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Preface

When a resistor opens and is visually defective—broken in
half—when a capacitor is dead shorted and reads zero ohms,
when a transformer starts burning, the test is almost
automatic and the conclusion is definite. There are no ifs, ands
or buts; the eye, ohmmeter and sense of smell tell you what
part is unsatisfactory. However, when your garage door
opener goes up but won’t come down, when your neighbor
without a larynx has his electronic vocal chord stop producing
his voice, when your car starts to miss and your intercom
begins whistling, the test is not exactly automatic and you
have no immediate idea of which part is unsatisfactory.

During such an electronic crisis, you have to perform tests
to determine what is unsatisfactory. Or you have to retune a
circuit to re-establish perfect alignment. During my 25 years
of work in home-type electronic equipment, I've been called
upon to test and align practically everything electronic. Most
of the jobs have been on radio and TV type objects, but there
have been all kinds of other jobs from the roof antenna to the
living room electronic organ.

The following 199 tests and alignment techniques are a
potpourri of what you might be called upon to do. Included are
tests and alignment procedures for AM, FM, stereo,
monochrome and color TV, auto ignition systems, all kinds of
remote control, electronic organs, electronic vocal chords,
intercoms, garage door openers, FM converters for TV sets,
diodes, zener diodes, varicap diodes, bipolar transistors,
JFETs, IGFETs, MOSFETs, multitesters, wattmeters, field
strength meters, signal generators, color-bar generators,
vectorscope, oscilloscope with high-impedance and
demodulator probes, auto timing light, tachometer, transistor
and FET testers, and other things.
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A book like this would not have been possible without help
from various manufacturers. I'd like to thank RCA, EICO,
Magnavox and others. I'd like to personally thank Jim Smith,
former Chief Field Engineer for Sencore for all his help. I hope
these tests and techniques will enable you to perform your
electronic chores in a quicker, more reliable and safer
manner. Credit is due my son, Denny Margolis, for the cover
photography.

Art Margolis
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Chapter 1

“Tools” For Testing

Your five senses can spot defective electronic equipment on
occasion. However, the senses cannot test amps, volts, ohms,
microvolts, frequency, watts, peak-to-peak, waveshape,
mutual transconductance, beta, bandpass response and other
electronic parameters. You must have test equipment to do
that. Testing is the only way you can find out if electronic
components are satisfactory or not. Testing is not exactly the
same as measurement. Measurements tell you precisely how
many of a certain parameter are present. During a test you
might need to know how many, but it’s only to determine the
quality of an electronic object.

Alignment is usually needed to adjust the tuning of a
circuit. Alignment is also used in testing to determine if an
oscillator is creating a good signal and if a circuit is also
passing frequencies properly.

Testing and alignment are conducted with various pieces
of equipment especially designed for the purpose. There are
all kinds of special purpose test equipment, plus certain basic
pieces of equipment that are universally used and used more
frequently than others. These common pieces of equipment
include multitesters, oscilloscopes, tube testers, signal
generators, wattmeters, field strength meters, transistor
testers, and decade boxes. Then there are all sorts of probes
that attach to some of these units such as high-impedance,
demodulator and high-voltage types. Test equipment simply
““hooks into’’ electronic gear and measures the electronic
parameters, or they produce a signal that can be driven
through the circuits. They are the sensors that permit you to
examine all the activity in the circuit.

MULTITESTERS

As the name implies, you can test a multitude of
parameters with a multitester. Popular types are the VOM,
VTVM and field-effect multitesters. The VOM is portable and
battery-operated. The VTVM is dependent on vacuum tubes
(Vacuum Tube Volt Meter) and must be plugged in (Fig. A).

9
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Sencore Model FEZO field-effect multimeter.
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Fig. A. When a triode tube in a VTVM has a voltage input,
it causes a proportional change in the ammeter reading in
its plate circuit. The triode has a large input impedance so
circuits under test are not loaded down.
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Field-effect multitesters use FETs in the circuits and come
battery- and AC-operated.

The VOM and FET multitester can test a wider range of
parameters than a VTVM. The VOM and FET multitester can
measure volts, ohms, amps and decibels. They also test AC as
well as DC. The VTVM tests everything the others do, except
for current. There is no amp test available on most types.

No matter how complex they appear, these multitesters
are nothing more than an ammeter, voltmeter (Fig. B) and

Sencore Model FE21 field-effect multimeter.
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AMMETER

POWER
SUPPLY

LOAD RESISTOR

Fig. B. An ammeter in series with the load measures the
amperage drawn by the load. An ammeter in shunt with a
load measures the voltage across the load and, in effect, is
a voltmeter.

ohmmeter (Fig. C) all encased in the same package with
appropriate switches to select the desired function. It is the
most used piece of test equipment because it tests the basic
parameters of an electrical circuit. Actual uses and fine points
of usage are discussed throughout the text.

OSCILLOSCOPES

The cathode ray oscilloscope (Fig. D) is the second most
used piece of test equipment. It basically provides two
parameters. One of the parameters is also offered by a good
multitester. The two parameters are; one, a picture of what
the waveform in a circuit looks like and two, the peak-to-peak
voltage level that isbeing viewed inthe scope display.

There are two axis in the scope display. One is the
horizontal, normally produced by an AC sweep voltage
generated inside the scope. It is applied to the horizontal
deflection plates of an electrostatically controlled cathode ray
tube. The typical horizontal sweep is a sawtooth wave with a
linear time base. It causes the cathode ray to be swept from
left to right at a uniform rate and then snaps it back at the end
of the line to begin again.

12
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Fig. C. Anammeter in this circuit becomes an ohmmeter
and can measure resistance in ohms.

The second axis is the vertical sweep. The signal you want
to look at is fed into the vertical input of the scope and is ap-
plied to the vertical deflection plates of the CRT. The signal
causes the cathode ray to be swept up and down as the
horizontal is sweeping back and forth. The resultant
waveshape is the desired display.

WAVESHAPE
DISPLAY

4

P-P VOLTS

1

TRANSPARENT
OVERLAY SCALE

INTERNAL
HORIZONTAL

SWEEF
SAWTOOTH

INPUT —
SIGNAL —

Fig. D. A scope displays circuit waveforms and the am-
plitude in p-p volts when calibrated.
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Fig. E. A Lissajous figure scope display reveals the ratio
between the input voltage frequencies.

The horizontal sweep can be varied in frequency and also
in waveshape by controls on the scope. The horizontal sweep
can also be turned off internally and an external horizontal
waveshape applied to the horizontal sweep to produce various
types of displays. Therefore, the waveshape is available for
close analysis and can be the positive indicator of missing or
distorted waveforms.

The peak-to-peak voltage of a waveshape can be read
directly on the scope screen. Many oscilloscopes provide
various controls and even an AC voltmeter, so the exact peak-
to-peak value can be easily read. Even on the most economical
scope, the peak-to-peak value can be computed easily. Simply
take a reference display, such as the 117-volt, 60-Hz line
current, and inject it into the vertical input of the scope. Mark
the amplitude of the displays as 165 volts peak-to-peak (117v is
the RMS value—the effective value). Make the marking
directly on the scope face, either with a transparent scale or
with a marking pencil. Then compare any other display in
relation to the 165-volt scale you have just made.

If you apply sine-wave signals to both the vertical and
horizontal inputs of a scope, with all internal sweeps turned
off, predictable figures will appear. This is probably the
easiest way to gain a good idea of what you are doing with the
scope. These figures are named Lissajous figures (Fig. E).

The display they produce is dependent on their relative
amplitudes, frequencies and phases. When the phase
relationship is exactly 90 degrees between vertical and
horizontal and the amplitudes are about equal, the frequency
ratio can be read directly from the appearance of the pattern.

14



When both the frequencies are identical, the vertical will
sweep up and down at the same time the horizontal sweeps
back and forth, both in a sine-wave fashion. The resultant
picture of this one-to-one frequency ratio is a perfect circle.
When the vertical input is doubled in frequency in relation to
the horizontal, the vertical will appear twice as the horizontal
sweeps once. The display will look like a figure 8 lying on its
side.

When the vertical is tripled in frequency in relation to the
horizontal, the vertical will appear three times as the
horizontal sweeps once. The display will have three points
along the top and bottom and just one loop along the two sides.
If you consider the number of loops along the top and the
bottom as the vertical part of the ratio and the number of loops
along the side as the horizontal part of the ratio, you can easily
calculate a Lissajous figure.

The Lissajous figures are more than just electronic
exercises. Using the 60-Hz line frequency, which is a known
constant, you can measure frequencies in the audio range by
comparing the Lissajous loops you produce on a scope display,
using the scope’s internal sweep.

SIGNAL GENERATORS

Signal generators are nothing more than test oscillators.
They produce audio frequencies, RF frequencies, marker
frequencies and so forth. In the audio range, most audio
oscillators provide a variable frequency and amplitude output
ranging between 20 and 20,000 Hz. A good one produces square
waves as well as sine waves.

In the RF range, most generators cover a range between
85kHz and 40 MHz for AM, FM and CB work. Some produce 19-
kHz and 38-kHz signals for multiplex stereo work and TV
signals for RF, IF and FM carrier waves. RF generators
produce marker frequencies that are high in amplitude and
very narrow in width, and so forth, as well as modulated RF
signals. Sweep generators provide variable sweep widths up to
12 MHz. The designs are infinite and you must choose your
signal generator to suit the job you want to do with it.

The test oscillator can be almost any type. It simply has to
produce a signal from an RC, LC or crystal-controlled
oscillator. The oscillator signal can be injected into circuits to
signal trace or align them. A test oscillator will aid in
measuring such parameters as frequency, by comparison on a
scope face, and frequency response of a circuit by its ap-
pearance on the scope face. It’s also invaluable in signal

15
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Sencore Model SM152 sweep and marker generator
designed for TV sweep alignment.

tracing, using either a multitester, speaker or TV CRT as an
indicating device. The gain of a stage and the overall gain of
several amplifier stages can be measured accurately by
taking output readings and comparing them to input readings
and various test points along the signal path.

POWER METERS

A power monitor, such as the Sencore PM 157, measures
watts. The power in watts is the result of multiplying current
times voltage. The power meter assumes an input voltage of
117 volts and based on this line voltage, reads amperes
directly. With a voltage other than 117 volts, the actual power
is computed by an accompanying conversion table.

FIELD STRENGTH METERS

The typical field strength meter has one meter with one
scale on it. The scale is graduated in microvolts and decibels,

16
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Marker generator, Sencore Model SM158, provides
signals for TV IF, chroma and RF alignment.

Sencore PMI157 power monitor measures line voltage,
current and watts.
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RCA Model WA-44C audio generator produces sine and
square waves.

although it is primarily used to measure microvolts. The
decibel level is a relative measurement. It was decided that
1000 microvolts across 75 ohms is zero decibels (db). All
readings under 1000 microvolts are negative decibels and all
readings above are positive decibels. The decibel scale is
logarithmic.

Thefield strength meter is a very simple receiver tuned to
the frequencies you want to test. Instead of a speaker or CRT
output, a meter is used. In fact, some field strength meters
provide a speaker output in addition to help verify the signal
you are tuned to.

TUBE TESTERS
It goes without saying that the best test for a tube is a

direct substitution of a known good tube. As a result of this
truth, it is a fact that lots of busy electronic shops do not even

18



have a tube tester on the premises. Others do own one, but
they are in a corner covered with dust.

When a tube tester is used in a service shop, it is usually
for one reason. A tube is suspected as defective and there is no
known good replacement near at hand. The tube tester is then
used to determine whether a tube is good or bad.

Emissions Test

Most testers provide a simple cathode emission test.
Whether the tube is a diode, triode, pentode or heptode, it is
tested as a diode. For instance, in a tube with a control grid
and screen grid, the two elements are tied to the plate (Fig.
F). Then, a DC voltage is placed on the plate and current is
drawn from the cathode.

Field strength meter for all TV bands and the FM
broadcast band. Sencore Model FS134.
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Emission-type tube checker also reveais shorts and
leakage. Sencore Model TC154.

PLATE SCREEN CATHODE EMISSION TEST
CONTROL GRID
TIED TOGETHER

MAXIMUM /

ELECTRON FLOW

Fig. F. Most tube testers simply measure cathode
emission. It follows that other characteristics probably
are good if the cathode emission is good.
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Without the valve action of the control grid, the cathode
runs wide open. The plate absorbs all the cathode current. A
DC meter in the plate shows whether the cathode emission is
strong, moderate or weak. A strong current flow deflects the
meter into the good region. A moderate flow places the needle
into the weak, and little or no current puts the needle into the
bad section. Green, yellow andred display colors help confirm
the good, weak and bad on the dialface. This test, if prolonged,
can warp the tube elements and strip the cathode of its
emission material.

While this test is far from ideal, it is an adequate go-no go
test and is the one performed. It has enough merit to be used in
the exceptional cases when the direct substitution test cannot
be performed.

Gm (Mutual Transconductance) Test

Another type of tube tester occasionally found in a service
shop actually measures Gm in a tube, in a rough manner. Gm
is the ratio of the amount of control grid voltage needed to
cause a certain change in plate current. In a Gm tester a
signal, separate from the applied DC bias, is applied to the
tube being tested (Fig. G). This is in triodes, pentodes, etc.,
not in diodes.

The control grid signal, which is known, produces a
change in the plate current. The amount of change, measured
in microamps is divided by the control grid signal voltage. The
resultant is displayed on the meter in the plate circuit. It is
measured in micromhos, the transconductance.

Gas and Short Tests

In most tube testers, the gas and short tests are performed
simultaneously. During the test, a high potential voltage
difference is applied to different elements of the tube. If there
is any gas in the tube, or the control grid draws any current, or
if any current flows between elements, an indicator either
reads the current in microamps or a neon light winks on,
There is an aluminum oxide coating of insulation between the
heater and cathode. If it breaks down and allows current to
flow, even in minute amounts, a H-K short is revealed. Most
testers won’t show anything until at least 100 microamps pass
from heater to cathode. While this test is also rough, it does
provide a certain amount of service information and will on
occasion pick out badly leaking tubes.

21
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Fig. G. Some commercial testers actually provide a rough
Gm test with this basic circuit.

The principle behind tube testers is valid though not
unerring. While there are all sorts of tube parameters such as
amplification factor, plate resistance, interelectrode
capacitance, plate current, grid current, typical element
voltages and so forth, in addition to Gm and cathode emission,
itisassumedthat if the cathode emission, shorts and gas tests
are good, the rest of the tube is probably OK, too.

TRANSISTOR TESTERS

While tube testing is simple, even on the most complex
tester, transistor testing is quite complicated. While all tubes
operate around the cathode-to-plate electron flow, transistors
perform in a multitude of ways. The only real complication to
tube testing is the great number of tubes all with different pin
numbers. The tube tester solves this complication with
numerous tube sockets and a switch.

The pin number complication doesn’t exist in transistor
testing. There is only E, B and C in a bipolar transistor and S,
G and D in a field-effect transistor. Transistors, however,
make up for the lack of connection complications by

22



demanding accurate parameter testing instead of the simple
cathode emission type test a tube needs. While a tube is easily
substituted in tube sockets, most transistors are best tested in-
circuit and have to be carefully unsoldered to remove them
from the circuit.

Bipolar transistors have to be tested for DC and-or AC
beta. DC beta is the current amplification factor and is the
ratio of collector current divided by the base current. AC beta
is the ratio of change in the collector current divided by the
changein the base current, while holding the collector voltage
constant. This current parameter is used in conjunction with
bipolar transistors because they are current amplifiers.

A second parameter needed in analyzing a bipolar tran-
sistor is the leakage current flow in microamps between the
collector and base. It’s called Icbo. These two parameters can
be obtained only with a good transistor tester. Icbo means

Sencore Model TF151 transistor tester designed to check
bi-polar and field-effect transistors.
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In field-effect transistors, which are voltage devices like a
tube, not current devices like a bipolar transistor, the main
parameter needed is Gm, the same as a tube. The second
parameter, Igas, which is the leakage current I between the
gate (G) and the source (S) with the third element (S) shorted
to the second element, the source.

A third parameter of an FET is Idss, the zero bias drain
current. It is something like cathode emission in a tube. It is
the amount of current I that flows from the drain D to the
source S, with the third element, the gate, shorted to the
second element, the source S. With the gate shorted to the
source, it’s like a tube tester shorting the control grid to the
plate. Just like the tube, the FET runs wide open with the zero
bias.

Another transistor test check is the oscillation capability
and how high in frequency it can oscillate. The ordinary
transistor tester does not usually provide the test, but a special
oscillator circuit can be put together as shown in the text.
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DECADE BOXES

A largely ignored testing technique is that provided with
decade boxes. Perhaps it isignored because it is so simple and
when a decade box pinpoints a bad component it’s almost like
cheating. No technological foreplay is performed. Yet the
decade box technique is quite accurate and can perform a test
something like the direct substitution of a tube. With a decade
box you can introduce substitutes for resistors, capacitors,
diodes and filter capacitors. Also, you can add and subtract
resistance and capacitance from a circuit.

A decade box is nothing more than a group of commonly
used resistors, capacitors and rectifiers, mounted in a con-
venient box. You can select values at will by the turning
switches and pressing buttons. Yes, individual components
could also be used, but the convenience of the decade box and
its clip leads save all kinds of time. By adding the decade box
to your bench and using it frequently, another full dimension
of testing by substitution is available.
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Chapter 2
AM Radio

No. 1: PEAK IF ALIGNMENT—VTVM

The question of whether or not alignment is needed frequently
arises during a radio repair. The radio has lowered efficiency,
not enough volume can be obtained. All the stages are
operating and normal DC-resistance tests reveal no clues. The
IF stage must be checked. It must either be eliminated as a
trouble source or the blame pinned on it. Also, the IFtrans-
formers, even though they pass the signal and have no con-
tinuity defects, could be defective due to a shorted turn or two.
An IF alignment will reveal whether or not the IF stage is
operating correctly or not.

The only equipment needed is an RF generator and a
VTVM. An output meter or VOM can be used instead of the
VTVM. The meter, attached across the voice coil (Fig. 1A) of
the speaker, is set on the lowest AC scale. A 0.05-mfd capacitor
is attached to the signal generator probe. The blocking
capacitor is then connected to the RF input of the mixer. In a
transistor radio, it is usually the base of the mixer. In a pen-
tagrid converter, it is usually the third grid. The generator
negative end is attached to B minus which might or might not
be the chassis.

The generator is then turned -on with the gain set at
minimum. The IF frequency, usually 455 kHz, is selected on
the generator tuning dial. Be sure you are tuned to the
correct IF. Some radios have 175, 262, and 456 instead of 455
kHz. Check the service notes for the correct IF. Attach a
jumper wire across the local oscillator coil. This turns off the
oscillator. Otherwise, it will mix with the incoming IF from
the generator and the resultant heterodyne produces many
frequencies, all unwanted. With such unwanted signals
present the IF could be tuned tothe wrong frequency.

Next, turn on the radio and allow all the equipment to
warm up for 10 or 15 minutes. After warm up, crank the
volume control to maximum and begin turning up the gain on
the generator. Some volume will be heard in the speaker and
the meter needle will move. Use only enough gain to allow a
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scale reading about a quarter of the way across the meter
face.

Starting with the top slug of the last IF transformer before
the detector, adjust it with a neutral ‘“‘stick,” then tune the
bottom slug (Fig. 1B). Adjust for maximum, clearest audio
and meter deflection, then go to the top slug of the next to the
last IF transformer and repeat the procedure top and bottom.
It would be that there are only two IF transformers. If so,
that’s the alignment. If there is a third IF transformer, repeat
the top-bottom procedure on it.

When the alignment is far off adjustment, the audio and
meter reading can become excessive as the correct settings
are approached. The meter needle will “‘pin.”’ If so, reduce the
generator gain so that the needle is down below midrange.

Always repeat the slug adjustments a few times until you
know you are obtaining maximum gain. If a transformer
won’t tune or produces no effect, you can suspect it as being
defective. Also suspect are its adjacent components.

RF SIGNAL
GENERATOR

N
VL. 9
Ly >4
( o o o-———j
DETECTOR
MIXER
AGC AUDIO
LOCAL IF AMP e Amp OUTPUT
0sC

OSCILLATOR /

ColIL VOICE COIL

Fig. TA. The RF signal generator and the VTVM are
needed for AM peak alignment. The receiver oscillator
should not be running.
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Fig. 1B. The top slug is the secondary and the bottom slug
is the primary in a typical IF transformer.

No.2 PEAKIF ALIGNMENT—SCOPE

If a radio is squealing and the gain is lowered, a stage is
probably oscillating. If the IF response curve can be examined
on a scope, valuable service information can be obtained. If
the response curve has jagged sides, it means the IF stage is
oscillating. Once this is ascertained, the stage can be checked
for open bypass capacitors, excessive transistor or tube
feedback due to distributed capacitance or slightly incorrect
DC resistance. Also during the procedure, you automatically
check the quality of the IF section. The IF could simply be out
of alignment.

The equipment needed is a sweep generator and an or-
dinary scope, connected as shown in Fig. 2A. A VTVM could be
used on its peak-to-peak scale to determine the response curve
voltage, but the appearance of the waveshape can’t be seen.
The peak-to-peak VTVM reading simply tells you the
waveshape’s amplitude measured in p-p volts. Also, with the
VTVM the response curve can be peaked but aberration in the
curve cannot be noted.

The sweep generator probe is equipped with a blocking
capacitor, a 470-pf type (Fig. 2A)or thereabouts. The capacitor
is attached to the RF input of the mixer. In a transistor radio
this point is usually the base of the mixer transistor. In a tube
radio it’s the third grid of the pentagrid converter tube. The
negative lead of the generator is attached to B minus, which
may or may not be the chassis, depending on the power supply
circuit. The vertical input to the scope is connected across the
volume control. The volume control can be set at minimum so
no audio is heard if it’s desired. (It usually is so it doesn’t add
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Fig. 2A. A sweep generator and an oscilloscope provide an

exact method for AM peak alignment.
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Fig. 2B. Most tube radios use a pentagrid tube for the

mixer oscillator function.
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to distractions.) If a VTVM is used, it can be attached across
the volume control, too.

The local oscillator is shorted out so it stops running. A
jumper across the oscillator coil accomplishes this, if the local
oscillator is left running, all kinds of heterodyned frequencies
will be produced as the generator output mixes with the
oscillator frequencies. These are undesirable and will confuse
the scope picture. The AGC line coming from the volume
control should be disabled by jumping the AGC output to B
minus.

The radio, sweep generator and scope are turned on and
allowed to warm up for 10 or 15 minutes. The sweep generator
center frequency is set at the receiver IF, which is usually 455
kHz. This drives the generator output through the mixer and
IF stage. After detection the signal appears across the
detector load resistor, which is the volume control. The
detected output is applied into the vertical input of the scope.
The peak-to-peak voltage developed across the volume control
deflects the scope picture vertically.

Next, the sweep is activated and adjusted to about 10 kHz,
about the average bandpass of the typical AM IF amplifier. As
the input signal is swept around the center frequency, the
amplitude will be the greatest at the IF's frequency (455 kHz).
On either side of the center frequency, the IF loses gain
rapidly. As aresult, the sweep scope picture appears as a peak
with steep skirts (Fig. 2C).

The scope is adjusted for best brightness focus and just
enough vertical and horizontal gain for a good display. The
horizontal frequency is then set. Try to get a single response
curve. The curve should appear as a peak with skirts. The
correct alignment of a small AM radio shows skirts that are
not too steep. The curve should be made as high as possible
and the skirts should be made as steep as possible. The steeper
they are the better the bandpass of the stage. An ideal curve
would be a square wave, but this, of course, cannot be attained
in a small AM radio. The square wave has a straight-up skirt,
a straight-across bandpass response and then a straight-down
skirt.

The IF transformers are usually adjusted with a neutral
stick as you watch the scope picture. As the slugs are detuned,
the response curve flattens out, the amplitude drops and the
skirts spread. As the slugs arrive at their correct point,
maximum height and steepest skirts are attained. If you see
aberrations in the response curve, such as jagged edges
(oscillation), wide skirts or low amplitude, there is trouble in
the IF stage.
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No.3: BROADBAND ALIGNMENT—SCOPE

In large, high fidelity radios with an AM band, more times
than not there is more than one IF stage. This permits an IF
bandpass up to and past 15 kHz. It is generally thought that the
AM transmitter sends out modulation only up to 5 kHz. This
was true up until a few years ago. Today, lots of AM trans-
missions are just as high as FM, that is, up to and past 15 kHz.
In these better radios, the need quite often arises to check the
bandpass and align the IF's exactly as they were designed to
be. This is the broadband alignment for AM, which is quite a
bit more elaborate than the quicker peak alignment as
covered in tests 1 and 2.

Since there are at least two IF stages and possibly more,
the bandpass should be greatly improved. The actual curve
can approach a square wave with extremely steep skirts and a
flat-top. Each IF stage will pass between 5 and 8 kHz nicely.
When the output of the IF's are added together at the end of the
IF strip, they can pass the full 15 kHz in almost ideal fashion.
This provides AM reception that is exceptional.

A sweep generator and a scope is necessary. The sweep
generator is coupled through a .05-mfd blocking capacitor

FREQUENCY

ABOUT 5kHz

PEAK
TO PEAK
VOLTS __J\

CENTER
FREQUENCY

Fig. 2C. The typical IF response curve approaches the
ideal, which would be a square wave.
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B & K Model 1440 scope, though moderate in price, offers
many features including a calibrated vertical sweep.

(Fig. 3A) to the input of the last IF, whether it be the second,
third or even the fourth. In a transistor circuit, the last IF
input is the base of the last IF transistor. In a tube circuit the
input is the control grid. The negative of the generator is at-
tached to the B minus whether it is chassis ground or not. The
scope’s vertical input is attached across the volume control
and the vertical and horizontal gain controls adjusted for a
correct display. Adjust the horizontal frequency for one trace.

A jumper is placed across the local oscillator coil (Fig.
2A) and the oscillator stops running so as not to heterodyne
with the generator output and produce distracting frequen-
cies. A jumper is placed from the AGC bus to ground. Another
jumper is placed across the AM antenna, which in large
quality radios could be elaborate affairs.

Turn on the radio, generator and scope and let them warm
up for about a half hour. The longer the better. Adjust the
sweep width for about 15 kHz. Then readjust the scope until
you get a trace that has steep skirts a wide top with a slight
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Fig. 3B. The typical AM broadband response curve is 15
kHz wide and approaches a square wave.

ridgein it (Fig. 3B). That’s about the correct scope pattern on
a multiple IF strip.

Next, align the slug with a neutral stick, secondary first
and primary second. Try to improve the curve, but do not let
the curve get lopsided (Fig. 3C). On occasion, the curve might
look like a single IF curve; that is, a narrow high curve with

CENTER FREQUENCIES

l

| |
| I |
LOPSIDED OVERCOUPLED NARROW PASSBAND

Fig. 3C. All kinds of incorrect response curves appear as
the |F transformers are misaligned.
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skirts that are not too steep. When this happens, you are
aligning all the IF stages at the same bandpass. When they
add together they provide a bandpass with high gain but only 5
or 8 kHz wide. Each IF should pass slightly different
frequencies and add together to produce a much wider band-
pass than a single stage can pass.

When you like the curve adjustments you have made with
the last IF, change the generator hookup to the preceding IF
input. When you are finished with the last IF, do not touch it
again. If you do feel you must touch it, you have to rehook the
generator input to it. Do not try to align the last IF with the
generator input attached to a preceding IF. Align the slugs in
the preceding IF secondary first and primary second. The
curve should appear about the same. Keep moving the
generator input toward the front end and align each IF in turn.
The last IF transformer that is to be adjusted is the input to the
first IF. This transformer is adjusted after the generator is
attached to the input of the mixer stage. With the oscillator

disabled, the mixer stage becomes one of the IF amplifiers.

Sometimes with the oscillator turned off, the mixer stage
will provide more amplification than it normally does. When
the oscillator is on and heterodyning is taking place inside the
mixer, the activity takes its toll in mixer gain. This is ac-
counted for during design. With the oscillator not running, the
mixer could cause a lot more amplification. If overload takes
place, just reduce the output from the sweep generator.

The above is a general alignment procedure. It is, of
course, best to have the actual service notes for the radio and
follow the factory outlined procedures, although most will be
identical to these. Small differences that are important can be
encountered, however.

No. 4: FRONT-END ALIGNMENT—SCOPE

During servicing of asmall AM radio, the need arises to check
the performance of the RF amplifier, mixer and local
oscillator. They are all tuned circuits and, while they might be
operating, they could be doing so at greatly reduced ef-
ficiency. The dial might be off, stations missing at one end or
other of the band, stations weak at one end or the other of the
band, or stations are not being separated from one another. At
any rate, after an IF alignment is performed and the equip-
ment still in place, it’s a good idea to touch up the front end
while you are there.

If the front-end alignment is going to be performed after
an IF alignment, as it usually is, as detailed in Tests 1, 2 and 3,
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Fig. 4A. The top end of the tuning dial is set by adjustment
of the local oscillator trimmer capacitor.

take all jumpers off, such as the ones on the oscillator coil,
AGC bus and antenna. Use a 470-pf blocking capacitor in the
signal generator input lead. Leave the scope hooked across the
volume control. Adjust the scope as mentioned in the align-
ment procedures above (2 or 3).

Attach the generator through the 470-pf ‘“‘blocker’ to the
radio antenna terminals. If the radio uses a loop antenna,
place the generator cable next to the radio antenna. The signal
will be transmitted directly to the radio with plenty of signal
strength.

Warm up all the equipment and turn the radio dial to about
1400 kHz. Then tune the generator to produce 1400 kHz.
Electronically, across the oscillator coil, forming a tank
circuit, is the oscillator trimmer capacitor (Fig. 4A). Adjust it
for maximum peak-to-peak and waveshape on the scope
display. Where it produces the best scope picture is the spot
that the radio is tuning in the generator output best. The ad-
justment sets the oscillator at exactly the right frequency so

that it beats with the incoming signal to produce the exact IF
when the radiois tuned to the high end of the dial.
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Next, tune the radio to 600 kHz. Adjust the signal
generator to produce a 600-kHz signal. Then, find the RF
trimmer which is in the radio input (Fig. 4B). Adjust the
trimmer, which is in parallel with the RF tuning capacitor
that is ganged with the oscillator tuning capacitor. As you
adjust the trimmer, you tune the RF input to exactly 600 kHz.

By adjusting the top end of the dial with the oscillator
trimmer and the bottom end of the dial with the RF trimmer,
the RF and the oscillator will track quite well over the entire
dial. The actual touchup alignment takes only a minute or two,
once the equipment is hooked up. The oscillator, when it’s
misaligned, causes a wrong dial setting for each station.

The RF peaks the gain. With practice it is possible to
perform the two touchups by ear, using the speaker and a
station at either end of the dial as the signal.

No. 5: FERRITE CORE ANTENNA ALIGNMENT

Ferrite core antennas for AM radios are constructed generally
and inexpensively on a production line. They are aligned, but
the alignment cannot be perfect unless the antenna is mounted
in its circuit and aligned along with the antenna trimmer.
However, the rough alignment is usually good enough for most

— WA~ FRONT END INPUT

RE TRIMMER
CAPACITOR
600 kHz el

ADJUSTMENT /
/
- TO LOCAL 0SC

/

/
/

L __/
TUNING CAPACITOR

Fig. 4B. The bottom end of the tuning dial is set by ad-
justment of the RF input trimmer capacitor.
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Fig. 5. An AM radio ferrite core antenna is aligned by
moving the windings about on the core.

radio applications in strong signal areas. Sometimes, though,
the alignment is not satisfactory. The radio is operating well,
but just does not have the sensitivity it should have. In that
case, it’s a good idea to align the ferrite antenna along with the
antenna trimmer to achieve peak response.

The alignment consists of getting the best position for the
antenna wire on the core, while at the same time adjusting the
antenna trimmer capacitor. The positioning of the wire on the
core tunes the bottom end of the dial, while the antenna
trimmer tunes the top.

Since the wire is cemented to the core, you can’t screw the
core in and out. You must free the wire with solvent. Once the
wire is free, tune the radio to a station near 600 kHz and move
the core by hand, inside the antenna, until peak volume is
attained (Fig. 5). Then tune the radio to a station near 1400
kHz and adjust the antenna trimmer for peak volume. Repeat
the process a few times until maximum reception is attained
at both ends of the dial. Then, take some fresh cement and
reseal the antenna coil to its core. Quite often you’ll find the
coil almost in the same spot. A slight difference was the
trouble.
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No.6: TRACKING—SMALL
TRANSISTOR RADIO

Tracking is differentiated from aligning, although tracking is
usually thought of as an alignment procedure. Tracking
generally means that stations tune in at the correct dial set-
tings with equal sensitivity across the entire band. While it is
impossible to receive all stations with equal sensitivity,
maximum sensitivity can be attained. If a radio’s dial settings
are not near the correct numbers, the sensitivity will vary
across the dial. Commonly, stations will get weak at the top
end of the dial or at the middle. Once the tuning system is
tracking as closely as possible, the sensitivity will be at
maximum.

To set up tracking, there are only a few adjustments and
they are quick. Some technicians use the nearest flourescent
light as an all-frequency signal source. The light provides
static, and the tracking adjustments are tuned for maximum
static (Fig. 6).

The radio is first set near the low end of the dial, such as
600 kHz, and the volume control is turned all the way up. The
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Fig. 6. An AM radio tuning dial can be aligned by using
static from a fluorescent light as the signal.
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Fig. 7. A grid-dip meter is used to check the tuning of an
antenna. At the tuned frequency the needle dips deep.

noise source is approached until a low amount of noise is heard
in the radio. Then the oscillator trimmer is adjusted for
maximum noise. The radio is tuned to about 1400 kHz. Then
the antenna trimmer is adjusted for maximum noise. Perform
the adjustments a few times for best results.

The oscillator trimmer is in parallel with the oscillator
tank. The antenna trimmer is in parallel with the antenna
tuned input circuit. If the adjustments won’t help, you need
more sophisticated tracking. Most times it works, though.

No. 7: GRID-DIP METER ANTENNA
TEST—SMALL TRANSISTOR RADIO

A small AM radio can be pulling strong signals perfectly, but
weak stations are missing. Yet, the radio does not appear to
have any problems. This can occur when the antenna and the
antenna capacitor don’t match. The trouble is usually a
defective antenna.

With a grid-dip meter like the Eico 750, capable of tuning
the AM range between 500 and 2000 kHz, a check of the an-
tennas receiving ability across that range is possible. A grid-
dip meter provides a meter reading when it is placed near a
tuned circuit. The meter has an internal oscillator, and when a
nearby tuned circuit absorbs some of the energy, the meter
needle dips.
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The grid-dip meter is placed near the radio antenna (Fig.
7) and is turned on. The radio is first tuned near the low end of
the dial. The grid-dip meter is tuned to the same frequency
and ‘‘rocked’ around that frequency while its indicator is
observed. If the meter dips, the antenna is absorbing energy at
that frequency.

The same procedure is used for various frequencies up
and down the dial. For instance at 750 kHz, 1000 kHz, 1250 kHz
and 1400 kHz. If the meter dips noticeably the antenna is good.
If it doesn’t, the antenna is defective and needs replacement.
The antenna will not track.

No. 8: LOCAL OSCILLATOR
TEST—TRANSISTOR RADIO

The common transistor radio is a superheterodyne and as
such has a local oscillator to produce the heterodyne
frequency. During servicing it is useful to quickly determine
whether the oscillator is running or not. There might be static
but no reception. If the oscillator is not running, the tuned in
RF signal is passing through the IF's and is trapped out.

A typical oscillator-mixer circuit is called an autodyne. It
uses one transistor to perform both the oscillator and mixer
jobs. Some of the oscillator energy from the collector can be
fed back to the emitter or base. This continuing energy starts
and sustains the oscillator with steady feedback pulses. The
oscillator is tuned and tracks with the incoming RF, operating
either 455 kHz above the RF or 455 kHz below at all times. The
RF and oscillator frequencies are mixed in the transistor and
the difference tapped off and sent to the IF.

In order to tell whether or not the oscillator is running, the
bias between the emitter and base must be monitored. This is
accomplished by attaching the VTVM across the emitter and
base (Fig. 8). The actual voltage measured is meaningless.
Just set the meter for a reading. It will be very low, of course,
under a volt, but check it against the schematic to be sure it’s
about correct. Then turn the tuning capacitor from one end to
the other. If the oscillator is running, the voltage will change.
If the oscillator is not running, the voltage will remain fixed.

No. 9: LOCAL OSCILLATOR
TEST—TUBE RADIO

Most tube radios operating in the AM band use a pentagrid
converter tube for both oscillator and mixer functions. There
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Fig. 8. The local oscillator is running when a VTVM shows
a varying bias as the tuning dial is tuned.

are actually two control grids and two screen grids in an
otherwise ordinary pentode. One control grid acts as the RF
input and the other control grid injects the oscillator signal
into the electron stream. The two beat together and the dif-
ference is usually the 455 kHz IF.

The oscillator grid usually is tuned by the oscillator tank
coil. The tank gets some feedback typically from the cathode.
The plate output is not used because it is attached to the IF
circuits. As the oscillator fires up from the cathode feedback
and continues running at its tuned frequency from the feed-
back, a large negative voltage is developed across the
oscillator grid resistor. If the oscillator is not running, there is
no voltage developed across the grid resistor.

It is a simple matter to connect a VTVM’s positive lead to
the chassis ground and the negative lead to the oscillator
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control grid of the pentagrid tube (Fig. 9). According to the
actual value of the grid resistor, a voltage of between minus
two or minus eight will be found when the oscillator is running.
If the voltage is zero or positive, the oscillator is not running.

No.10: IF OSCILLATION
TEST—TRANSISTOR RADIO

Sometimes after an IF transistor has been replaced, or even if
an IF transistor is good, the radio sometimes squeals badly.
Nothing else seems to be wrong, but the annoyance cannot be
stopped. A prime suspect in such cases is the invisible
distributed capacitance between the collector and base of the
transistor, which is feeding back some of the collector signal

NEGATIVE BIAS
WHEN OSC
IS RUNNING

PENTAGRID
CONVERTER

Fig. 9. A tube oscillator circuit is running when there is a
good negative bias on the control grid.
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Fig. 10. When a transistor radio whistles and this test kills
the whistle, the IF amplifier was oscillating.

to the base and is creating unwanted oscillation. The invisible
capacitance can’t be removed, but it can be neutralized. That
will stop the oscillation and restore good reception. This, of
course, will not be the trouble, but the neutralizing procedure
will eliminate it as a suspect.

The idea is to stop conduction in the IF transistor and let
the signal pass through the distributed capacitance. Set the
signal generator around 1000 kHz and connect it to the radio.
Take a jumper lead and short out the IF transistor, emitter to
base. This kills the forward bias and the transistor cuts off.

Turn on the equipment, tune the radio for 1000 kHz and
listen for the generator signal in the radio output. Adjust the
volume control for a comfortable level.

Then connect a variable capacitance, like a 10-350 pf, from
the bottom of the IF output transformer to the base (Fig. 10).
Adjust the trimmer for minimum sound. Maybe it will
disappear altogether. Leave the trimmer in the circuit or
replace it with a fixed capacitor comparable to the value of the
trimmer setting.
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No.11: AGC TEST

The service notes on many small AM transistor radio are not
always available, but most of the circuits are straightforward
and almost identical to most other transistor radios. There are
set rules and once you determine whether a transistor is an
NPN or a PNP, you can quickly figure out generally what
voltages should be present on particular test points.

This is not as true in the AGC circuit. The AGC output has
to be a DC voltage, either negative or positive. The AGC is
negative when it is applied to the base of an NPN transistor,
since the NPN current flow is from emitter to base and
collector, like the electron flow in a tube is from cathode
through the control grid to the plate.

The AGCispositive when itis applied to the base of a PNP
transistor, since the current flow is opposite to that of an NPN
and a tube. In either case, the AGC affects the E-to-B bias and
adjusts according to the incoming signal. Should the AGC be
applied to an emitter, the exact opposite is true. It’s positive
for an NPN and negative for a PNP.

It’s hard tracing the AGC through the tiny radio, so it is a
good idea to have a quick way of seeing if the AGC is positive
or negative at a glance so you may test for its presence.

The AGC is taken from the detector output, so look at the
detector diode. It is rectifying the carrier. If it rectifies the
positive half of the carrier, the AGC is positive. If it rectifies
the negative half, the AGC is negative. Look at the diode
polarity. If its cathode is attached to the AGC line, it’s positive.
If the anode is, the AGC output is negative (Fig. 11).

%* —» AUDIO AMP

DETECTOR
DIODE

+» AUDIO AMP

DETECTOR
DIODE

-AGC
-

Fig. 11. You can tell if the AGC is positive or negative by
observing the polarity of the diode attached into the AGC.
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Chapter 3
FM Radio

No. 12: DISCRIMINATCR
ALIGNMENT—FM RADIO

During an FM radio repair made on the bench rather than in
the field, it is a good idea to quickly align the discriminator. It
is a rare radio indeed that will have a perfectly aligned
discriminator after a few years of service. Even though other
troubles must be corrected, the end of the repair should be a
check of the receivers alignment. A misaligned discriminator
causes loss of volume, blurred audio and possibly squeals and
buzzes.

In order to properly set up the discriminator curve, you
really must see it, rather than watch a VTVM produce a
reading of the peak-to-peak output voltage. A sweep generator
and a scope are needed.

The scope is hooked across the volume control (Fig. 12A).
The signal generator is set at the IF, which in most FM radios
is 10.7 MHz. The IF is swept at 200 kHz in most radios, but be
sure to check the manufacturer’s service notes, since on oc-
casion the IF is not 10.7 MHz and the sweep is not 200 kHz.

The generator cable is attached to the input of the limiter,
which is found before the discriminator; if the discriminator is
actually a ratio detector, the generator input is attached to the
input of the last IF stage. The limiter is an IF stage that
performs limiting duty in addition to IF duty.

Whether the circuit is a true discriminator or a ratio
detector, the alignment procedure is similar. The local
oscillator is turned off by attaching a short across the
oscillator coil. That way no heterodyning takes place and no
10.7-MHz signal can be developed to interfere with the signal
generator input signal. All equipment is turned on and war-
med up for a good half hour. The volume on the radio can be
turned all the way down if you wish to avoid distraction.

The scope displays the signal developed across the volume
control to drive the vertical input. This is the actual detected
AF produced in the sweep section of the generator. The
generator is sweeping 200 kHz 60 times every second at a
certain p-p voltage. The scope uses its own internal sweep for
horizontal deflection. If you set the scope horizontal sweep
frequency, you’'ll see a single line diagonally across the scope
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Fig. 12A. Discriminator alignment hookup is simple and
requires only a sweep generator and ordinary scope.

screen as the detector output goes from minimum peak to
peak to maximum in one of the 60-Hz intervals (Fig. 12B). This
is the well known discriminator curve.

In the discriminator transformer there are two cores. One
slug, the secondary, adjusts the center frequency of the curve.

S CENTER FREQUENCY
| le————— SWEEP BANDWIDTH
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|
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O o O

SCOPE QO
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Fig. 12B. The discriminator curve is a picture of the
generator sweep as it appears across the volume control.
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Fig. 12C. A trick to achieve closer discriminator align-
ment is to double the scope’s horizontal frequency.

The center frequency is 10.7 MHz before detection, but after
detection it is the zero point between the minimum sweep and
the maximum sweep. You adjust the secondary slug until the
center frequency looks good and symmetrical between the
minimum and maximum points. Then, you can adjust the
primary core by watching thelinearity and shape of the curve.
It approaches an S shape lying over on its side at about 45
degrees.

If you understand what the discriminator curve
represents, you can take it one step further and employ a trick
to get an on-the-nose alignment. This is accomplished by
changing the horizontal scope sweep to 120 Hz. This puts two
segments of the response curve on the scope face, one on top of
the other, forming an X. There are now two slanted S curves,
one in each direction. When the secondary or top slug is ad-
justed the intersection of the two curves will move. They
should be set where they produce a symmetrical X with the
intersection at dead center (Fig. 12C).

When the primary or bottom slug is adjusted, the curves
are straightened out, resulting in a good linear X. At the best
looking X, the primary is set on the nose. Actually, the
secondary slug sets up the proper phase of the signal. When
the slug places the intersection of the X at the linear center,
the zero part of the curve is right on the center frequency. This
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places the discriminator right on phase where there is equal
peak-to-peak voltage on both sides of the center frequency.

Ratio detector alignment is practically identical to
discriminator alignment. You could set the sweep a bit further
out than that used for discriminator alignment so the curve
will tail off quickly and clearly delineate the ends of the curve.
Also, you could purposely detune the secondary so the
linearity shows up clearly as you tune the primary. Otherwise,
the alignments are identical.

No. 13: IF-LIMITER ALIGNMENT

FM stations are permitted to transmit a deviation of plus or
minus 75 kHz in comparison to the AM maximum of about 15
kHz. An FM radio takes advantage of this wide frequency
swing by passing through its IFs a band of about 150 kHz. Not
all FM radios do this, but even the cheapest ones pass at least
50 kHz. A check of the bandpass capabilities of an FM radio is

1
| ]
i
| B
|

Stereo signal generator, RCA Model WR-52A.
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Fig. 13A. The Q of an |F transformer can be lowered to
permit additional bandwidth by adding resistance.

needed quite often during servicing. If a radio is not passing
the IF it was designed for, and an alignment check shows that
it can’t pass those frequencies, the stage and probably the IF
transformer is indicated as defective. This is a valuable
service technique after DC-resistance tests have failed to
produce any results.

There are quite a few different designs around in com-
mercial receivers. Each has its own particular detailed
alignment which is predicated on the design. You must consult
the radio service notes for the actual alignment since there are
entirely different types of bandpass requirements in the dif-
ferent designs.

In an inexpensive FM radio where there are only one or
two IF stages, the 50-kHz bandpass is achieved by lowering the
gain of the stage which flattens out the response curve skirts
and lowers the peak-to-peak voltage of the flattop. The most
common way of doing this is by using an IF transformer with a
resistor in parallel with the LC tank circuit (Fig. 13A). The
resistor, according to its value, lowers the Q of the tank,
causing the wider, lower response curve that permits the
broader bandpass.

In a more expensive FM radio, there are more IF stages
and the bandpass can be made as high as 250 kHz. In these
cases, the radio usually employs a stagger-tuned IF system,
exactly like the TV stagger-tuned IF and it is aligned in the
same way. (See the TV stagger tuned IF alignment
discussion.)
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Even though the wideband IF has its particular quirks
according to the actual receiver, there is a general alignment
procedure. If there is a limiter stage, peak alignment ad-
justments are made by attaching a scope or VTVM across the
limiter input and adjusting the IFs for maximum voltage
output.

The sweep generator is attached into each IF inputin turn
(Fig. 13B). The sweep is set for whatever the manufacturer
calls for from 50 kHz up. Each stage is aligned by adjusting,
first, the secondary slug and, second, the primary slug for
peak voltage. Each stage is aligned all the way down to and
including the mixer. The local oscillator is turned off, as in all
the other similar alignments, by shorting out the oscillator
coil.

Another way is to connect the VTVM across one side of the
ratio detector. You'll see either a positive or negative voltage;
it doesn’t matter which. Then, align all the IFs in turn until
you get the best available peak reading. This reading will be a
result of the best response curve.

No. 14: RF-OSCILLATOR ALIGNMENT

The FM tuning dial is very critical and many dials read in-
correctly to some degree. It’s best not to try to restore precise

v // X\ SWEEP
ol GENERATOR
o
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1

DISCRIMINATOR
LIMITER}

Fig. 13B. The limiter in an FM radio can be aligned by
adjusting for the peak voltage amplitude ona VTVM.
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Fig. 14. The coils in the FM front end adjust the low-end
dial setting while trimmers adjust the high end.

settings. Simply note that they are slightly off. Alignment
should be performed, though, if one end of the dial or the other
has lost gain. Then, alignment is necessary. When you finally
decide to do an alignment, remember that the smallest turn of
a screw is critical.

Do not short out the oscillator coil. The oscillator must be
running since it is one of the circuits that will be aligned. The
sweep generator is turned on and set at the FM frequencies
between 88 and 108 MHz. The sweep is set at the manufac-
turer’s recommended bandwidth, which is any where from 50
kHz to 300 kHz. The VTVM is placed across one side of the
ratio detector and either a negative or positive voltage is
obtained.

Theradio is tuned to 90 MHz and the sweep input set at the
same frequency. Then the coils in the converter and RF cir-
cuits are adjusted for maximum detector voltage. This sets up
the low end of the dial.

Next, the radio and generator are tuned to 107 MHz. The
two trimmer capacitors are adjusted in the converter and RF
tank circuits. At maximum voltage, the high end of the dial is
set up. In both cases, adjust the converter tank circuit first
and then the RF tank circuit (Fig. 14).
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FM CONVERTERS

There are all kinds of electronic gadgets around the home and
one such interesting piece is an FM converter that attaches to
a TV set. The FM band (88 through 108 MHz) lies directly
above TV Channel 6. In other words, Channel 6 ends at 88 and
the FM band immediately follows. It became quite obvious to
technicians that FM stations could be received by the average
TV set. In fact, old-time TV receivers with continuous tuning
through the FM band were also FM receivers, numbers, dial
and all.

A few manufacturers built actual converters, resembling
the UHF converter. Early models used tubes and more recent
ones use transistors. Somewhat like the UHF converter, the
FM converter has a mixer-oscillator stage that converts FM
signals from the 88-108 MHz range down to 63 MHz or 69 MHz
which is Channel 3 or 4’s center frequency.

The outdoor antenna is detached from the TV terminals
and attached to a pair of input terminals on the converter
(Fig. 15). A short length of lead-in is run from the output
terminals of the converter to the TV set. When the converter is
off, the two terminals on the converter are shorted together by
a function switch and the signal is passed as if the converter
were not present. When the converter is on, the function switch
attaches the antenna input to the mixer oscillator and turns on
the power in the converter. The mixer receives the antenna
input and the oscillator input. The two frequencies mix and the
output is two frequencies simulating the video and audio of
either Channel 3 or 4, whichever is blank in the area. (Even if
neither are blank, the converter output overrides the TV
signal.)

The video simulator signal is unmodulated and the audio
carrier is modulated. The generated video and audio carriers
are beat together and produce the 4.5 MHz required in the TV
sound section. The FM signal then is converted into a TV-like
transmission. It enters the TV tuner as a Channel 3 or 4 signal,
becomes an IF of 44 MHz and is passed into the video section.
A 4.5-MHz pickoff transformer injects it into the TV audio
circuits.

The limitations are minor. The fact that the FM trans-
mission has a bandsweep of plus or minus 75-kHz and the TV
reproduces only plus or minus 25-kHz is not noticable in the
low-frequency TV speaker output. The fact that the TV has all
those tubes burning just for the FM sound is forgotten, just like
the instant-onfeature of a TV, which also keeps tubes burning.
The light on the TV screen can be extinguished with the
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Fig. 15. An FM converter is attached to the TV antenna
terminals exactly like a UHF converter.
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RCA WR-508A Mini Chro-Bar generator designed for color
signal production.
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brightness control. This stops all CRT high-voltage current
drainin black-and-white TVs. With color TV, however, there is
still current drain in lots of regulator circuits. Nevertheless,
these gadgets are found in homes and need testing on oc-
casion. The tests are also applicable to similar type equip-
ment. There are other forms of converters that operate with
similar circuits. Only the frequencies are changed. Be sure to
have service notes for correct frequencies.

FM converters are found with both inductive and
capacitive tuning. Inductive tuning at these frequencies is
accomplished with two conductive rods and a moving shorting
bar. The rods are attached into the input and output circuits of
the mixer oscillator. The RF input is tuned and the oscillator is
made to track with the RF tuning. The tuning capacitor is
quite small and it, too, is connected into the input and output of
the mixer oscillator. There are two sections to the ganged
capacitor and the sections track with each other.

The output of the converter (Fig. 16) is fed to the TV set
through a TV type balun coil (balanced transformer). The
twin-lead has one side attached to the bottom of the trans-
former and the other side to the top. The local oscillator can

ANTENNA
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Fig. 16. An FM converter uses one transistor that does the
job of tuned RF, oscillator and converter.
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be tuned through a range of a little over 6 MHz. A frequency
between 30.83 and 37.5 MHz is chosen for oscillator operation.

The RF is tuned to receive 88 to 108 MHz, the FM band.
The two signals are mixed in the circuit and a number of
frequencies are produced. Among them are the difference
between the two frequencies and the second harmonic of the
oscillator. If you consider the converter tuned to 108 MHz, the
two resultant frequencies are:

Tuning 108.0
Oscillator 375
Difference 70.5

Osc: 37.5 x 2 equals 75.0, the second harmonic.
Notice the two frequencies are 4.5 MHz apart. The 75.0 is a
video simulation and unmodulated. The 70.5 is an audio
carrier simulation and is modulated. The TV can easily use
this mixture of frequencies and produce 