


















































































































































































































































































DISTORTION 

Probable Causes, and Remedies 
a. Cathode bias resistor aged to higher value. Check all cathode voltages. 
b. AVC not operating properly. Check detector load resistors and by-pass 

capacitors. 
c. Defective fixed bias voltage divider. Check plus side of divider for 

lowered resistance or partial short circuit. 

6-7. Rough, Scratchy Distortion, with Tendency of Receiver to Go Com
pletely Silent (Block) on Strong Signals 

Explanation of the Symptom. Combination of excessive signal 
strength and/or too little bias on amplifier tubes causes signal overload. 

Oscillogram (see p. 136) 
Probable Causes, and Remedies 

a. Defect in AVC system. Check for improper values of load resistors and 
capacitors in detector and AVC circuits. 

b. Main AVC by-pass capacitor (usually 0.5 p,f) short-circuited or leaky. 
c. Short circuit in cathode resistor by-pass capacitor. 
d. Short circuit in by-pass capacitor at low end of grid windings of r-f 

and i-f transformers. 

6-8. Very Rough, Scratchy Distortion with Considerable Blocking on 
Stronger Signals 

Explanation of the Symptom. Leaking coupling capacitor in capaci
tance-coupled r-f amplifier or in a-f amplifier. 

Oscillogram for Par. 6-8 Oscillogram for Par. 6-9 
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Oscillograrn (see p. 137) 
Probable Causes, and Remedies. Check voltage at these grids with a 

v-t voltmeter. If they are positive, replace coupling capacitor and recheck 
for normal grid bias. 

6-9. A-F Signal Broken up and Modulated by Unstable Whistle or Squeal 
Explanation of the Symptom. Defective output filter capacitor. Capa

citor does not perform its normal function of providing low power-supply 
impedance to signal frequencies; thus instability and oscillation may 
result. 

Oscillogram (see p. 137) 
Probable Cause, and Remedy. Low capacitance m output filter 

capacitor. Check for open circuit or leakage. 

6-10. Rough, Scratchy Harmonic Distortion at Almost All Signal Levels, 
without Overloading, in Receivers with Push-Pull Output 

Explanation of the Symptom. Phase inverter or push-pull stage out 
of balance, causing harmonic distortion. 

Oscillogram (see below) 
Probable Causes, and Remedies 

a. Weak first a-£ amplifier or phase-inverter tube. 
b. One push-pull tube bad. Replace each tube with one known to be 

good, or check in tube checker. 
c. First a-£ amplifier or phase-inverter cathode-bias resistor or capacitor 

defective. Check cathode voltages. 

Oscillogram for Par. 6-10 
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d. Grid-circuit voltage-divider resistors (from which phase-inverter grid 
gets its signal) defective. 

e. Shorted turns or short circuit to ground in primary winding of push
pull output transformer. 

6-11. Signal Gradually Becomes Distorted, with Fading 

Explanation of the Symptom. This occurs mainly at night, at dis
tances from 20 to IOO miles from the broadcast station, or, for short-wave 
stations, at almost any time of the day or night. It is known as selertive 
fading and results from interference between the ground wave and sky 
wave of the signal at the receiving location. Its severity varies with the 
seasons of the year. Because of the irregularity and variety of the nature 
of the forms of this distortion, and because a steady tone is seldom 
available on a received signal, no oscillogram is given for this. 

Probable Cause. Because this distortion results from a natural 
phenomenon, depending on the location of the receiver, time of year, 
time of day, etc., there is nothing the technician can do but explain to 
the receiver owner what is happening. 

6-12. Fuzzy Rattling and Buzzing with A-F Signal 

Explanation of the Symptom. Indicates mechanical troubles, in 

which parts of solid materials are striking or scraping each other. Since 
this is mechanical, there is no oscillogram. 

Probable Causes, and Remedies 
a. Dirt or other foreign matter between voice coil and pole piece of 

speaker. Blow foreign matter out with breath or with gentle pressure 
from an air hose. 

b. Foreign matter on or against speaker cone. Remove. 
c. Speaker rim does not fit tightly against hole in cabinet, and vibrates 

against cabinet. Install rubber or felt gasket around rim. 
d. Cabinet resonates at certain frequencies, and loose parts vibrate. 

Tighten loose parts and try to deaden resonance by adding felt inside 
cabinet. 

6-13. A-F Signal Broken up by Heterodyne Whistles from Interfering 
Signals 

See Chapter 4 for various causes and remedies. 
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DISTORTION IN F-M RECEIVERS 

6-14. Problems Similar to Those in A-M Receivers 

Distortion problems in f-m receivers are not much different from 
those in a-m receivers, with the following exceptions: 
I. Overloading in the r-f and i-f stages is not a difficulty unless it actually 

attenuates the signal seriously, since the frequency modulation will 
be unaffected. In fact, the limiter stage is actually operated as an 
overloaded amplifier. 

2. The nature of the f-m receiving process is such that weak signals 
become distorted even though the receiver is operating properly, be
cause of the inability of these weak signals to operate the detector or 
limiter properly. 

Thus, we have one symptom to add for f-m receivers. That is the 
case of distortion of the signal, accompanied by the characteristic rush 
of receiver noise, resulting simply because the received signal is out of 
range, or because some defect in the antenna system or input circuit is 
preventing sufficient signal voltage from reaching the r-f amplifier or 
mixer grid. 

Distortion can also result from oscillator drift or mistuning. If the 
receiver is tuned only a few kilocycles away from its proper setting for 
a station, the signal becomes distorted; and the same thing effectively 
happens when drift occurs. This is a natural result of the manner of 
detection (demodulation) and not much can be done except to tune 
the receiver properly and to keep the drift of the oscillator to a minimum. 
(Oscillator drift was discussed in Chapter 4.) 
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CHAPTER 7 

NOISE 

7-1. What Is "Noise''? 
In radio and other electronics work, noise has taken on special 

meanings. Its use in describing sounds coming from the loudspeaker is 
quite conventional. But its meaning has been extended to include the 
voltages and currents in the receiver which correspond to noise effects 
at the loudspeaker. _ 

Let us frame a general definition: Noise is sound produced in a 
loudspeaker (or in headphones) that is not intended to be present. The 
term also includes the electrical and electromagnetic waves and currents 
associated with the sound. 

In this chapter we are going to exclude noise due to interference 
effects. Heterodynes, such as whistles and growls f-rom undesired signals, 
fall under our definition of noise; but these troubles have been tho
roughly discussed in Chapter 4, so we shall now discuss other types. 

Random noise, a special type, we shall discuss first. It is different 
from other types to be covered, in that it is often produced as part of 
normal operation and must therefore be distinguished from other types 
which indicate receiver trouble. 

7-2. Random Noise 
Random noise is of two main types: thermal agitation noise, which 

originates in resistors or resistance of any kind; and shot effect, which 
arises from random distribution of electrons in the electron stream of 
a vacuum tube. 

At their source, such noises are voltages of very low intensity. For 
this reason, we do not ordinarily hear them reproduced unless the source 
is followed by considerable amplification. Random noise is more notice
able at higher radio frequencies, because of the naturally lower signal
to-noise ratio. 
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Accordingly, we will notice random noise mainly in a-m receivers 
which have at least one r-f amplifier stage, two or more i-f amplifier 
stages, or both. A whole book can be written about the nature of noise, 
but we are considering here the practical matter of distinguishing it from 
other effects in troubleshooting a receiver. 

What does random noise sound like? If you have listened to an f-m 
receiver with the gain well advanced and no received signal, you know. 
It is a steady, smooth, rushing or hissing sound. In normal operation of 
either a-m or f,m receivers, presence of a good received signal causes the 
noise to disappear, although this effect is more pronounced in f-m re
ceivers because of the limiting action. 

In a sensitive a-m receiver, random noise will be particularly notice
able when a weak signal is being received, or when signals are not getting 
through to the r-f or mixer tube. It will tend to modulate the weak 
carriers and be more severe as stations are tuned in. In f-m receivers, 
weak signals are partially covered up by the noise, and sound is distorted. 
In either case, the noise itself, if of the random type, is not an indication 
of trouble. 

7-3. Other Types of Noise 
We are accordingly concerned primarily in troubleshooting with 

noise other than the random type. "\!Ve must, however, recognize the 
tatter when it bears a relation to other troubles. 

Practically every other type of noise indicates trouble in the receiver. 
One advantage in tracing noise trouble is that most noises have character
istic sounds, which allow us to classify each type when we hear it. The 
type of sound gives a clue to its possible causes. 

7-4. Static Tests 
In the troubleshooting of a noisy receiver, static tests are secondary, 

but are still important as preliminaries. As was explained in Chapter 6 
in connection with distortion, even though the noise is a very convenient 
signal for tracing, certain routine tests of a static nature are in order, 
and may eliminate the need for further measures. 

A quick test of the power-supply voltages is certainly in order. Some
times, a particular kind of noise will tend to indicate trouble in a 
certain section just by the character of its sound; it would then be well 
to make some voltage and resistance measurements in that section, before 
starting general tracing procedures. 
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7-5. Tracing Noise 
When noise is present in a receiver, the noise is our signal and we 

require no test-oscillator signal. We trace the noise just as we would 
trace a radio signal, with the object of finding out just where, along 
the normal path of the signal, the noise first appears. 

It is better to trace noise by means of an aural test, by plugging 
phones in the output jack of the test instrument. The character of the 
noise heard in the phones can be compared with that reproduced by 
the speaker, and the noise can then be definitely identified. 

Referring again to Fig. 5-2, the test probe is placed on each test 
point in numerical order until the presence of noise is indicated. In 
r-f and i-f sections of the receiver, the tuned v-t voltmeter is used, while 
for power-supply and a-f checking, the a-f v-t voltmeter is employed. 
If noise is found at the plate of an amplifying tube, check the noise 
level at the B + terminal. If the noise level is the same at both points, 
the power supply should be checked for noise. If the noise level is high, 
fluctuating voltages will result which will cause noise in all stages of the 
receiver. By checking the power-supply components, the defective com
ponent or connection can be located. 

In receivers employing A VC, it is often possible to make a general 
localization of the noise by simply turning the volume control from 
maximum to minimum setting and noting whether the noise level 
changes. If the noise disappears with the volume control at minimum 
setting, then the trouble is not in the power-supply section which feeds 
the a-f tubes. If the noise is equally loud at both volume control settings, 
then the trouble is in the a-f or power-supply sections. 

If noise is found at the plate terminal of a socket but not at the 
grid, the tube may be at fault; this can be checked quite simply by 
substituting another tube. In transformer-coupled a-f stages, the inter
stage transformer occasionally may cause noise due to electrolysis or other 
defects. This trouble is readily localized, once the tube has been elimi
nated as a possible cause. When the noise is not present at the tube grid, 
but is noted at the plate, check the noise level at the B+ and plate 
terminals of the transformer primary winding. If the noise is much 
stronger at the plate, the transformer is at fault. If the noise is equally 
strong at the B+ and plate terminals, the trouble is not in the trans
former. The secondary circuit may be checked in like manner. This 
same type of test is applicable to r-f, i-f, and a-f transformers. 

Having discussed noise trouble in general, we can now proceed 
with a review of the specific types of noise encountered in trouble
shooting. 
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7-6. Sputtering and Frying, Sometimes with Intermittent Buzzing 
Explanation of the Symptom. Component is breaking down under 

applied voltage and is sparking or arcing. 

Probable Causes, and Remedies 
a. Plate by-pass capacitor failing. 
b. Thermal cycling at break in transformer winding. 
c. Noisy defective composition-type resistor. 
d. Speaker field or filter-choke winding arcing over to ground. 

7-7. loud Ringing or Distorted Tone, Starting or Stopping when the 

Receiver Is Jarred 
Explanation of the Symptom. Microphonic tube. 

Probable Causes, and Remedies. Tap all tubes, one by one, with 
eraser end of pencil. When noise is localized to one tube, replace it as 
a check. 

7-8. Scratching Noise when Volume Control Is Adjusted 
Explanation of the Symptom. Volume control contact dirty or the 

element is defective. 

Probable Cause, and Remedy. Replace defective volume control with 
new one. 

7-9. Scratching Noise When Dial ls Tuned to Certain Frequencies 
Explanation of the Symptom. Something is short-circuiting tuning 

capacitor as it moves through part or parts of its range, or is causing 
poor ground contact. 

Probable Causes, and Remedies 
a. Variable capacitor plates touch or scrape. If only certain parts have 

warped, straighten them. If whole rotor displaced, try adjustment of 
end screw at bearing. 

b. Dirt or other foreign matter in bearings or defect in ground contact. 
Clean, and secure connections. 

c. Bare wire or stator lead located so as to short between rotor and 
stator of variable capacitor when adjusted. Dress leads, and add in
sulation where necessary. 

7-10. Motorboating (''Putt-Putt'' sound) 

Explanation of the Symptom. This is actually a very-low-frequency 

oscillation, and occurs when an appreciable impedance to low-frequency 
signals is developed across the power supply or is otherwise common to 
two or more stages. 
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Probable Causes, and Remedies 
a. Low capacitance in output filter capacitor. 
b. Defective resistors and capacitors in decoupling network. 
c. Defective AVC by-pass capacitor. 
d. Open grid circuit. Test resistance from grid to ground in each stage, 

comparing result with what ought to be there. 

7 -11. Steady Howl 

Explanation of the Symptom. This may be a result of the same kind 
of condition as in par. 7-10, except frequency is higher. May also be due 
to improper local oscillator operation. 

Probable Causes, and Remedies. Same as for symptom in par. 7-10, 
plus: 
a. Defective resistor in oscillator grid circuit, or radical change in its 

value. 
b. Defective coupling capacitor or tube in oscillator circuit. 

7-12. Steady Roaring or Buzzing, Stopping Periodically; Sometimes 
Coming on Only at Certain Times of the Day 

Explanation of the Symptom. Appliance noise or power leak (man
made noise). 

Probable Causes, and Remedies 
a. Vacuum cleaner, razor, welding machine, or other device in v1omty 

radiating noise to receiver. Attempt to locate offending device and 
put line filter on it. Also try filter at receiver. If receiver has loop 
antenna, try reorienting it. 

b. Power leak in overhead lines or at pole transformer. Localize as much 
as possible with portable receiver, then notify power company. Tele
phone poles are usually numbered. If trouble can be localized to the 
vicinity of one pole, its number should be reported. 

NOTE: The subject of man-made noise in radio reception is a large 
one and naturally cannot be completely covered here. It is suggested that 
the technician consult the literature of capacitor manufacturers and 
other companies who deal in interference eliminators for further in
formation. 

7-13. On Short Waves, a Series of Popping or Sputtering Noise Pulses, 
Having a Regular but Variable Frequency, and Synchronized to Automobile 
Engine or Other Gasoline Engine 

Explanation of the Symptom. Except for models actually installed 
in cars, this noise is seldom experienced in a-m broadcast reception, but 
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is most severe from 10 me up through the vhf range. It is called ignition 
noise. 

Probable Causes and Remedies 
a. Short-wave antenna favors direction of busy highway. 
b. Unshielded antenna lead-in is picking up noise. Try coaxial lead-in 

or other shielded type, with shield grounded. Also try to make im
pedance match of lead-in to antenna as good as possible at the de
sired frequencies. 

c. Use a noise-balancing antenna. 
d. For communications reception, where only voice is involved, a noise

limiter circuit in the receiver is useful. Noise limiters cause con
siderable distortion on reception of music. 

7-14. Noise Problems in F-M Receivers 
The f-m system of transmission and reception was developed to 

minimize the effects of man-made and receiver random noise, and this 
it does very efficiently. Such noises can then be eliminated as problems 
for f-m receivers, assuming there are no defects which interfere with the 
noise-combatting properties of the receiver. Random noise is very defi
nitely present when the gain is advanced and the receiver is tuned 
between stations, or when insufficient signal is present to provide limit
ing and to operate the detector properly. 

Of course, all those types of noise troubles which involve inter
action between different parts of the receiver itself, such as howling, 
motorboating, etc., are encountered in f-m receivers as well as in a-m 
receivers. 

There is one type of noise which sometimes causes appreciable 
trouble in f-m receivers, especially if signals are somewhat weak and the 
noise source is nearby. This is automobile ignition noise. With a strong 
signal, even strong ignition noise should be "swamped out" by the 
limiter (or limiting action of the ratio detector) if the receiver is properly 
aligned and in good operating condition. However, for weaker signals, 
such noise may ride through if very strong (especialiy on the smaller, 
lower-price receivers) . 

If the receiver is functioning properly otherwise, the best ways to 
combat ignition noise are as follows: 
I. Mount antenna as high and as much "in the clear" as possible. 
2. Orient antenna to discriminate against the direction from which the 

noise comes (usually a road) . 
3. If necessary, use shielded lead-in with grounded shield, to minimize 

lead-in pickup. 
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CHAPTER 8 

DEAD RECEIVER 

8-1. Nature of the Dead-Receiver Symptom 
Service technicians usually like to work on a dead receiver, because 

the symptom is final and definite, and the results of tests and remedial 
measures are immediately apparent. 

What do we mean by the term dead receiver? We mean that there 
is no sound from the loudspeaker, no matter how we adjust the controls. 
In practice we temper this definition a little, of course, since a receiver 
which produces a very weak hum and nothing else would also be referred 
to as dead, and this hum is one of our helpful clues in troubleshooting. 

Here we have another symptom like that of weak signals-there are 
practically no variations as far as loudspeaker indications are concerned. 
We must draw our clues from other indications, such as information 
from the owner as to how the receiver failed, observation of whether 
heaters are lighted, whether there is any odor or evidence of charring, 
overheated tubes, etc. 

8-2. Can Power Be Safely Applied? 
Many times the owner of a receiver realizes that it is a good idea 

to turn off his receiver as soon as a defect in performance appears, to 
prevent further damage. Further application of power by the technician 
may increase damage and obscure evidence as to the original failure. 
Thus, it is important that, before making either static tests or dynamic 
tests, we determine whether or not application of power will damage 
receiver components. 

We appreciate the difficulty of establishing whether or not the fault 
is of such type that, if the receiver is turned "on," it will damage some 
parts, hut that is one of the problems of servicing. Of course, the safest 
method of locating the fault, provided that it is of the type which will 
manifest its presence during a routine point-to-point test, is to make 
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the test with the receiver disconnected from the power line and with 
the tubes out of the sockets. After this test is completed and it has been 
determined that the fault is not one of circuit constants, the test for 
resonance and open capacitors can be applied. If, however, the fault lies 
in one of the transformers, r-f, mixer, oscillator, i-f, or audio systems, it 
will become evident during the point-to-point test. The replacement is 
made or the remedy applied and the receiver placed into operation 
without need for any further tests, other than what would be a routine 
check-up of the alignment. 

8-3. Preliminary Static Tests to Determine Whether Power Should Be 
Applied 

Based on an analysis of experience in the field, we have come to 
the conclusion that the safest method of operation when you are con
fronted with the problem we have been discussing is to proceed as 
follows: 
1. Disconnect the receiver from the power line, and with all tubes in 

the sockets, check the d-c resistance across the output of the rectifier 
tube. If the measured value approximates the d-c resistance of the 
filter choke or chokes, (as the case may be) , you can be certain of 
the existence of a short circuit somewhere in the system, thereby 
establishing the fact that you cannot turn on the power for routine 
testing, because of the possibility of damaging some of the units in 
the receiver. As a matter of fact, if the measured d-c resistance across 
the rectifier tube output is not much greater than the d-c resistance 
of the filter choke, which may be the speaker field, it is unsafe to test 
with the power on. The measured value of resistance must be sub
stantially greater than that of the filter choke. This establishes suf• 
ficient resistance across the rectifier output to prevent damage to the 
rectifier tube or other parts in the receiver. A good minimum value 
to look for is 10,000 to 13,000 ohms, as explained in Chapter 3. Of 
course, under "power on" conditions, with heaters operating, the ef
fective resistance is much lower. 

2. If test 1 reveals no trouble and the power pack employs a step-up 
transformer, the next step is to make a routine d-c resistance test of 
the secondary windings of the transformer. 

3. If test 2 reveals no trouble a simple d-c resistance test upon the primary 
winding will establish its condition, with respect to the application 
of power to the receiver as a unit. The original power may come from 
a vibrator operated from the storage battery or from the d-c or the 
a-c power line. 
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8-4. Static Tests in Dead Receivers 
After the preliminary tests of par. 8-3 have been completed, the 

technician should know whether he can apply power to the receiver. If 
this is feasible, he may find it profitable to conduct signal tracing or 
signal-injection tests from this point on, or he may elect to make a few 
more static tests before doing so. The individual circumstances will 
have much to do with this decision. 

On the other hand, if the preliminary tests show that it is not ad
visable to apply power, he must be limited to making resistance measure
ments. 

There is no way to lay out a program of resistance measurements 
for such a case, since the results of one reading will govern the choice of 
the next. However, it is recommended that the procedure outlined in 
par. 3-6 be followed, plus checks of all capacitors for short circuit and 
of resistors for changed value or open circuit. Open coils and transformers 
are an important possibilitiy. Of course, the same information which 
we find in the tests in par. 8-3 also tells us it is unsafe to apply power to 
the receiver; it also usually gives us important clues as to where to start 
making the resistance checks. For example, if there is low resistance 
between B + and ground, we look for shorted screen or plate by-pass 
capacitors. Undoubtedly, the majority of cases are those in which power 
can be applied. We may then make voltage tests outlined in par. 3-7 or 
use signal-tracing as we shall now explain. 

8-5. Signal Tracing in Dead Receivers 
Now, let us assume that we have before us on the test bench a dead 

receiver. Since the receiver will not reproduce any signal which is fed 
to its input circuit, we know that at some point along the normal signal 
path, some defect exists which causes the signal to disappear. This 
trouble may be present in the very first circuit we test; in that case, no 
matter how well stages which follow may be performing, the signal will 
not be passed along to them. Again, the trouble may occur at the fourth 
or fifth test point, or even at the last point of test. Then we shall find the 
signal normal at all preceding points along our test path. Our signal
tracing tests continue stage-by-stage as long as we find a normal signal 
present at each test point. But when we reach the point where no 
signal is present, we check the components which affect the signal 
at that point, until the defect is located. This stage-by-stage test enables 
us to uncover many faults which otherwise might pass unnoticed, since 
we can make certain that each tube and circuit is performing as it 
should before proceeding to the next test point. 
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In Fig. 5-1, we show a partial schematic of this receiver which we are 
to test by signal tracing. This is a diagram of a conventional a-c super
heterodyne employing an r-f stage, a combination mixer-oscillator, one 
i-f stage and a dual-function second detector and A VC diode. This re
ceiver normally operates over the standard broadcast band, from 540 kc 
to 1700 kc. 

Since this receiver is inoperative, we shall assume that a wattage 
consumption test has already been made and has shown that no serious 
trouble exists in the power supply. Therefore, we can apply our signal
tracing tests. Connecting our test oscillator leads to the antenna and 
ground terminals of the receiver, we tune both the receiver and the test 
oscillator to 600 kc. We make certain that the signal is actually being 
applied to u-ie receiver by placing the isolating probe of our tuned v-t 
voltmeter upon the antenna terminal and tuning the voltmeter to the 
test signal frequency. The test-oscillator attenuator is then adjusted until 
an indication is obtained on the tuned v-t voltmeter output indicator. 
The indication so obtained should be one that can be readily duplicated; 
if a channel "eye" is the indicating device, the eye should just close. If 
a meter indicator is used, the pointer deflection should be noted. This 
indication is termed the reference level and will be required for gain
per-stage measurements. 

If we have previously used the test oscillator and tuned v-t volt
meter on a normally operating receiver, we know just about where the 
test-oscillator attenuator should be adjusted to produce this reference 
level. It is possible that when we connect the test oscillator to an inopera
tive receiver we shall not be able to obtain sufficient signal output from 
the test oscillator to produce this reference level. Let us see what could 
cause this condition. Examining the diagram, we note that the test os
cillator is supposed to be connected across the antenna and ground 
terminals of the receiver which, in turn, are across the primary of the 
antenna transformer. Now, if this antenna coil is shorted or the antenna 
post has become grounded in some manner, we shall be unable to obtain 
our desired reference level. Therefore, the input to the receiver is short
circuited, and this trouble must be cleared before the receiver can operate. 

If the antenna transformer primary circuit is open, then we shall 
obtain our reference indication when checking the signal at point 1, but 
this signal will not be present at point 2, which is the next point of 
test along the natural path of the signal. The test at point 2 may be 
made by placing the test probe either on the control-grid cap of the first 
r-f tube or on the stator of the tuning capacitor. The latter test point is 
more conveniently accessible when the receiver employs single-ended 
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tubes, such as the 6SK7. At point 2, the signal should be stronger than 
at point 1, since there is a voltage step-up in the antenna transformer. 
We can measure this gain in signal strength, but in the case of an in
operative receiver, we are primarily interested in finding the point 
where the signal disappears completely, and not in the actual gain. 

Absence of the signal at point 2 could be caused by a shorted tuning 
or trimmer capacitor, control grid to cathode short in the r-f tube, or 
open-circuited antenna transformer secondary. If the signal is absent at 
this point, we check this portion of the circuit by visual examination and 
ohmmeter measurements until the fault is located. If the signal is present, 
we continue to trace the signal. 

The next point of test may be either point 3, the r-f tube plate, or 
point 4, the mixer control grid or the stator of the tuning capacitor. The 
latter point is usually more accessible. If the signal is absent at point 4, 
we can check back to point 3. If it is present at point 3, then the trouble 
must be in the mixer input circuit and could be caused by defects similar 
to those enumerated above. No signal at point 3 would indicate some 
trouble in the r-f tube circuit, such as an open transformer primary, open 
or shorted voltage supply to the screen grid or plate, open cathode, or 
some defect in the tube itself. 

If the signal. is present at point 4, then we may proceed to check 
the set oscillator at point 7. The oscillator signal frequency should be 
1056 kc when the receiver is tuned to 600 kc, thus combining with the 
incoming signal to produce the required intermediate frequency, 456 kc. 
If the oscillator is functioning properly, signal tracing continues by 
testing the i-f signal at either point 5 or point 6, followed by tests at point 
10 and point 11. Since the intermediate signal frequency is 456 kc, the 
tuned v-t voltmeter should be adjusted to this frequency when checking 
the i-f amplifier circuits. 

8-6. Sectional Trouble Localization 
If the i-f signal is present at the second detector plate, this is con

clusive evidence that the r-f, mixer, oscillator, and i-f sections of the 
receiver are in operating condition. When the receiver under test is in
operative, such as we are considering now, presence of the i-f signal at 
point 11 immediately localizes the trouble in the detector or the a-f 
system. By the same token, absence of the i-f signal at point 11 indicates 
that the source of trouble exists in or ahead of the second detector. For 
rapid trouble localization in inoperative receivers, it is often convenient 
to check the signal at point 11 first, thus confining stage-by-stage tests to 
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a limited number of stages. This test is applicable to any superheterodyne 
receiver, whether or not A VC is employed. 

In receivers employing A VC, a measurement of the A VC voltage 
which should result from a strong signal applied to the receiver input 
can likewise be used to localize the cause of failure to operate. Failure 
to obtain an A VC voltage reading indicates that stage-by-stage tests of 
the sections ahead of the A VC tube are necessary, while the presence of 
A VC voltage indicates that all sections ahead of the A VC tube are 
functioning. Signal tracing, in the latter case, can then start at the 
second detector. 

8-7. Tracing the A-F Signal in Dead Receivers 

Now that we have followed the signal through the r-f, mixer, and 
i-f stages to the second detector, the next step is to trace the signal 
through the audio system. A typical detector-audio system is shown in 
Fig. 5-2. The audio signal should first appear across RI and R2. To test 
this signal, we shall require a test instrument or channel capable of 
indicating a-f voltages and having an input impedance which is high 
in comparison with that of the circuit under test. 

The normal path of the audio signal corresponds to the numerical 
order of the numbered points on the diagram, Fig. 5-2. To trace the 
audio signal, place the a-f probe on point 1, making certain that the 
volume control is at maximum. If no audio signal is present, (indicated 
by failure of the test instrument to show a reading), check the compo
nents in this circuit. If the signal is present at point 1, continue signal 
tracing by placing the probe on point 2, thus checking the signal transfer 
through the a-f coupling capacitor Cl. Absence of the signal at point 2 
indicates an open circuit, since a short circuit would likewise eliminate 
the signal at point 1. 

At point 3, the signal will normally be amplified and will be so 
indicated on the a-f test instrument. The amount of amplification or 
gain which thus results is of no consequence for this test, since our pri
mary concern with an inoperative receiver is in finding the point in the 
normal signal path where the signal / irst disappears, and not the relative 
strength of the signal at the various test points. When this desired point 
is reached, we test the components affecting the operation of that particu
lar circuit under test until the defective component is located, just as 
was described in signal tracing through the r-f and i-f sections. At point 3, 
absence of the a-f signal might indicate an open plate resistor, an open 
cathode resistor, or a grounded plate in that specific stage. The same 
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reasoning applies in signal testing at any other of the numbered test 
points in the amplifier circuit. If the signal is present even at the last 
test point, 6, we know the speaker circuit is at fault, since no sound 
results. 
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INDEX 
A 

Adjacent channel interference, 116 
Adjacent channel selectivity, 96-98 
Alignment, imperfect, 125 
Alignment, in troubleshooting, 89 
Amateur interference, 102 
Amplifier, i-f, 18-19 
Antenna, cause of weak signal, 124 
Antenna, loop, 128 
Appliances, switching, 127 
Audio frequency amplifier, 24-27 
Audio frequency sensitivity, 125 
Audio frequency, tracing, in dead 

receiver, 152-153 
Audio reference level, 122 
Audio signal, tracing, in weak 

receivers, 122-124 
Automatic frequency control, 31-34 
Automatic volume control, 11, 27-

31, 89, 108, 124, 132-133, 137, 
151-152 

B 
Basic sections, importance of, 9 
Battery weak, 127 
Beat frequency oscillator, 107 
Blanket effect, 103-104 
Blocking of receiver, 137 
Blurred reception, 101 
Buzzing, 139, 145 
Buzzing, intermittent, 144 

C 
Capacitors, cause of weak signal, 

125 
Chanalyst, 80-82, 88-89 
Code interference, 102 
Combination AM/FM receivers, 

60-63 
Conversion, double, 34-36 
Conversion section, 11-12, 41-45 
Converter, 12, 107 

oscillator section, 15-16 
pentagrid, 12-14 
separate oscillator, 16 
triode-heptode, 14-15 
triode-hexode, 14-15 
weak signals in, 127 

Crystal filter, 36 
Crystal probe, 84-85 
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D 
Data, service, 67-68 
Dead receiver, 147-153 

nature of symptom, 147 
signal tracing, 149 
static tests in, 149 
tracing a-f signal in, 152-153 

Demodulation, methods of, 50 
Demodulator, 19-24 
Detector, 50 

FM, 54-60 
gated-beam, 58-60 
ratio, 56-57 
second, 19-24 

Dial, operation over only part of, 
110 

Discriminator, M-56 
Distortion, 130-140 

in AM receivers, 130-139 
in FM receivers, 140 
gradual, 139 
nature of problem, 130 
oscilloscope tracing of, 131-132 
tracing, 131-134 
tracing with headphones, 132-133 

Double-conversion, 107 
E 

Equipment, troubleshooting, 69 
F 

Fading, 127, 139 
Filter, crystal, 36 
Foster-Seeley discriminator, 54-56 
Frequency drift, oscillator, 111 
Frequency, intermediate, 5 
Frequency modulation detectors, 

54-60 
Frequency modulation, image in

terference, 114 
interference, 113-116 

Frequency modulation receiver, 37-
39, 113-116 

Frequency modulation receivers, 
weak signals in, 129 

Frying, 144 

Functional receiver sections, 6 
Fundamental troubleshooting 

problems, 67-69 



G 
Gain measurements, 87-89 
Gated-beam detector, 58-60 
Grid voltage, oscillator, 75 
Growl background, 108 

H 
Harmonic, of i-f signal, 109 
Headphones, tracing distortion 

with, 132-133 
Heptode, 14-15 
Heterodyne interference, 93-94, 

100, 104-106 
Heterodyne whistle, 139 
Hexode, 14-15 
High frequency stations, at low end 

of dial, 106-107 
Howl, 112, 145 
Hum, 101, 135 

I 
Ignition noise, 145-146 
Image interference, 17, 94-95, 98 
Injection, signal, 85-86 
Instruments, for signal tracing, 80-

85 
Interference, adjacent channel, 116 

amateur, 102 
code, 102 
direct i-f, 99 
due to temperature inversion, 

115 
from nearby transmitter, 103 
heterodyne, 93-94, 100 
high frequency stations at low 

end of dial, 106-107 
image, 17, 94-95, 98 
police radio, I 02 
poor adjacent channel selectivity, 

96-98 
symptoms, 95-96 

Intermediate frequency, 5, 16-18 
common values, 18 
determining unknown, 90 
interference, 99 

Intermediate frequency amplifier, 
18-19, 45-50 

Intermediate frequency circuits, 
distortion in, 131-132 

Inverter, phase, 25-27 

INDEX 

L 
Limiter, 38, 50-54 
Loop antenna, 128 

coupled to light circuit, 127 
M 

Measurements, gain, 87-89 
resistance, 70-73 
voltage, 73-76 

Microphonic tube, 144 
Mixer, 12 
Modulated signal interference, 113 
Modulation, hum, 135 

peaks, 136 
Motorboating, 144 
Multiband receivers, weak signals 

in, 126 
N 

Nasal sound, 134 
Noise, 141-146 

definition, 141 
problem in FM receivers, 146 
random, 141-142 
tracing, 143 

Ohmmeter, 70 
Oscillation, 5 

0 

in r-f or i-f stages, 134 
Oscillator, beat frequency, 107 

critical circuit~, 15-16 
drift, in FM, I 15 
frequency drift, 111 
grid voltage, 75 
separate, 16 

Oscilloscope, tracing distortion 
with, 131-132, 134 

p 
Pentagrid converter, 12-14 
Phase discriminator, 54-56 
Phase inverter, 25-27 
Police interference, 102 
Power, application to dead 

receiver, 147-148 
Preliminary tests, signal tracing, 78 

Q . k 1· . Q mc pre 1mmary tests, 68-69 
R 

Radio frequency circuits, distortion 
in, 131-132 
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INDEX 

Radio frequency section, 9-ll, 39-
41 

Radio frequency sensitivity, 125 
Random noise, 141-i42 
Ratio detector, 56-57 
Rattling, 139 
Receivers, AM/FM, 60-63 

comparison of types, 3-6 
FM types, 37-39 
function, 3 
sections, 6 
t-r-f, 4 

Reference level, audio, 122 
Resistance measurements, 70-73 
Ringing noise, 144 
Roaring, 145 
Roughness, 134 
Rushing noise, 112, 128 

s 
Scratchy distortion, 136 
Scratchy noise, when dial tuned, 

144 
Second detector, 19-24 
Sections, a-£ amplifier, 24-27 

basic, importance of, 9 
conversion, 11-12 

i-f amplifier, 18-19, 45-50 
r-f, 9-11, 39-41 
of receiver, 6 

Sectional trouble, 151-152 
Selectivity, 5 

adjacent-channel, 96-98 
Sensitivity, loss of, 125 
Service data, importance of, 67-68 
Signals, undesired, 93-116 
Signal injection, 85-86 
Signal tracing, 77-85 

advantages, 77-78 
a-f signal in dead receiver, 152-

153 
in dead receiver, 149-151 
instruments, 80-85 
preliminary tests, 78 
signal source for, 79-80 
in weak receivers, 118-122 

Single-peaking, of i-f transformers, 
47 

Sky wave, 127 
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Source, signal, 79-80 
Spurious response, 93-94 
Sputtering, 144 
Stagger-tuning, 47 
Static tests, 69-70, 142 
Static tests, on dead receiver, 148-

149 
in weak receivers, 117-118 

Superheterodyne, 3-8 
AM, arrangements, 6-8, 3-36 
double-conversion, 34-36 
FM, 37-63 

Switching lights affects reception, 
127 

Systems, fundamental troubleshoot
ing, 67-90 

T 
Television, sweep circuit interfer

ence, 113 
Temperature inversion, causing 

FM interference, 115 
Tracing, a-f distortion, 133-134 

audio in weak receivers, 122-124 
distortion, I 31-134 
instruments, 80-85 
noise, 143 
signal, 77-85 

Trimmers, i-f, 111-112 
Triode-heptode, 14-15 
Troubleshooting equipment, 69 
Troubleshooting, and receiver 

function, 3 
Tubes, testing, 117 
Tuned radio-frequency receiver, 4 
Tuning, at two points, I 08 
Tunable whistle, 100, 107-108 

u 
Undesired signals, 93-116 

V 
Voltage chart, 73 
Voltage measurements, 73-76 
Volume control, scratchy, 144 

w 
Weak signals, I I 7-129 
Whistle, 134 

near i-f peak, 109 
Whistle interference, I 12-113 

to FM, 115 
Wobble, 101 


