistor, have
even less resistance as the temperature of the circuit rises.
The audio travels through these transistors without recti-
fication, since they are already forward biased, but the
bias differential between Q4 and Q3 is maintained stable
regardless of reasonable temperature changes. Knowing
that the signal does reverse as it goes through each tran-
sistor, supposing a negative-going voltage is applied at
Q1, what direction will the amplified voltage be going at
the base of Q47

A. positive.

B. negative.

46. In Fig. 12-20, if the signal input at the base of Q1 is nega-
tive-going at some instant, at that same instant the voltage
at the base of Q5 will be

A. positive-going.
B. negative-going.

47. Judging from the bias on the various transistors in Fig. 12-
20, the indication is that

A. they are all germanium types.

B. they are all silicon types.

C. Ql, Q2, Q3 are silicon, Q4 and Q5 are germanium.
D. Q1, Q3, Q4, Q5 are silicons, Q2 is a germanium.

48. In Fig. 12-21 is a TL circuit that uses an npn and a pnp
output transistor so that out-of-phase signals do not have
to be developed prior to driving the output stages. The
transistors, judging from bias voltages are
A. all silicon.

B. all germanium.
C. Q1 and Q2 are silicon and Q3 and Q4 are germanium.
D. Q1 and Q2 are germanium and Q3 and Q4 are silicon,

49. In Fig. 1221, if you shorted between the base and emitter
of Q1, current through the emitter resistor of Q4 should
A. increase.
B. decrease.
C. stay the same.
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(Hint: Because the transistors are in series, if either is
turned off the other cannaot draw current, except
for as long as it takes the 500-uF capacitor to dis-
charge.)

50. In Fig. 12-22, suppose that output transformer T1 should
open (the primary winding) what would happen to the
current through the driver transistor?

A. No effect.
B. Drop to zero.

C. Drop but only a slight amount.
D. Increase.
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Fig. 12-22. Circuit for Questions 50 through 53.
51. Judging by the emitterresistor voltage drop {and disre-

garding the slight amount of base current which is less
than 2 mA) how much current is flowing in the collector
circuit of the output transistor in Fig. 12-22?

A. Less than 5 mA.

B. More than 5 but less than 10 mA.
C. Between 30 and 35 mA.

D. About 330 mA.

52. The output stage in Fig. 12-22 is

. a pnp class-A stage.
a pnp class-B stage,
. an npn class-A stage.
. an npn class-B stage.

voOw>

OUTPUT TRANS ISTORS
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Fig. 12-21. Circuit for Questions 48 and 49.
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ere to increase the amount of dc bias on the driver 54. Open e S
in Fig. 12-22, what would be the effect on the . a weak radio or .
or voltage of the output transistor? . a weak radio o
. a radio that | S or
. excessive dc bias

No effect.
B. Increase.
C. Decrease.
D. Rise above 90 volts.







CHAPTER 13

The AM/FM Radio

More and more, the “a-m only” radio is disappear-
ing from the scene, as the public begins to realize
that fm is radio also and that things happen on fm
that do not happen on a-m. Fm (frequency modula-
tion) operates on higher radio frequencies than a-m.
The fm broadcast band is from 88 to 108 MHz (mega-
hertz, which is a million cycles per second) as com-
pared to 535 to 1605 kHz for the standard broadcast
a-m band.

FREQUENCY MODULATION

Frequency modulation puts the voice and music on
the rf carrier, not by changing the power output in
accordance with the voice or music, but by changing
the frequency of the output in accordance with the
desired modulation. The power output of an fm sta-
tion does not change at all when in use, but the fre-
quency of the output signal can vary as much as 75
kHz on each side of the center frequency. For exam-
Ple, a station with an assigned frequency of 90.3 MHz,
when modulated at maximum (called 100% modu-
lation}, would be swinging back and forth in fre-
quency from 90.225 to 90.375 MHz,

The amount of frequency swing indicates the “loud-
ness” of the signal, while the rapidity with which it
swings indicates the frequency of the audio tones. For
r::ample, a 1000-Hz tone sent by fm would cause the

equency to swing back and forth 1000 times per sec-
ond. If the tone were sent out at a low level, the fre-
quency might change only 5 kHz on each side of 90.3
MHz, but if sent out at full volume, the swing would
be as defined for 100% modulation, 75 kHz on each
side of the center frequency.

Freedom From Static

One of the big advantages of fm is the fact that it
is “static free.” This occurs for two reasons: One, there
is less static on these higher frequency bands even
with a-m, and two, static causes a change in the
“power” of the signal reaching the antenna. More ac-
curately, static is an overpowering amplitude-modu-
lated signal, created by lightning and atmospheric dis-
urbances, and this amplitude-modulated signal will

be “detected” by an a-m detector and passed on to
the speaker. With fm, these noise pulses can be
“clipped” off and eliminated, since the fm detector
needs to respond only to frequency change and not
to amplitude changes. Fig. 13-1 gives some idea of
how an f signal is frequency modulated and how the
fm signal can be limited in the receiver to eliminate
noise, or any other amplitude modulation.

Intermediate Frequency

Since an fm broadcast radio operates at a higher
frequency and also has a wider bandpass® it must of
necessity have a higher intermediate frequency. The
i-f standardized for fm is 10.7 MHz.

10.7 MHz was chosen because it is relatively free of
short-wave broadcast signals, it can easily accommo-
date a bandpass of 200 kHz or more, and it is high
enough that no image frequency falls in the fm band.
(Recall that image frequency always occurs at twice
the i-f, so, since the fm band is only 20 MHz broad—
88 to 108—no image within the band is possible.®

Fig. 13-2 is a block diagram of an fm-only radio,
minus the audio stages. There is a similarity between
this and the a-m superhet circuit. One difference is
the rf stage, which is nearly always used in an fm
radio and not too often used in the a-m version. Too,
there are three i-f stages on fin, and sometimes four,
while on a-m there are generally only two and some-

°Bandpass is the term used to indicate how wide a frequency
range that an amplifier will pass. For example, an a-m radio
with 455-kHz i-F's might have a 20-kHz bandpass—that is, it
might pass from 445 kHz to 465 kHz, though for a-m a 10-kHz
bandpass is adequate, For fm the bandpass must be at least
150 kHz, because the frequency swings back and forth that far.
For ease of tuning and best fidelity, an fm radio is usuelly de-
signed with a bandpass of at least 200 kHz.

*This does not mean that images do not occur outside the
band. For example, an fm radio tuned to 98.6 MHz has an
oscillator frequency of 109.3 MHz, and 10.7 MHz above that
is the image frequency (120 MHz), which is right in the mid-
dle of the aircraft radio bands. This accounts for the fact that
sometimes you may hear a strong aircraft broadcast on an fm
radio and shows why the airlines will not allow you to use
an fm radio on board, since if you are tuned to 107.5 MHz, for
example, the fm oscillator is at 118.2 MHz, and this could
block out reception on an aircraft radio.
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times only one. Another difference is, the fm de-
tector is often called a demodulator. The demodulator
must derive audio signals from the frequency changes
it sees, rather than from amplitude changes. A fourth
difference is the afc (automatic frequency control)
line that nearly all fm radios have. The afc uses a cor-
rective signal from the demodulator that counteracts
any tendency for the oscillator frequency to change.

A
VRV

FA SIGNAL CHANGES IN FREQUENCY
{A) How carrier is modulated.

CLIPPING

LEVEL
—
= b

~

FM SIGNALS CAN BE CLIPPED {CALLED LIMITING)
TO REMOVE NOISE BUT S IGNAL STILL RETAINS ITS
FREQUENCY CHANGE AND THIS CAN BE DETECTED
BY THE FM DEMODULATOR

(B) Noise reduction by clipping.

Fig. 13-1. fm signal,

Without afc®, an fm radio has a real tendency to
drift off the station so that the dial has to be changed,
especially during warmup, for the first 30 minutes or
so. The afc circuit automatically corrects for this
drift, making the radio user unaware of drift. The ra-
dio is generally tuned in with the afc switch “off” so
that the afc circuit will not try to “pull in” the station
when the dial gets close to the right place. Then the
afc switch is turned on to hold the station correctly
tuned.

°Some high-priced fm radios have been built with such good
heat stability that afc was not considered necessary, but a
radio this well designed costs several hundred dollars,

The reason drift is a problem on fm is because the
frequencies are much higher than for a-m, and this
means the electrical componcnts that make up the
tuned circuits are much smaller. For example, an an-
tenna coil on fm may be only a couple of tums of
wire and the capacitor no more than a single plate
facing another one. Thus, even a slight mechanical or
electrical change can become a major factor in the
circuit. In fm, even the length of the leads that go
to capacitors, transistors, etc. becomes a significant
portion of the whole tuned circuit. This is why in re-
placement of parts in an fm tuner circuit, not only
should the parts be the same type, but they should
also have the leads cut to the same short length as the
original. Failure to do so almost surely means detun-
ing and lowered sensitivity of the tuner, as well as
additional noise, etc.

THE ANTENNA AND RF CIRCUIT

The antenna on portable fm sets is usually a “whip”
or “rabbit ears” (two whips). On home radios, the
antenna may be built into the power cord, or it may
be a coupling to the power line itself by a small ca-
pacitor. Sometimes it will be a short piece of wire. On
fm stereo console home radios and the like, it may
be two wires and sometimes a “folded twin-lead”
antenna.

The antenna circuit is called a “low impedance” cir-
cuit because it uses transformer coupling or some
other impedance-changing device between the an-
tenna and the first tuned circuit.

Fig. 13-3 shows only a few of the several dozen
antenna-circuit variations that are used, but all fall in
these general categories. Fig. 13-3A is a broadband in-
put circuit—in other words, the input is not sharply
tuned, but is broadly resonant over the entire 88 to
108 MHz band. The coupling capacitors (7 pF and
20 pF) not only provide isolation between the antenna
and the coil and the coil and the transistor bias circuit,
but also are selected to provide the broad resonance
required when an antenna rod or wire is connected.

ANTENNA
83-108 MHz
10.7 MHz
FM M 1st 2nd ind M
| RF AMP MIXER FMI-F FMI-F FM I-F DEMOOULATOR |~ |
Fig. 13-2. Black diagram of fm radie.
M -
OSCILLATOR AFC
98.7-118.7 MR N
TO AUDIO
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(D) Grounded-base amplifier.

Fig. 13-3. Some fm antenna circuit variations.

In Fig. 13-3B, the tuned input circuit is tapped
down to provide a step-up voltage between the an-
tenna and the total resonant circuit. The 39-pF ca-
pacitor is for isolation and to prevent an incorrect
antenna, which might be attached, from so detuning
the circuit that reception would be weak and “hissy.”
Again, the 15-pF capacitor couples the signal to the
transistor but blocks the dc bias from being shorted
out through the coil.

Fig. 13-3C shows a conventional transformer cou-
pling. The antenna coupling coil may be only one or
two tums of wire wrapped around a 4- or 5-turn,
tuned circuit. A metal strap is connected as shown by
the dotted lines, when a rod-type antenna is used, but
if a roof-type antenna is used with a twin-lead (like
tv antenna lead), the leads are connected across the
Ay-A; terminals and the strap to ground may be dis-
connected.

In Fig. 13-3D is what is called a grounded-base
amplifier. Here, the signal is inserted on the emitter
terminal, and the base is grounded by a .001-uF ca-
pacitor, so far as the signal is concerned, while still
allowing dc bias to the base to remain. The advantage
of this circuit is, the base effectively shields the input
signal from the output signal so that there is prac-
tically no possibility of feedback from output to input,
which can cause “birdies” (whistles) and the like.
Since fm is at higher frequencies than a-m, a much

smaller capacity will pass them, and output-input
feedback is a much greater problem. The grounded-
base circuit is quite popular as an rf amplifier, and it
is also sometimes used as an i-f amplifier. It is less
susceptible to feedback because the input is low im-
pedance, and low impedance circuits do not “pick up”
signals so easily through small capacities.

Note that the tuning in Fig. 13-3D is by a slug
which moves in and out of the coil. The capacitor
across the coil is for trimming and is screwdriver-
adjusted during initial aligoment of the radio-fre-
quency stages.

The rfc (radio frequency choke) provides a method
of supplying dc voltage to the collector while forcing
the rf signal to “stay on top” and be transferred to the
tuned circuit through the 5-pF capacitor.

HOW TO FIND TROUBLES IN THE
RF AMPLIFIER

An rf amplifier simply takes the input signal, at
whatever frequency, and amplifies it at that frequency
before sending it on to the mixer, where it is changed
to the intermediate frequency. This means that if the
rf amplifier becomes defective, stations may still be
received if they are strong local ones, but distant sta-
tions may not be heard at all, and even local ones
may have excessive background hiss.
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If the trouble seems to be of the foregoing nature,
it could be that the antenna circuit is broken or not
properly connected; so this circuit should be checked
also. If a local-distance switch is used, it may be in
the “local” position,

Many technicians use the following quick method
of testing the rf amplifier circuit. They remove the
antenna and touch the input circuit with a screw-
driver, making the blade of the screwdriver act as an
antenna, and try to tune in a station with the radio
dial. If a station cannot be tuned in, or is really weak,
the technician then moves his screwdriver to the col-
lector (or output) circuit of the rf amplifier and again
tries to tune in stations. If the radio works noticeably
better when the collector (or output circuit) is
touched, then the trouble in almost surely in the rf
circuit, with the transistor the most likely trouble. Rf
transistors seem to be extremely susceptible to faults
because of surge voltages (such as nearby lightning
flashes) or when used in car radios operated near a
strong local fm signal, etc.

VOLTAGE-CHECKING THE RF AMPLIFIER

There is almost always an emitter resistor in the fm
rf amplifier transistor circuit and a quick dc measure-
ment should tell you whether or not the transistor is
drawing current. If it is not drawing current, either
the transistor or the bias circuit is defective. Typical
current in an rf transistor is from about 1 to 3 mA. Use
Ohm's law to determine about how much voltage
should be at the collector. For example, if the emitter
resistor is 330 ohms (about 14K), then about 0.3 to 1
volt might logically be expected across the resistor.
If the voltage is excessive across the resistor, then the
problem likely is a shorted transistor.

Other problems which could occur in the rf ampli-
fier might be a serious detuning caused either by
someone “diddling” with the trimmers on the fm tun-
ing capacitor or across the fm slug-tuned coils. The
small bypass capacitors and tuning capacitors are not
often the cause of fm circuit troubles and sometimes,
if they are, it may not be profitable to try to replace
the offending part, unless you have had considerable
experience with a particular-type tuner or with work-
ing on high-frequency circuits. Both parts placement
and length of leads of replacement parts can be criti-
cal factors in whether an fm tuner works efliciently, or
even works at all.

THE FM CONVERTER (MIXER-OSCILLATOR)

The fm mixer and oscillator may use two transistors,
one for each function, but many circuits use one tran-
sistor for both jobs. Fig. 13-4 is such a circuit. This is
a “grounded-base” oscillator and mixer circuit. The
signal from the f stage is fed to the emitter through
a 3.3-pF capacitor. The oscillator signal feedback is
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Fig. 13-4. Single transistor serving as both mixer and oscillator.

through a 1.0-pF capacitor from the top of the oscil-
lator coil, which is directly tied to the collector (out-
put) circuit through the primary of the i-f trans-
former.

The oscillator coil in this circuit has slug tuning.
The slug moves in and out of the coil as the dial is
turned. The coil has a 20-pF capacitor across it. Across
the coil, besides the 20-pF capacitor, is a “varicap”
diode in series with an 8-pF capacitor. The opposite
end of the diode is effectively at rf ground because of
the .002-uF capacitor. A varicap is a diode that
changes capacity in a linear fashion as the reverse
voltage across it is changed. This means that by apply-
ing a dc voltage to the diode the fm oscillator circuit
can be tuned. An afc (automatic frequency control)
voltage is taken from the fm demodulator circuit
through a 470K resistor and fed to the diode on the
lower side. On the other side, +1.5 volts is applied
through another 470K resistor to the diode. The fm
demodulator, when tuned in to the center of a station,
has zero dc voltage output on the afc line. If the sta-
tion is off-tune in one direction, the dc voltage goes
positive, and if the station is off-tune in the other di-
rection, the dc output voltage goes negative. With the
station tuned in properly, there is +1.5 volts on the
cathode of the diode, which represents some spe-
cific capacity. Now, if the oscillator starts to drift off
frequency, the demodulator circuit will go either posi-
tive or negative, which either increases or dccreases
the capacity of the varicap and puts the station back
in tune. (Actually, the varicap cannot pull the oscil-
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lator completely in tune since to do this would drop
the demodulator voltage to zero; so the varicap
would have its original effect on the circuit. Fortu-
nately, an fm demodulator can operate slightly off tune
and still sound good, and, since the actual off-fre-
quency pull is slight, an afc circuit works perfectly.
ln'fact, the afc circuit can hold the circuit closer to
being in tune than it is possible for the average person
to tune an fm radio by ear.)

To tumn off the afc in this circuit, the afc line is
grounded, which assures that there is zero voltage on
the anode side of the diode. The set is then tuned
in (which should provide zero voltage on the afc
line) and when the afc switch is opened, the oscillator
tuning will not change. Tuming off the afc provides
more accurate tuning because it allows the afc circuit
the maximum pull-in range. If you tune with the afc
on, the afc circuit will continually try to compensate
for an off-tune condition of the dial which makes it
next to impossible for the radio user to get “cen-
tered” tuning. Some radios, notably automobile fm
radios, do not have afc switches; this gives broader
tuning and makes it easier for the user to get the
radio on a station while driving down the road. The
disadvantage of this method is that when the auto
moves out into the fringe area of the signal, the user
may have to retune because the afc circuit can no
longer capture and hold the signal.

Afc circuits also can cause another trouble in car
radios or in home fm radios that are tuned to weak
stations. If, because of location (in the auto radio) or
because of atmospheric conditions, another station—
even on an adjacent channel—gets strong enough, it
can “capture” the afc circuit and cause the radio to
change to the new channel.

Fig. 13-5 is a separate oscillator transistor. This is es-
sentially the same oscillator circuit as in Fig. 13-4, with
collector-to-emitter feedback. The base is grounded for
signal by the .0l-uF capacitor. A “bias balancing”
circuit (R3 and R5) helps to keep the transistor draw-
ing appreciably the same amount of current. If the
collector circuit starts to draw more current, less nega-
tive voltage (more positive) appears at point A, which
in turn reduces the bias of the transistor, tending to
reduce the collector current.
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Fig. 13-5. Separate fm oscillator with afe.

The afc circuit operates by changing the bias of the
oscillator transistor.

HOW TO CHECK OSCILLATORS

Checking an fm oscillator is a bit more difficult
than checking an a-m oscillator, for at least two rea-
sons: One, because of the high frequency, the leads
of your test equipment will cause serious detuning if
you connect to a signal circuit, and, two, because leads
must of necessity be short in fm tuner sections, the
circuit is often so crammed together that it is difficult
to find a suitable test point.

A little ingenuity is needed. The circuit of Fig. 13-4,
for example, can be checked for base bias because the
base is at ground so far as rf is concerned. If the base
bias is about normal, then check the emitter voltage—
the emitter circuit is “hot” so far as signal is con-
cerned, but even if the oscillator is detuned, the tran-
sistor should still be drawing current because of the
base bias. Also, if you use a vtvm or solid-state vom
that uses an isolation resistor at the probe tip, then
you can measure this voltage without serious detuning
of the oscillator.

While monitoring this voltage with the isolated test
probe, touch some point on the oscillator coil circuit
and see if the emitter voltage changes—the voltage
should go up if the oscillator is working.

In Fig. 13-5, an ideal place to check transistor cur-
rent without upsetting the signal circuit is at point
@. A test probe with an isolation resistor can mea-
sure the voltage at the emitter without appreciable
effect on the circuit. But even with considerable ef-
fect, the transistor must draw current and should in-
dicate approximately the right voltage, perhaps a bit
high, at any of the transistor elements.

Test Tip: If you are using a vom with open test
leads, you can provide signal isolation that will not
seriously upset the high frequency circuit, by tem-
porarily soldering or wrapping a 22K, %-watt re-
sistor to the test probe tip and using the opposite end
of the test resistor to touch the various transistor ele-
ments, Fig. 13-6. The resistor will cause the vom to
read approximately 1 volt low. In other words, if you
get a reading of 2.3 volts you know that the actual
reading is about 3.3 volts, or if you get a reading of
0.5 volt, the actual reading is about 1.5 volts, etc. This
method is also useful for checking voltage in the rf
stages and in the i-f amplifiers, when upsetting the
signal voltage might cause significant changes in the
operation of an amplifier and thus cause erroneous
voltage readings.

THE FM I-F AMPLIFIERS

It would be nice if the fm i-f amplifiers were always
separated from the a-m i-fs, so far as parts and tran-
sistors are concerned. Some radios do have completely
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Fig. 13-6, Isolation probes used with vom.

separate i-f strips, but many use a “combo” strip that
utilizes at least part of the a-m transistors in the fm
i-f circuit.

But, first, let us consider the separate strip. From
earlier discussion in this chapter, you noted that the
fm strip usually has one or several i-f stages more than
the a-m. This is necessary for at least two reasons:
One, the broader bandwidth and higher frequency re-
quire more amplification in order to obtain the same
voltage output as a lower frequency narrow band
amplifier. Two, there must be enough amplification
to provide “limiting.” That is, the signal must be am-
plified enough so that clipping off the top and bottom
will not seriously affect the output. To get more gain
and to provide limiting action, the fm amplifier uses
at least 3 stages and, except in a few instances, no agc
is applied. When agc is applied to the if, it is nor-
mally only to the first stage.

FROM

t

L -

-}
—I
08900

= -v
(B) Positive battery ground.

Fig. 13-7. Two fm if circuits identical except for ground polarity.
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Fig. 13-7 shows two typical fm i-f amplifiers. Both
of these amplifiers are identical, both use npn silicon
transistors, etc. The only difference is that one circuit
is wired to have the battery with a negative ground
and the other to have the battery with a positive
ground. The voltages across the transistors are identi-
cal, as to both amount and polarity, but when read to
ground therc is considerable difference. These draw-
ings show how possible confusion can occur concern-
ing the transistor voltages. If you read the voltages of
Fig. 13-7B, using the negative side of the battery as
common for the meter you would read exactly the
same voltages as are shown for Fig. 13-7A.

As can be seen from Fig. 13-7, the fm i-f amplifier
stage and an a-m i-f stage have much in common. The
big difference is not in the dc circuits, but in the i-f
transformers, which, in the case of fm, are tuned to
10.7 MHz.

In a-m i-f's you will not see too many neutralized
circuits, especially in later model radios, but in fm
i-F's there is still quite a lot of it done in the design. In
Fig. 13-7, C, is the neutralizing capacitor and may
range in size from about 1 pF to 10 pF. In addition, a
“losser” resistor is also used in many circuits between
the collector and the primary of the i-f transformer.
This resistor helps isolate the collector tuned circuit
from the input tuned circuit and so aids in preventing
possible self oscillation of the i-f amplifier.

TESTING THE I-F AMPLIFIER

As in other circuits, the dc voltage readings on a
particular stage will often show up the particular
fault, since the most faults occurring in the dc cir-
cuits, or even in the signal circuits or the transistor,
will show up as erroneous voltage readings.

You can usually tell if an i-f amplifier is working
by simply using a screwdriver and touching the base
connection of the Ist i-f transistor—in most cases you
should hear an increase in noise (hiss) in the speaker,
if the i-f is working normally.

The signal generator is, of course, an ideal test
method, since by injecting a 10.7-MHz signal into the
i-f you should be able to measure the output by check-
ing the voltage across the a-m rejection capacitor. The
signal generator is generally best coupled into the
circuit by simply pushing an insulated wire into the
i-f transformer can through the hole in the top or
bottom and then clipping the signal generator output
lead to this wire and the ground of the signal gen-
erator to ground of the radio. Coupling the signal in
this way will assure that the circuits are not detuned
by the signal generator connections.

If the i-f is seriously detuned, a direct connection
may have to be made in order to drive a signal
through the detuned stages. To make sure that the
signal generator will not affect the bias circuits of the
radio, be sure to connect a small capacitor in series
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with the hot lead of the signal generator. This can be
any s:ze.from about 100 pF to 1000 pF, with the
smaller size preferable. See Fig. 13-8.

SIGNAL GENERATOR

//%‘6\\\

O O O 9¢

TO GROUND OF RADIO

e
TO BASE OF é"—_‘”—’{/

I-F AMPLIFIER 100 pF

Fig. 13-8. Signal generator has 100.pF isolation capacitor in serias with
output lead.

THE FM DEMODULATOR

'I.'he most common of all fm demodulators is the
ratio detector, a circuit of which is shown in Fig. 13-9.
With some variations, this circuit is probably used in
90% of all modern fm radios, especially transistor
radios. It can be recognized by the fact that the di-
odes face in opposite directions, coming off the de-
r.nodulator transformer. The ratio detector also has an
a-m rejection” capacitor, usually about 1 to 10 uF.

The ratio detector can reject a-m because one of the
detector diodes is going positive and the other is go-
ing negative; so at the center tap of the transformer,
where the audio is taken off, the amplitude voltages
cancel,

The fm ratio detector, as well as the discriminator,
Fig. 13-10, works basically on the principle shown in
the basic detector circuit of Fig. 13-11. In this circuit,
L1 is tuned higher than the i-f, while L2 is tuned lower
than the i-f. When only the i-f is coming in (no audio
modulation), both L1 and L2, being tuned the same
distance above and below the i-f, will receive identi-
cal signals, and the same amount of voltage is de-
veloped at points A and B, so that these two voltages
cancel and you hear nothing in the output. As the
audio swings the frequency up and down, first L1 re-
ceives the stronger signal, increasing the voltage at
A, and then on the next half cycle the voltage at B in-
creases, so that we have an audio voltage output across
Rl and R2.

In the refined circuitry of today, in both ratio de-
tector and discriminator, the high-low frequency-
selection circuit still exists. Because of “double-
humping” of the response through the coupling cir-
cuits, it is possible to tune the circuit with only one
slug. This provides much quicker and easier balance
of the circuit, with better linearity.

The discriminator circuit responds to a-m signals as
well as fm signals, and when a discriminator circuit is
used, a “limiter” stage must precede the circuit to
clip off all amplitude modulation and noise. The ratio
detector, because of the reverse-connected diodes,
tends to cancel a-m and noise automatically. Most
designers, though, still provide for some clipping or
limiting in the amplifiers to make sure that the signal
is as noise-free as possible.

The output on the audio line of most ratio detectors
and some discriminators is a zero dc voltage when the
circuit is perfectly in tune. If the signal shifts away
from the center frequency, then one of the diodes
draws more current, and there is either a positive or

negative dc voltage output, depending upon whether -

the frequency goes high or low. It is this voltage that
is used for the automatic frequency control (see Fig.

$anx

Fig. 13-9. Fm demodulator, This is a
ratio detector.
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13-9). It is also this voltage that is used to properly
tune the i-f amplifiers in the following manner. Feed
in a 10.7-MHz signal and first detune the secondary of
the ratio detector, then, while reading the voltage
across the a-m rejection capacitor, set all the i-f trans-
formers for maximum output. Keep the signal gen-
erator output low (no more than 1 volt, preferably
less, across the a-m rejection capacitor) and tune each
coil for maximum. Now move the meter to the afc (au-
dio output) line. The meter should be an amplified
type, if possible, that has a zero-center position (short
the meters test leads together to set up the meter for
zero center). Adjust the secondary of the demodu-
lator transformer until the meter reads exactly zero
voltage. Fig. 13-12 shows the alignment setup. Not all
ratio detector circuits have the A4 and A5 adjustment
in the same can. Many radios, especially Japanese
makes, will have separate cans usually mounted next

t 8ASIC RATIO DETECTOR
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Fig. 13-11. Basic fm detectors are two tuned circuits. One is tuned above
and the other is tuned below the intermediate frequency.
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to one another. Many American-made i-f transformers
have a dual core, one at the top and one at the bot-
tom. A hex alignment tool is nceded, as shown in

Fig. 13-13.

AGC CIRCUITS

It is possible to take off an agc voltage from the
ratio detector from one side of the a-m rejection ca-
pacitor to ground. However, there are some disadvan-
tages in doing this, becausc of circuit tuning that
changes the point of maximum agc with signal
strength changes. A great many designers use another
diode for agc, as in Fig. 13-14. If this is taken off the
last i-f, it provides more agc voltage output, but also
tends to not peak with maximum signal because of
the detector tuning—the same fault as with taking off
the age direct from the ratio detector, though perhaps
not quite so noticeable. For this reason, several de-
signs take off the agc signal voltage [rom the i-f stage
ahead of the final one.

As indicated before, many fm i-f strips do not have
agc applied at all, while others may have age applied
only to the first stage. Those using an agc circuit often
apply the control voltage to the rf stage only, and the
main purpose here is to prevent overloading on an ex-
tremely strong local signal.

COMBINATION AM/FM I|-F AMPLIFIERS

Although few radios use combination front ends,
that is, rf and converter for both a-m and fm, many
use combination i-f amplifiers. The switching from
a-m to fm is often just a matter of switching on the
battery supply to those sections of the amplifier that
do not function on both bands. For example, the last
i-f and the demodulator circuit are switched off when
the radio is on a-m and the audio is switched rom the
demodulator output to the detector output. On occa-
sion, there will be switching between the 455-kHz and
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Fig. 13-12. Setting up (alignment) of fm radio that uses ratio detector. Keep signal generator output low.

the 10.7-MHz i-f transformers, but generally not. In-

e 105 3 stead, the transformers are connected in series (or
J sometimes in parallel) with the 10.7-MHz transformers

connected closest to the transistor, as in Fig. 13-15. The
circuit works because so far as the 455-kHz trans-

former is concerned, the few turns of wire on the
10.7-MHz transformer appear to be no more than a
TOP CORE-
1sUAM I-F
MIEM IF
| 1-F SHIELD
BOTTOM CORE -
-E.oz
l ! ol - 5 L
¢:5W
. k.
Fig. 13-13. Hex alig t tool reaches bottom core by first passing ] t
through top core. |

L]
ok L AR
)
N
ULLLLD|
R e e e e

e
8
b
e
-
-:;‘
3
—

5.2V

Fig. 13-14. Separate diode used for agc voltage. Fig. 13-15. Combination am/fm i-f amplifier.
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Fig. 13-16. Combination am/fm circuit using capacity matching.

straight wire, while the 10.7-MHz signal is bypassed
to ground through the capacitor circuit of the 455-kHz
transformer.

Another combination circuit is shown in Fig. 13-16.
In this circuit, a type of circuit matching is done that
has not before been included in the discussion. This is
the capacity coupling or matching technique. Instead
of using a step-down transformer to lower the im-
pedance to the base of the transistor, two capacitors
of unequal size are used across the resonant circuit.
The capacitors themselves become a part of the cir-
cuit, but the impedance across the larger capacitor is
lower, providing a “step down” match for the tran-
sistor circuit. Fig. 13-17 shows a simplified layout of
each circuit. Note that the fin circuit is dual tuned,
with transistor Q2 being fed across the 680-pF capaci-

tor. On a-m there is only one tuned circuit, with a 39
pF and a 680 pF across the circuit. Again, the base
circuit of Q2 is fed across the 680-pF capacitor. The
two capacitors block the dc that is in the collector cir-
cuit of Q1 from the base of Q2. Base bias for Q2 is
fed directly to the base through resistor R.

There are a number of variations in combination
circuits, so that it is virtually impossible to discuss
each minor refinement or modification, but they all
follow the basic idea of getting one transistor to do
a single job. With transistor cost coming down con-
tinuously, the trend seems to be back toward separate
circuits again, since, in most cases, a combo circuit will
only reduce by two the number of transistors used.
Considering the much “cleaner” design that two sepa-
rate amplifiers have, the temptation to use dual am-
plifiers is doubly inviting to the designer.

TESTING THE COMBINATION CIRCUIT

There is one slight advantage in testing combina-
tion circuits and that is, for the most part, if either the
a-m or the fm portion is working, it is a good sign that
the other portion is all right, too. An exception would
be a case in which one or the other section were de-
tuned, or cases in which some damage to one trans-
former might prevent it from working at its normal
frequency, but would not stop it from passing the sig-
nal voltage from the unaffected section of the ampli-
fier. In other words, if either the a-m or fm section is
working normally, there is hardly any question that
the dc circuits are all right, as well as the transistor
itself; so any possible trouble must be in the tuned cir-
cuits themselves.

Fig. 13-18 is the schematic of a combination ampli-
fier, not only for the am/fm circuits, but also for the
fm i-f and a-m converter as well. This is a circuit
used in a home radio, and it uses dual-tuned i-f trans-
formers.

1o 7 MH: b a @
'y f g L
4

/ |d55 kHZ

—aq —i—- 3
¢ ] Fig. 13-17. Equivalent circuit of Fig. 13-16,
Jt | showing the combination circuit separated.
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TEST QUESTIONS

1. Fm stands for

A. frequency modulation.

B. fine music.

C. a system of modulation that uses a change in power of
the f carrier corresponding to the audio signal.

D. frequency modification,
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2. The fm broadcast band is from

535 to 1605 kHz.

all frequencies above the standard broadcast band up
to the low end of the television broadcast band.

. 88 to 108 kHz.

. 88,000,000 to 108,000,000 hertz.

oo E»
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Fig. 13-18. Combination am/fm i-f circuit with 1st fm i also serving as a-m converter, The am/fm changeover switch shorts out the a-m oscillator
<oil when on fm.
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3. In the fm broadcast band, 100% modulation means the

frequency swings back and forth around the station's
assigoed frequency by

A. 75 MHz.

B. 75 kHz.

C. 75 Hz.

D. None of the above are correct.

A. Between 1 and 2 mA,

B. Slightly less than 1 mA.

C. Slightly over 2 mA.

D. The emitter voltage has nothing to do with the collector
current.
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9. In Fig. 13-19, the transistor is
A. a silicon pnp.
4. The standard if for fm radio is E g sermanium pp.
C. a silicon npn.
g. ;652 l]:I]:[[:‘ D. a germanium npn.
C. 45 MHz. 10. In Fig. 13-19, suppose that the base and emitter voltages
D. 10.7 MHz. read zero to ground. The trouble most likely would be
A. defective transistor.
5. “Bandpass” is a term that means (B: open Il‘l:i .
Y ; . open or R4.
A :)I}e Efl:;;:;c:s response of a circuit to a particular band D. open C4 or CS.
B. :}i);uzti]ity of an audio amplifier to pass radio frequency 11. The same trouble as in Question 10 could also be caused
C. the frequency band assigned to standard broadcast sta- by
tions. A. C5 shorted.
D. the ability of an audic amplifier to pass all the frequen- B. C4 or C6 shorted.
cies normally associated with those produced by a C. absence of 15 volts.
musical band. D. either B or C above.
. N . . lt
6. In a standard broadcast receiver for fm which was tuned = ::lhifelg.thtlasl:s?s,elfv;:ltz gzm::t:(;s v:i?j; ::,T[l:a; b;’gz ssh‘(:?xlt:
to a station at 90.3 MHz, the image frequency that might - >
be received would be at P 1 . i
A. excessive transistor bias.
A. 689 MHz B. C4 or C6 shorted.
B. 79.6 MHz. C. shorted transistor.
% llgi .;VISZHZ D. R4 might be open.
13. In Fig. 13-19, capacitors Cl and Cl10 are fixed capacitors
7. “Afc” means across the tuned circuits which “pad” the circuit so the
B B cqnency, control coils willh tune, husing C3 and C8, (llaetwgen 88 and 108
* 4 MHz. W i f C2 C9
B. automatic frequency control. x e pu.rpose Y ) y hen thelbm
C. automatic frequency conversion. A. ghtlase are th; tuning capacitors that vary when the
D. a system for holding the gain of a radio constant over B Tlhaeylsbtyl;):lsi the rf to ground
B eaiofinpat signals. C. They are trimmers that can be adjusted with a screw-
driver or other alignment tool so the two tuned circuits
8. Fig. 13-19 is an fm rf amplifier circuit as used in one make will track.
of portable receiver. How much collector current is flow- D. They couple the signal from the coil to the next tran-
ing in this transistor, judging from the emitter voltage? sistor.
ANTENNA
M RF AMP (%)
it Lﬁi?n
“o - I clO‘LIZ of  6.8pF
.
| czI P 12pF ’ i —|= . ‘csl
T I G E. 8 7 T
i ghils . ; 8] e L H ” :
R 2 e i: = L“lﬂ‘ .01 o
d R $330 d Fig. 13-19. Circuit for Questions 8
E < E through 15.
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14.

15.

16.

FROM {
FF ANP

17.

In Fig. 13-19, C7 is needed to

A. prevent the +5 volts going to the collector from being
shorted to ground, while still making an rf “short cir-
cuit” between L2 and the other capacitors in the L2
resonant circuit.

act as a “padder” in the tuned circuit so that L2 will
be 10.7 MHz higher in frequency than L1.

. couple the signal from the collector circuit of the rf
amplifier into the L2 tuned circuit.

. bypass the bias circuit.

Fig. 13-19, if capacitor C5 opened,

the bias would be zero on the transistor.

. the gain of the rf stage would be reduced.

. the gain of the rf stage would drop to zero.

. the rf stage would likely oscillate on its own, causing
whistles in the output of the radio.

gowry O O W

In Fig. 13-20 is an fm mixer and oscillator circuit using
separate transistors for the two functions. The oscillator
signal is coupled into the mixer stage through Cl1. The
oscillator itself is a “grounded base” circuit with feedback
through CS between the collector and emitter of Q2. In
this circuit the oscillator coil is

A. L1,

B. L2.

C. Tl.

c?2

(W] +5V |
> RT 3 470K

<

L | o
= Cll =< 1 pF +5¢ X1
FM OSCILLATOR c
—0 AFC
R X aC 1= INPUT

4.7pF

C8 Z12pF|  Cl10 =<.01
RE $ 100K T

L L1
Fig. 13-20. Circuit for Questions 16 through 22.

The oscillator transistor in Fig. 13-20

A. is a germanium npn.

B. is a silicon npn.

C. cannot be determined as to type with the information
given.

D. is also the mixer.

X1 in Fig. 13-20 is used to

A. rectify the afc voltage.

B. change capacity, depending on the afc voltage.

C. provide a negative output voltage to the afc line.
D. provide positive bias to the npn oscillator transistor.

19. The purpose of R7 and R8 in Fig. 13-20 is to

20.

21.

22.

A. make sure that X1 is forward biased.

B. make sure that X1 does not draw current.

C. tune the oscillator circuit to frequency.

D. provide a load on the 4-5-volt line for stabilization,

In Fig. 13-20, the purpose of C2-L1 is

to tune the fm band for maximum on the base of the
mixer transistor,

to trap out an unwanted frequency, to prevent it from
reaching the mixer.

to bypass the base-bias circuit of QI.

. to tune to the oscillator frequency, to prevent it from
feeding back into the preceding rf stage or antenna
circuit,

co v >

If C4 shorted in Fig. 13-20, it would result in

A. higher emitter voltage on Q2.
B. higher base voltage on Q2.

C. higher collector voltage on Q2.
D. none of the above.

In Fig. 13-20, if R1 were to open, it would result in

A. higher emitter voltage on QI.
B. higher base voltage on Q1.

C. higher collector voltage on Ql.
D. A and B are both true.

E. A, B, and C are all true.

. Fig. 1321 is a combination am/fm i-f amplifier section. In

this circuit the a-m and fm signals

A. are both fed into the base circuit of Q1.
B. are both fed into the emitter circuit of QI.
C. are fed into the base and emitter circuits respectively.
D. are mixed together in Q1.
1st AM-FM
FMIF AM-FM
"’l";m ------------- Gl I-F AMP R r——ccemmmeen= v )-F AMP
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Fig- 13-21. Circvit for Questions 23, 24, and 25.
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24,

MUSTIE

L, 10,F

Fig. 13.22. Circuit for Questions 26,

v c3 'J' 330 pF I
+4.5v K
AFC TO VOLUME
SOURCE CONTROL

If the collector of Q1 in Fig. 1321 reads 4.3 volts, it might
indicate

A. an open transistor.

B. an open resistor R1.

C. open resistor R4.
D. all the above.

25. In Fig. 13-21, capacitor C.

26

134

couples the a-m signal around Q1 directly into the
collector circuit.

neutralizes the circuit on a-m and fm.

. neutralizes the circuit on a-m only.

. neutralizes the circuit on fm only.

oow >

Fig. 13-22 is an fm demodulator circuit. In setting up
{aligning) an fm amplifier, a meter is connected between
point () and ground, and T2 is adjusted for zero volt-
age output, while feeding a 10.7 MHz (or whatever i-f
is used) into tbe earlier stages of the i-f amplifier strip.
The voltage at point @ should also be at zero, when a
station is tuned in comrectly, and should swing positive
and negative as you tune through the station signal. Tl
and previous i-f transformers should be tuned to maximum,
with the meter connected across the 10-uF capacitor C8.
R3 and C4 in this circuit make up the “de-emphasis” fil-
ter, which removes the higher frequencies previously em-
phasized in the fm transmitter. Pre-emphasis of the high
frequencies makes it easier to remove high-frequency noise,
while still maintaining a flat response for the audio. In
the circuit shown, approximately how much current is Q1
drawing?

A. 4 mA.

B. 1.2 mA,

C. 14 mA.

D. Slightly over 2 mA.

27.

28.

29,

30,

27, and 28.

The circuit in Fig. 1322 is a

A. discriminator.
B. ratio detector.
C. quadrature detector,
D. a-m detector.

The afc voltage at point @

A. should be maximum when the station is tuned in prop-
B. selll-i)yl;ld be negative when the station is tuned in prop-
C. :{l](:,l.lld be positive when the station is tuned in prop-
D. :tr:lgl}ld be zero when the station is tuned in properly.

If a radio with a combination a-m/fm i-f strip amplifier
plays all right on fm but not on a-m, you might suspect
trouble in

A. the i-f amplifier transistors.
B. the audio amplifiers.

C. the a-m converter.

D. the power supply circuits.

If a radio with a combination a-m/fm i-f amplifier plays
normally on a-m but not on fm, you can be sure

A. the audio amplifiers are all right.

B. the i-f amplifier transistors are all right.

C. the fm rf amplifier is defective.

D. both A and B above are correct.



CHAPTER 14

Troubleshooting Radio Circuits

“"HOT” AND “COLD” SIDES OF CIRCUITS

Every electronic circuit must have a “hot” and a
“cold” side, so far as circuit analysis is concerned, with
the exception of what is called a “balanced” circuit,
which has two “hot” terminals.

Technically and actually, the “hot” side of the cir-
cuit is no more “hot” than the “cold” side. For ex-
ample, in Fig. 14-1A, if you try to measure voltage
across the battery you must touch both connections—
neither is hot, except in relation to the other, and
either is hot in relation to the other. The designation
of “hot” and “cold” is simply an explanatory gimmick
to designate one side of the circuit against the other
side. The circuit that is at common, or ground, po-
tential is the “cold” side and the circuit opposite this,
or away from ground, is the “hot” side. If you look
at Figs. 14-1B and C you will find that it is not neces-
sarily the + side of the battery that is “hot,” but the
side that is away from the common.

This “hot” and “cold” designation carries over into
the signal circuits of radio. And it is essential, if a
circuit is to work correctly, that it have one side “hot”
and the other side “cold.” Figs. 14-1D, E, F, and G
show how this idea of hot and cold can be applied
to transformers. Fig. 14-1D shows a transformer with
no ground reference established; hence, there is no
“hot” or “cold.” In Figs. 14-1E and F, we show that
either top or bottom of the transformer windings can
be grounded. In either case the opposite ends of the
windings become the hot ends. Fig. 14-1G could repre-
sent either a power supply transformer or the input
transformer to a balanced class-B output stage. The
“hot” ends of the windings are opposite the grounded
ends, as shown.

Fig. 14-2 is a transistor i-f amplifier. An “H” indi-
cates a hot circuit and a “C” indicates a cold circuit.
Let us suppose that C4 opens—what happens? There
is no longer a “cold” end to the primary of transformer
T2 and resistor R5 now becomes part of the collector
load circuit, because now the “cold” end of the signal
circuit is on the “hot” dc line. (Note here that a “hot”
dc line is not the same as a “hot” signal circuit. Capaci-

tor C5 on the dc line bypasses the signals to ground,
and so far as signal is concerned the + dc line is cold,
but so far as the dc power supply voltage is concerned
the + dc line is hot.) With C4 open, the circuit gain
will decrease, because now the resistor becomes a
considerable part of the total collector-load circuit and
any signal voltage drop across the resistor obviously
cannot be transferred by transformer action to the
next stage.

What if C5 opens? Now we have a problem that is
a bit different. With C5 open, the dc supply line is no
longer “cold,” so any signal that might get back to the

HOT

|

o
(M]

m—

-

(A) Battery with no “hot” or (B) Positive terminal “hot.”

“cold” reference.

Hot

Lhile

(D) Transformer with no
reference point.

(C) Negative terminal “‘hot.”

HOT "ITWOI
- THET
-_{ HOT o

{F) Bottom ends of
windings “hot.”

(E) Upper ends of
windings “hot.”

HOT HOT

=

HOT

(G) Unbalanced primary feeding bal-
anced secondary. Grounded terminals
“cold,” other terminals “hot.”

UNBALANCED

Fig. 14-1. “Hot' and “cold* cirevits.
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DC SUPPLY LINE

Fig. 14-2, “Hot" and “cold” signal circvits
in a transistor amplifier.
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dc line is not bypassed to ground and could feed back
along the dc line to another stage. Besides this, RS
now becomes a *load” for both transistors and any
voltage change, at the signal rate, that appears across
this resistor is common to the collector circuits of both
stages. This can mean that as one transistor tries to
draw more current it causes the other transistor to
draw less current; this change is reflected through the
signal circuits to make the first transistor draw even
more current. The final result is a cutting off of each
transistor at an audible rate, which can be heard in
the speaker as motorboating or squeal. Since many of
the squealing and motorboating symptoms are often
caused by open bypasses on a major supply line (such
as the dc or the ave lines), it is recommended that the
first step in diagnosis is to bypass these points tem-
porarily, just by bridging a suspected capacitor with
a known good capacitor. This is especially recom-
mended in case the suspected capacitor is an electro-
lytic.

The size of the test capacitor is not critical. Gener-
ally a 25-uF capacitor with sufficient voltage rating
can be used as a substitute bypass for almost any
electrolytic from 1 to 100 uF. When the actual re-
placement is made, it is best to use as near an exact
replacement as possible or practical.

Some technicians use the “brute force” method of
substitution when a defective electrolytic is suspected.
They clip one end of an electrolytic through a flexible
jumper to the common bus in the radio and then be-
gin touching each exposed point, not really caring to
find out if that circuit is a hot or cold point, but know-
ing that when the right point is touched the squeal or
motorboating will clear up and the radio will start
working normally. Once the spot is found that returns
the radio to normal, they can trace from this spot to
see which original electrolytic needs replacing. The
beauty of this method, crude though it might at first
seem, is that the trouble can often be found long be-

fore the various test points can be located, unless you
have had previous experience with the same model
radio.
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CHECKING TRANSISTOR STAGES
WITH A RESISTOR

Fig. 14-3 suggests a method of checking the tran-
sistor and its circuits. Obviously, this method checks
only the ability of the transistor and circuits to re-
spond to a change in dc bias, but it is rare indeed
that a transistor that responds to dc bias will fail to
respond to a signal.

The method is to use a 1K resistor across various
points while monitoring for any voltage change. First,
place the resistor between collector and basc while
measuring the emitter voltage. The 1K resistor should
increase the bias, causing a good transistor to draw
more current. If there is no change in voltage read-
ing (it could have been zero to start with if the tran-
sistor were defective or if the bias feed resistor were
open), then either the transistor is defective or the
base circuit has a dead short.

1K
RESISTOR

VOLTAGE SHOULD DECREASE

VOLTAGE SHOULD INCREASE
(A) Base-1o-collector bridge. (B) Base-to-emitter bridge.

Fig. 14-3. Using a TK resistor to check de circuits of a transistor stage.
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The 1K resistor can also be used between the base
d emitter to lower the transistor current, and, con-
equently, the emitter voltage, as read by the vom.
The base can be shorted to emitter with a straight
iece of wire to completely cut off the transistor cur-
¥ent, but the 1K resistor is safer, since, if an accidental
hort is placed between the collector and emitter, the
ansistor could be ruined.)

SIGNAL TRACING

When using a signal tracer or an oscilloscope in a
transistor radio circuit, you will find that after the sig-
nal passes through an i-f transformer, for example,
there is a considerable loss between the collector of
one stage and the base circuit of the next. The reason
is the change in impedance, which drastically re-
duces the voltage to the base circuit, but increases the
current required for proper operation of the transistor.
A signal tracer or oscilloscope is looking “across” the
circuit and so sees voltage changes only. Therefore, it
sees an apparent low signal at the base, as compared
to the previous collector.

There is an exception to this: If the transistor is
defective; or if, for some reason, there were zero bias
on the transistor, or reverse bias—then the transistor
is not drawing current from the secondary of the
transformer; so the voltage at the base terminal may
appear to be quite high when checked with either
scope or tracer.

Do not forget also, when signal tracing, that the
probe of the test instrument can create a considerable
load on a tuned circuit, causing quite serious detun-
ing, especially on the fm band. In this case, it may be
that you should use only the base circuit as a signal
test point, then move on to the base circuit of the
next stage. Even though the signal level may be small,
at the base circuit, the loading of a test instrument
probe is not a serious factor and will not greatly dis-
turb the circuit operation in most cases.

TRANSISTOR TESTING BY SUBSTITUTION

You can temporarily connect a new transistor on the
print side of a printed board much easier than you
can insert it in the holes from the component side of
the board. The old transistor must be removed before
a replacement can be soldered in as a test. Or, there
is another thing you can do when the transistor is diffi-
cult to remove because of circuit crowding: it may be
easier to use a knife or single-edge razor blade to cut
the printed conductor going to two of the transistor
terminals, Fig. 14-4, and solder in the new transistor
on the circuit side of these cuts. If a new transistor
docs not correct the trouble, the cuts made by the
knife can be simply repaired by flowing solder across

the cut or by connecting a small piece of wire across
the break.

,SUBSTITUTE TRANSISTOR

CUTS MADE [N PRINTED CIRCUIT
TO BISCONNECT ORIGINALN,

ORIGINAL TRANSISTOR

PRINTED BOARD

Fig. 14-4. Temporary substitution of transistor on circuit board.

Although it might not be considered good engineer-
ing practice, it is sometimes prudent to shorten the
leads of the new transistor and solder it in perma-
nently on the print side of the board, rather than risk
the damage to other components that removal and re-
installation of a defective transistor might possibly
cause—this will not happen often but, when necessary,
the new transistor will work just as well installed on
the print side as on the component side. Make sure, of
course, that it will not obstruct or hinder the replace-
ment of the radio in the cabinet or cause some other
mechanical discrepancy.

TRANSISTOR BASING

Fig, 14-5 shows various basing diagrams for tran-
sistors in use today. Transistors that have different
lead arrangements can be used in a circuit if the
electrical characteristics of the new transistor are
close enough to permit the change. It can happen that
a technician will install a new transistor, thinking it
has the same basing connections, and find out after
much frustration that the leads have a different ar-
rangement than the original. One tip-off is when you
measure the bias voltage—it is impossible to have
more than about 0.7 volt from base to emitter of a
silicon transistor or more than about 0.2 volt on a
germanium transistor, unless the transistor is defective.
If the base to emitter voltage reads significantly above
these amounts, then you either have an open transistor
or it is connected in the circuit incorrectly.

You can use your ohmmeter to find out which is
the base, emitter, and collector—see chapter on test
equipment.

DISCONNECTING PRINTED-CIRCUIT
COMPONENTS

The technique of slitting across the printed circuit
is useful when there is a need to “divide” the circuit
to find where the trouble is; however, a considerable
amount of deduction is possible so that cutting the
printed conductor may not be necessary. Taking the
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Fig. 14-5. Basing diagrams for a number
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example shown in Fig. 14-6, suppose that meter M2
teads about 110 ohms, then when the meter is moved
to the M1 position it reads about 10 ohms. (In each
case, the ohmmeter leads should be reversed and an-
other reading taken to make sure that some transistor
or diode is not causing the low reading.) The two
readings indicate that the trouble is on line(B)and not
on line ) (in this case the trouble is a virtually
shorted de supply line which should read at least 1000
ohms or more to ground when the on-off switch of the
radio is turned off). At this point, though, it is diffi-

cult to go further in the diagnosis. The trouble could
be found in one of at least three different capacitors,
either C2, C3, or C86. It cannot be Cl or C4, since, if
they were shorted, the resistance reading on line (B
would be at least 1000 ohms to ground. To find which
of these threec capacitors may be faulty, it will be
necessary to disconnect them, one at a time, hoping
to be able to guess correctly so that not all have to
be disconnected. Disconnecting capacitors from a
printed circuit is often not an easy job, and the slit-
ting of the printed circuit may be more practical for
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testing. Where should the printed circuit be cut in
Fig. 14-6? It depends to some extent on experience
as to which of these capacitors is the most likely one
to short and it also depends on the layout of the
Printed circuit—but in Fig, 14-6 you can make a choice
between AA, BB, or CC. There is no use in cutting at
Point DD, since all the capacitors are still in the cir-
cuit on line B. If experience indicates on a particular
model that C2 is the most likely problem, then cutting
l_:he circuit at AA would be the logical first place. But,
in most cases it will be the electrolytic capacitor which
will be defective; and so, if you have no experience
with a particular model, a cut at BB would be the
logical first choice. If you do cut the printed circuit at
BB and the ohmmeter on line B shows that the re-
sistance has gone up significantly, then you can be sure
that C2 and C6 are NOT at fault. Cutting the line at
B does NOT absolutely prove that C3 is at fault, but
it does prove that either C3 is at fault, or, if something
else is at fault it is on the same part of the line as C3.

TROUBLESHOOTING WITH AN OHMMETER

Generally, faults on a supply line that show a low
resistance reading will not be the result of a shorted
rf or i-f transistor, since, in most every case, there is at
least a few hundred ohms resistance between the sup-
ply line and the transistor or between the transistor
and ground, so that even with the transistor shorted
it will not reflect a complete short across the supply
line. Shorted audio output transistors may show up as
a direct short across the battery or dc line. To check
a transistor for shorts, measure directly between the
collector and emitter.

In Fig. 14-6, suppose that meter M1 reads around
100 ohms, and meter M2 reads near zero ohms—could
the fault be (so far as the low-resistance reading is
concerned) on line B? The answer is no. The meter on
line B is reading a low resistance through the 100-
ohm resistor in the supply line, indicating a near short
on line D.

It is obviously impossible to set up here even a mini-
mum number of situations that can occur in diagnos-
ing a radio with an ohmmeter, but the technician can,
by study of the circuit, decide what he can leam
from such a diagnosis, and, just as important, what he
can NOT leam.

The ohmmeter is a useful test instrument, but re-
member that there must be no power in the circuit if
it is to make an accurate test. Also remember that
power can STAY in a circuit even after the switch is
turned off. Each of the capacitors, and especially the
electrolytic capacitors, may hold an electrical charge
for at least a short while after a radio is turned off.
And, as has been pointed out several times before, the
ohmmeter measurements can easily be misleading be-
cause of the diode action of the transistors, which
makes them read a low resistance when the chmmeter

leads are connected in one direction, compared to the
reading in the reverse connection. In some cases, es-
pecially with direct-coupled circuits, the ohmmeter
may read the low resistance of one transistor with the
leads in one direction and the low resistance of an-
other when the leads are reversed.

There are ohmmeters on the market today that have
reduced terminal voltage at the test leads, so that
they will not “trigger” the transistor on. If you have
a meter of this sort, it should give accurate resistance
readings in almost any solid-state circuit. Most such
meters have a switch so that they can be used either as
“normal” or as low-lead voltage meters. This is a
good feature, since, for checking transistors in-circuit,
you need to be able to read the “diode action” of the
transistor, but not when you are checking resistance.

If you are using a “regular” ohmmeter only, again
reverse the leads and make a second measurement in
the circuit. The higher of the two readings is the one
that is more nearly correct.

VOLTAGE TESTS

The voltmeter is probably the best method of check-
ing for troubles, or at least for localizing troubles to
a narrow area. The radio is turned on, and voltages
are read at test points. These may be test points such
as the transistor terminals, or they may be on the sup-
ply line. In Fig. 14-7 is the skeleton layout of the i-f
and af stages in a radio. Suppose we had the same
trouble as discussed earlier, with a short on the B
line. Reading the voltage at D would likely give us full
battery voltage if new batteries were in use. How-
ever, with partially run down batteries, the internal
resistance of the batteries would cause a significant
voltage drop because of high current through the 100-
ohm resistor and the B-line short. (If the batteries are
fairly well run down, even the normal current pulled
by the radio will cause the battery voltage to drop;
and, in fact, this is a good way to check for weak
batteries. If the voltage drop is about 10% or more,
you should replace the batteries.)

Next, if you measure the voltage on the B line you
may find that it is zero or practically so, indicating that
the line is “shorted” and that all the voltage drop is
across R10. If there is no voltage on the B line, then
the trouble obviously cannot be at any point isolated
by any resistor such as at point A, C, E, F, etc.

Again, you have gone as far as you can go without
“dividing” the circuit. Which would be the logical
place to slit the circuit—at AA or BB? The answer is
AA, since all that you would learn by slitting the cir-
cuit at BB you already know—that the short is on the
B-line side of R10. Slitting the circuit at AA and mea-
suring the voltage will give you additional informa-
tion. If the voltage on the right side of the cut at AA
now increases to near the voltage read at D, you know
that capacitor C6 is NOT defective and that the trou-
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Fig. 14-7. Troubleshooting with a voltmeter.

ble is to the left of the cut. On the other hand, if
the voltage does not rise; the problem is either C6 or
something in the circuit to which it is tied. If the volt-
age does go up on the C6 side of the line, you may
want to divide the circuit again for further isolation.
However, be sure to repair the cut at or else use
your ohmmeter for the remainder of the tests. Let me
point out that there is no “best” method for every
situation—this is for the technician to decide, based on
all the circumstances and upon the method he feels
most at home with.

Caution: The printed circuit layout will not be (al-
most surely not) the same as the schematic layout.
For example, C6 may not be located along the(B)line
following the junction to the 3rd i-f transistor but may
be all the way back at the junction of R10 and R7, or
it could be at the lower end of R1, etc. You will have
to follow the physical layout, using the schematic only
as an electrical “connection” guide and not for the
actual physical point of connection. Often, though,
the printed circuit, physical layout, and location of
parts are included as part of the service information,
along with the schematic.

You can even isolate a circuit by voltage readings
or by ohmmeter readings that might seem almost im-
possible, but if there is the least resistance involved
and considerable current is flowing through it, there
will be a voltage drop across it. For example, in Fig.
14-7, suppose the voltage on the(B)line is normal or
nearly so, but the voltage at point(E)is only a fraction
of a volt. Is C3 the trouble, or could it be that the
transistor is shorted or may be drawing too much cur-
rent because of excessive bias? The transformer wind-
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ing may have 2 ohms or so of resistance; not much,
but enough to produce a slight voltage drop if the
transistor is the cause of the low voltage. This drop
might not be more than .0012 volt, but with a low
range voltmeter you might be able to tell the differ-
ence in voltage at point(E)as compared to the collector
of the transistor. If you cannot see any significant
change in the voltmeter reading, you may easily be
able to see the change in ohmmeter reading. For ex-
ample, with the transistor shorted, the reading at point

might be, say 5 ohms, while the reading at the col-
lector might be 3 ohms, showing that the short (heavy
leakage) was on the transistor side.

If the bias circuit of the transistor is causing the
trouble, then the ohmmeter is of no help, but if the
bias circuit is at fault, simply shorting the base to
emitter on the transistor will cause the collector volt-
age to go up to theline voltage, since this will cut
off the flow of current in 470-ohm resistor RS and
through transformer T2 (shorting the base to emitter
stops collector current flow in a transistor).

VISUAL TROUBLESHOOTING

Do not dive into any radio with sophisticated test
equipment and techniques without first giving the ra-
dio a rather thorough “sight” test. Are there any wires
loose? They may have been test points used by the
manufacturer, if they are short, but a long loose wire
is a sure sign of trouble. Can the batteries be installed
incorrectly? If so, check to make sure it has not been
done. Can you see any crack in the printed board? If
so, the conductors on the opposite side are also likely
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to be cracked, causing either a complete fault or an
intermittent one.

Tum the radio on and the volume full up, and touch
each part with the eraser side of a pencil, moving the
part gently about—is there any noise? Does the radio
start playing again? Maybe the part is not soldered in
properly, or maybe you are putting pressure on the
printed board in such a way as to cause some other
open circuit to show up.

Check all switches on the radio. Sometimes there is
a switch, such as a Phono or Headphone switch that
makes the radio appear to be dead. Local-Distance
switches may be in the LocaL position, making the
radio fail to pick up stations as it should.

Laok at the transformer adjustment screws. If they
show signs of being “roughed up,” then you may have
more than one trouble. It often happens that when a
radio goes bad a user may take off the back, sce the
screws, and decide to become a “screwdriver techni-
cian.” In many radios, wax or paint has been placed
around the tuning slugs in the top of transformers to
prevent the slug from shifting from its final alignment
position. If the wax has been dug out—look out! You
are almost sure to have an alignment job AFTER, or
sometimes before, you find the real trouble. (Regular
canning paraffin like you can buy in the grocery store
makes a good resealer for transformer adjustments.
Caution: Do not use any sort of wax sealer in any
transformer which uses a hex tool since the wax can
run into the threads and make it next to impossible to
adjust the slugs. The fact that a hex tool is required
is all that is normally necessary to assure that there
will be no “unauthorized” alignment attempted.

RADIO-FREQUENCY CIRCUITS

In talking about capacitors and inductors, we have
said that the capacitor and the inductor are in many
ways exact opposites. The capacitor passes high fre-
quencies better than it does lower ones, but the in-
ductor passes lower frequencies better than it does
higher ones; the capacitor blocks the passage of di-

rect current, but the inductor passes direct current
with ease. Another characteristic of capacitors is their
type of reactance. The reactance of a capacitor is such
that when a voltage is placed across it, the current
rises before the voltage does. In other words, if we
connect a voltage across a capacitor there is high cur-
rent for an instant, then the current diminishes to
zero—because of the high current, at first the voltage
is near zero across the capacitor, but rises as the cur-
rent diminishes. Fig. 14-8 shows a demonstration set-
up for this effect. The resistor is used in the circuit to
slow down the action so that the meters have time to
register. When the switch is closed, immediately the
ammeter {or milliammeter) will show high current,
which then starts to drop off. On the other hand, when
the switch is first closed, the voltmeter will indicate
zero, then slowly rise as the current in the circuit
diminishes. (Incidentally, for this test, the current can
be monitored with a voltmeter across the resistor, as
indicated by dotted lines, instead of with the am-
meter.) I{ you would like to set up this demonstration,
a good choice might be a 10-uF capacitor, a 100K re-
sistor, and a battery voltage of 9 volts. Use a vom on a
voltage range of 15 volts or more, or use a vacuum-
tube voltmeter or solid-state vom.

An inductor has just the opposite effect in the same
set up. If you connect a circuit as in Fig. 14-9 you
find that when the switch is first closed, the voltage
across the inductor is high, then tapers off almost to
zero. The ammeter shows low current at first, rising
as the voltage across the inductor drops. (An inductor
is often called a choke. )

Because of these opposite reactions you might won-
der what happens if you connect a capacitor and an
inductor in series. What happens is entirely dependent
upon the frequency of alternating current placed
across the circuit. If the frequency is high, the coil
will have almost total effect on the circuit, but if the
frequency is low, almost the total reactance of the
circuit will be capacitive. But there is a critical fre-
quency for any capacitor-inductor combination. This
is where the reactance of the two are exactly the same,

VOLTMETER CONNECTED ACROSS CAPACITOR
SHOWS ZERO VOLTAGE DROP WHEN SWITCH IS

FIRST CLOSED THEN RISES AS CAPACITOR CHARGES

’/ﬁ \

\
il
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b
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Fig. 148, Demonstration circvit to show de
charging action of a capacitor.
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7

VOLTMETER SHOWS HiGH VOLTAGE ACROSS
INDUCTOR WHEN SWITCH IS FIRST CLOSED
THEN DROPS TO NEAR ZERO.

=h

INDUCTOR

é

3
BATTERY

P MILLIAMMETER

Fig. 14-9. Demonstration circuit to show voltage across inductor as de¢
voltage is first sapplied.

but since the reactances are exact opposites, there is
a complete cancellation of their effects, and the circuit
looks essentially like a straight piece of wire—in other
words, it has a very low resistance to the flow of cur-
rent at this particular frequency. When this happens
we say that the circuit is resonant. Fig. 14-10 is this
type of circuit and is called a series-resonant circuit.
The series-resonant circuit is most often used as a
“trap” to prevent an interfering signal from reaching
the input circuit of a radio. For example, tv receivers
often have traps in the antenna circuit to eliminate
images that can occur from fm broadcast stations.

When used as a trap, either the coil or the capacitor
is normally made adjustable for critical adjustment in
trapping the unwanted signal.

-

00K LIKE A SHORT

FM TRAP MAKES ANTENNA LEAD
THE TV ANTENNA

CIRCUIT FOR FM S1GNALS ON

A
g e
ANTENNA
INPUT
1:

x

TV TUNER

IS
S~

NS

&>
N
SERIES RESONANT CIRCUITS CAN BE USED T0 "TRAP" UNDES IRABLE
[ FREQUENCIES : FOR EXAMPLE, TO ELIMINATE A STRONG FM RADIO
SIGNAL WHICH COULD CAUSE INTERFERENCE TO SQME TV CHANNELS

Fig. 14-10. Serissresonant circuit and an example of its use a3 a
resonant-circuit trap.

PARALLEL-RESONANT CIRCUITS

For radio, the most popular resonant circuit is the
parallel one. A parallel-resonant circuit occurs when
the capacitor and coil are connected as shown in Fig.
14-11. Whereas the series-resonant circuit has a low
impedance® at resonance, the parallel circuit has a

*Impedance is a term which takes in all the factors which
restrict current flow for ac circuits, whether that restriction is
resistance, capacitive reactance, or inductive reactance.
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ADJUSTABLE PARALLEL RESONANT CIRCUITS ARE USED IN BOTH RADIO
AND TV 10 SELECT THE DESIRED STATION WHILE REJECTING ALL OTHERS.

ANTENNA

[ \ FURTHER RADIO
l AMPLIFICATION
! & SELECTION

“~ -

ROUND

A PARALLE( RESONANT CIRCUIT CAN SELECT ONE RADIO STATION
[ AT FULL VOLUME WHILE DIMINISHING OUTPUT FROM ALL OTHER
L STATIONS REACHING THE ANTENNA WIRE

Fig. 14-11. Parallel-resonant circuit and its use to select the signal of a
radio station.

high impedance between points A and B. For exam-
ple, if the circuit in Fig. 14-11 is resonant at 600 kHz,
at a frequency of 400 kHz and 800 kHz it will look
like a low impedance, but for the frequency of 600
kHz it becomes a high impedance. This effect is shown
graphically in Fig. 14-12. Two curves are shown. The
one on the right is “sharper,” meaning that the re-
sponse is high at the resonant frequency and lower at
the frequencies on either side of resonance. The sharp-
ness of a resonant circuit response depends on its Q,
or quality. The Q of a resonant circuit improves as its
resistance is reduced. For example, you can increase
the Q of a coil by winding it with larger wire or by
winding it with stranded wires insulated from one an-
other except at the ends. (This happens because rf
currents tend to travel on the outside of the wire. If
several strands of small wire are connected in parallel,
more “outside” surfaces are available on which the rf
currents can travel at lower resistance.) A third way
of increasing “Q” is to use a suitable core material. By
putting a suitable core inside a coil, the same induc-
tance is possible using fewer tumns of wire, which
means less resistance.

It is common practice, when it is desirable to have
a broader resonant circuit (wider bandpass), to place
a resistor across the parallel-resonant circuit, as shown
in Fig. 14-13. Either parallel or series resistance broad-

600kH?
600 XHz
l 5504 }eso
IMPEDANCE = - ',
a0k 00Kz 40k sop) \_7,00 B00KHz
; FREQUENCY B FREQUENCY '
BROADER SHARPER

(WIDER BANDPASS} [NARROWER BANDPASS)

(A) Relatively wide bandpass. (B) Relatively narrow bandpass.

Fig. 14-12. Resonance curves.
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(A} Minimum or no resistance.

] .

>
i

P
400409

1ot

(C) Resistance in series.

;

(B) Resistance in parallel.

Fig. 14-13. Resonance curves, showing effect of series or
parallel resistance.

ens the resonance curve and lowers the impedance
and, consequently, the gain of an amplifier circuit in
which the resonant circuit is used. The “resistance” of
the amplifier itself always appears as a resistance in the
resonant circuit, therefore the Q of the circuit is re-
duced, according to the reflected “resistance.” Wider
bandpass is not so often nceded in radio, although
sometimes it may be desirable for one or more circuits.
Nommally, the resistance “load” of the transistor pro-
vides more than the designer would like, plus the fact
that any method of coupling to the ncxt stage in an
amplifier also “loads” the resonant circuit, broadening
it out. It is difficult to develop an extremely narrow
bandpass circuit and impossible with only one tuned
circuit. It is even undesirable, in most cases, since
there must be some bandpass in order to permit the
modulation on the rf signal to pass. For example, if
you modulate a 600-kHz signal with a 5-kHz tone, the
radio must be able to pass a band at least from 595 to
605 kHz. This is true because the 5-kHz tone beats
with the 600-kHz signal to produce what are called
“sidebands,” and these sidebands (at least one of
them) must pass before we can detect any demodu-
lation.

COUPLING METHODS

There are many ways to couple (transfer energy
from) one resonant circuit to either another resonant
circuit or an untuned circuit. Fig. 14-14 shows 9 dif-
ferent methods of coupling a signal into and out of a
resonant circuit, and there are others besides. Trans-
former coupling into a resonant circuit is shown in
Fig. 14-14A. The number of turns on the untuned coil
will depend upon the input impedance. This type of
circuit might be used to couple a long wire antenna
into the antenna input circuit of a radio, or it might

be used in an rf amplifier stage to couple from the
output to the tuned input of the next stage, _

In Fig. 14-14B, a common circuit is used to couple
energy from a resonant circuit into a low impedance.
This is typically used in bipolar transistor amplifiers
to couple between the collector circuit of the previ-
ous amplifier and the low-impedance base circuit of
the next amplifier. Fig. 14-14C is a dual-tuned reso-
nant circuit that may be used to couple in i-f ampli-
fiers of tube-type radios or in amplifiers using field-
effect transistors (FETs), where the input impedance
of the amplifier is high.

Fig. 14-14D is a high-impedance circuit that is cou-
pled with what at first appears to be a series-resonant
circuit. However, it is really a parallel-resonant output
circuit using the capacity of the output circuit to com-
plete the circuit. Since the circuit capacity is usually
fixed, the variable capacitor tunes the circuit for reso-
nance and maximum output.

The circuit of Fig. 14-14E provides a high-imped-
ance resonant circuit to be coupled by low impedance
to another resonant circuit which supplies a high-
impedance circuit. Capacitor C is normally quite a
bit larger than either of the other two capacitors. Ca-
pacitor C thereby provides a low impedance tap in
the circuit, since it is in series with both coils. There
is no mutual coupling between the coils, either be-
cause of the distance between them or shields be-
tween them. This circuit is a favorite in auto radios
where additional selectivity is needed in the antenna
or 1f stages.

Fig. 14-14F is a circuit found most often in tran-
sistor radio i-f amplifier stages. The input is tapped
down on the resonant circuit, which provides less
loading on the coil and higher selectivity—in other
words, the transistor is “matched” to the tuned circuit
for optimum transfer of energy and circuit “sharp-
ness.” The output is also tapped down to feed a low-
impedance source, such as the base of a transistor,
without seriously loading the tuned circuit.

At Fig. 14-14G is a “tap down” on the resonant
circuit, but, instead of tapping the coil, the connec-
tion is made between two capacitors in series across
the coil. The relative size of the capacitors determines
the “tap” point, and, the larger C2 is in respect to Cl,
the lower the output impedance.

The circuit at Fig. 14-14H is closely related to the
circuit at G, although at first glance it does not appear
to be. The input usually is of medium impedance and
the output of low impedance, making an ideal cou-
pling stage between bipolar transistors. This circuit is
popular in auto radios where “slug” tuning is used
almost exclusively. The resonant circuit is made up of
the coil and the two capacitors. The input is tapped
into the resonant circuit across Cl, and the output is
taken across C2. This circuit is such a popular one that
it has a special name . . . . it is called a “pi” circuit be-
cause it looks like the Greek letter pi ().
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(A) Untuned primary, tuned secondary,
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Fig. 14-14. Some ways in which circuits can he coupled.

Fig. 14-14I is a high-impedance coupling between
two tuned circuits. In this case, C1 must be small to
prevent the loading of one circuit from seriously af-
fecting the other, especially during “tune up.”

A link-coupled circuit is shown in Fig. 14-14]. Link
coupling is most often used to transfer a signal from
one place to another over a short or longer distance,
for example, from the tuner section of a radio to the
i-f section. Using a low-impedance link, the signal can
be transferred with minor effect on the tuning of either
of the resonant circuits and, to a great extent, without
regard to the length of the line, over reasonable dis-
tances.

If the signal is transferred at high impedance, the
line capacity itself has a great effect on the tuned cir-
cuits, especially at higher frequencies, so that any
transfer over distances of more than an inch or so
becomes impractical.
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H you look at the schematics of broadcast radios,
you will see all of these coupling types, no doubt along
with variations and intermixes of these. One thing that
can deceive you in your study of the circuit is the fact
that the capacity in the resonant matching circuit may
appear to be for some other use, or even of no use at
all. In Fig. 14-15A, the fact that the right hand sec-
tion of the transformer is tuned is a giveaway that the
circuit is resonant, but how? The two main elements
of the resonant-circuit capacity are C1 and C2, but to
get them “across” the coil you must also go through
the bypass C3. C3 is so much larger than the other
two (10 times as large as C2, for example) that it can
essentially be considered as a “straight wire” as to its
effect on the resonant-circuit tuning. Cl and C2,
though, provide an impedance step down of 10 to 1,
providing a suitable match to the base of the transistor
and still not loading the tuned circuit so much that it
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Fig. 14-15. Resonant circuits not having conventional appearance
on schematic.
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has no selectivity. Obviously, if C3 opens, the reso-
aant circuit will no longer tune, but the essential rea-
son for C3 is to apply a low impedance path for the
resonant frequency, while still allowing dc to be ap-
plied to the base for bias.

_The circuit in Fig. 14-15B is essentially the same
circuit, except that the capacitor tied from base to

ground is the matching capacitor but may appear to
be simply a bias bypass.

The various reasons that set designers use all the
different types of coupling is not the main purpose of
discussion here, but our intent is to inform you of the
various types of coupling so that you will better under-
stand how to service them. Basically, if you find a cir-
cuit that will not “peak” or “tune up,” then you know
that that circuit has a fault. It may be in the coil or
the capacitor, or it may be some possible fault external
to the tuned circuit but directly coupled to it.

Most faults in tuned circuits occur because of open
coils, and these can be found with an ohmmeter, but
other troubles may occur, such as open capacitors, or,
rarely, a shorted or very leaky® capacitor, or some-
times shorted turns between the coil windings.

°“Leaky” means it allows dc current to ‘Teak” through, in
other words, it has dc resistance. A good capacitor should test
“open” on an ochmmeter—that is, it should give no reading on
the meter.

TEST QUESTIONS

Refer to Fig. 14-16 for Questions 1 through 7.

1. The transistor bias voltage from B to E is

A —11.1v,
B. 40.1V.
C. —0.1v.

2. The collector voltage from C to E is

A, —22V.
B. —5.5V.
C. —3.3V.
D. 43.3V.

3. The voltage drop across the 2.2K resistor from D to A is
A, 2.2K.
B. }3.3V.
C. 2.2V.
D. .022V.

4. Using Ohm’s law, the current in the collector circuit is
A. 0.001A.
B. 10 mA.
C. 0.1 mA.

5. The type of tramsistor is

A. npn.
B. pnp.

8. The transistor material is

A. silicon.

B. germanium.
7. Operation of the transistor is
A. saturated.
B. normal.
C. almost cut off.

—

-6V
Fig. 14-16. Circuit for Questions 1 threugh 7.

8. Fig. 14-17 shows an i-f amplifier circuit. All the points that
are “hot,” so far as signal voltage is concerned, are

A. B, CEF G
A D, A.
F
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Fig. 14-17. Circuit for Questions 8 and 9.
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8. In Fig. 14-17, the points that are “hot,” so far as dc volt-

10.

11.

ages are concerned, are

A'A‘B’C;D)E,F,G.
B. A only.
C.ACD,F.

D. B, C, E.

Fig. 14-18 is a two-stage audio amplifier shawing why this
circuit may oscillate on its own, if the supply line does not
have sufficient filtering in it to remove all the signal. Note
that by normal signal inversion in a common-emitter ampli-
fier, & negative-going voltage to the base of Q1 hecomes a
larger positive-going voltage on the collector of Q1. This
voltage is fed to the base of Q2 and at the collector of
Q2 (inverted again) it is a large negative-going pulse.
Without good filtering on the 4 supply line, some of this
large negative-going voltage might be fed back on this
line. It does nothing to the circuit except provide a bit
of degenerative feedback for the first transistor, since the
feedback from collector of Q2 is opposite in phase to the
signal at the collector of Q1. But if it is fed back to the
base of Ql, it is in-phase, reinforcing the signal already
there, and the circuit may start to oscillate. The rate of
oscillation may be slow or rapid, depending upon many
factors in the circuit, such as how poor the supply-line
filtering is, etc. One electrolytic on the supply line may be
all that is necessary to eliminate this trouble; but, to be
sure, the designer may put in a resistor in series with the
supply line and then add a filter capacitor to ground. This
is called a decoupling filter circuit. Where in Fig. 14-18
would you feel that a decoupling filter should be installed?

A. Between @ and
B. Between ) and
C. Between © and

D. Between any of those mentioned in A, B, or C above.

o

Fig. 14-18. Circuit for Question 10.

One of the best ways to check for an open electrolytic is

A. with the radio tumed off, place a known good electro-

lytic across a suspected one, being careful to note the
polarity.

B. same as A, but with the radio tumed on so you can

note by the performance of the radio whether an elec-
trolytic replacement is what is needed.

C. to remove the electrolytic, or at least one end of it,

from the circuit and temporarily place a known good
capacitor across the circuit; turn on the radio and see
whether this cures the trouble.

D. to remove the electrolytic and check with an electro-
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lytic-capacitor tester.

12. In Fig. 14.19, two ways are shown that a meter may be

13.

14.

15.

connected to read the collector current flow in a transis
tor (collector current flow and emitter current flow are
almost identical; the emitter has a tiny amount more due
to the base current but it is not significant so far as test-
ing is concerned). If you wish to test a transistor stage,
first, measure the voltages, then temporarily jumper a 1K
or so resistor between the collector and base, or between
the base and emitter. In Fig. 14-19 if you connect the re-
sistor between B and C {assuming the transistor is all right
and the circuit otherwise narmal),

A. meter No. 1 will read more and meter No. 2 will read
less.

B. meter No. 1 will read less and meter No. 2 will read
more.

C. both meters will read more voltage.

D. both meters will read less voltage.

Fig. 14-19. Circuil for Questions 12, 13, and 14.

Concerning the lead polarities of the meters,

A. the X leads of the meters are the 4+ (positive) ones
and the Y leads are negative.
B. the opposite of “A” above is true.

In a transistor circuit such as Fig. 14-19, if you connect a
resistor between B and E, the voltage drop across either
a collectorcircuit or an emitter-circuit resistor should,
assuming the transistor and circuit are working normally,

increase.

decrease.

remain the same. :
. Resistor voltage depends on whether the transistor is
an npn or a pnp.

bow»>

When checking transistors in-circuit, using a resistor or
jumper wire, be careful that you do not short between

A. the emitter and collector, since you might damage the

transistor.

the base and emitter, for the same reason as above.

. the collector and base, for the same reason,

. the + and — side of the supply line, for the same
reason,

uouw
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19.

Fig. 14-20' is an a.m radio i-f amplifier. Using an oscillo-
scope or signal tracer, you would expect to find the maxi-
mum amount of signal at point

5 &
5%

In Fig. 14-20, using a signal tracer or scope, you should
get an indication of more signal at

A. than
B. thanl
C. /") than
D.: than

Assume that a radio using the circuit of Fig. 14-20 has
weak output and you are using a signal tracer or scope to
find the trouble. You check at () and(® and you get a
strong indication of signal; a you get signal, but it is
considerably less than at either(C)o at(]),you get about
the same signal as at(D).The trouble could be

A. T2 defective, because you are getting less signal out of
it than going into it from QI.

the supply voltage is zero or very low.

. transistor Q1 shorted.

. transistor Q2 defective,

oW

In Fig. 14-20, you should get an indication of rf (if) with
audio modulation at all the test points indicated except

AQBCRO®
c. \@Qa®

D. iand

. In a capacitive circuit,

A. the current lags behind the voltage.
B. the voltage lags behind the current.
C. the current leads the voltage.

D. both B and C are correct.

. If an inductor is placed in series with an alternating fre-

quency, it will

A. pass a lower frequency better than a higher frequency.
B. pass a higher frequency easier than a lower frequency.
C. pass all frequencies essentially the same.

D. block the dc voltage that is in the circuit.

22. A series-resonant circuit is one that, at resonance, allows

A. all frequencies to pass equally well.

B. all low frequencies to pass through it equally well, but
not high frequencies.

C. all frequencies to pass through it about equally well
except the frequency to which it is resonant.

D. only a narrow band of frequencies to pass through it
and rejects other frequencies.

The Q of a resonant circuit is higher if

A. a resistor is placed across it

B. it has lower resistance in the windings.

C. the capacitor in the circuit is slightly leaky.

D. a resistor is placed in series with the winding.

. Other things being equal, the Q of a resonaunt circuit is

improved by

A. winding the coil with larger wire.

B. using a suitable core material in the coil.

C. using several strands of insulated wire twisted together
instead of one solid wire of equivalent size.

D. all of the above.

. “Impedance” is a term which means

the same as resistance,

the sum total of restrictions in a circuit to a particular

altemnating current voltage.

. the reactance of a circuit either at or away from reso-
nance.

. the Q of a circuit.

o 0O w»

., If a circuit is to have more bandpass, it should have a

A. higher Q.

B. lower Q.

C. less resistance in the circuit,
D. less loading on the circuit.

. In Fig. 14-21, the coupling circuit is known as

A. a transformer.
B. a link.

C. an impedance.
D. a mutual cable.

@

Q B
1 3 »
2 T0 AUDIO
0) 2 AMPLIFIERS
® 1 r' 1
1' -
< —1;: 4
SUPPLY ,I,
VOLTAGE
Fig. 14-20. Circuill for Questions 16 threugh 19.
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e circuits are between

is to travel several inches from one circuit to another.
is to travel no more than two inches at the most.

. is strong so that losses will not be a problem.

. is to be changed in the coupling from one frequency to
another.

ground, © and@

) and ‘gx:ound, only.

oow»>

S Al i 30. A good way to find out whether a transformer or coil
g. 14-21 is more likely to be used when winding is broken inside the shield can is to

A. remove the can and make a visual inspection of the
windings.
............. , B. try to tune the circuit and see if the adjustment has
: any effect.
1 ® i C. check to see that it has the same voltage on each side
_____ — | Of it.
= D. C. above is usually a good check, or you can check the
®] \© winding with an chmmeter.
----- fwe 31. One of the first things to do if you are trying to fix a
“dead” radio is
A. check to see if it is aligned properly.
. ;,, 2 B. check the resistors to make sure they are within 20%
. p tolerance.
My C. measure all the voltages on the transistors.
- Fig. 14:21. Circuit for Questions 27, 28, and 29, D. check for “cockpit” trouble.

TN




CHAPTER 15

Testing and Replacing Component Parts

TESTING COMPONENTS WITH
AN OHMMETER

Considerable information as to whether a part is
probably good or bad can be obtained by using an
ohmmeter. The ohmmeter can check the amount of dc
that may be expected to pass through a part, or, more
specifically, how much resistance a part offers to dc
current. Some parts should show low resistance, others
should show higher resistance, and some (capacitors,
for example) should show no meter reading (infinite
resistance ). As with almost any other test instrument,
the ohmmeter test of a component is almost never
100% valid, but it can often prove a part either good
or bad, or at least good or bad so far as the informa-
tion needed for further testing is concerned. For ex-
ample, if you check the primary winding of an i-f
transformer for continuity and there is continuity, this
pretty well eliminates the transformer as a reason for
the transistor not receiving collector voltage, since the
continuity check shows that current can easily pass
through the transformer. It does not tell, though,
whether the transformer primary has a few shorted
turns, in which case it will not tune to its specified
frequency, even though the primary will still pass dc.

If you keep in mind that the ohmmeter is a direct-
current testing device and that as such it can find
most troubles in the direct-current circuits, but that
it cannot give a sure indication about the ac (signal)
path, then you can use the ohmmeter wisely.

The ohmmeter, using a direct-current circuit, checks
for dc continuity and resistance. It can often find trou-
bles in ac-circuit components if the person doing the
testing understands what the test results indicate. For
example, even though a transformer is meant to be
used only with pulsating dc or with ac, a dc reading
will show whether or not the winding is broken. If
the winding is not broken and the ohmmeter indi-
cates a resistance reading, the value of that reading
can have some significance. For example, if you know
that ‘a transformer winding should have 11 ohms re-
sistance and you find it has only 3 ohms, you can be
reasonably sure that the winding is defective. But do
not be too sure—if there is some other part of the cir-

cuit across this winding, you can get an erroneous
reading. Reverse the ohmmeter leads and read again;
or, better yet, if an in-circuit reading is inconclusive,
remove one lead of the winding and check between
the disconnected winding and the one still in the cir-
cuit. You know then that there is no other part affect-
ing the ohmmeter reading except the one you are
testing.

You can also use comparison testing in-circuit, at
times, to come up with a valid conclusion. In Fig. 15-1,
suppose you test with an ohmmeter between A and C
and read 60 ohms; you may suspect that this is not the
right value, but how can you be reasonably sure, since
there is nothing on the schematic to indicate what the
A-to-C resistance should be? The next step is to mea-
sure from B to C. If you also get 60 ohms reading
here, you can be reasonably sure that 60 ohms is the
right resistance for A to C. Why? Because it is very
rare that both sides of a center-tapped transformer
winding will go bad, and if they did, it is even more
rare for the defect to be exactly the same on both
sides. If, for example, the reading on one side is 60
ohms, but on the other side it is 10 ohms, you have rea-
son to suspect very strongly that the transformer is
defective, and if you pull the leads free from the cir-
cuit (you can leave one of the three in circuit and still
make a valid test) and the unbalance still exists, you
KNOW the transformer winding is defective.

Obviously, there are exceptions to almost any rule.
For the circuit just mentioned we can be sure that the
transformer is center-tapped and thus should have
about the same resistance on one side of the center
tap as on the other side. Normally, there can easily
be a few ohms discrepancy, since the outside-wound
coil will require more wire to get the same number of
turns (the coil is wound over the top of the first, hence
the diameter and circumference are greater). But there
are transformers with taps not in the center, though on
the schematic they may appear to be. In this case, it
will be normal for one winding to have more resistance
than the other. For example, the transformer in Fig.
15-2 is not center-tapped, but actually is tapped about
25% up from the lower end, as shown by the resistance
readings of the winding.
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121211
(x)

Fig. 15-1. Circuit suitable for testing with chmmeter,

Something about transformers you can NOT deter-
mine with an ohmmeter is their turns ratio. In Fig.
15-3, for example, the two secondaries have step-down
turns ratios, yet neither of the secondaries would ap-
pear to have their particular turns ratio, if dc resis-
tance were used as an indication. The actual turns
ratio for secondary winding A is 4 to 1, with only
as many turns on it as for the primary, yet it has 14
times more resistance. On the other hand, the B
winding has a step-down ratio of 10 to 1 but a re-
sistance step down of 24 to 1. Why is this? The an-

i

=

Fig. 15-2, Resistances indicate that transformer is not center-tapped.

%
t

swer is that the windings are each wound with a dif-
ferent size wire. Winding A is wound with much
smaller wire than the primary, so that even though it
has only % as many twns, yet its dc resistance is
higher because of the smaller wire. The B winding is
wound with larger wire than the primary, and so has
a greater resistance ratio than turns ratio. The reason
these windings are wound with this wire size is that
the 30-volt winding is meant to supply only a small
amount of current; so it can be wound with much
smaller wire, which takes up less space and the trans-
former can be smaller physically. The 12-volt winding
supplies considerable current, so it requires a larger
wire in the winding to prevent excessive heat loss and
voltage drop in the winding itself.

E 189 3OVAC

-
120VAC 120 =

:
E na 12vAC

Fig. 15-3. Turns ratio is not necessarily indicated by dc resistances.
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The ohmmeter still is a valid test for the transformer,
because the most likely trouble is an open winding-
This the ohmmeter can tell for sure—obviously you
should have no power applied to the transformer when
making an ohmmeter test.

TESTING CAPACITORS

An ohmmeter across a capacitor, other than an elec-
trolytic type, should not read on the ohmmeter scale
at all, since a good capacitor should have no leakage,
no passage of direct current. All capacitors will charge
when the leads of the ohmmeter are first connected,
but because the charging time is short in capacitors
below about .25 uF, this will not register on the ohm-
meter because it does not overcome the inertia of the
meter movement.

To check capacitors for leakage, you must have at
least one end disconnected from the circuit. And
when you connect the ohmmeter leads across the ca-
pacitor, make sure that your hands are not touching
the metal parts of the probes, since if they are, the
ohmmeter will read the resistance of your body instead
of checking for resistance across the capacitor.

Unfortunately, an ohmmeter will not always catch
a leakage across a capacitor, since the capacitor may
not “break down” under the low voltage applied by
the ohmmeter. However, in transistor radios small
leakages in capacitors do not often occur, or at least
do not affect the circuit too much if they do occur.
The most common trouble is a shorted or very leaky
capacitor, or an open one.

Electrolytic capacitors by their nature have some
leakage, and since they are polarized, this leakage is
greater in one direction than in the other. An electro-
Iytic is nearly always 1 uF or larger; so you should be
able to see the charging current on the meter. When
you first connect the ohmmeter leads across the ca-
pacitor (place on R X 100 or R X 1000 scale), you
should see the meter deflect upward and then drop
back nearly to zero. Reversing the leads across the
capacitor, you will see the meter again deflect upward
and fall back. If you do not see this deflection, the
capacitor is open. If the deflection is not nearly so
great as a new one of the same rated capacity, you can
suspect that the capacitor is partially open (has lost
capacity). If the ohmmeter reads the same low resis-
tance in both directions, the capacitor is leaky and
must be replaced (this is on the initial connection to
the capacitor; many will read the same high resistance
after the initial charge or discharge).

TESTING RESISTORS

The most obvious use of the ohmmeter is for check-
ing continuity and resistance. Continuity means check-
ing to make sure that wires are not broken, a fuse is
all right, a switch will tumn off and on, the pilot-lamp
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ilament is good, line-cord connections are all right,
>oils or transformer windings are not open, there are
10 shorts across capacitors, etc.

Resistors can be checked against their rated color-
>ode values. Remember that most resistors will have
10 better than 10% accuracy, and some will be no
detter than 20%. In all but the most critical circuits,
the size of the resistance is somewhat arbitrary in
value, with a considerable change in resistance often
making no significant change in performance of the
radio. Obviously, this does not mean that a 1000-ohm
resistor should or even could be replaced with a 4.7K
resistor, but it can likely be replaced, without any
noticeable difference in circuit performance, with a
1.2K or 820-ohm resistor.

Essentially, the point is that if you find a 20% dis-
crepancy in a resistor, do not expect this to be the
reason the radio is not working—it won’t be. A change
in resistor value might cause the radio to be weak or
to have distorted tone, if the change is 25% or so, but
even here the likelihood is not too great.

Most resistors that cause trouble either change to a
high resistance—for example, a 22K resistor might read
200K —or they change to a low resistance—for example,
a 100-ohm resistor might change approximately to 10
ohms or so.

The resistor that changes to a lower value than its
rated value will nearly always be a resistor of 1000
ohms or less, and in addition it will show signs of dis-
coloration due to overheating.

Reading resistors in-circuit is an art at best. Even
if you reverse the ohmmeter leads to prevent the tran-
sistors from “dioding,” still a lot of resistors that are
more than 10K ohms will have some other resistance
circuit in the radio shunting them and causing them
to read less than nornal, Technicians have to develop
a built-in “probability” factor to tell them whether or
not an off-resistance value really indicates a possible
trouble or is just a normal result of other circuit com-
ponents. The only final safe way to be sure is to dis-
connect one end of the resistor and take a measure-
ment across that resistor alone.

A study of the schematic will indicate whether or
not other leakage can be expected. Start at one side of
the resistor and see if you can go through any other dc
path to the other side of the resistor. If the other path
has 10 times more resistance than the resistor you are
checking, you will have less than 10% error reading
the resistor in-circuit. Do not forget that there is a
path from plus to minus of the power-supply line
through electrolytics and through bias bleeder resis-
tors. Also, in electric power supplies, the rectifier di-
odes can provide a path between plus and minus when
the ohmmeter leads are connected in one of the two
possible directions, so, even if there is no transistor to
produce diode action, you should reverse the ohm-
meter leads and take a second reading whenever do-
ing in-circuit measurements.

TESTING COMPONENTS WITH A VOLTMETER

Whereas the ohmmeter makes checks when there is
no power applied to the circuit, the voltmeter is the
basic tester for circuits that have power applied. Un-
fortunately, in transistor radios, a voltage reading can
be misleading if always referenced to ground. For ex-
ample, in Fig. 15-4A, a zero voltage at the collector
indicates an open circuit between the +9-volt line and
the collector. If there is +9 volts at the top of the 470-

e el \
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(A) Pasitive battery supply. (B) Negative battery supply.

Fig. 15-4. Checking for an open coil, using vollage measurements,

ohm resistor, then the obvious trouble is an open in
the coil. But, in Fig. 15-4B, which is the same circuit,
except that the + side of the power supply is at
ground, an open in the transformer results not in zero
voltage, but in —9 volts on the collector. This is be-
cause the voltmeter reads the —9 volts through the
emitter-collector resistance of the transistor. For this
reason, in order to avoid confusion, you may want to
read all transistor voltages to the emitter or to the side
of the battery to which the emitter goes. For example,
you would get zero voltage at the collector (if the coil
is open) if you measured the collector voltage from
the negative side of the battery.

Voltage readings, if properly interpreted, can pin-
point a majority of radio troubles. The secret, of course,
is in the proper interpretation, and to do this requires
a thorough knowledge of not only how circuits react
when working normally, but how they react when
NOT working, or when working erratically. For in-
stance, what is the probable trouble in the circuit of
Fig. 15-5?7 The layouts of the circuits at A and at B
are essentially alike, except for which side of the de
supply goes to ground, but different troubles are indi-
cated in the two circuits by the voltages as shown
(which are read to ground). In Fig. 15-5A, either R2
could be open or C2 could be shorted, causing zero
voltage at their junction. But in Fig. 15-5B it could
be that the performance of the radio would still be
normal, or at least not changed enough to be noticed.
The reason is, that we see a l-volt drop across Rl,
which seems to show conclusively that the transistor
is drawing about 2 mA. This means that the collector
circuit is not open. But we see there is no voltage drop
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across IK resistor R2. This means that either no cur-
rent is flowing through R2 (which seems impossible
since the transistor is drawing normal current) or that
R2 is shorted (seldom if ever does a resistor short,
although it may change to a low value of resistance if,
overheated, but in this case it will almost surely be
discolored) or C2 is shorted (which is the most prob-
able trouble—capacitors quite often short or develop
high leakage).

Rl 3470
<

g 1K

Fig. 15-5. What is the trouble? Is the trouble the same in both circuits?
See texi.

Note: We have indicated “zero” voltage in the above
diagnosis. It is possible in actual practice that there
might be a very slight voltage reading at the “zero”
points.

DOUBLE CHECKING

In any sort of troubleshooting, just as in being a de-
tective, the clues to the trouble may point to an inno-
cent component, and so every component should be
put on trial to make sure that the one suspected is
really the offender. Double checking in electronic
troubleshooting usually takes the form of checking the
part with the same or another test instrument after it
has been removed, or at least all its leads but one re-
moved from the circuit. However, for the final double
check we may use more deduction which has little
chance of error.

For instance, in Fig. 15-5A, we cannot know, using
only the voltmeter in-circuit, whether or not R2 is

open or C2 is shorted. Let us see how many ways we
could double check:

1. Disconnect one lead of Cl1 and see if the voltage
now rises to near normal. If it does, we know that
C1 was shorted.

2. Disconnecting C1 might be a bit of a problem,
so first why not check R2 by simply placing an-
other similar resistor across R2 temporarily. Now,
if the voltage rises, R2 was open.

3. Another double check on the resistor could be
made by turning off the radio and checking
across it with an ohmmeter.

4. Another check on the capacitor could be made
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with the ohmmeter by disconnecting one lead
from the circuit and checking across it for any
leakage (see previous discussion on checking ca-
pacitors with an ohmmeter).

VOLTAGE INTERPRETATION

To keep from getting confused, an understanding of
voltage readings is most important in service. A mis-
interpretation can send you on a wild goose chase and
get you no closer to finding the trouble than you were
before you started. Remember that voltages occur
only in respect to some other point in the circuit, and
the polarity of that voltage is also in respect to some
other point. There is no such thing as a positive volt-
age, except in respect to some other point that is nega-
tive to it. As has been pointed out before, the volt-
ages on a schematic are, almost without exception,
voltages in respect to ground. That is, one voltmeter
probe is touched to the point where the voltage is
shown, and the other voltmeter probe is touched to
chassis ground.®

REPLACING TRANSISTORS

Most transistor manufacturers make available a re-
placement line of transistors where a few numbers can
be used as a replacement for almost any radio tran-
sistor. The manufacturer generally supplies a cross-
reference chart, and cross-references are also avail-
able from Howard W. Sams & Co., Inc.

Generally speaking, transistors are interchangeable
so long as pnp is used to replace pnp, germanium re-
places germanium, etc., and if they are employed in a
similar application (rf, i-f, audio, etc.). This means
that an i-f amplifier transistor designed or used by one
particular manufacturer will probably work in any
other manufacturer's i-f circuit, so long as the fre-
quency is the same. For example, a pnp germanium
transistor recommended for 455-kHz i-f service by
RCA would probably work in a Motorola radio, and
the converse is true.

Generally speaking also, a transistor that is de-
signed to work at higher frequencies can be used for
a replacement in a lower-frequency circuit. For exam-
ple, an i-f amplifier or rf amplifier transistor will work
as an audio driver, but here the converse is not apt to
be true, especially if the transistor is a germanium
type. A transistor designed as an rf amplifier for an
fm receiver will also work as a 10.7-MHz amplifier.

°Chassis ground is a term often used to indicate the common
circuit tied to the metal parts of the radio components. Before
printed circuits, nearly all radies were built inside a metal
chassis pan, and all ground connections were made to this
chassis. With printed circuits, often no metal chassis is used as
such, yet the common circuit will normally be connected to any
metal parts, such as transformer shield cans, dial mechanisms,
and the like.
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Any transistor used as a replacement should have a
:oltage rating that is at least as high as the original.
*or example, if you are going to replace a transistor
n an automobile radio it should have a rating of at
east 14 or 15 volts—that’s V¢go (voltage between col-
ector and emitter with the base open). For battery-
»perated portables, the voltage rating needs to be no
freater than the battery voltage used, but it can be.
Che point is, do not use a transistor with a V¢go rating
*f 9 volts in an automobile radio. Automobiles use a
|2-volt battery, and when the motor is running, the al-
ernator will be putting around 14 volts on the battery
ine.

Any replacement transistor installed in an rf or i-f
sircuit will almost surely change the tuning of the cir-
cuit slightly, so it is a good idea to peak up the circuit
after installation. If an attempt to peak up the circuit
causes the radio to start squealing or whistling, espe-
cially as you tune from station to station, try a differ-
ent replacement transistor.

A replacement transistor that you are not sure about
should he tacked-in on the print side of the board after
the original transistor has been removed. This makes
it much easier to try two or thrce different replace-
ments without damage to the board, which can occur
if you try to mount each new trial transistor in the
original holes through the board. The selected transis-
tor can then be mounted in place on the top of the
board.

For best results, you should match replacement
audio-output transistors whenever possible, but espe-
cially if there is any noticeable distortion, particularly
at low volume levels. If an audio-output transistor goes
bad, many technicians replace both transistors with a
new matched pair rather than change only one and
rise a mismatch problem.

Replacing transistors in a direct-coupled circuit, es-
pecially if there are three or four transistors involved,
can be a tricky business (sometimes it is even tricky
when you use exact replacement types) but for the
most part you can assume that a replacement is satis-
factory if (1) the amplifier seems to work normally
and with good tone quality and (2) if no parts in the
circuit overheat. (It is normal for some circuits to have
transistors that run warm but these should only be
output transistors. It is also normal for one or two
resistors to warm up a bit in some circuits. As a good
rule of thumb, if you can bear to hold the part with
your fingers it probably is not overheating. Small tran-
sistors used as tf, oscillator, mixer, i-f, and early audio
stages should NOT be hot to the touch.)

Transistors that originally had four leads generally
have one of these leads tied to an internal shield or to
the metal case of the transistor. In many circuits you
can replace a 4-lead transistor with a 3-lead one, if
the 3-lead transistor is designed for use in the same
kind of circuit and if the 3-lead transistor meets the
other qualifications as to material and polarity. The

fourth lead is nearly always tied to ground, and when
a 3-lead transistor is used, the ground connection is
just ignored.

Transistors replaced in high-frequency circuits
should always have their leads cut rather short. Use
the original transistor as a guide. In lower-frequency
circuits, the lead length is unimportant, except that
they should not be left so long that they might become
shorted should the transistor be moved around in-
advertently.

When the transistor leads are to be inserted through
the holes in the printed board and there is not enough
room down between other components to tilt the
transistor so one lead can be started through at a time,
use a pair of diagonal cutters to clip a bit off one lead
and a bit more off another so that the leads are “stair-
stepped.” This will make the insertion much easier.

GENERAL HINTS ON REPLACING
AND REMOVING PARTS

It is best, when replacing transistors or other parts
in a printed circuit, to use a small soldering iron, es-
pecially one with a small tip, so that you are not so
apt to run solder between the terminal you are solder-
ing and some other separate terminal.

When removing parts from the circuit, a soldering
iron with a “suction” tube to draw off the melted solder
is a great asset and makes a much neater job possible
with ease. Otherwise, you must heat all the leads of
a component at the same time or else twist and dis-
tort the part out of shape in getting one or two of the
terminals loose at a time. If you are sure a component
is defective, you can sometimes use cutters to break
the original component apart, separating the various
terminals so they can be removed from the circuit
individually.

In some cases, you may not want to remove the old
leads from the printed board, especially if you want
to replace something from the top without removing
the chassis. In this case, you may be able to use cut-
ters to remove the old part, leaving the original leads
sticking up out of the board a fraction of an inch. The
new part should have eyelets formed in its leads, Fig.
15-6, not only to make a good mechanical connection

PRINTED 80ARD

i_7 %@@
R . é]'\ J

LEADS LEFT STICKING UP AFTER QLD
PART 1S CUT AWAY FROM ITS LEADS

Fig. 15-6. Installing a new resistor from top of printed=ireuit board.

JRESISTOR BEING INSTALLED

EYELET FORMED IN LEADS OF
NEW PART BEING INSTALLED
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to the original leads but also this larger bulk of metal
will help prevent the heat made in soldering the new
connections from melting the solder away from the
printed conductor on the bottom side of the board.
In any event, the new soldered connection should be
made as quickly as possible, for this reason.

Often original parts such as capacitors or resistors
may have both leads at one end, rather than one at
each end. Fig. 15-7 shows how to install a part with a
lead on each end as a replacement for one with leads
on just one end. If the exposed lead might touch some
other metal part and be shorted out, wrap a single
layer of tape around the part and the exposed lead
before installing it.

ORIGINAL
LEAD
+*
\ <>y
S |
~
— 7
/ WRAP TAPE AROUND

REPLACEMENT LEADS | ¢y pOSED LEAD MIGHT

CONTACT ANOTHER METAL PART

Fig. 15-7. A part with a lead at each end replacing a part with both
leads at ane end.

TEST QUESTIONS

1. If you wished to temporarily connect in a replacement
transistor for one in the set suspected of being defective,
you can do so by

A. soldering the known good transistor directly across the

old transistor.

soldering in the replacement on the printed side of the

board, if you disconnect at least one lead of the origi-

nal transistor.

C. soldering in a replacement to the same points in the
circuit as the original transistor, if you remove at least
two of the leads of a three-lead transistor originally
in the circuit.

D. holding the transistor leads in place on the printed side
of the board across the one suspected of being defective.

B

2. If the transistor in Fig. 15-8 were measured out-of-circuit,
you might find that both ohmmeter readings would indi-
cate fairly high resistance between collector and emitter.
In-circuit, one reading may be low and the other high.
Can you explain why?

LOW RESISTANCE
READING

HIGH RES | STANCE
READING

npuT o— ¢

ourPUT

DC SUPPLY
Fig. 15-8. Circuit for Question 2.

154

A. In-circuit, the transistor has resistance between the col-
lector and emitter.

B. In-circuit, the meter itself, when connected as shown,
can bias the transistor “on,” causing the collector-
emitter resistance to be considerably reduced.

C. The resistor between the base and emitter automatically
biases the transistor on, so that when the voltage from
the meter is the correct polarity, the transistor resistance
is reduced.

D. As indicated by the symbol, the transistor is a pnp in-
stead of an npn, so that when a negative voltage from
the meter is connected to the collector, it conducts and
becomes a low resistance as shown.

3. In Fig. 15-9, with the radio turned on, you find that you
have no voltage at point [C]. Without further checking, you
could be sure that

A. the dc supply voltage is good.

B. the radio is not turned on, or the switch is defective.
C. the trouble is not Cl.

D. the trouble is C3.

47K 1
[c]
3 I [+
2 c2 e (w}
4: 47
te l Py 1 l
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Rl 3 FROM OC
IO QA WA AN ———+ SUPPLY
ol Wl 100 6 YOLTS
= iF o
I ! > ca & i
: 330 T -
10 AUDIO i
CIRCUITS ———

Fig. 15-9. Circuit for Questions 3 through 10.
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4.

10.

In Fig. 15-9, with the radio turned off, you measure with
an ohmmeter and find that at point(HB there is about 250
ohms resistance to ground. Reversing the ohmmeter leads
and taking another reading shows still approximately 250
?hms resistance. The next step you should take in check-
ing for this too-low resistance on the supply line is to

A. disconnect the collector lead of the transistor or the lead
to the i-f transformer to make sure that the transistor
is not shorted or does not have a low resistance.

B. move to point and take another measurement.

C. move to point (I} because the resistance readings indi-
cate the trouble is most likely here; either C4 or C5.

D. check across C1; it is probably shorted.

- In Fig. 15.9, with the switch turned off, you measure about

60 ohms from point [ to ground. The trouble could be

either C4 or C5 is leaky, perhaps both.

Q2 is shorted.

either A or B above.

. either A or B above, or possibly C3 is shorted.

coE»>

. In the preceding question, a good way to determine

whether the trouble is C4 or C5, without removing the
capacitors, would be

A. check directly across each capacitor to see which one
shows the short or heavy leakage.

B. use an in-circuit capacity tester.

C. slit across the printed circuit so you can isolate between
the two.

D. none of the above are practical.

. If you read the resistance of a dc supply line, with the set

turmed off, and making sure you reverse the ohmmeter
leads and take two readings, or else use a low-voltage ohm-
meter that will not turn on the transistors, you should have
a resistance reading to ground from the supply line

. of at least 1000 ohms in nearly every case.
of at least 100,000 ohms in most cases.

. of less than 220 olims in most cases.

. of almost zero ohms.

ocOwE>

. In Fig. 15-9, with the switch on and reading the voltages

with a meter, you find 6 volts at the collector of Q2, 5.7
volts at point (G and zero volts at point [A], The voltage
reading you should get at the collector of Q1 is

A. dependent on how much current Q1 draws but should
be less than 5.7 volts.
B. 5.7 volts.
C. dependent on how much current is being drawn from
o point[C] by the audio amplifiers.
. zero.

E‘he cause of the trouble in the preceding question could
e

A. a short in the audio circuits taken off at point [G).
B. a base-to-emitter short in QI.

C. C2 shorted.

D. Rl open, or CI shorted.

In Fig. 15.9, if you measured from the collector of Ql to
ground and read 560 ohms, and from point (B to ground
and read 566 ohms, you should look for the trouble, if,
indeed, there is trouble,

11.

12.

13.

14.

on the supply line either at point[Clor(D

at C2 which may have a leakage of approximately
560 ohms.

. in transistor Q1.

. in the audio circuits.

oo w»

LAMP
SVOLY

O—"\
i 6VOLT
LAMP

Fig. 15-10. Diagram fer Questions 11, 12, and 13.

A diode has the ability to pass current easily in one direc-
tion but not in the other. This ability can be noted by mea-
suring a diode with an chmmeter and then reversing the
leads—one reading will be a bigh resistance and the other
a low resistance if the diode is good. In Fig. 15-10,

A. the lamp in circuit No. I will be lit and in circuit No. 2
will not be.

B. the opposite of A. above.

C. both lamps will be lit.

D. neither lamp will be lit.

If the same diode is used in both circuits of Fig. 15-10,
first in circuit No. 1 and then in circuit No. 2, and the lamp
lights in both cases,

A. this is normal.

B. the diode is shorted.

C. the diode is open.

D. could be either B or C above.

Assuming the diode you were using in Fig. 15-10 was
made to pass no more than 25 milliamperes of current and
the lamp draws 300 mA at 6 volts,

A. the diode would be damaged in circuit No. 1 only.

B. the diode would be damaged in circuit No. 2 only.

C. the diode would not be damaged in either circuit.

D. the diode would be damaged, regardless of which cir-
cuit it was connected into,

In Fig. 15-11 is a circuit where either transistor Q2 has a
collector-emitter short or the bias is excessive. We know
this because the emitter and collector voltage are almost
the same, meaning that the transistor itself is nearly zero
resistance between C and E. Assuming the transistor is all
right in this case, we suspect that C1 might be shorted or
leaky because the base bias is too high, How can we be
sure?
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A,
B.
C.

Measure across it in-circuit with an ohmmeter.
Mf:asure the voltage drop across it in-circuit.
Dn§connect the end of the capacitor from the base cir-
cuit and measure the voltage from this disconnected

end to ground. If there is approximately 4.5 volts, the
capacitor is leaky.

D. The method in C above is all right in most cases, but

a sensitive voltmeter might read considerable leakage

because so little current is being drawn through the

electrolytic. A better way might be to disconnect the

100K bias resistor by slitting the printed circuit per-

haps, and then check for voltage on the base of Q2,

'élhich could only get there in this case through a leaky
1.
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Fig. 15-11, Circuit for Question 14.

15. If you measure a .05-uF ceramic capacitor with an ohm-
meter,

A. when you first connect the capacitor to the ohmmeter

B,

leads, you should see a large reading, which should

then fall off to zero.

you should get a steady dc reading of around 100,000

ohms, or perhaps as high as 1 or 2 megohms if the

capacitor is a high-quality one.

. you should get a zero resistance reading, if the capaci-
tor is all right.

D. you should get an infinite resistance reading and prob-

ably no deflection of the meter when you first connect
the test leads to the capacitor.

18. “Continuity” is a term that means

A. the voltage in the circuit is normal.

B. the power supply is turned on, feeding the radio.

C. the circuit will pass direct current,

D. the signal path is normal as measured with an ohm-

meter.

19, In Fig. 15-12, the voltmeter readings of this inoperative
circuit are shown. What part or parts are probably the
cause of the voltages shown?P (Voltages measured to
ground.)

Transistor Q2 shorted, collector-to-base.

R4 open, not allowing voltage to reach collector.

. C2 or R3 are shorted or have very low dc resistance.
. Cl shorted.

. Tl is open between R2 and the base of Q2.

Either D or E above are likely troubles.

HEO O >

GERMANI UM
PNP  OVOLTS
Q2

¢

L

[ ] =

5.5V

Fig. 15.12. Circuit for Questian 19.

20. Fig. 15-13 is an audio amplifier circuit. The problem is dis-
tortion, which has been localized to this stage by a sig-
nal tracer—that is, the signal sounds all right at the volume
control but is distorted at the collector of Ql. You measure
the voltages on the transistor and find that the collector
is about 5.5 volts negative. The base voltage to ground mea-
sures about 0.15 volt and the emitter voltage about 0.2
volt. What part would you suspect first?

A. The transistor.

B. C2 shorted or very leaky, lowering the emitter voltage.
C. Rl open or a high resistance.

D. R2 high resistance.

21, In a radio with a circuit similar to Fig. 15-13, the audio
output is weak but the radio still seems to receive a num-
ber of stations. The signal tracer is used and there seems
to be plenty of audio at the base of Q1. There is also about
the same amount of audio at the emitter, but the audio
output at the collector does not seem to be too much
greater than at the base of the tramsistor. The trouble is
almost sure to be

1st AUDIO AMPLIFIER

AUDIO “
INPUT 1

17. A 1.5K resistor has a resistance of
A. 15 ohms.
B. 150 ohms.
C. 1500 ohms,
D, none of these.

18. In most circuits used in radio, if a resistor is within 20%
of its rated value, it will
A. lil;lely work in the circuit as well as one of the rated
value.
B. likely cause the radio to be weak.
C. probably cause the radio to be dead.
D. almost surely cause other parts to overheat.
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TesTiNe AND REPLACING COMPONENT PARTS

A. the transistor.

B. the transformer primary open.

C. capacitor C1 open, or partially open.
D. capacitor C2 open.

In Fig. 15-13, the emitter voltage that would normally
bf: shown on the schematic is 1.5 volts, but the radio is
distorted and you find the voltage on the emitter is about
3.5 volts. A trouble you might suspect would be

A. Rl open.

B. R2 open.

C. R3 open.

D. C2 open.

. In Fig. 15-13, if you were installing new electrolytics for

C1 and C2, you would connect them in the circuit with

A. the positive toward the base on Cl and positive toward
the emitter for C2.

B. the positive toward the volume control on Cl and the
positive toward ground on C2.

C. t!xe positive lead of both capacitors toward the tran-
sistor,

D. the positive lead of both capacitors away from the
transistor.

24. In Fig. 15-14, which way should capacitors C1 and C2 be

connected? Use answers given in Question 23.

Q
o—i
Cl
VOLUME =t
CONTROL
i\ RESISTANCE TOAUDIO
Rl 200 OHMS OUTPUTS
+4,9v
Fig. 15-14, Circuit for Questions 24, 25, and 26,
25. In Fig. 15-14, if you have no audio and you check the

26.

collector voltage of Q1 and find it to be nearly 5 volts, you
would suspect

A. a shorted transistor QI.
B. excessive bias on transistor.
C. open primary of T1.

D. open R3.

In Fig. 15-14, suppose the transistor is a germanium type,
and it draws about 1 mA of current. If you measured the
base voltage to ground, you would expect to read about

A. 4.8 volts.

B. 3.8 volts.

C. 0.1 volt.

D. 0.5 volt.

..& resistor that has burned enough, in the circuit, to cause
it to be discolored will likely, if not cracked apart, be

A, lower than its rated resistance.

B. higher than its rated resistance.

C. about the same as its rated resistance, within about
20%.

D. acting much like a diode.

28.

29.

30.

31.

32.

33.

In a transistor radio the metal parts of the radio such as
transformer shield cans, metal braces, and the like will
be connected to the

A. ground or common terminals of the circuit.

B. the hot portion of the circuit.

C. the base of one of the transistors.

D. the negative side of the battery in every instance.

If you find a defective transistor in the i-f circuit of a port-

able radio and you want to replace it with a similar tran-

sistor, but of different type number, you can probably do
so if

A. the replacement is the same polarity (npn or pnp) and
material (silicon or germanium) and is recommended
as an a-m radio i-f amplifier.

B. the voltage rating of the replacement is high enough,
even though not of the same material but for use in fm
i-f circuits.

C. the replacement is one that is of the same polarity and
material and is recommended for use in the fm rf am-
plifier stage of an automobile radio.

D. the transistor is the same general type in all respects,
but is recommended as an audio amplifier.

You need to replace a silicon npn transistor in the con-
verter stage of a portable a-m radio. The replacement
could probably be one of the same type but recommended
for use in

A. an audio amplifier.

B. an audio output stage.
C. a 455-kHz i-f amplifier.
D. a 10.7-MHz i-f amplifier.

If a transistor is replaced in an i-f amplifier, you should

A. leave the i-f tuning the same as it was with the original
transistor.

B. use a newer-type silicon transistor, if the original was
a germanium type.

C. repeak the i-f transformers for maximum sensitivity
after installing the new transistor.

D. repeak the i-f transformers, and if you hear whistles or
squeals as the radio is tuned from station to station, you
should back off the tuning adjustments until there are
no longer any oscillations (whistles, squeals, and the

like).

To make sure the replacement transistor will work nor-
mally, you should

A. always install the transistor permanently in the circuit
in the same position as the original.

B. tack-solder the transistor on the printed side of the
board after removing the original transistor from the
circuit.

C. always use the same type number as the original.

D. use a transistor checker to test the replacement transis-
tor before you put it in the circuit.

If a transistor is hot to the touch and is used as an rf
amplifier or converter, this is

A. an indication that the transistor is drawing too much
current.

B. normal in most of these type circuits.

C. an indication that a silicon transistor is being used.

D. an indication that the transistor bias voltage is too low.
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d_m' ) 35. To make it easier to insert a new transistor in the holes

! made for it in the printed board when the board is
d, tie the emitter to crowded with other parts, you should

- A. ream out the holes so they are larger. »
‘lv sed, solder a wire from the B. see that the holes are free of solder, and stagger-cut the
d. e leads of the replacement transistor.
it transistor of the same general C. solder longer wires on the transistor so they can be
lacement is not available. threaded through the holes in the printed board.
D. solder it in from the printed side rather than from the

component side.




CHAPTER 16

FET Amplifiers and IC Circuits

The FET (field-effect transistor) is now being used
nore and more in transistor radios, especially in the
uners, but also in other sections. The FET, unlike
the bipolar transistors (npn’s and pnp’s), can be con-
trolled with voltage alone. Since no current flow is
needed in the input circuit, the FET has, or can have,
:u l};igh-impedance input, even higher than a vacuum

e.

FET CONSTRUCTION AND OPERATION

Basically, an FET can be considered as a resistor
through which current will flow if a dc voltage is ap-
p}ied. The “resistive” part of the FET has a connec-
tion at either end. One end is called the “source,” and
the other end is called the “drain.” Fig. 16-1A shows
hqw current flows when a battery is connected across
this piece of semiconductor material (the material
A be either p type or n type). The current here is
!xmited to the desired amount by the resistor. By add-
ing another clement, the gate, the current between
the source and drain can be controlled by voltage. If
enough voltage is applied to the gate, as in Fig. 16-1B,
the current is cut off (called “pinch off” in the FET)
between the source and drain as indicated by the
milliammeter.

Bias Requirements

_In a simple field-effect transistor, the gate is a
diode-type junction, the same as in bipolar transistors,
but instead of being forward biased as with the bi-
polars, it is reverse biased when used as a gate. A
reverse-biased diode has little if any current; hence,
it is a high impedance.

The JFEY

A field-effect transistor with the diode junction is
clled a JFET (for junction field-effect transistor}.
The JFET requires some sort of bias to keep its gate
reverse biased to prevent gate-current flow, which
would upset the circuit that is designed for high
impedance.

A JFET can be checked with an ohmmeter as shown
in Fig. 16-2. You can also find out which lead is the

gate in this manner, since it will be the one that has
diode action with either of the other two leads. An
ohmmeter reading between the drain and source will
be the same, regardless of the polarity of the ohm-
meter leads. The reason for needing to find the gate
lead is indicated by the FET basing diagrams in Fig.
16-3, and this is only for some of the most popular

es.

The schematic symbol for a JFET is shown in Fig.
164. The JFET may have either an n channel or a p
channel (the channel is the piece of semiconductor
material of which one end is the source and the other
end the drain). They are identical in operation, except
that the polarities are reversed. The n-channel type
uses a negative bias on the gate with respect to the

VOLTAGE ON GATE EFFECTIVELY PUSHES
OR SQUEEZES CURRENT CARRIERS OUT
OF SEMICONDUCTOR MATERIAL SO THAT
CURRENT IS PINCHED OFF

BATTERY  MILLIAMMETER maA
I —ie——C— |

—> 2 CURRENT
< LIMITING
RESISTOR

SEMICONOUCTOR
_‘Nl MATERIAL
GATE
{A) Circuit action without gate. (B) Gate added for control.

Fig. 16-1. Simple field-effect transistor.

source (which means that the source can be, or is in
fact, positive in respect to the gate) and a positive
voltage between the drain and source. The p-channel
type requires a positive bias for pinch off with respect
to the source, and the drain-source voltage is nega-
tive. The most popular JFET is the n-channel type.
This may be, in part, due to the methods of manufac-
ture, but because the n-channel type uses the same
polarity voltages as a vacuum tube and because the
FET is more nearly like a vacuum tube as to how it
reacts in the circuit, this may also account for why
the n channel type is more popular.
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“w,

HIGH RES ISTANCE

Fig. 16-2. Checking JFET with ohmmeter.

3+

REVERSING LEADS, OHMMETER READING
SHOULD BE SAME BETWEEN DRAIN AND
SOURCE WITH LEADS CONNECTED IN
EITHER DIRECTION

REVERSING LEADS WHEN MEASURING
BETWEEN GATE AND SGQURCE SHOULD GiVE
ONE HIGH AND ONE LOW READING.
(SAME 15 TRUE IF MEASUREMENT

IS TAKEN BETWEEN GATE AND DRAIN

INSTEAD)

In the simple JFET types, it makes no difference
which of the terminals you call drain or source. You
can reverse the designations and not affect the opera-
tion of the transistor, since current will flow between
drain and source, regardless of which battery polarity
you use, as was indicated by the ohmmeter test just
described. However, most present-day JFETs are not
reversible with good results, because the gate is placed
closer to the source terminal than to the drain termi-
nal. This reduces the capacity between the drain and
gate and makes the transistor more stable in rf and i-f

THE JFET IN CIRCUIT

More and more, you see the field-effect transistor
used in transistor radios, especially in fm radios, where
the FET has particular advantage in rf amplifiers and
mixers,

The JFET is used in these circuits, although another
kind of FET, to be discussed following this section, is
also popular. The FET has the advantage of less
tendency toward cross modulation in the rf and mixer
stages. Cross modulation is the effect caused by two

sS6 $co

& & O

CASE CASE
Fig. 163. Soms basing diagrams for field-effact transistors.
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strong incoming signals beating against one another,
providing spurious responses on the dial. For example,
a strong local station may be heard at one or more
other places on the dial besides the spot assigned to
it, or a police radio signal may inject itself into the
circuit by sheer strength. This effect is generally the
result of overloading in the front end (xf amplifier
stage), causing it to act as a mixer of incoming sig-
nals with one another and producing beats that, in
turn, beat with the local oscillator and one another to
produce all sorts of unwanted response. The FET, be-
cause it can be controlled over a wider range of bias
and still remain a linear amplifier, helps to eliminate
these problems (mixing does not occur in a linear
amplifier—one that has an output that is a replica of
the input, except in amplitude).

s

(A) N-channel. (B) P-channel.

Fig. 16-4. Symbols for junction field-effact transistors.

Fig. 16-5 is a “grounded-gate” FET amplifier, using
an n-channel FET. A negative agc voltage provides
bias that varies with the strength of the incoming sig-
nal. The grounded-gate circuit uses the source termi-
nal as the input and the drain terminal as the output.
Fig. 16-6 is a JFET mixer circuit. There are a number
of variations to this circuit that can be used. Checking
this stage is best done, at least in preliminary testing,
by measuring terminal voltages. Touching the oscil-
lator coil or tuning the radio across the dial should
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Fig. 16-5. Groundad-gate FET rf amplifier in an fm broadcast radio.

result in a change in source voltage. If the source volt-
age is nearly normal, but does not change as the radio
is tuned, the likely trouble is in the oscillator portion
of the circuit, rather than in the mixer.

Fig. 16-7 is a simple JFET audio-voltage amplifier.
Generally the FET-type transistor is not used for de-
veloping or amplifying power, since controlling of
heavy current by a voltage field is difficult at the
Present state of the art. There seems to be little doubt
that the power FET will come in time, however.

Fig. 16-8 is a JFET used to match a low-level audio
circuit to a bipolar transistor. This overall circuit has
excellent voltage gain because the JFET does not re-
quire any current (only voltage) from the audio
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Fig. 16-6, JFET used a3 a mixer in an fm radio.

10. 7MHz

I~

:

NPN o

]
e, TEAY
| &
AUDIO I r
INPLT 3
_

<
3
<

L

{A) Circuit for npn transistor.

source. In other words, when the JFET is connected
to the audio source, the audio is not reduced by the
connection as it is in most cases when a bipolar tran-
sistor is connected. The current in the JFET can then
be used to provide drive power for the transistor,
which in turn can deliver more power to the output.
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Fig. 16-7. Avdio amplifier using JFET.

Fig. 16-9 is a special circuit not used much in radio,
but it can be used on public address amplifiers for
controlling volume levels at a distance. This is a p-
channel JFET, meaning that its current is pinched off
with an increase in positive voltage. Changing the cur-
rent flow is the same as saying that the resistance is
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R3
VOLUME CONTROL
MAY BE MOUNTED
MANY FEET AWAY
FOR REMOTE VOLUME
CONTROL

Fig. 16-9. Remote volume control circvit.
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(B) Circuit for pnp transistor.

Fig. 16-8. JFEY used 10 match high-impsdance audio to low impadance of bipatar transistor.
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changing. With maximum positive voltage, the JFET
as no current flow and therefore appears to be a
very high resistance, resulting in none of the audio
being bypassed to ground (maximum volume). With
the dc voltage from the remote volume control at
zero (ground end), the JFET conducts rather vigor-
ously and so represents a rather low resistance, by-
passing most of the audio to ground and resulting in
low volume. This circuit cannot completely cut off
the audio, since the JFET still has some resistance
with zero bias, but, by selecting the size of R1, the
minimum volume can be made virtually zero without
noticeably affecting the level of the amplifier at full
volume. The gate is bypassed by capacitor C to pre-
vent any audio variations, such as hum, which might
be picked up by a long remote line.

THE IGFET

The insulated-gate ficld-cffect transistor has several
advantages over the JFET, although at the present
time it is slightly less rugged. The insulated gate is
just what the name implies: instead of the gate being
“junctioned” in as a diode, it is completely separated
from the drain-source channel by an extremely thin
film of insulation. Included in this family of transis-
tors is the MOSFET (metal oxide semiconductor field-
effect transistor).

The “beauty” of these transistors is that the polarity
of the bias voltage can be cither positive or negative
without causing problems. The current flow in an n-
channel IGFET, for example, can be reduced by ap-
plying a negative voltage, the same as for the JFET,
but by applying a positive voltage the current flow
can be increased. In addition to being both n-channel
and p-channel IGFETS, or MOSFETS, there are “de-
pletion,” “enhancement,” and “depletion-enhancement”
types. Like the JFET, the depletion type has current
flow at zero bias but has reduced current flow as bias is
applied. The enhancement type has no significant cur-
rent flow with zero bias, but requires bias before cur-
rent will flow. The depletion-enhancement type has
some current with zero bias, less with a negative bias,

N CHANNEL
0

N CHANNEL

3
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P CHANNEL P CHANNEL
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(A} Depletion types. (8) Enhancement types.

62 0
]

0l S (C) Dual-gate n-channel.

G - GATE D - DRAIN S * SOURCE
B - ACTIVE BULK OR SUBSTRATE

Fig. 16-10. Schematic symbols for IGFET and MOSFET transistors.

and more with a positive bias. All types have extremely
high input impedance. In fact, it is possible to have
input impedances exceeding 1000 megohms.

The symbols for the IGFETs and MOSFETs are
shown in Fig. 16-10. Also shown is the symbol for a
dual-gate MOSFET. The dual-gate transistor is popu-
lar in rf amplifiers, with one gate used as the signal in-
put terminal and the other gate used essentially for
agc control.

The symbols show 4 leads, although in many cases
the B terminal (which is not for base but for “bulk™) is
tied internally to the source terminal, as is shown in
the dual-gate symbol. If an external B terminal is
brought out, it is normally ticd to the source.

Insulated-gate transistors, especially the MOSFET
types, are shipped with the leads twisted or shortc-d
together. This prevents the possibility of a static
charge buildup during branding and shipping, which
might puncture the insulation between gate and chan-
nel, ruining the transistor. Basically, though, the
MOSFET transistor is rugged in circuit and can with-
stand 50 volts or so between gate and channel.

Fig. 16-11 is an fm rf amplifier circuit, using a dual-
gate MOSFET. Note that no neutralization is used.
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Fig. 16-11. Rf amplifier in fm receiver,
vsing dual-gate MOSFET n-channel
transistor.
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This is possible because of the dual gate, which al-
lows the placing (in manufacture) of Gate 1 near the
Source terminal so that the capacity between the input
and output is minimized. Note, also, that both gates
have positive voltage on them, although by virtue of
the source voltage Gate 1 has negative bias of —0.3
volt. Gate 2, which is the agc input, may go either
positive or negative, depending upon the amount of
negative age voltage applied to buck out the positive
voltage through Ry.

Fig. 16-12 is an i-f amplifier using a MOSFET tran-
sistor. Because the gate circuit draws no current, it
does not load the tuned circuit, and there is no need
to tap down on the transformer winding. Dual-tuned
transformers are used.

B 1 s B0 5
31, | pIET

3 100K - T

. A
AGC .
Fig. 16-12, I-f amplifier vsing MOSFET transistor.

The checking of all sorts of FET amplifiers revolves
around voltage testing, signal tracing, etc. As with a
bipolar transistor, the unipolar (FET) transistor must
t"lraw current in order to operate, and when current
is drawn through resistors in the supply circuits to the
transistor, a voltage drop occurs, and the current drain
can be calculated with Ohm’s law after a voltmeter
reading is taken.

By nature, the FET is a low-voltage device, with
perhaps no more than about 30 volts, and often much
less, applied between the drain and the source. The
current flow may be from below 1 mA to 10 mA or so.
Dual-gate transistors generally have more current flow
than single-gate transistors but not necessarily so.

The FET, because of inherent noise, does not work
well in low-impedance audio-input circuits, and the
bipolar transistor so far is found used as an audio am-
plifier almost exclusively in the audio stages of port-
able radios as well as in table models.

TESTING AN IGFET OR A MOSFET
WITH AN OHMMETER

When testing a JFET, it is possible to check the
diode action between the gate and the channel when
the meter leads are reversed. With the insulated gate,
there should be NO reading on the ohmmeter when
checking between gate and channel (either source of

drain). If there is an ohmic reading, then the gate
insulator is punctured and the transistor is defective.

As with the JFET types, reading between the source
and drain should give you the same reading, regard-
less of the polarity of the meter leads,

To check the gate circuit, you must put some sort
of voltage on the gate to see if the drain-source re-
sistance changes. You could use a separate 1.5-volt
battery between source and gate, if you wish, but you
can use a 10K resistor, as shown in Fig. 16-13, to place
a + bias on the base (remember the negative lead on
most vom’s is the positive lead so far as the ohmmeter
circuit is concerned). The .check in Fig. 16-13 is for
n-channel FETs; the ohmmeter leads would be re-
versed for p-channel FETs.

g

Fig. 16-13. Testing insvlaled-gate type FET with an ohmmeter. Change
in dc resistance indicates gate circuit is controlling.

NOTE: Nothing in this book should be taken as indi-
cating that transistor test instruments are not useful,
or even not necessary in making various kinds of tests
on transistors. Some of these testers are designed to
check transistors in-circuit as well as out of circuit.
The emphasis, though, in this book is to point out
methods of testing, using common pieces of test equip-
ment that are basic to any kind of shop or home serv-
ice. If you know how to make an ohmmeter or volt-
meter test you are often able to find a fault faster
than you can find the test leads for a sophisticated

tester.

ICs

Integrated circuits are nothing more than a pack-
aged amplifier containing several transistors, diodes,
resistors, etc., but seldom any capacitors. This means
that inside an integrated circuit direct-coupling is al-
most exclusively used, or, if capacitor coupling is used,
the capacitor will be connected externally to the pack
or module.

Fig. 16-14 shows the triangular shape of the symbol
often used for ICs, especially when the IC is a single-
stage amplifier circuit. Checking an IC is generally
just a matter of checking the external voltages, and if
they are incorrect it is likely caused by the IC itself,
assuming. that the voltages being fed to it by the
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power supply are normal and that external resistors
or capacitors used with the IC are all right. Always use
a solid-state vom or vtvm whenever possible in check-
ing ICs, because a meter with considerable internal
resistance can change the bias enough when some
measurements are made, that damage to the IC could
result.

True ICs cannot be repaired, but many manufac-
turers use a “module” form of construction in which
some parts of the module are replaceable. Or, if you
wish, and expense is not a problem, you can replace
the entire module as a unit. In a few cases, these
modules plug in, and can be unplugged and a new
one quickly installed for a test, but in radio, especially
portable radio, this is seldom the case—each connec-
tion has to be unsoldered and the new one soldered
back in place.

ICs such as the one used in Fig. 16-14 are often
mounted in a case not much larger than a transistor.

The IC audio-output amplifier as shown in Fig. 16-
15 is about as big around as a ball-point pen and
about 1 inch long. Fig. 16-16 shows the equivalent cir-
cuit inside the IC. Note that there are 6 npn transis-
tors and 1 pnp transistor, plus 3 resistors and 3 diodes.
The transistors are all direct-coupled.

The reason that manufacturers use ICs is that an
equivalent circuit using discrete components is con-
siderably more expensive; so it can be expected that
more ICs will be used as the state of the art pro-
gresses, It is entirely possible that mechanical tuning
is on its way out. Advances in the use of varactors (di-
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Fig. 16-15, An IC audio amplifier package with external circuitry.
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Fig. 16:16. Equivalent circuit of audio amplifier IC shown in Fig. 16-15.

odes that change in capacity as the bias across them
is changed) will become the exclusive tuning element.
At this writing, an fm tuner is easy to make, using

only 2 or 3 varactors, and an a-m tuner is possible,
though as yet not as practlcal as the fm tuner. Tuning
is accomplished by a change in dc voltage. The same
voltage line is fed to all varactors; and because the
voltage is dc, it can be fed over long distances, if de-
sired, for remote tuning.

Because the varactor is no larger than any other
small diode, a complete fm tuner can be made in an

1L

"|'0M|XER
= ® <
—i

AA

> R
1’ TO OSCILLATOR .
L "“varacror

Fig. 16-17. An fm rf stage tuned by varactors.



FET AmrpLiFiers anp IC Cmcurrs

of reverse bias changes the capacity of the diode with
a change in 10 volts or less making possible a complete
sweep of the fm band from 88 to 108 megahertz.

ext.remely small space. Fig. 16-17 shows a typical cir-
cuit for an fm rf amplifier using a JFET and varactors.
Note that the varactors are reverse biased. The amount

TEST QUESTIONS

1. A field-effect transistor uses 6. If a radio using this type of circuit received only strong

A. voltage only to control its resistance.

B. current only to control its resistance.

C. a piece of n-type and a piece of p-type material in
parallel connected from source to drain.

D. zero voltage between source and drain.

2. The control element of the FET is called the

A. source.
B. drain.

C. substrate.
D. gate.

3. A JFET has

A. a diode junction between the gate and the source-drain
material.

B. a thin insulation between the gate and source-drain
material.

C. a diode junction between the source and drain.

D. no gate.

4. _If you mcasure between source and drain of an FET you
will find that with an ohmmeter the reading will be

A. high when chmmeter leads are in one direction and
low when the leads are in the other direction across the
source and drain.

B. the same, regardless of which way the ohmmeter leads
are connected.

C. an extremely high resistance if the transistor is a de-
pletion type.

. nearly zero resistance.

5. Fig. 16-18 is a JFET rf amplifier for an fm stereo radio.
Judging by the voltages given on the circuit, the transistor
has a drain-source current of around

A. 1 mA.

B. 1.5 mA.
C. 25 mA.
D. 25 mA.

"N CHANNEL JFET

FM RF AMP
11.3v MIXER

C1 D 5. 6pF

ANTENNA — §
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Fig. 16-18. Circvit for Questions §, §, and 7.
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local stations, indicating that the rf amplifier was not

working; and you measured the source voltage and found

it to be zero, you should first

A. replace the transistor.

B. check to see if the transistor has bias voltage on the
gate.

C. check to see if the source bypass capacitor is shorted.

D. check to see if there is voltage on the drain terminal.

7. C. is the neutralizing capacitor for this circuit, which can-

cels out feedback between the drain and the gate, pre-

venting the circuit from possibly oscillating. Normally neu-

tralizing capacitors should NOT be adjusted, since they are

set at the factory. However, if you suspect that it has

been readjusted and you wished to check it out, you could

A. tune to an fm station and set C. for the loudest output
from the speaker.

B. tune off station and adjust C. for maximum noise as
heard from the speaker.

C. adjust C. until you hear whistles in the output, and
then back it off until the whistles stop.

D. tune in a station, then disconnect the dc voltage going
to the drain and adjust C. for minimum output of the
station as heard in the speaker.

8. Fig. 16-19 shows an audio amplifier circuit using a JFET.

If you measured between the source and drain with a
voltmeter it would read

A. 10 volts.

B. 1 mA.

C. 7.8 volts.

D. 6.4 volts.

9. The JFET in Fig. 16-19, judging by the polarity of the

voltages, is
A. a p-channel type.
B. an n-channe] type.

10. An IGFET or MOSFET is characterized by

A. having the gate insulated from the drain-source ma-
terial.

B. having extremely high input impedance, regardless of
the bias voltage polarity.
C. both A and B above.
D. both A and B above, plus having the ability to amplify
to considerable power such as that needed for driving
a loudspeaker.
AUDIO
INPUT IFE 10V “
AUDIO QUTPUT TO
- ANOTHER JFET
AMPLIFIER

CONTROL _L}Oui &4

‘[ 32
- av QJ

Fig. 16-19. Circuit for Quastians 8 and 9.
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11. An enhancement-type field-effect transistor has

A. considerable source-drain current without bias on the

gate.

maximum source-drain current with zero bias voltage

B.
on the gate.

C. zero cumrent with zero bias on the gate.

D. reduced current as bias is increased on the gate.

Fig. 16-20. Circuit for Question 12.
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12. In Fig. 1620, after disconnecting one gate from its circuit
of this dual-gate MOSFET amplifier, it was found that the

“floating” gate had a voltage on it of over 0.5 volt. This
would indicate

13.

14,

A,
B.
C.
D.

a normal condition.

a breakdown of the gate insulation.
excessive age voltage.

that the transistor is forward biased.

Integrated circuits (ICs) should be checked by

A.

B.
C.
D.

reading the external dc voltages with a high-impedance
voltmeter.

individually testing the internal transistors in the unit.
jumpering between various terminals to see whether
they start working again.

heating the ICs with a soldering iron to see whether
they start working again.

A varactor or varicap is

A

B.
C.
D.

an inductor that changes reactance when biased with a
dc voltage.

a capacitor that can be mechanically adjusted for tun-
ing a circuit.

a diode that changes in capacity when the reverse dc
voltage bias is changed across it.

a variable resistor that will change the tuning of a cir-
cuit when placed across an inductor.



10.

11

12.

Answers to Test Questions

CHAPTER 1

- A. “Kilo” is an international term meaning 1000. For ex-
ample, a kilohertz is 1000 hertz (formerly kilocycles was
used instead of kilohertz), kilowatt is 1000 watts, a kilo-
watt-hour is 1000 watt-hours, a kilovolt is 1000 volts, etc.

- C. Hertz replaced the term “cycles-per-second” some years
ago. The term is in honor of a German scientist, Heinrich
Hertz, whose discoveries were of great inportance in the
development of radio.

. D. 1948.

- B. Amoplification is a method of controlling a larger flow of
current with a smaller low of current or with voltage
change.

. B. 60 Hertz, also called 60 cycles, 60 cps (for cycles per
second ), but as indicated above, hertz is now the interna-
tional “proper” term.

. A. Although not many people can hear this extended range,
it is possible and so the arbitrarily (to some extent) desig-
nated band of audio. Most amnplifiers use this rating be-
cause, if good performance is present throughout the 20-
to 20,000-Hz range, it is certain that there is ample leeway
to satisfy even a “golden” ear.

C.
D.

. B. The term “heterodyne’” means signals beating together.

Heterodynes in older radios produced undesirable whistles
and squeals. Superheterodyne was a coined term that in-
dicated the use of heterodyne signals for useful work.

A. In almost all superheterodyne receivers the local oscil-
lator frequency will be higher than the incoming signal by
the amount of the intermediate frequency. It is possible
to design a radio in which the oscillator runs lower in fre-
quency than the incoming signal but since coda: and tun-
ing capacitors must be larger and since there.ls no par-
ticular advantage, the low frequency oscillator is not often
used.

A. All generated radio frequencies have harmonics. The
sccond harmonic is two times the fundamental, the third

harmonic is three times the fundamental, ete.

D. Modulation is the changing of the characteristics of a
radio frequency signal in such a way that it can be used
to send information. The modulation may be voice, music,

tone, etc.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

B.

B. A crystal diode is simply a rectifier—a one-way street
for radio frequency or other alternating current signals.
Rectification removes the “mirror image” effect of a-m
radio signals.

C. Capacitors pass higher frequencies easier than lower
ones. The reactance (alternating current resistance) of a
capacitor, for example, might be 1500 ohms at 500 kHz
but that same capacitor would have only 750 ohms at
1000 kHz and only 75 ochms at 10,000 kHz.

A. "Mega” means 1,000,000. The “a” in mega is dropped
when used as a prefix with ohm, thus a million ohms is
one megohm.

D. Voltage is pressure. Voltage may also be called “electro-
motive force” or “potential.” The letter “E” is used to in-
dicate voltage as well as the letter “V,” for example, Ez
means the voltage across a resistor, while Vcgo means the
voltage aliowable across a transistor from collector to emit-
ter with the base terminal open, etc.

A. Amperes, often abbreviated amps. In electronic circuits
the milliampere is most often used. A milliampere is
Yoo ampere.

C. Ohmmeter. Do not use an ohmmeter in a circuit that
has power applied to it from any other source.

D. 600 milliamperes is 9999409 of an ampere, or 0.6 amp.

B. #4000 of an ampere is 4 milliamperes since the prefix
“milli” is equal to ¥ggo.

C. A short circuit is in most cases an undesirable condi-
tion. It is a low resistance path for current which allows
the circuit to bypass the nonnal load. Fig. A-1 indicates
two different kinds of short circuits. In the first, if a short
occurred across the lamp, the fuse in the power supply
circuit would blow, because the wire would have small
resistance and extremely high current would flow. In the
second circuit, if we had two lamps of the same size in
series, the voltage would divide across the lamps and both
would be dim, but by placing a short across one lamp we
can cause it to be extinguished and the other lamp to have
full brightness,

Current always takes the path of least resistance, so
when a really low resistance path is available, the current

fm;s through this path and not through the nommal circuit
oad.
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23.

28.

29,

UNDES RABLE SHORT

(FUSE IN PONER LINE CIRCUIT
WILL BLOW OR CERCUIT BREAKER
WILL TREP)

SHORT

LAMP
Wl |

SHORT WHICH MIGHT BE

DEL) BERATE AND DESIRABLE.
LAMP 1 WILL HAVE NO CURRENT
THRU IT AND SO WILL NOT BE
LIT, BUT LAMP 2 WILL LIGHT
TOFULL BRIGHTNESS

LAMP

Fig. A-1.

A. Doubling the voltage will double the current if all
other things remain egual; however, doubling the resis-
tance in this case cuts the current in half, so the net result
is no change.

. D, It stands to reason that if there is a 5-volt drop across

the resistor and a 9-volt battery source, there must be 4
volts across the lamp.

. C. 200 milliamperes, or 0.2 ampere. We have no way of

knowing what the resistance of the lamp is without further
calculation, but we do know that the current through the
lamp has to be the same amount as that through the
resistor. By Ohm’s law we can find the current through
the resistor.

__255 ‘(’)‘}’ll:“ = 0.2 ampere, or 200 milliamperes.

A. From Question 25 we know that the current through
the Jamp is 200 milliamperes, or 0.2 ampere. From Ques-
tion 24 we know that the voltage drop across the lamp is
4 volts. Using Ohm’s law

4 volts
0.2 amp

Another method of determining this would be to note that
across the resistor there is a 1-volt drop for every 5 ohms
resistance (5 volts for 25 ohms), so since this same must
hold true in a series circuit for all, the lamp with 4 volts

across it must have 20 ohms resistance (4 volts times 5
ohms).

= 20 ohms.

. D. If there is a 4-volt drop across the transistor then there

must be a 2-volt drop across the 1000-ohm resistor. Using
Ohm'’s law for milliamperes and K ohms, we divide 2 volts
by 1K and find the current is 2 mA.

B. Using Obm’s law (we know that 2 mA of current is
flowing through the transistor) and dividing the voltage
by the current:

4 volts
2 mA

In another method that could be used here, we had al-
ready determined there was a 2-volt drop across 1K, then

for a 4-volt drop with the same current the resistance must
also be twice as large, or 2K,

= 2K or 2000 ohms.

D. Since we have now determined all the parameters con-
cerning the 1K resistor (how much voltage across it, how

30.
31.

32.

much current through it) we can use any one of three
formulas.

P=EI

P=1R
_E
=%

Just for practice we will work the problem with each
formula.

P=EXIis P=2 X 2mA = 4 milliwatts.
P=DR is P=2mA X 2mA X 1K = 4 milliwatts.

ERE IO 2 —
P= RS 7 = 4 milliwatts.

C. Using P = EI we have P = 4 X 2mA, or 8 milliwatts.

B. A “ground” normally means a common return connec-
tion for all circuits. For example, the negative side of an
automobile battery in most cars is connected directly to
the frame or motor. All the connections from the headlights,
taillights, stoplights, radio, etc., which go to the negative
side of the battery are instead simply tied to the metal
frame of the car. In other words, all the metal parts of the
car become the common or ground conductor.

D. With 500 ohms dc resistance in the headphones and
with a 0.5-volt drop across them, by Ohm’s law we know
that the current is 1 mA. We also know that the only cur-
rent flowing out of the battery is that flowing through the
headphones and transistor. In other words, if 1 mA is fow-
ing through the headphones then there must also be 1 mA
flowing through the transistor and 1 mA flowing out of the
battery, because this is a series circuit.

. A. There is a —1 volt on one side of the resistor and a

—0.1 volt on the other. The difference is the voltage drop,
or 0.9 volt. The voltages shown are measured to ground
as most voltages shown on schematics will be.

CHAPTER 2

. C. Dielectric.

. A. Charged. A capacitor will stay charged after being re-

moved from the battery. It will eventually discharge even
if no connection is made from one side to the other, but a
good capacitor may stay charged several days; a capacitor
with exceptionally low leakage can stay charged for months.

. A. Increase the capacitance, since glass has a higher di-

electric constant than air.

. C. Zero current. Current flows into a capacitor only when

it is initially connected to the battery. If there is no re-
sistance in series with the battery, the capacitor will
charge to the battery voltage almost instantaneously.

. D. One million picofarads, since a picofarad is one-mil-

lionth of a microfarad and one millionth-millionth of a
farad, The picofarad was once called a micromicrofarad.

. C. A nanofarad is 10~ farad. A microfarad is 10 and a

picofarad is 10". Consequently a nanofarad is halfway
between a picofarad and a microfarad. The correct answer
to this question is 1000 picofarads.

. B. Ceramic. Ceramic may have dielectric constants of 1000

or more.
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8.

10.

11

12.
13.

14.

15.

16.

17.

18.

B. Ceramic. Ceramic is not only a fine dielectric but works
well at higher frequencies. To a great extent this is because
the capacitor plates can be made physically much smaller
and thus have less inductance in themselves as compared
to, for instance, a paper capacitor.

. C. Electrolytics by their nature are polarized and must be

connected in the circuit correctly.

A. A higher voltage rating, in just about every case, would
even be an asset when replacing a capacitor, since a ca-
pacitor with a higher voltage rating is not so apt to break
down under stress. Unfortunately, for the same type ca-
pacitor, a higher voltage rating means a larger physical
size, and mounting in a small radio could be a problem
and could easily make the repair look “jury rigged.”

C. Although there are varactors or varicaps that change
capacity when voltage is applied they are not referred to as
variable capacitors. A variable capacitor is considered to be
one that can be mechanically adjusted for different capaci-
ties. Variable capacitors of larger than 500 pF are seldom
used. Variable capacitors used in radios have a maximum
capacity generally of no more than 365 pF, and many
radios have capacitors with a maximum capacity of less
than 200 pF. Variable capacitors used for the fm band
on radios may have no more than 10 pF maximum ca-
pacity. The minimum capacity may go as low as 3 pF,
although the minimum capacity is often determined by
the various wiring capacities in the circuit. Any wire run-
ning near another wire forms a small—very small—capaci-
tor so that it is never possible to reduce capacity to zero
in any circuit.

A. Most small portable radios use only a 2-gang capacitor.

A. Schematic.

C. The term “ground” as used in radio is also sometimes
called "common.” It is the part of the circuit that is com-
mon to parts of all the other circuits in the receiver. It
may be either the + or — side of the power supply, de-
pending on the method used in designing the set. You
could use a wire and connect all the “ground” terminals
together if you wished, but the ground symbol, a con-
venience in drawing schematics, shows that a particular
point is tied to many other points.

B. A series circuit is one in which all the current of the

.circuit flows through all the parts of the circuit. Because

of this, the same amount of current necessarily must flow
through each part.

A. An electrical circuit is a path for electrical current to
flow. Current cannot flow unless there is a voltage source
to push it through the resistance of the circuit. The volt-
age difference must be across a particular voltage source.
In other words, you can connect from the positive termi-
nal of one battery to the negative terminal of another bat-
tery not connected to the first, and there will be no cur-
rent flow. An “open” circuit is one that is incomplete, has
some part not connected, or has a switch that is tumed
off. A “closed” circuit is a complete circuit—one in which
current can flow.

B. .005 uF. Connecting capacitors of equal size in series
reduces the circuit capacity to one-half that of either ca-
pacitor.

A. Approximately .02. Actually .01868* uF. When two ca-
pacitors are connected in series, the total capacity is always

19.

20.

21.

22.

23.

24.

26.
27.

28.

29.

31.
32.

33.

less than the smaller capacitor. Unequal capacitors in series
can be found by the formula

Cix C
C+CGC:’

D. 0.15 pF. Capacitors in parallel add capacity to the cir-
cuit in direct proportion to their size.

B. A trimmer capacitor is a smaller variable capacitor that
is connected in parallel with the variable tuning capacitor.
The trimmer can be adjusted to set a specified value of
minimum capacity for the circuit to compensate for the
capacity of the wiring, etc. It is adjusted only when align-
ing or “tuning up” a radio. The adjustment can usually be
made with a small screwdriver. Usually the trimmer is an
integral part of the main tuning capacitor.

C. The voltage applied to a capacitor has nothing to do
with its capacity, neither does the type of metal used in
the capacitor plates.

D. Moisture is bad for any capacitor. Moisture can con-
duct electricity, and there should be no direct connection
for current between the plates of a capacitor.

D. The most common cause of whistles and squeals is an
open electrolytic capacitor. Do not forget that in a battery
portable radio, squeals or whistles may occur when the
battery is weak.

B. A parallel circuit is like those normally found in the
home or shop. Turning off one lamp or appliance does not
cause any other lamp or appliance to tum off. Each part
is across the circuit.

. A. B is a series circuit; C is a series-parallel circuit; and

D is also a series-parallel circuit.
B.

A. The motor, if taken out, would open the circuit so that
no current could flow. However, if either the lamp or the
resistor opened, there would still be a current path through
the other to the motor. Not as much current would flow
through the motor if either the resistor or the lamp burned
open, but both would have to burn open before the circuit
to the motor would be completely broken.

C. Number 3 we know is an electrolytic since it has the
symbol indicating how it is to be connected in the circuit.

C. Resistance is a limitation of current; any electrical com-
ponent has some resistance and the more resistance it has,
the less the current through it, for a given voltage.

B. A short circuit is any circuit where more than the nor-
mal current flows or where the resistance is unintentionally
low.

A. Ohm.

C. One million ochms. “Mega” is a prefix meaning one mil-
lion. When used with ohms the “a” in mega is omitted.

D. Wattage varies with the square of the current {(I'R}.
Thus, in a circuit with 10 ochms resistance and 4 amperes
of current, the wattage is 4 X 4 X 10, or 160 watts. Re-
ducing the current to one half, or 2 amperes, we calculate
the wattage—2 X 2 X 10 equals 40 watts—so, reducing the
current one-half cuts the wattage to one-fourth the original.
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34. A. Tolerance rating is the percentage abave or below the
labeled value the resistor can be and still be “in tolerance.”

35. D. Red equals 2, violet equals 7, and brown equals one
zero—270 ohms.

36. C. 68,000 ohms. Blue is 6, gray is 8, the multiplier is
orange, which stands for three zeros.

37. B. Gray, red, black. Gray for 8, red for 2, and black for
no zeroes.

38. A.

39. B. The gold band for the 3rd ring indicates noving the
decimal point one place to the left.

40. D.

41. A. The 3rd band being silver indicates that the decimal
point should be moved 2 places to the left. The 5% toler-
ance band is gold but must be the 4th band. The answer,
therefore, is white for 9, brown for 1, silver to move the
decimal point 2 places left, and gold for 5% tolerance.

42, B. Orange 3, orange 3, orange 3 zeros, gold 5% tolerance.
43, A.
44. B. Series.

45. B. The color code indicates a 120-ohm and a 39-ohm
resistor.

46. D. Connecting two 1000-chm resistors in parallel makes
500 ohms, then connecting 1000 ohms in series with this
parallel combination makes 1500 ohms. See Fig. A-2.

| A I
! - L |
\. ) — YW\ A
\ 1x 13
) SCHEMATIC
K
Fig. A-2.

47. C. The easiest way to arrive at the answer is to take the
two 330-ohm resistors by themselves, which would give
you a total of 165 ohms in parallel. Then use the formula

R: X R
R. 4+ Ra
to get the answer.
165 x 220 36300
165 + 220 — 385
or about 97 ohms.

48. C, A potentiometer or POT for short. A potentiometer taps
off voltage rather than changes current as a variable re-
sistor might do. A pot has three terminals connected in the
circuit, while a variable resistor or “rheostat” has only two.
A pot is sometimes used as a rheostat by using only two
of its terminals or by tying two of the terminals together
to form one connection.

49, A. The tone control capacitor would now be connected di-
rectly to ground across the audio going to the next stage

170

50.

from the coupling capacitor. Higher frequencies would be
bypassed much more readily than the lower frequencies,
so the lower frequencies would continue on to the next
stage while the higher frequencies would be reduced, so
the tone would have a more bassy sound.

A. There is maximum volume present at point (g) in the

schematic, so with the volume control arm at it is at
ground or the lowest point of volumne in the circuit.

CHAPTER 3

. D. An inductor may be called either a coil or a choke. It

is common practice in the clectronics field to refer to an
inductor as one or the other, for example: “antenna colil,
“rf (radio frequency) chake,” “filter choke,” etc.

. A. The key word here is “suitable.” Putting the incorrect

core into a coil may not increase the inductance at all but
may simply increase the losses in the coil. For example,
a salid iron core in an rf coil will increase the losses so
much that the coil can no longer function.

. B. A solid piece of iron is never recognized as a good core

material because of losses in the form of eddy currents.
Essentially, a solid piece of iron would lock like a great
number of shorted turns and this produces a severe loss.
See Fig. A-3. Laminating the core (breaking it up into
thin strips insulated from one another) greatly minimizes
this shorted-turn effect and greatly increases the efficiency
of the inductor.

This same process is carried further in the “ferrite” coils
used at rf frequencies. Here the iron is powdered and
placed in a suitable insulating binder that keeps each little
speck of iron dust separated from the others. With such
small specks of iron there are almost no eddy currents
created.

. D. The air gap in the core prevents core saturation, which

is the point where the inductance of the coil decreases be-
cause of heavy passage of current. This effect is utilized,
or at least used to be to quite an extent, in power supplies
as a form of regulation. The choke without an air gap is
called a “swinging choke.” In most cases, though, we do
not want the inductance to change because of core satura-
tion; hence, the air gap.

. C. Ferrite means “of iron.” The older name used for this

material was “powdered iron.”

. D. An inductor is just the opposite of a capacitor in allow-

ing low frequencies to pass through more easily than high

)
z COIL LEADS

Fig. A-3.
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10.

11.

12.

13.

14,

15.

16.

17.

18,

frequencies. Pure resistance or a straight wire is not fre-
quency selective, at least in the ordinary sense—it can be
noted that a straight piece of wire “looks like” an inductor
at higher frequencies such as in the fm band, so here the
wire leads must be kept as short as possible to prevent
these inductive losses.

. B. Reactance; more specifically, inductive reactance as op-

posed to capacitive reactance.

. D. A coil and capacitor combination is a tuned circuit or

a resonant circuit at some frequency, unless inherent losses
of the circuit prevent a readable resonance or the ratio of
the size of one to the size of the other is not a practical
combination; for example, a .25-uF paper capacitor across
a one-turn inductor will not likely be resonant, or at least
will not have the attributes of a resonant circuit, because
it would be difficult to store enough energy in a one-turn
coil to overcome the losses in the .25-uF capacitor and the
*“ringing” action would probably not take place.

. D. The henry. (The plural of heary is henrys.)

C. Inductors in series add inductance. Since there is no
mutual coupling between the two, it makes no difference
which way the coils are wound.

B. Mutual inductance, which is the interlinking of the
magnetic field around the primary with the turns of wire
on the secondary.

C. 20 volts. The step-up ratio is 1 to 1.5, meaning that for
every volt of input in the primary there is 1.5 volts of out-
put in the secondary.

A. Zero. The reason a transformer can work is because of
a changing magnetic field, one that is continuously expand-
ing and subsiding so that the field “cuts across” the sec-
ondary windings. A steady dc voltage will expand the field
outward but then there is no change in the field and so
no coupling between the primary and secondary. There-
fore, there is zero output voltage.

D. Laminated iron cores are used for frequencies up to
the upper limit of the audio range, which is 20,000 Hz.,
and sometimes a bit higher than this, although not often.

B. The output winding is the secondary. If you turn the
transformer around, using the secondary as a primary and
the primary for the secondary, the rule still applies—the
winding to which ac is fed is called the primary and the
winding that is used as the “take off” winding is called
the secondary.

C. An efficiency of 100% is obviously impossible, but 98%
is feasible. Obviously no more energy can be transferred
to the secondary than is available in the primary, but in a
good transformer there is only a slight loss in energy
{power) transfer.

C. 40 amperes. The voltage is stepped down by 20 to 1
which means that the current in the secondary will be 20
times that in the primary, assuming no losses in the trans-
former. If we changed the input to power it may be more
clear. In the primary there is 240 watts (120 X 2) and in
the secondary there is 240 watts (6 volts X 40 amperes ).

D. A transformer can work on either changing direct cur-
rent or on alternating current. The answer says “only on”
which makes both B and C incorrect, although both would
be correct if the “only” had been omitted.

19.

20.

21.

22,

24.

B. Regardless of whether ac, or pulsating dc, is fed into
a transformer, the output will be alternating current. The
dc component can be restored, if desired, by impressing
a dc voltage onto the secondary output.

C. It is important in electronic devices that there be no
direct connection back to the power line. This is true be-
cause one side of the power line is grounded and the other
is “hot.” If an electrical device should be plugged into the
power line so that its metal parts were “hot” and you
touched the metal parts while standing on a ground or
while touching some grounded object (maybe another ap-
pliance) you could easily get a lethal shock. A transformer
prevents this from happening by eliminating any direct
metallic connection between the power-line ground (which
is actually an earth ground) and the radio. Some radios do
not use a transformer and they have to use great care that
no metallic parts, connected to the common side of the
circuit, can be touched by the radio user. For example,
metal mounting screws often screw into an insulating plas-
tic block. Control shafts, such as those on tuning or volume
controls, either are made of plastic—the entire control in-
sulated from the metal parts of the chassis—or in some
cases the plastic knobs that slip over the shafts are “cap-
tive.” That is, they cannot be removed far enough for the
metal shaft to be exposed. Interlock cords are used ex-
tensively. This is a power cord that automatically unplugs
from the radio circuit when the back of the radio is re-
moved for service. A “cheater” cord is needed by the radio
technician to remake the connection from the radio to the
power line (Fig. A-4).

Fig. A-4.

A. The impedance ratio is the square of the tumns ratio.
In this problem, the impedance ratio needed is 800 to 8 or
100 to 1. The square root of 100 is 10, so the turns ratio
needed is 10 to 1. Conversely, the impedance ratio is the
square of the turns ratio. For example, a transformer with
a G-to-1 turns ratio would have a 36-to-1 impedance ratio.

A. All three are. The autotransformer has no direct cur-
rent isolation between the primary and secondary--its only
use is to step up or step down voltage. Any transformer
becomes an autoformer if you make a direct connection
from one side of the primary to one side of the secondary.

. C. Only in power transformers is there enough energy nor-

mally to cause bumning and odor when an internal short
occurs in the transformer or too high a load is placed on
the secondary. The latter may occur, for example, if a
rectifier diode or an electrolytic capacitor should short. Al-
though in a high power audio amplifier the output trans-
former might burn if a defect in the circuit occurred, an
output transformer in a portable radio probably would
not bun if the battery voltage were shorted directly
across it,

C. Although you could use B, it would no doubt be im-

practical from the standpoint of physical size and mount-
ing. The transformer with a 9.5-volt output is only 5%
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25. A. The adjustable core varies the inductance of a coil and
s0 can change the resonant frequency as effectively as a
variable capacitor across the circuit, Most modern radios
use adjustable cores (slugs) for tuning wherever possible,
since it is mechanically less complex to make the cores
adjustable than to build a small adjustable capacitor.

CHAPTER 4

1. B. The image frequency is always twice the intermediate
frequency from the desired input signal. In this exam-
ple the oscillator would be at 1055 kHz, meaning that a
signal at 1510 kHz is also 455 kHz away from the oscillator
frequency.

2. B. There must be at least two gangs, one for the antenna
input tuning, and one for the oscillator tuning. If there is
an extra rf amplifier stage in the radio, an extra gang is
required for tuning this, making a 3-gang capacitor neces-
sary.

3. D. Resonance requires a coil and a capacitor.

4. B. A single tuned circuit responds best to one single fre-
quency but it also responds nearly as well to frequencies
a short distance either side of that single frequency. A
radio, even a good one with several tuned circuits, would
be unable to separate two equal-powered stations, one at,
say, 550 kHz and the other at 560 kHz but is able quite
easily to separate two equally well received stations that
are at 550 kHz and 580 kHz.

An oscillator circuit generates a single frequency because
the most feedback for the oscillator occurs at the resonant
frequency of the tuned circuit of the oscillator.

S. B. (jbapging either the capacitance or the inductance of
a circuit changes the resonant frequency of the circuit.
Both methods of tuning can be and are employed in mod-

em radio, Most portable radios use variable-capaci
o apacitor tun-
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10.
11

12.

10.

11.

D.

B. An oscillator. An oscillator is an amplifier with a tuned
circuit which uses a fcedback from the output into the
input to keep the oscillator working.

A. All bipolar (npn or pnp) transistors require a small
“turn on” current or bias. If there is no bias from bafe
to emitter, the emitter-to-collector .current will be zero in
a good transistor.

Placing a short between base and emitter is one way that
technicians can check to see whether a transistor is \w:ork-
ing. If shorting B to E on a transistor drops the transistor
current to zero, it shows that the transistor will respond to
a change in bias.

CHAPTER 5

. B. 455 kHz is the standard intermediate frequency for

a-m home radios. 262 kHz is used quite extensively in
automobile radios.

. D.

. B. This is often called “slug tuning” because the ferrite

core by its appearance comes quite naturally by the name
“slug.”

AN

. D. Electrolytic capacitors are used in radios to isolate the

power supply and control circuits that go to all amplifiers
so that they do not carry interacting signals.‘ If, for exam-
ple, the output of one amplifier gets back into thg input
of another amplifier we have an oscillator, something we
don’t want in an i-f circuit, ]

Bad transistors have been known to cause squeals but it
is rather rare.

. B.

. A. A field-effect transistor (FET) requires only a voltage

{no current) as a control, so it does not load the cir%uit.
There is a complete chapter in this book on field-effect
transistors and circuits.

. C.

. B. Moving the slug in an i-f transformer will affect only

the loudness of the signal, but the changing of the .oscil-
lator tuning slug changes the frequency of the oscillator
and in turn changes the station selected.

A. This is the best answer to this question. Assuming that
the antenna and oscillator circuits are not out of tune, tun-
ing for maximum noise through the i-f amplifier is a good
way to peak it up. )

Ancther good way, and one that may be more satisfac-
tory to some technicians is to tune in a weak station and
then tune the i-f transformers for maximum output from
the station. )

Neither of the above methods is completely “profes-
sional” but with a little practice you can align, or at least
peak up, any radio satisfactorily in this way.

D. Tracking simply means that you want the antenna cir-
cuit to be tuned exactly 455 kHz (or whatever the i-f is)
away from the oscillator circuit, whether the dial is set at

e low, medium, or high points of the dial. Perfect track-
Ing is impossible, but it can be sufficiently close that there
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12.

13.
14,

15.

39 1

i; 1;0 noticeable change in selectivity over the span of the
ial.

B. Ordinarily, trimmers are set at the high end of the dial
and the slug in the oscillator coil at the low end of the dial.

D. A, B, and C are all good precautions to take.

B. You can remember this by noting the middle letter of
the transistor type. nPn takes positive voltage on the col-
lector (to emitter) and a positive bias on the base {again
in respect to the emitter}. A pNp transistor takes a nega-
tive collector voltage and negative bias.

B. American radios tend to use the dual-tuned, hex-tool
type, however.

CHAPTER 6
A.
. C.
A. This answer may be a bit difficult to understand unless

you can look at a volume control or have looked at one.
The center terminal of the volume control is connected to
the rotating arm, which is turned by the control shaft, and
which moves between terminals 1 and 3. Tuming the shaft
clockwise on the control shown in Fig. 6-8 moves the arm
toward terminal 1, which is the same as saying that arm

(in the schematic) is moving toward terminal (&) and

maximum volume. Minimum volume is when the amm is
moved to the ground terminal ©.

P. The radio frequency (now the intermediate frequency)
is no longer needed since the detection has taken place so
it is removed (or more carrectly perhaps, smoaothed out).

A. Cermanium diodes will conduct with lower applied
\(oltage than silicon diodes, which means that they are
likely to have less distortion on extremely weak signals.

. B. It is impossible to completely eliminate distortion,

though it can be removed to an insignificant degree. Any
difference between the transmitted signal and the received
signal can technically be called distortion. Distortion as
used by radio technicians means noticeable loss of tone
quality or ability to understand what comes from the
speaker—clearly.

B. Detection immediately follows the i-f amplifiers and
obviously precedes the audio amplifiers. (It used to be
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Fig. A-5.

10.

10.

commeon practice to call the converter or mixer stage the
first detector and the detector we are talking about in this
chapter, the second detector, The mixer is called a de-
tector in this case because of its job of “changing” from
one frequency to another.)

B. A transistor can be used as a detector by using it as a
diode. Fig. A-5 shows how a transistor may be used as a
detector, and there are other variations possible as well.

. C. Rectification as a term is normally used only in connec-

tion with power-supply circuits, though technically it can
be used in almost any diode circuit where ac is changed
to pulsating dc.

A. The arrow in a diode used as a detector (rectifier)
paints toward the positive output terminal. A positive dc
voltage can be read with a meter across the volume con-
trol (A to C) whose strength or amplitude depends upon
the amount of signal detected by the diode.

CHAPTER 7

B. The class-B audio output uses two transistors, but is
much more efficient. In other words, it uses less battery
power for the amount of audio output.

. A. By the nature of manufacture, a speaker uses a voice

coil that has only a few tums of wire, relatively speaking.
This means that in order to get power to operate the cone
back and forth there must be a high current/low voltage
audio source. Any high current/low voltage device is a
low-impedance device.

. B. See answer to Question 1.

. B. 180 degrees out of phase. To be in phase both signals

would have to be going the same direction at the same
time.

. D. The meter should read maximum when volume is maxi-

mum. It cannot read zero at low volume because there
must ahvays be some current flow in a radio, but it will
read the lowest amount of current when the volume is
tummed all the way down.

. C. 40 milliamperes is 40 thousandths of an ampere, or 4

hundredths of an ampere.

. A. All the other answers to this question are things that

can cause a “tinny” sound in the radio.

D. The tiny disturbance created as the volume control is
turned, if amplified enough so that you can hear it in the
speaker, is a good indication that the audio amplifier is at
least amplifying—it could of course be causing distortion
but in a dead radio this not YET the problem you are
looking for.

D. All of the troubles listed in A, B, and C can cause a
dead radio. A defective earphone jack may cause the trou-
ble since the jack has a switch which tumns the speaker off
when an earphone is plugged in. If this switch fails to
close when the earphone is removed, there will be no sound
from the speaker. If you can hear the radio all right with
an earphone, but the speaker is silent when you remove
the earphone, then either the earphone jack or the speaker
is defective, or a wire is broken which connects the two.

C. Note that the question says “most likely.” Turning the
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12.
13.
14.

15.

16.

17.

18.

19.

volume control down eliminates all signals from the de-
tector on, so removing the squeals by turning down the
volume would seem to indicate trouble prior to the volume
control. However, it is possible for the trouble to be a
feedback from the output of the audio amplifier into the
top side of the volume control such as might be caused by
a wire from the output stage running too close to the
“hot” lead from the volume control. Usually, though, if this
is the trouble, you will hear a marked change in the pitch
of the squeal or whistle as you turn the volume control.

A. OTL stands for “output-transformerless.”
A.

C. These radios use a simple power supply that rectifies
the 120-volt power-line voltage for a direct-current output
in the 100-volt range. By using 2 high-voltage transistor it
is possible to get ample power output from a transistor
cir:unit, while keeping the power-supply current relatively
sm

C. A capacitor reduces the higher audio frequencies and
thus eliminates a lot of “hash” in the output. Part of this
hash can be radio frequencies that have slipped through
into the audio amplifier and are being amplified but the
purpose of the capacitor is not JUST for bypassing radio
frequencies.

A. It is not unusual at all for an automobile radio to have
a class-A output transistor that draws 1 ampere or more.
Current drain is not a big problem with car radios, but
ample power output is essential. As for current drain, con-
sider that the modern auto radio draws no more than about
1.5 amps of current or less, while a comparable tube auto-
mobile radio never drew less than 4 to 5 amperes. A fully
charged automobile battery can easily run a transistor auto
radio for a whole day without the motor running and the
battery still start the car with no trouble.

D. Although a transistor is a “sandwich” with the base
element located between the collector and emitter, when
a transistor shorts, it blasts right through the base material
and the short occurs between collector and emitter. The
“blasted through” base is not connected to the short, be-
cause all the base material is bumed away, so if you
measure from collector to base or from emitter to base
you still get diode action in just about every case.

Do not overlook the fact that shorts could occur between
the collector and base or emitter and base but it is rare
for it to happen.

B. About the time of the advent of the transistor radio in
the 1950s all American cars started using the negative
ground as standard. A few new cars manufactured out-
side and imported into the USA do use a positive battery
ground, but most use a negative ground the same as
American cars.

C, Direct coupling has both the direct current supply volt-
ages, bias voltages, etc. coupled by the same components
as the signal . . . in other words there are no coupling de-
vices such as a capacitor or transformer which blocks the
de voltage from one stage to another.

., C. If the fuse were open, you would not hear a thump.

Likewise, if the fusible resistor in the output circuit were
open. If a class-B output stage is used, there are equal and
opposite currents through the speaker when the radio is
turned on, 50 you likely will hear little, if any, thump.

174

10.

11
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13.

CHAPTER 8
A,

. D. If a 0.2-volt change causes a 4-volt change in an ampli-
fier stage, the stage gain is 20 (0.2 X 20 = 4 volts).

. B.

. C. The voltages indicate a supply of 8 volts, and there is
6 volts on the collector. This indicates a 2-volt drop across
the 4K resistor. Using Ohm’s law, 4K divided into 2 valts
equals 0.5 mA. Now we know that the collector current is
0.5 mA and this means that there is 0.5 mA through the
1K emitter resistor and consequently there will be a 0.5-
volt drop across this resistor, or, said another way, 0.5 volt,
emitter to ground. The schematic shows 1.1 volts base volt-
age and with a 0.5-volt emitter voltage the bias is 0.6 volt,
which is the clue that the transistor is a silicon type. The
collector and base voltage are positive with respect to the
emitter, indicating that the transistor is an npn, as does the
direction of the arrow on the transistor symbol.

. A. See answer in Question 4.

. D. This is a pnp transistor, meaning it needs a negative
bias voltage and a negative voltage from collector to emit-
ter. Or, said another way (if you want), it needs a posi-
tive voltage from emitter to collector (C to D).

. C. The arrow on the emitter (pointing iN proper) indi-
cates a pnp transistor. The symbols for both germanium
and silicon transistors are identical and since we have no
indication of the amount of bias voltage we have, there is
no way of ascertaining which type the transistor is. (nge
manufacturers put a small S or G inside the transistor
symbol to indicate whether the transistor is silicon or
germanium. )

. D. The whole idea of bias on a transistor is to get the
transistor “in the middle of the road” so it can go either
way when a signal is applied to it. Without bias it ha's' no
current flow, with too much bias it would “saturate™ or
have maximum current flow.

. C. Although both the base and emitter voltages are posi-

tive with respect to ground, the voltage on the base is 0.2-
volt LESS positive, which is the same as saying MORE
negative by 0.2 volt. In other words a meter connected
from base to emitter would read —0.2 volt.

D. Removing the bypass capacitor, or, if it should open
up in service, reduces the amplifier gain considerably.

B. If the base voltage is dropped to 4.8 volts it means
that the base is made 0.1 volt more negative, and this in-
creases the transistor current, increasing the drop across Rs
and lowering (makes more negative) the emitter voltage.

D. “Flat” means that the amplifier amplifies all pertinent
frequencies essentially the same amount. It might be com-
pared to mowing a lawn “flat”; everything growing is the
same height. Flatness in an amplifier is normally a good
characteristic, especially in an audio amplifier.

C. The voltage on a typical audio amplifier must NOT
swing from zero to maximum, otherwise there will be dis-
tortion since no transistor is able to change the voltage that
far in a linear fashion. Normally the voltage change will be
a volt or less in each direction as the signal input voltage
changes back and forth. Be sure to read note at the end
of Question 13.
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4.
15.

16.

1.

A.

A. The symbol and the battery polarities indicate that the
transistor is an npn. The bias indicates it must be a silicon
type. The fact that there is 3 volts on the collector indi-
cates that there must be MORE than 3 volts battery sup-
ply, because, with any current flow at all, there will be
some voltage drop across the headphones.

B. Since the battery current flows through the headphones
Boing to the collector, the circuit is said to be series fed, in
other words, the same current Hows through the head-
phones as through the transistor collector circuit. Fig, A-6
shows the circuit with the earphones shunt or parallel fed.
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CHAPTER 9

C. A vom is a volt-ohm-milliammeter and, if properly used
in radio diagnosis, can do more jobs than any other single
instrument. An expert technician can find just about any
trouble using only a vom, but in most cases the expert will
have many other sophisticated instruments; so he can do a
better job on certain less-common troubles.

. B. If the radio uses a 8-volt battery, then that is the high-

est voltage that will be found in it. Starting with a 10-volt
scale (or even a B-volt scale if available) will insure that
the meter pointer will not be driven off-scale. If you
find the voltage is too small to read accurately on the
larger scale, then turn to a lower voltage scale, once you
have found what to expect.

. D. It makes no difference which ohmmeter range you use

except, of course, you must turn it to a range that gives
you the best usable reading.

.-A. A 50-microampere meter will deflect full scale if a 20K

resistor is connected in series with it and 1 volt placed
across the combination, Fig. A-7. By Ohm's law:

1 volt

.000005 ampere =AY el

. C. In a 20,000 ohms-per-volt meter, for a 6-volt full scale

reading, the resistance in the circuit must be 6 X 20,000,
or 120,000.

FULL SCALE
METER 508 DEFLECTION

6.

10.

11.
12.
13.
14.

15.

16.
17.
18.

D. If the meter were reading half scale on 8 volts, then
the full-scale reading must be 12 volts. For a 12-volt full-
scale reading, the resistance must be 12 X 20,000 ohms,
or 240,000 ohms.

. B. The needle is between 2 and 5 on the scale, but near

enough to 5 to indicate it is reading close to “4.” Since
the function switch is set at R X 1K, the resistance is the
pointer reading times IK, or, in this case, around 4K.

. D. Neither the vtvin nor the solid-state vom load the cir-

cuit to any great extent. A typical input impedance (load-
ing) for a meter of this type is around 11 megohms, re-
gardless of which voltage scale is used. However, a 1000
ohms-per-volt meter on the 10-volt scale, for example, has
a loading on the circuit of 10,000 ochms—much too much
for testing in most transistor circuits, especially bias cir-
cuits.

. C. Only a short of the transistor could cause the trouble.

Actually the bias is reversed, which means that a normal
transistor would be cut off, and in this type of circuit it
is impossible to have emitter voltage with reverse bias;
consequently, the only explanation of the voltages indi-
cated is that the transistor is shorted.

C. Ohm’s law calculations:

0.2-volt drop across emitter resistor
470-ohm emitter resistor

equals .0005 amperes(+) or 0.5 mA.

B. The transistor is a pnp with a bias of —0.1 volt.
B.
A.

C. This is always the best way to read the transistor bias
whenever possible or convenient.

B. Continuity is sometimes considered to be a low re-
sistance, such as I ohm or less. However, we may mea-
sure the continuity of a transformer winding, for exam-
ple, and that resistance may be normally several ohms,
sometimes more than a 1000 ohms.

C.
B.

C. Most of the time in present-day meter circuits the lead
is actually connected to the negative side of the ohmmeter
circuit. Fig. A-8 shows why this occurs. In order for the
meter to read up-scale on ohms, the 4+ side of the battery
in the ohmmeter circuit must connect to the + side of
the meter—this leaves the + test lead connected to the

VOLTMETER
“MULTIPLIER",
RESISTOR
l BATTERY
OHM
+ IEST - TEst
UAD LEAD
Fig. AS8.
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19,

21.

22,

negative t(_erminal of the battery. But there are some
meters whxch_ provide a reversing circuit when switch-
ing to ohms, in order to maintain the correct polarity.

B. A} voltage on the anode of a diode should make it
conduct. Since here the "negative” lead of the meter is
connected to the anode, when the diode shows conduction,
it indicates a reversal of polarity when the ohmmeter is
switched into the circuit.

C. The fact that the collector to emitter reads a low re-
sistence, regardless of the direction of the ohmmeter, is
evidence enough of a transistor short.

A. Taking two of the three leads out of the circuit is all
that is needed to make a valid “out of circuit” check.

A. Most service signal generators have both audio and
radio frequency outputs available. Usually the audio is at
one frequency only—often around 400 hertz.

A. Anytime a signal is injected into a radio, it should be
at no greater level than is required to give a usable out-
put indication. This ensures that circuits will not be over-
loaded and be caused to act erratically.

D.
CHAPTER 10
. A,
. D. Capacitors do not pass dc current but do pass alter-

nating current.

B. The local oscillator normally runs higher than the in-
coming frequency. It must be the intermediate frequency
away from the incoming frequency, for example, if the
incoming signal desired is 1250 kHz and the radio i-f is
455 kHz, then the local oscillator must be at 1250 4 455,
or 1705 kHz.

. C. An oscillator is simply an amplifier which has a por-

tion of its output signal fed back into the input in such a
way as to sustzin an oscillation at some frequency. The
frequency is dependent upon the circuit values.

C.

. A. It is normal for any oscillator circuit to produce a slight

change in output with a change in frequency, and this
shows up as a change in the dc bias on the transistor, be-
cause the transistor itself rectifies the oscillator signal and
creates a measure of self-bigs.

. B, It is possible that they may need adjusting at some

other point on the dial for some compromise effect, but
not often.

. A, Tuning with noise is the simplest method of low-end

tracking. The old method of rocking the tuning capacitor
as you adjusted the low-end trimmer for the maximum
output of a low-end station is difficult and neither as easy
nor as effective as the noise method.

. C. Trimmers are drawn in different manners by different

electronic draftsmen but in Fig. 10-8 the fact that C3 and
CS5 are shown ganged together (by the dotted line) indi-
cates that these make up the main tuning capacitor.
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A. If dc were not needed on the base of the transistor, ::e
signal could be coupled to it by a straight wire, so the
primary purpose of Cl is for de blocking.

B.

C. This is a converter stage and it processes both thg _in'
coming signal and the local-oscillator signal, providing
an i-f output.

C. The feedback signal is taken from a tap on the oscil-
lator coil, through C2, to the emitter, but a signal is also
fed from the collector circuit “tickler” coil which is a part
of the oscillator coil. In other words, the output from the
collector is fed to the emitter to sustain the oscillation.

B. This is the oscillator tuned circuit.

C. The collector voltage should be very near to 6 volt's,
since the coil L3 and the tickler coil on the oscillator will
have only a few chms resistance.

B.

B. A capacitor in series with the coil effectively reduces
the capacity of the tuned circuit, raising the frequency.
Tumning the slug further into the coil or adding turns to
the oscillator coil would decrease the resonant frequency,
as would a trimmer across the coil.

A. The only way to get that much voltage between col-
lector and ground is for either L3 or L4 to open; other-
wise the collector will be held at ground potential by the
low resistance of these windings.

B.

D. The base is —5.6 volts and the emitter is _—6 volts, so
the base is 0.4 volt more positive than the emitter.

B. There is a 1.5-volt drop across the 1.5K emitter re-
sistor, indicating 1 mA of current flow.

A. The antenna circuit must tune to a lower frequency, so
it needs a tuning capacitor of greater maximum capacity.

C. The feedback is through L3 into 4 and then through
Cl and L1A to the base of the transistor.

D. Since this would eliminate emitter current it wou.ld_ also
eliminate the voltage drop across the 1.5K emitter resistor,
so, from emitter to ground the voltage should be —-15
volts.

CHAPTER 11

. D.

. B. “Gain” is a term which means amplification. If a stage

has gain, it will have increased signal output as com-
pared to its input. Automatic gain control varies the am-
plification of one or more stages to hold the output at the
speaker fairly constant, regardless of the strength of the
incoming radio signal.

. A. Leave them alone, especially if there is every indica-

tion that the radio is working normally after it has been
repaired. A detuned i-f will show up as a radio with a
weak output, but there are many other things that can
cause this; so do not be too quick to suspect tuning prob-
lems, especially if the tuning does not appear to have
been bothered.
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Answers 10 Test QUESTIONS

4, B.

5. B.

6.

10.

11

12.

13.

14.

15.

16.

17.
18.
19.

20.
21.

A. The emitter resistor would be about 330 ohms, accord-
ing to Ohm’s law. 330 x .0015 = 0.5 volt approx. 1K X
1.5 mA = the 1.5-volt drop across R4. Find the answers
by dividing the current (1.5 mA) into the voltage drop
across the resistor.

D.

. B.

. C. An open C4 would mean that the i-f transformer would

not be tuned to its normal resonant frequency; so there
would be little output from the radio except on very
strong stations. You can spot this trouble easiest by trying
to tune the transformer. If turning the slug of the trans-
former does not have an effect on the output, this is a
good indication of transformer trouble. Capacitor C4 is
generally a part of the transformer assembly. DO NOT
ATTEMPT A “TUNING” DIAGNOSIS UNLESS YOU
CAN HEAR AN OUTPUT OF SOME SORT FROM THE
RADIO.

A. An open Rl would remove bias from Ql, reducing the
emitter current to zero. With no voltage drop acrass RS,
there could be no voltage on the emitter.

B. When the voltage of a diode is taken from the anode
side, it will be negative; from the cathode side it will be
positive.

C. A radio i-f transistor, normally, should not feel warm
to the touch. Measuring the emitter voltage drop is one of
the quickest ways to calculate the transistor current flow
using Ohm'’s law (E/R = I).

C. Since there is no emitter resistor in this circuit, the
casiest way to detect current flow is by measuring the
voltage drop in the collector circuit. This is dropped al-
most entirely acrass R3, since the i-f transformer primary
has low dc resistance.

B. Again, the voltage is being taken off the anode side of
the diode.

A. There is approximately a 2-volt drop across the 470-
ohm resistor, R3, and this requires a bit over 4 mA, as
ascertained by Ohm's law.

2 volts

m =42 mA, approx.

C. No age is applied to this stage, the bias is fixed. There
is an agc voltage output taken from the detector circuit,
but it returns to another circuit.

C.

A.

B. This is a convenient place, especially if you have an
adapter cord for your input meter that will plug into the
earphone jack.

D. 25 microamperes, or .000025 ampere.

B. Since the current of a class-B stage increases as the
volume increases, a check of the current supplied to the

22.

radio will indicate an increase or decrease in volume level.
Remember that volume level cannot be as correctly judged
by your ear as with a meter.

B. Neutralization was once used much more than it is
now in radios because older-type transistors generally had
more base-collector capacity. Neutralization, when needed,
contributes to a low noise, stable, “clean” amplifier.

. B. Thermal runaway is not possible unless the transistor

can draw excessive current because of circuit values. For
example, a resistor in the emitter or collector circuit can
prevent thermal runaway by limiting the total current pos-
sible. An emitter resistor not only limits the amount of
current available to flow through the transistor, but also
reduces the transistor bias as the transistor current in-
creases. Fig. A-9 shows a transistor circuit that will pre-
vent thermal runaway, even though the transistor bias is
not affected, so long as the transistor will not be damaged
by the passage of 8 mA of current. The 1K resistor would
limit the circuit current to 9 mA, even if the transistor
were a short circuit.

-l

L4
00004
Tﬂ'l

AAA,

Fig. A9,

24. A. Forward agc biases the transistor so that more current

flows. Resistors in the collector circuit prevent the tran-
sistar, along with emitter resistors, from being damaged by
excessive bias. When a transistor is biased so that a further
increase of bias does not increase the amount of collector
current, the transistor is said to be “saturated,” and the
transistor gain is dropped to zero. A transistor not quite
fully saturated has lowered gain; therefore, various de-
grees of near saturation can provide a gain control of the
signal, the same as cutting down the flow of transistor
current.

CHAPTER 12

. B. The arrow is pointing out on the symbol. Since the

arrow always points toward ‘n’ material, the base must be
‘D’ material, and, since the base is in the middle, the ‘p’
must also be in the middle, thus npn.

. B. The collector circuit for an npn transistor must be posi-

tive, and in this circuit the collector is grounded. The emit-
ter must then be tied to a negative source of voltage.

. C. Since point @) is the most negative point (to ground),

then any part away from point () is more positive. C2,
then, is more positive on the emitter side, and C] is more
positive on the volume control side, since this point is closer
to ground potential than the base of the transistor.
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4, B If C2 opens, there will be degeneration in the circuit
since the voltage on the emitter will try to follow the volt-
age change on the base. This lowers the gain of the ampli-
.ﬁer, but degeneration is often useful and often designed
in (when gain is otherwise ample) to provide a better fre-
quency response. The circuit would not whistle or squeal,
because it takes more gain rather than less gain for oscil-
lation to start. (An exception might be if C2 was part of a
dusal capacitor mounted in one package, and a leakage
developed between the two after C2 opened, but this
would be a very rare occurrence., )

5. A. Since the capacitor should not pass direct current, it
should have no effect on the dc voltages of the transistor,
unless it is leaky or shorted. Its sole purpose is to couple
the audio and block the dc¢ in the process. If it should
open, the audio output would drop drastically. Due to in-
herent capacities of the leads and other wires in the cir-
cuit, a bit of audio may leak through, but it will sound
“tinny” since no low frequencies will pass.

6. B. With Cl passing dec, the bias on the transistor would
change with the setting of the volume control, upsetting
the bias and probably causing rather severe distortion, de-
pending upon the amount of leakage. The dc emitter volt-
age would change as the bias changed due to moving the
volume control, with maximum emitter voltage (across the
330-ohm resistor but minimum to ground) when the vol-
ume control was turned down.

7. D. There is no substitute for substitution in this situation.
It is simple, trustworthy, dynamic and quick.

8. C. This provides a push-pull audio signa! driving one out-
put transistor and then the other on alternate half cycles at
audio. In reality, with this class-B arrangement, each of
the audio output transistors works only about half the time.

9. B. Since the signal itself can be used to provide the major
portion of bias, the dec bias is relatively low.

10. C.
11. A

12. C. There is always some distortion in any amplifier, but it
is normally so small as to be completely unobjectionable.
The term “distortion,” when used in radio servicing, is
normally taken to indicate distortion severe enough to be
objectionable to the user of the radio.

13. C. A diode, when heated, has increased current which
means it effectively has less resistance; therefore, diodes,
or even a diode junction of a transistor, are often used as
temperature-compensating devices rather than using a
thermistor.

14. B. This is a small protective resistor only. Normally, there
would be no difference in the performance of the circuit
if the resistor were shorted out. It will, though, burn open
in case of a shorted output transistor and thus protect more
expensive parts,

15. C. Both use the same bias, which is fed in at the center
tap of the audio input transformer,

16. A, The transistors are npn, so they require a positive volt-
age between collector and emitter.

17. A. This might be called a tone-control capacitor. It pro-

vides a fixed bypass that reduces or eliminates the “hissy”
parts of the audio signal.
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18. B. “RC” means resistance coupled, or resistance-capaci-
tance coupled.

19. C. The base is —8.5 volts, and the emitter is 9.0 \{01‘5-
Thus, the base is 4-0.5 volt more positive than the emitter.

20. C. The voltages indicate a 3-volt drop across the 4.7K col-
lector resistor. By Ohm’s law,

3

7700 — 0.64 mA.

21. A. The resistor provides stabilized bias because of its col-
lector connection, but also provides some audio feedback,
since the output is connected to the input through the
resistor. Fig. A-10 shows how the circuit could be modi-
fied if the audio feedback were not desirable.

T -y S b
LA Yy !
4 270K

210K

A

Fig. A-10.

22. B. The current of the transistor should drop to zero when
the base and emitter are shorted, since this reduces the
transistor bias to zero. With no transistor current, there
will be no current through the 4.7K collector resistor, and
so no voltage drop across the resistor.

23. C. It is impossible to have 2.5 volts of bias on a transistor
under normal circuit conditions, since the transistor will
conduct vigorously, reducing the resistance across the base-
emitter junction and maintaining a voltage drop of less
than 1 volt in all cases.

24. A. The collector voltage is —3 volts and the emitte‘r. is
—9 volts; therefore, the collector is 6 volts more positive
than the emitter.

25. D. If the 47K resistor opens, it would have a high volt-
age drop across it, and a measurement from collector to
ground would likely be 9 volts, or nearly so. If the tran-
sistor should short it, it would look like a very low re-
sistance; so again all the voltage drop would be across the
4.7K resistor. The same is true if the bias on the transistor
were excessive.

26. D.

27. C. The driver stage usually draws only a small amount of
current, perhaps one to four milliamps. Since it is a single-
ended stage (in nearly every case) it, of nccessity, must
be class A and, as such, cannot have or should not have
any change in dc current with a change of signal input,
unless overloaded.

28. A. This is the most nearly correct answer. An increase in
current through Q1 will increase the current through Q2,
but because of this, there will be more positive voltage
fed through R5 back to the QI emitter, which will in tum
reduce the bias and tend to prevent any increase in cur-
rent in Q1 from affecting the current in Q2.
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29,

30.
al.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

A. A shorted Q1 would mean there was less resistance in
the R6, R3, R4 path from 4 to — of the power supply;
so the current through R6 must increase. Because of the
increased current through R6, there will be more negative
bias on the pnp output transistor and more current through
the audio choke and speaker.

A,

B. R3 limits the amount of current, should Q1 short, and
helps to protect the autput stage. It also provides a better
match between the Q1 output circuit and the Q2 input
circuit.

C.

C. Shorts in transistors most often occur between collector
and emitter. In fact, they do not often occur between any
other two elements.

A. The amount of bias indicates Q1 is a silicon type and
Q2 is a germanium, The direction of the arrows on the
symbol and the voltage polarities indicate that Q1 is an
npn and Q2 a pnp.

C. Direct-coupled circuits can be connected so that an
increase in one transistor produces either a decrease or an
increase in current in another transistor. This depends on
whether the transistors are pnp or npn and whether the
coupling is from the collector or from the emitter. Every
direct-coupled circuit must be studied individually to de-
termine what effect a fault in one section will have on
another section.

B. Direct-coupled circuits depend for bias and collector
voltages on the current of all the transistors so coupled.
This makes substitution a bit more tricky, especially if you
are not prepared to change the biasing circuit slightly.

C. This is the best answer here; though, no doubt, there
are exceptions. Transistors are inexpensive, so more tran-
sistors may be used in a circuit than would be dictated if
gain alone was the only consideration. Better frequency
response is always a worthy design cause, simply because
it makes the radio sound better.

D. “OTL” means “output transformerless.” A class-B cir-
cuit is one that uses two transistors in the output with low
dc bias so as to provide excellent efficiency (high power
output as compared to battery power consumed), Another
advantage of class B is that the transistors can be smaller
for a given power output because not nearly so much av-
erage heat is generated,

B. This lowers the bias to the transistors; so they also draw
less current; or, put in a better way, they are kept at about
the same current flow, since they will draw more current
when hot.

B,

E. When the set is first turned on, both transistors will
have essentially the same bias and the same current; so
one will be trying to pull the speaker cone in while the
other is trying to put it out, resulting in no movement at
all. The 100-uF capacitor prevents any direct current
through the speaker in this circuit. As one transistor draws
more or less current because of the audio signal fed to
the base, the capacitor (100 uF) will charge and discharge
through the speaker, and sound output results.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51

32,

53.

B. With Q1 shorted, the collector and emitter of Q1 would
both be at ground potential. Since the emitter of QI and
the collector of Q2 are tied together, the voltage on the col-
lector of Q2 would be near zero when measured to ground.

B. With Q2 open, or not conducting, there would be no,
or practically no, dc voltage source to Q1. A heavy signal
drive on the base could produce a weak, distorted output,
either because of direct base-to-emitter drive or because of
a dc leakage to the Q1 emitter through the Q2 bias circuit.

A. This is a good idea in any circuit since you can be sure
that you are reading the bias and not just some bias
“source.”

B. If a negative-going voltage is at the base of QI, it
should be positive-going at the collector, as well as at the
base of Q2. At the collector of Q2, it will be negative-
going again, as it will at the base of Q4, which is tied
directly to the collector of Q2.

A. Transistor Q3 tumns over the signal from the collector
circuit of Q2 so that Q5 has a positive-going signal on its
base. This is the situation we need in this circuit—when
the base of Q4 is negative-going, the base of Q5 should
be positive-going.

B. All the transistors have more than 0.4-volt bias; so they
are all silicon transistors.

C.

B. This is a bit difficult to diagnose, but suppose that Q1
has no bias and it normally has positive bias—the bias then
is made more negative by placing a short behween the
base and emitter. This, in turn, produces a more positive
voltage on the collector, and a more positive voltage on
the collector provides a more positive voltage for the base
of Q2. Even though Q2 is a pnp, it must still reverse this
change, so that the collector of Q2 now goes negative.
This negative voltage applied to Q3 cuts it off, so that
even though Q4 has more base voltage, it has virtually no
emitter voltage; and it, too, is cut off.

B. An open T1 would remove the bias voltage from the
driver transistor through the 2.2-megohm and 100K re-
sistors.

C. Ohm'’s law again, A drop of 2.2 volts across 68 ohms
requires a current of slightly over 32 mA.

C. Any radio output stage using a single transistor must
be operated in class A. This means that the average direct
current through the transistor does not change with a
change in signal input, The arrow on the transistor symbol
and the collector voltage polarity indicate that the tran-
sistor is an npn.

C. Increasing the bias on the driver would increase the
emitter voltage of the driver and so increase the current
through the output transistor. This would increase the volt-
age drop across the 100-ohm resistor and the output trans-
former in the output tramsistor circuit and reduce the col-
lector voltage on the transistor.

. A. An open electrolytic can cause any of these symptoms,

depending upon how the electrolytic is used in the circuit.
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1.

2,

10.

11,

12.

CHAPTER 13

A. Information is placed on an rf carrier by varying the
frequency by a small percentage on each side of an as-
signed center frequency. The more the frequency swing,
the louder the received signal. The maximum frequency
swing allowed by the FCC is 75 kHz either side of the cen-
ter frequency for broadcast radio. Two-way fm radio has a
maximum allowable frequency deviation of only 5 kHz
either side of the center frequency. Television uses fm
sound modulation with a maximum allowable deviation of
25 kHz either side of the center frequency. Ideally, there
is no change in power output of an fm transmitter with
modulation—only a frequency change.

D. 88 to 108 megahertz or 88,000,000 to 108,000,000
hertz.

B. See comment to Question 1.

D. 10.7 MHz is standard, but many other intermediate
frequencies have been used in the past. The frequency
chosen must be high enough that an image does not
occur within the fm band and also high enough that
the normal bandpass will easily pass the entire 150 kHz
swing of the 100% modulated broadcast signal.

A. If an amplifier will pass signals from 10.6 MHz to
10.8 MHz with nearly the same amplitude, we could say
that it has a bandpass of 200 kHz. (10,600 kHz and
10,800 kHz are 200 kHz apart).

D. The image frequency is always two times the inter-
mediate frequency away from the desired signal. Since the
local oscillator in nearly all receivers runs above the in-
coming signal frequency, the image is also above the in-
coming frequency.

90.3 MHz 4+ 2 x 10.7 MHz = 111.7 MHz.

. B. Automatic frequency control prevents the effect of oscil-

lator drift in an fm receiver which would make retuning
of the radio dial necessary. A radio with an afc switch
should be switched to “afc off’ when a station is being
tuned in and then to “afc on” after the station is tuned in.

. A, There is 0.6 volt across the emitter resistor which is

330 ohms. By Ohm’s law

0.6 A
[0 = 1.8* mA.

. C. The 0.75-volt bias indicates a silicon transistor and the

polarity of the collector to emitter voltage as well as the
transistor symbol indicates an npn type,

C. The fact that there is no voltage on the base indicates
a defective bias circuit, which in turn would mean no
emitter current flow and no emitter voltage. Either Rl or
R4 open could cause this trouble, as well as a shorted C4
or CB. A defective transistor would not likely cause this
trouble. Even a base-to-emitter short (highly unlikely)
would not cause completely zero voltage, though the volt-
age would be very small on base and emitter.

B. See comment on Question 10. If either of these two
capacitors were shorted, the bias voltage would be dropped
to zero.

C. The trouble here must be a shorted transistor collector-
to-emitter (where a transistor usually shorts). It cannot

13.

14.

15.

16.
17.

18.

20.

21.

22.

23.

24.

25.

26

be caused by excessive bias since if the voltage on th’f
emitter is 45 and the base +1.35, then the base is _3-_6°
volts negative, and the npn transistor requires a positive
bias for turn on.

C. These are trimmers, and generally they are mechani-
cally a part of the main tuning capacitor.

A. This capacitor is used for dc blocking only. Its large
size indicates almost no reactance at fin frequencies and so
almost no effect on the tuning of the circuit.

B. The stage gain would be reduced, but it would not
drop to zero. (Even if there is no change in amplitude of
a signal between the input and output, this is NOT zero
gain but a gain of ONE.

B.

B. Although there is only 0.25 volt bias on the transistor,
this is more than a germanium type would have. The fact
that the transistor is oscillating causes the de bias to be
reduced somewhat. This occurs because of the self rg‘cl'f'-
fication of the oscillator signal by the base-to-emitter “di-
ode” of the transistor.

B. This is a reverse-biased “varactor” which changes in
capacity as the reverse bias is increased or decre?sed. The
change in capacity “tunes” the oscillator coil circuit through
C9 and C10. R7 and R8 provide a fixed bias voltage for
the varactor diode so that it will always remain reverse
biased, regardless of the change in afc voltage fed to the
varactor anode.

. B. See comment in Question 18.

B. This is a series resonant trap and it is "usually tuned
to 10.7 MHz, which prevents any “leakage” from the rf
circuit through the mixer to the i-f circuit. This leakage
might be from a strong short-wave signal at or near 10.7
MHz.

C. With C4 shorted there would be no bias on Q2. With
no bias on Q2 there would be no collector current and
so no voltage drop across R9; so the collector voltage would
rise to 3 volts.

D. Both the base bias and the emitter voltage would in-
crease. The collector voltage would normally de.crease'lf
there were any resistance in the +45-volt line prior to its
connection to the collector circuit of QI.

C. The signals are NOT mixed together since we cannot
listen to both a-m and fm at the same time; so one or the
other is turned off by the a-m/fm function switch.

D. Anything that stops the transistor current flow will
cause the collector voltage to rise because there will be no
voltage drop across R2, and so the full 4.3 volts will ap-
pear at the collector.

C. Essentially, this is an a-m neutralizing capacitor, since
the takeoff is from the a-m i-f section and also because the
fm signal fed into the emitter as it is would not normally
require neutralization,

. A. Using Ohm’s law:

1.4V

330 ohms i
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27.

28.

29.

30.

10.

11

?i. The tip-off is the direction of the diodes. If connected
in opposition, the circuit is a ratio detector.

D. The zero voltage indicates that the two diodes are re-
ceiving identical amounts of voltage, which means that
they will have zero voltage output at the center tap of the
transformer winding. However, as the frequency swings
back and forth, the voltage at point A will go positive and
negative (audio output) but the average dc voltage is
stll zero, since the audio goes as far positive as it does
negative, and vice versa.

C. Since the transistors work for both fm and a-m, it
would be highly unlikely for a transistor to be defective.
The audio amplifier and the power supply are common to
both circuits; so the most logical choice for trouble would
be in the a-m converter, which is not used during fm re-
ception.

A. You can be sure of the audio amplifiers, but not of the
i-f transistors, since the fm circuit, even in a combination
strip, has more transistors than the a-m circuit. This means
that an i-f transistor in the fm-only portion of the ampli-
fier could be defective. You cannot be sure that the fm rf
amplifier is defective, since obviously there are other trou-
ble spots possible, such as the fm mixer, oscillator, etc., as
well as trouble in the fm-only part of the i-f circuit.

CHAPTER 14
. C. —0.1 volt. —5.6 is 0.1 volt more negative than —5.5
volt.
. D. 43.3 volts.

. C. 2.2 volts. Negative.
. A. 0,001 A, I=E/R.

. B. Pnp. It uses a negative collector voltage and negative

bias with respect to the emitter.

. B. Germanium. It is working with only 0.1-volt bias. Sili-

con transistors require at least 0.4-volt bias.

. B. Nommal. One milliampere of current is a normal value

for a germanium small-signal transistor such as this audio
circuit uses.

. C. The signal is “hot” on the base and on the collector but

also at point F because this is in the tuned circuit and is not
bypassed to ground. This takeoff point is sometimes used to
feed a neutralization voltage through a small capacitor
back to the base of the transistor.

. A. All points not grounded in this circuit have a dc volt-

age on them and are, in that sense, “hot.”

D. It could be at any of those places, since anything that
will eliminate the output pulse from the supply line will
stop the oscillation. If the supply line is to feed still an-
other audio amplifier preceding these two, with the sup-
ply voltage taken from point@) to feed this amplifier, the
logical place for the decoupling filter is between @ and

In reality, this is a design problem and not truly a service-
type problem, but it does help in service if you understand
why the designer is required to do certain things.

B. If the trouble is an open electrolytic, there is no need
to remove it from the circuit before you try a new capaci-

12.

13.

14.

15.

16.

17.

18.

18.

20.

21.

tor since it has already removed itself electrically from
the circuit by opening. You could remove the electrolytic
and test it, but what if it is good? Then you have done a
lot of work for nothing, and, besides, an electrolytic is not
the easiest thing to test, except with sophisticated capaci-
tor checkers.

C. A resistor between collector and base will increase the
transistor bias, which should increase the transistor cur-
rent. The voltage drop across both the collector and emit-
ter resistors should increase.

B. This is an npn transistor; so the supply voltage to the
collector should be 4 with respect to ground. The col-
lector side of the collector resistor, then, must be less posi-
tive {more negative) than the supply. The emitter is more
positive than the ground (which is the negative side of
the supply); so the “Y" leads are the positive leads, other-
wise the meter pointer would try to go past zero on the
left-hand side of the scale.

B. A resistor between base and emitter should lower the
transistor bias; so the current will decrease, as will the
voltage drop across the resistors.

C. A short between the collector and emitter might dam-
age something else in the circuit, but not the transistor.
A short between collector and base, though, may damage
the transistor hbecause of the excessive bjas. Fortunately,
even a mistake of this nature will not damage the tran-
sistor, because resistors in the circuit prevent excess cur-
rent—this can be either an emitter or collector resistor.

C. This might pot seem correct, since you might expect
more signal at but remember that T3 steps down the
voltage a bit to match the detector circuit and prevent
undue loading on the tuned circuit.

A. There will always be a higher indication of signal volt-
age at a collector than at the following base. The capaci-
tor between (@) andDshould not attenuate the signal notice-
ably. There should be no signal voltage at® unless the
bypass capacitor across the emitter resistor of Q2 is open.
Point{D) is the supply-voltage line, and there should never
be a significant signal voltage here unless a supply line
bypass capacitor is open.

D. As indicated in the preceding answer, it is normal to
get less voltage on the base side of a transformer coupling.
If the supply voltage were low or zero, you would not
have a signal at 01@ oi{D) If transistor QL were shorted,
the same reasoning applies, but you could have about the
same signal at(J)as at@if the transistor were defective,
simply because of the capacity feedthrough from the base
to the collector.

A. You should have no rf indication where the circuit has
been made “cold” by a bypass capacitor.

D. It is commonly said that in a capacitive circuit the

current leads the voltage. This is the same thing as saying
the voltage lags behind the current.

A.

. D. A series-tesonant circuit is sometimes called an “ac-

ceptor” circuit, meaning that it will accept or pass the
resonant frequencies and reject all others, except those
close to the resonant frequency. These it will allow to pass
in varying amounts, depending on their distance away from
resonance and on the “Q” of the circuit.
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23. B. Any load on a resonant circuit, whether in series or in

24.

26.

27.
28.

29.

31.

parallel, lowers the Q of the circuit.

D. Winding a coil with larger wire lowers the resistance
of the winding, as does using several strands of wire in
parallel. The wires in parallel have lower “rf resistance”
than a solid wire of the same physical size, because of the
phenomenon known as skin effect, as explained in the text.
A suitable core material increases the Q because it requires
fewer turns of wire to make the coil have the same in-
ductance; so again the resistance of the circuit is lowered.

. B. Impedance takes in all the restrictions to the flow of

alternating current. Impedance and resistance are seldom
the same. For example, a pair of headphones may have
2000 ohms impedance at 1000 Hz, but if you measure the
resistance with an ohmmeter, it might be only 300 ohms.
The additional elternating current impedance occurs be-
cause inductors are used inside the earphones.

B. Any lowering of the Q of a circuit will make it tune
more broadly, or, in other words, have a wider bandpass.

B.

B. A link couple is always at low impedance. A low-
impedance circuit is not greatly affected by the residual
capacity of the circuit, which could easily bypass higher
frequencies to ground in a high-impedance circuit. The
base of any bipolar transistor should be fed at low im-
pedance, and that is what the “tap down” on the tuned
circuit { between G and F) does.

A. Link coupling is a favorite design device for transfer-
ring a high frequency signal over some distance.

, D. You can check the windings to see if the voltage is the

same on both sides, or you can check the windings with an
ohmmeter. The radio must be on in the first case and off
for the ohmmeter check.

D. Check to make sure all the switches are on, the bat-
teries are correctly in place, etc. Alignment is almost never
the cause of a dead radio unless the tampering with the
tuning has been extreme. Resistors can normally be 20%
off their rated value and still the radio will work normally.
Measuring voltages on all transistors is poor technique-
you should first try to isolate the trouble to a particular
stage or stages before resorting to “blind” voltage readings.

CHAPTER 15

. C. On a three-lead tranmsistor you must take at least two

leads cut of the circuit before soldering in a new transis-
tor, for a valid test. Even if you have removed two leads
and proceed to solder in the test transistor, trying to hold
the leads in place is a tricky business, at best, and gives
you no chance to check the radio over the dial, nor does
it allow you to “touch up” the tuning of the i-f to see if
a new transistor is the answer to all the problems and will
work equally as well as the original transistor did.

. B. This is a bit difficult, perhaps, to see; but remember

that the meter is a voltage source. When the meter is con-
nected across the transistor so that there is positive volt-
tage on the collector of this npn transistor, a positive volt-
age is also supplied through the bias resistors to the base
of the transistor, which can, if the bias is sufficient, turn

10.

on the transistor and the meter will read a lower collector-
to-emitter resistance.

. C. The only thing that you can be almost positively sure

is not the trouble is Cl; since, if it were shorted, it could
not drop the voltage at@to zero because Cl is separated
from oint©by a 2.2K resistor. If you have no voltage at
point{C) it could easily mean that there is no supply volt-
age, or that the radio is not turned on, or even that C3 is
sharted; but you can’t be sure without further checking.

. B. A 250-ohm resistance indicates that the short could be

on the “C” side of the 220-ohm resistor; so this should be
the next check. For example, a 30-ohm short to ground at
point ©) would read as a 250-ohm short at point(® It is
not likely to be at point because a short here would
need at least as_much as 320 ohms (220 ohins plus 100
ohms) at point(B). Obviously it cannot be Cl, since, even
if C1 were shorted, the resistance reading from point(B) of
that short would be at least 2420 ohms.

. D. This is tricky, admittedly. It could possibly be C3

shorted, since a short here could cause the 100-ohm resistor
to burn and change to a lower value—say, around 60 ohms.
It could be either C4 or C35, or both, though it is highly
unlikely that two capacitors will short at the same time,
and it could be Q2 shorted. Since the emitter resistor is
only 47 ohms, a reading of 60 ohms could be possible from
point(D. Note also that when we say “shorted capacitor”
it means one with a low resistance across it. Often this
resistance may be near zero ohms, with the battery volt-
age across it, but with the low voltage of the ohmmeter
only across it, it is not unusual for a defective capacitor
to have several ohms resistance { sometimes several hundred
ohms resistance) as read with an ochmmeter.

. C. Only this method is practical or remove one lead from

one of the capacitors from the circuit. Checking directly
across either capacitor of course will do no good since so
far as the chmmeter and reality is concerned you are mea-
suring across both capacitors because they are connected
together.

. A. There are so many variations that a hard and fast

rule is impossible, but if you read less than 1000 ochms, you
can be sure you should check to find out why.

. B. Tricky again, but note that Ql is biased by voltage

from point so, with zero voltage at(@) Ql should be
drawing no current. Therefore, the 5.7 volts at (O should
also be at the collector. The current the audio circuits draw
is of no consequence, since the voltage at is already
given. Therefore, we can be sure that any trouble, if there
is some, in the audio circuits is not adversely affecting the
voltage at©).

. D. A base-to-emitter short in the transistor would have

little effect on the voltage at(@) since there is a 10K re-
sistor plus the 470-ochm emitter resistor in the circuit be-
tween () and ground. If Rl is open, though, no voltage
can get to point@) and if C1 were shorted, any voltage
trying to reach point @ through R1 would be shunted to
ground.

C. Note that point@ has a resistance higher than the re-
sistance at the collector. This means that the problem must
be on the collector side. The 6-ohm difference represents
the resistance of the transformer winding. Q1 is probably
shorted, or nearly so, and the chmmeter is reading the short
to ground through the 470-ochm emitter resistor.
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11.

12

13.

14

16.

17.

18.

19.

20.

A. When a positive voltage i lied to the anode of a
diode, the diode will consucts_ ?II‘?}Fe (:mode is the “arrow’
side and the bar side is called the cathode. The diode when
connected as in circuit No. 1 allows current to pass from
:he anode to the cathode, and current flows through the
amp.

B. If reversing the diode still permits the lamp to light,
then the diode must be shorted.

A, This is the circuit within which enough current could
flow in order to damage the diode. No current flows in cir-
cujt No. 2; so the diode could not be damaged.

D. This is the best answer. An electrolytic capacitor may
show some leakage voltage if open-circuited; however,
with the 22K circuit resistor drawing current, the leakage
will have to be pretly severe to make a change in the bias
voltage on Q2. Of course, another good check is to re-
move one lead of the capacitor and see if the voltage on
the base drops down to its normal value. If it does, obvi-
ously the capacitor is causing the trouble.

. D. Do not be confused hy the term “zero resistance.” This

is not the same as no ohmmeter reading. No ohmmeter
reading is infinite resistance. Zero resistance is a short cir-
cuit and the ohmmeter will read full scale, or 0 ohms. A
capacitor as small as a .05 uF is not likely to show any
charge current since the charge occurs so quickly that the
meter needle does not have time to react. Any good ca-
pacitor that is not an electrolytic should have no direct cur-
rent flow through it, otherwise it should be discarded. For
example, a l-megohm resistance reading indicates a leaky
capacitor, and it should be replaced. Even though the ca-
pacitor is not yet causing any serious symptoms in the cir-
cuit, it will grow progressively worse, probably rather
quickly.

C. Continuity simply means that you get a definite reading
when measuring the circuit with an ohmmeter. You should
get continuity, and in this case nearly zero resistance when
you measure across a fuse, a switch, a length of wire, a coil,
etc.

C. K = 1000.

A. 20% tolerance is permissible in almost any radio cir-
cuit.

D. With C1 shorted there would be zero voltage at the
base of Q2. But what about the transformer open? Would
that mean zero voltage on the base? Or suppose R2 were
open. Not in this circuit. With C1 shorted, the base is tied
directly to the negative side of the battery, and this means
the transistor has excessive bias. Except for the emitter
resistor to protect it, the transistor would no doubt have
burned out.

D. The emitter voltage indicates the transistor is drawing
only about 0.2 mA of current, and generally a transistor
in this kind of circuit should draw at least 1 mA or more.
The base voltage reads only .05 volt more negative than
the emitter, indicating low bias. R2 may be open; but, if
so, why is there any hase voltage? This could occur be-
cause of normal leakage usually found in a germanium tran-
sistor, but, because there is a 10X resistor (R1) from base
to ground, the leakage in the transistor would have to be
quite severe to produce even 0.15 volt. Chances are, Rl
has increased to a higher than normal value.

21. D. Capacitor C2, if open, would not bypass the audio volt-

24,

23.

26.

age changes around the IK emitter resistor. So, for exam-
ple, when the audio signal is going positive, the current
through the transistor decreases; and the voltage on the
emitter would go more positive (less negative). This tends
to cancel out the transistor signal bias and greatly reduces
the gain of the stage, especially when such a large emitter
resistor is used. If the emitter resistor were only 100
ohms, for example, it could be left unbypassed and there
still would be considerable gain in the stage, though not as
much as with the emitter resistor bypassed with a suitably
large capacitor.

. A. If R1 opens, the base will receive a much higher nega-

tive voltage, increasing the bias and the current through
the transistor, which is indicated by the increase in emitter
voltage.

. B. This is a pnp transistor with negative voltages devel-

oped on collector, emitter, and base. Since both C1 and
C2 have one end tied to ground or near to ground (Cl1 is
at ground when the volume control is turned down, but
since any dc voltage is isolated from the volume control,
it can have no voltage except to ground), then the nega-
tive side of the electrolytic should go toward the transis-
tor and the positive side toward ground or away from the
transistor in this case.

A. This circuit has the “hot” side of the supply voltage
applied to the emitter, which makes both the emitter and
base positive TO GROUND, and, since the capacitors are
tied as they are with C2 returned to ground, then the 4
side of C2 must go to the emitter. (This method of by-
passing is permissible because the 4+ and — side of the
supply has a filter capacitor across, making the bypassing
to either the 4+ or the — of the supply all right.) C2 could
be connected directly across R3; and its voltage rating
would have to be no larger than the voltage drop across
R3, whereas as connected in Fig. 15-15, the voltage rating
must be considerably higher.

C. If the primary winding opens, the collector will be
“foating,” and a voltmeter connected to it will read the
voltage on the emitter since the transistor is still biased
and will conduct through the meter.

If the transistor were shorted, the voltage on the col-
lector would be about 0.9 volt. This would occur because
the 1K emitter resistor would have a voltage drop across
it of about 4 volts. Fig. A-11 shows how this would
happen.

B. A germanium transistor normally has about 0.1-volt bias
between base and emitter. With 1 mA of current flowing,
the drop across R3 would be 1 volt, meaning there should
be 39 volts on the emitter. The base would be 0.1 volt
more negative, or +3.8 volts.

€>/suomcmz ‘
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Fig. A-11.
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27. A. A bumned resistor, unless it has burned enough to crack
and open up, will normally have less resistance than its
rfted value. Incidentally, if a resistor is bumed in a tran-
sistor radio that uses no more than a 9-volt supply, its
value will almost surely be less than 330 ohms and prob-
ably less than 100 ohms. This information may be useful if
no schematic is available for a particular radio. Another
thing, burned resistors are always CAUSED by something
else—either a shorted capacitor, transistor, wiring short, etc.

28. A. They will be connected to common or ground in almost
every example, although there are exceptions. The ground
circuit may be either negative or positive, depending on
the design of the circuit.

29. C. A transistor suitable for replacement in the rf circuit
of an fm car radio would have more than ample frequency
capability, and the voltage rating should be more than
enough for any battery-operated portable radio.

30. D. It is almost certain that the 10.7-MHz transistor will
work perfectly well. The transistor for 455 kHz probably
would also, since silicon types are not so frequency sensi-
tive as germanium types, but a converter transistor must
oscillate to above 2000 kHz in an a-m radio; so the selec-
tion of a tramsistor recommended for 455 kHz service
would not be a good choice on the face of it, even though
in actual practice it could possibly work out all right. Tran-
sistors recommended for audio frequencies just might work
also, since the silicon type seldom has an upper frequency
limit of less than a few megacycles, which is not true of
germanium audio at all; but again, the best selection, if a
choice is possible, is the 10.7-MHz amplifier transistor.

31. C. If repeaking causes oscillations in the amplifier, replace
with a different replacement transistor and tune the am-
plifier again. It is NOT good practice just to detune the
amplifier until the oscillations cease, though in some in-
stances it might be permissible or even preferred to more
testing and selection. This is especially true if the radio
is to be used for casual listening only and an inexpensive
repair is the most important consideration.

32. B. Unless an exact replacement is being used, a quick
“tack in” check is good insurance against a lot of extra
work and possible damage to the printed board.

A transistor checker is NOT a good indication at all as to
whether a transistor will work correctly in a particular
circuit. A transistor that checks good on a checker is
merely exhibiting the ability, in most cases, to control dc
current; or, at best, its ability to amplify some low-fre-
quency alternating current. The only true test is perform-
ance in the circuit for which it is intended. Of course, even
here, you need some method of judging transistor per-
formance, especially if the radio is to be used in receiving
weak stations. Often, radio technicians keep a record of
the agc voltage output of each radio they service, or they
use some other method, such as a signal-tracer reading, to
determine the performance of a radio on one or more ra-
dio stations whose signal strength is not expected to vary
greatly. When they get another radio of the same type,
they can’quickly judge its performance measured profes-
sionally as well as by ear.

33. A. Small-signal transistors should not heat up to the touch.
If they do, it indicates excessive bias, excessive collector
voltage, or a shorted emitter capacitor perhaps; but, at
any rate, too much transistor current.

34. D. A 3-lead transistor will often work as well as its 4-lead
counterpart, but sometimes not. Never solder any lead to
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35.

the case of a transistor; the heat generated by the sold§f°
ing iron may ruin the transistor inside. Besides, many sili-
con transistors are now often housed in an epoxy (plas-
tic) case because they generate much less internal heat
than germaniums.

B. Clean out the holes and stagger-cut the leads of the
replacement transistor. Do not ream out the holes (make
them bigger), since you are likely to ruin the print con-
nection on the conductor side of the board. If installing a
transistor on the print side of the board, solder the leads
to the print someplace other than in the holes. Remember
that the holes will be reversed compared to the lead layout
when the transistor is connected on the bottom or con-
ductor side of the printed board.

CHAPTER 16

. A. This is the big advantage of the field-effect transistor.

It can be controlled with no power used at all, just volt-
age. This means that no step-down transformers are needed
to match impedance between the output of one stage and
the input of the next. In this respect the FET is similar
to the vacuum tube, but it has many of the advantages of
the bipolar transistor, such as small size, high efficiency.
and the like.

. D. A “gate” is a good name for a control element, since it

can let through more or less current, depending on “how
far the gate is opened.”

. A. The JFET (for junction field-effect transistor) is a sort

of diode in cross section. In fact, there is diode action when
you take an ohmmeter reading between the gate and ei.ther
the source or drain. A JFET could be compared to a diode
with a lead connected to either side of its n-type rnaterfal
and the p-type material connected as a gate (see F.lg.
A-12). A diode is two pieces of semiconductor material,
one of which has been doped so as to have an oversupply

<«

of negative charges (electrons) called the “n” material

“and the other doped so as to have an excess of positive

GATE

= =

charges (holes) and called “p” material)}. This arrange-
ment when the two are “junctioned” together allows cur-
rent to flow in only one direction. In an FET, a negative
voltage on the gate forces the negative charges out of the
channel between the source and drain, reducing the num-
ber of current carriers and increasing the resistance from
source to drain.

JUNCTION OF
P&N MATERIAb\ DRAIN LEAD

TIRL DRAIN

""""" SOURCE

\
/ SOURCE \\

“P' MATERIAL N" MATERIAL
Fig. A-12,

. B. The source and drain are just different ends of a piece

of n- or p-type semiconductor; so either way the ohm-
meter leads are connected between source and drain the
reading is the same.

, C. The voltage drop across the 390-ohm source resistor is

1 volt. 390 into 1 (Ohm's law again) is approximately
0025, or 2.5 mA,
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D. If there is no source voltage, the logical next step is to
see if there is any voltage at all being supplied to the cir-
cuit. The drain is a good place to check. If the drain volt-
age is zero, then the trouble is in the power-supply circuit.
Perhaps R3 is open, C2 js shorted, L2 open; or perhaps
the trouble is further back in the power supply—-perhaps
the switch is not working or the batteries are run down.

D. A neutralizing capacitor is used to cancel the signal
that can trave] between the gate and drain, or, conversely,
the drain and gate because of the inherent capacity of the
transistor. If the drain voltage is removed, the only signal
that can reach the mixer is through the capacity of the
transistor. Adjusting the neutralizing capacity until we
have minimum signal indicates that C, has cancelled the
effect of the FETs internal capacity.

. C. 7.8 volts. The drain is +10 volts and the source is

+2.2 volts. The difference between these two voltages is
7.8 volts, for the same reason that 10 above zero is 8 de-
grees warmer than 2 above zero.

. B. An n-channel type. In any transistor, a good way to

remember which is the “N” material is to remember that
the arrow of the symbol always points to “n” material. The
“n” channel FET uses positive voltage between drain and
source, and a negative voltage on the gate reduces the cur-
rent (increases the resistance) through the source and

drain.

10. C. Both answers A and B are correct. D is not correct,

11.

12,

13.

14.

since, so far, field-effect transistors lack the current needed
to develop much power at the voltages used.

C. Enhancement means that the transistor must be “en-
hanced” by bias before current will flow. In this respect it
is like a bipolar transistor having zero current with zero

bias.

B. The only possible source of voltage when the gate is
disconnected from the external circuit would be through a
breakdown in the insulation between the gate and the
source-drain material. Any voltage reading of more than
0.1 volt, if this test is made, indicates a transistor needing
replacement.

A. Normally, this is the only test that can be made on in-
tegrated circuits. A high-impedance voltmeter such as a
vivm or a FET vom should be used so that the meter re-
sistance itself will not upset the bias voltages going to the
IC. Jumpering between terminals can destroy the IC, as
can any other external tampering such as heating. ICs
cannot be repaired, and when one is suspected of being
defective, replacement is the only sure test.

C. A varactor is a reverse-biased diode especially made to
change capacity in a fairly linear rate as the reverse bias is
increased or decreased. The more reverse voltage used, the
smaller the capacity of the varactor becomes.
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Actual circuit, 55-56
Adding transistor amplifier to crystal radio, 73-74
Adjustments, oscillator and tracking, 55
Agc circuits, 128
Alignment procedure, 98
Alternate output meter, 99
Alternating signal, 11
Am/fm radio, 121-134
Ammeter, 17
Amperes, 17
Amplifier
buffer, 13
circuit description, 105-106
fina], 13
fm i-f, 125-126
grounded-base, 123
power, 13
TL, 110-112
Amplitude modulation, 13-14
Answers to test questions, 167-185
Antenna and rf circuit, 122-123
Antenna, transmitting, 13
Armnstrong, Edwin H., 9
Audio
amplifiers, 63-68, 105-119
circuit repairing, hints on, 113
circuits, direct-coupled, 67
-frequency band, 11
-frequency transformers, 40-41
or audible frequencies, 11
single-ended, 112-113
Audion, 9
Autoformer, 42
Automatic
gain control, 50, 95-97
volume control, 60
Automobile radios, 63-84
Autotransformers, 42-43

Index

Band, audio-frequency, 11
Bardeen, John, 9
Basing, transistor, 137
Bias
need for, 71
requirements of FET, 159
voltage, 71
Biasing, single-battery, 70-71
Black box, 12
Block diagram of a radio, 12-13
Bobbin, 42
Brattain, Walter, 9
Buffer amplifier, 13

Calculating current, 18
Capacitive reactance, 40
Capacitor(s), 25-27
and resistors, 25-37
ceramic, 26, 28
disc, 28
electrolytic, 27
formulas, 29
in parallel, 29-30
in series, 28-29
mica, 28
mylar, 28
padder, 30
symbols, 27-28
testing, 150
trimmer, 30
variable, 27
voltage ratings, 27
working voltage, 28
Carrier, 13
Cat whisker, 14
Ceramic capacitors, 26, 28
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Charged, 25
Checking the audio, 67 .
Checking transistor stages wi
Circuit(s)
actual, 55-56
age, 128
crystal detector, 15
direct-coupled, 108-109
low-impedance, 54
OTL, 65
parallel-resonant, 142-143
pnp, 73
radio-frequency, 141-142
shunt feed, 74-75

Class-B output stage, 63-64, 105-106

Collector-load resistor, 72
Collector voltage, 71
Color code, resistor, 31

Combination am/fm i-f amplifiers, 128-130

Combination circuit, testing, 130
Constant, dielectric, 26
Construction, transformer, 42
Control

automatic gain, 60, 95-97

automatic volume, 60

tone, 33

volume, 33, 60
Converter section, 89-94
Coupling methods, 143-145
Crystal, 13, 14

detector circuits, 15

oscillator, 13

radio, 15

tuning, 48-49

Current, 17

calculating, 18

drain, 64

Dc power supplies, 85-86
De Forest, Dr. Lee, 9
Demodulator, fm, 127-128
Detection, 14-16
Detector, 13, 59-62
circuit, typical, 59-60
circuit variations, 60-61
Diagram, schematic, 27
Dielectric, 26
constant, 26
Difference frequency, 12
Diode connection polarity, 61
Diode, varicap, 124

Direct-coupled audio circuits, 67, 108-109

Disc capacitors, 28
Discharged, 25

Disconnecting printed-circuit components, 137-139

Discriminator, 127

th a resistor, 136-137

Distortion, 60

Doppler system, 10

Double checking, 152

Doukler or tripler, 13

Drain, current, 64

Dual-tuned i-f transformers, 100

E
Earphone jacks, uses of, 106
E laminations, 42
Electrolytic capacitors, 27
Electronic filtering, 86

3

Farad, 25-26

Features of the vom, 77
Ferrite, 39

FET

amplifiers and IC circuits, 159-166

bias requirements, 159
construction and operation, 159
Final amplifier, 13
Fleming, J. A., 9
Fm
converter, 124-125
demodulator, 127-128
i-f amplifiers, 125-126
signal, 129
Folded twin-lead, 122
Following the signal, 89-91
Formulas
capacitor, 29
resistor, 32-33
wattage, 19
Freedom from static, 121
Frequency, 11
difference, 12
image, 47
intermediate, 12, 121-122
modulation, 13, 121
sum, 12
Frequencies
audio or audible, 11
radio, 11
shortwave, 13

Galena, 14

Generator, signal, 83, 98

Ciga, 11

Ground, 20, 28

Grounded-base
amplifier, 123
oscillator, 124
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Harmonic relationship, 13

Heat sink, 67

Henrys, 40

Hertz, 10

Hertz, Heinrich, 9

Heterodyning, 12

Hex tool, 57, 128

Hints on audio circuit repairing, 113
High-impedance phones, 49

Home radios, 63

Hot and cold sides of circuits, 135-136
How a radio works, 10-11

How to check oscillators, 125

1C, 163-165
I-f amplifier
operation, 95
combination am/fm, 128-130
fm, 125-126
testing, 97, 126-127
I-f circuits, variations in, 99-101
I-f transformers, 53-55
dual-tuned, 100
tuning, 55
IGFET, 162-163
I laminations, 42
Image
frequency, 47
mirror, 14
Impedance matching, 42, 54-55
Inductance, mutual, 40
Inductive reactance, 40
Inductors
and transformers, 39-46
iron core, 39
RF, 39-40
Intermediate frequency, 12, 121-122
amplifier, 53-57
Inversion, phase, 63
Iron-core inductor, 39

J
JFET, 159
in circuit, 160-162
K
Kilo, 10
L

Law, Ohm’s, 18-19
Light, speed of, 10

Limiter, 127
Low-impedance circuit, 54

M
Marconi, Guglielmo, 9
Matching, impedance, 42, 54-55
Maxwell, James Clerk, 9
Measuring

resistance, 77-78
voltage, 19-21
Mega, 11
Methods of coupling, 143-145
Mica capacitors, 28
Microfarads, 26
Microhenrys, 40
Milliammeter, 17
Milliamperes, 17
Millihenrys, 40
Mirror image, 14
Mixer-oscillator stage, 47-51
Modulation, 13-14
amplitude, 13-14
frequency, 13, 121
Module, 164
MOSFET, 162
Motorboating, 54
Mutual inductance, 40
Mpylar capacitors, 28

N
Nanofarad, 26
Need for bias, 71
Neutralization, 100

(o]

Ohmmeter, 17
testing diodes with, 80-81
testing transistors with, 82-83
troubleshooting with, 139
using, 80
Ohms, 17
Ohms impedance, 43
Ohm’s law, 16, 18-19
Omega, 18
Operation, i-f amplifier, 95
Oscillator, 49-50
and tracking adjustments, 55
crystal, 13
grounded base, 124
radio frequency, 13
Oscillators, how to check, 125
Oscilloscope, 85
Other audio circuits, 106-108
Other output circuits, 109-110
OTL circuit, 65
testing, 110
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ut
ouctll;ss-B, 105-106
meter, alternate, 99
push-pull, 43
stage
claSS-B, 63'64
single-ended, 66-67

Padder capacitor, 30
Parallel

capacitors, 29-30

resistors, 32

-resonant circuits, 142-143
Phantom connection of signal generator, 99
Phase inversion, 63
Phones, high-impedance, 49
Picofarad, 26
Plexiglas, 26
Pnp circuits, 73
Polarity of diode connection, 61
Potentiometer, 33
Power

amplifier, 13

supplies, dc, 85-86
Practical transistor amplifier, 72-73
Primary winding, 40
Principles of radio, 9-24

Printed-circuit components, disconnecting, 137-139

Procedure, alignment, 98
Propagation, radio wave, 10
Properties of vacuum tubes, 9-10
Push-pull output, 43

Rabbit ears, 122
Radar, 10
Radio(s)
am/fm, 121-134
automobile, 63-64
block diagram of, 12-13
crystal, 15
frequencies, 11
frequency oscillator, 13
home, 63
principle of, 9-24
transmitter, 13
wave propagation, 10
Reactance, 25
capacitive, 40
inductive, 40
Rectification, 59
Rectifiers, 59
Relationship, harmonic, 13
Replacing transistors, 152-153

Resistance, 17
measuring, 77-78
Resistor (s), 17, 30-32
collector-load, 72

color code, 31
formulas, 32-33
in parallel, 32
in series, 32
testing, 150-151
tolerance, 31
values, standard, 31-32
variables, 33
wattage, 31
Resonance, 47-48
Rf
amplifier
voltage-checking, 123
troubles, 123-124
inductors, 39-40
transformers, 43-44
Ringing, 47

Scales, 77
Schematic
of typical broadcast radio, 90
voltages, 71-72
Secondary winding, 40
Selectivity, 12
Self bias, 71
Series
capacitors, 28-29
resistors, 32
Service, transformer, 43
Shielding, 53-54
Shortwave frequencies, 13
Shunt-feed circuit, 74-75
Simple af amplifiers, 89-76
Signal
alternating, 11
generator, 55, 83, 98
phantom connection, 99
tracers, 84
tracing, 137
Sine wave, 11
Single
-battery biasing, 70-71
-ended audio, 112-113
-ended output stage, 66-67
Sink, heat, 67
Skip, 49
Solid state, 9
Speakers, 63
and distortion, 106
Speed of light, 10
Stacking, 30
Stage, 16
Standard values of resistors, 31-32
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Static, freedom from, 121
Stress, 26

Sum frequency, 12
Summary, 55-56
Superheterodyne, 12
Switching, 69-70

Symbols for capacitors, 27-28
Symmetry, 61

Test equipment, 77-88
Test questions, 21-24, 34-37, 44-46, 50-51, 57, 62, 67-68,
75-76, 86-88, 93-95, 101-103, 114-119, 130-134,
145-148, 154-158, 165-166
Tests, voltage, 139-140
Testing
capacitors, 150
components with an ohmmeter, 149-158
components with a voltmeter, 151-152
diodes with an ohmmeter, 80-81
IGFET or MOSFET with an ohmmeter, 163
resistors, 150-151
the combination circuit, 130
the i-f amplifiers, 97, 126-127
the OTL circuit, 110
transistors with an ohmmeter, 82-83
The i-f amplifier, 95-103
Thermal runaway, 105
Thermistors, 105
TL amplifier, 110-112
Tolerance, resistor, 31
Tool, hex, 57
Tone control, 33
Tracers, signal, 84
Tracking, 55
Transformer
construction, 42
service, 43
Transformers, 106
for audio frequencies, 40-41
i-f, 53-55
rf, 43-44
Transistor
amplifier, practical, 72-73
basing, 137
replacing, 152-153
testing by substitution, 137
Transistorized voltmeter, 78-79
Transmitter, radio, 13
Transmitting antenna, 13
Trimmer capacitor, 30, 91-92
Troubles, rf amplifier, 123-124
Troubleshooting
methods, 64-65
radio circuits, 135-148
visual, 140-141
with an ohmmeter, 139

Tuning, 47

a crystal radio, 48-49

or alignment, 98-99

the i-f transformer, 55
Typical detector circuit, 59-60

U

Unit of capacity, 25-26
Uses of earphone jacks, 106
Using

a voltmeter, 79-80

output meters, 95-96

the ohmmeter, 80

v

Vacuum-tube voltmeter, 78-79
Vacuum tubes, properties of, 9-10
Valve, 9
Varactor, 164
Variable
capacitors, 27
resistors, 33
Varicap diode, 124
Variations
detector circuit, 60-61
in converter circuit, 92-93
in i-f circuits, 99-101
Visual troubleshooting, 140-141
Voltage, 16-17
bias, 71
-checking the rf amplifier, 123
collector, 71
interpretation, 152
measuring, 19-21
ratings, capacitor, 27
tests, 139-140
Voltages shown on schematics, 71-72
Voltmeter
test of components, 151-152
transistorized, 78-79
using, 79-80
vacuum-tube, 78-79
Volume control, 33, 60
Vom, features of, 77

Wattage, 19
formulas, 19
resistor, 31
Whip, 122
Why detection is necessary, 59
Winding
primary, 40
secondary, 40
Working voltage of capacitor, 28

N
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TRANSISTOR RAZY)
SCIVICING COUrse swwwe

The author has directed special attention to presenting material that is usedul - 3
both to beginner and professional service technician—in fact, the aim is to bring the
beginner to proiessional levei. This book is a complete course in transistor radio . Sae
servicing, suitable for self instruction or supervised study. Al' aspects of the transis- e
tor radio are discussed, section hy seation, for both a-n» and frn reezivers. :

Starting with basic principles of radio, the text prcceeds wiih a discussion of =
components—resisiors, capacitors, in'uctors, and transformers—then takes up the
radio receiv:r by stages—the mixer-osci!!=lor stage, the intermediate-frequency am-
plifier, the :atector, and the auasio amplificr and output stages. Later chapters tell
how to use iest equipment, how :0 troubleshioot, and how to remove and replace cir-
cuit components.

A feature that mzkes the book especially eifective as instructional materia! is the ST
liveral use of uestions and answers. The questions are multiple choice ari the
answers are not mere A, B, C, D, or yes-nu answers, but often explain why *hat par- Kbk
ticular answer is best and contain much material of a supplementary naturz io th2 text. e e

Wayne Lemons is a dyed-in-the-woo! ftechnician, and then
some. Like most techinicians, he dreaded the thought of repairing
transistor radios, but couldn’t very wall ay no to his regular cus-
tomers. Not one to do things halfwzy, he decided to make the
work proﬁtable by developing the necessary service techniques.
it took him six months o do ii, hut now he can affo.,Jd to fix {ran-
sistor radics for other dealars, at whoiesale prices! Wayne is a
very busy man. dividing his time between sevvicing, teaching elec- R
trenics, and writing articles for the benefit of other servicemen, A
he finds time ‘o conduct service saminars in and around his home ‘ :
state of Missguri. Other Sams books by Mr. Lamons include TV
Serviiiag Made Easy, Auto Radio Servicing Mad~ Easy, Transistor

.
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fadiy Servicing Made Easy, and (with Carl Babcoke) two volu~ ;'~ -
ot Color TV Servicing Made Easy. w\Fi
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