






















































































































































































































































































































































f ntermittents and Miscellaneous Service Problems 

base still does not come out the collector, the transistor must be bad. 
Check it. 

What if we lose the signal in the detector circuit; that is, the 
signal tracer can pick off a signal across the secondary of L5, but it 
is not found at the slider of the volume control? Suspect the diode 
first and check it by cutting one end loose and substituting a good 
diode. Check Cl2 for a short circuit. ls the volume control open? 
Is the slider making good contact with the resistance element? While 
you are at it, observe the voltage developed between the volume con­
trol side of the diode and ground, with and without the secondary of 
L5 shorted out. If short circuiting the secondary causes any appreci­
able change in the voltage when the receiver is not tuned to a station, 
the IF amplifier is probably oscillating and producing a high AGC 
voltage that is cutting off the controlled IF amplifier. 

This brings us to a defective IF stage. Incidentally, about 90% 
oftransistor IF stages are twied to 455 kc. The other are on 262 kc. 
U the stage is dead, an IF primary or secondary may be open, a 
trimmer capacitor may be shorted out, a resistor such as RB or Rl2 
may be open, or one of the sections of C9 or CU may be open or 
shorted. Check capacitors for open circuit by bridging them with 
good units of like capacity. If you have reason to suspect a trans­
former of having shorted windings or trimmers, the best test is to 
tack in a new transformer. 

Oscillating and motorboating IF' s are quite common, and here 
are some of the causes together with their cures: 

Battery with high impedance - try a new one. 

Antenna or speaker leads too close to IF stage - redress leads. 

Tuning capacitor frame, speaker bracket, or IF shield cans not 
making good contact with printed circuit - see that they do. 

Open bypass capacitors such as Cl, C2, or either section of C9 
and CU - bridge with good capacitors of similar capacity. 

Neutralizing capacitors, C8 and ClO, open - substitute new 
ones of exactly the same value. 

RB, Rl2, Rl3, or Rl4 have changed in value - check resistance. 

A resistor frequently fowid across an IF transformer winding, 
to load it, may have opened or changed value - replace with proper 
resistor. 

Oh yes, one more thing: before long you are almost certain to 
rwi across an IF amplifier labelled "2nd IF Amp-AF Amp." This 
stage, as its label implies, serves as both an IF and audio amplifier; 
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and it is called a "reflex" circuit. If reflex amplifiers are old stuff 
to you, your age is showing~ They were quite popular in the early 
days of tube radios when tubes were so expensive you had to get 
everything out of each one that you could. 

The transistorized version shown in Fig. 14-5 works like this: 
On its first pass through the transistor at JF frequency, the signal is 
amplified and appears across the tuned transformer primary, is 
induced into the secondary, and is detected by the diode in ordinary 
fashion. But then this audio signal is fed back to the base through 
RS, is amplified again by the transistor, and appears across the vol­
ume control. There is no interaction between the two signals because 
the transformer primary looks like just a piece of wire to the low 
audio frequency, and the high IF frequency is bypassed around the 
volume control by C4. 

® 
2ND IF AMP 47K 
AF AMP 
2N169 

C 

2.2K 

!._ ____ ..! 

Fig. 14-5. Reflex transistor ampllfler. 
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To check a reflex amplifier, treat it just as though it were two 
separate amplifiers. Feed an IF signal into the base and look for it 
at the detector diode; feed an audio signal into the base and pick it off 
across the volume control. You can see things may happen that will 
permit the stage to do one of its two jobs well but make it fall down on 
the other. For example, a shorted IF transformer primary wouldkill 
it as an IF amplifier; a shorted C4 would mean no audio would be 
found at the volume control. 

Finally we come to the converter stage that is actually a com­
bination of mixing amplifier and local oscillator. As an amplifier, it 
can be treated just as if it were an IF amplifier. The same tests will 
apply except that the frequency handled will be the station frequency. 
Any deviation from rated voltage values should be investigated and 
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corrected. Most of the troubles in this stage, though, appear in the 
oscillator portion; and a dead oscillator does not change the voltages 
too much. In fact, it is a little tricky to tell if the oscillator is alive 
or dead, since you don't have a convenient tell-tale oscillator grid­
leak voltage as you do with a tube. 

However, both collector and emitter current go down when the 
oscillator is working, and this is all the clue a smart boy like you 
needs! Put your VTVM across a resistor feeding either the emitter 
or collector and watch the voltage closely as you short out either 
winding ofthe oscillator coil. If the oscillatoris working, the voltage 
will jump up smartly and then go back down when the short circuit is 
removed. Defective coil, open coupling capacitor C6, shorted tuning 
capacitor, open IF primary winding, shorted turns in loop antenna, 
transistor with insufficient gain--these are some of the likely causes 
of oscillator failure. The best test for an oscillator coil that may 
have shorted turns is to try a new coil, and the same is true for a 
loop antenna. Methods of checking other suspicious units have already 
been discussed. 

WEAK RECEPTION 

Weak reception is a common complaint with transistor sets. 
Check the battery first. Look for loose connections. Flex the loop 
to see if there are any cracks in it. Check audio coupling capacitors. 
These are low-voltage, high capacity electrolytics; and in the first 
transistor sets such capacitors failed very frequently. Much improve­
ment has been made in them, but they are still well up on the list of 
transistor receiver troubles. Check such capacitors as C2, C4, C9, 
and Cll in the circuit of Fig. 14-3. Check alignment. Try another 
diode. Use signal injection and signal tracing to find which stage is 
not delivering the signal it should; then employ voltage checking and 
unit checking in that circuit to see what is wrong. 

If reception is weak on the low end of the band, insufficient 
oscillator injection voltage may be the cause, especially if the con­
verter transistor has been changed. Loosen the wax seal that holds 
the feedback winding of the oscillator coil and slide the winding back 
and forth until you get the best reception; then fasten it there. 

NOISE AND DISTORTION 

Noisy reception is usually traced to weak batteries, poor con­
nections, defective audio or IF transformers, bad oscillator coil, or 
defective transistors. The signal tracer is invaluable in revealing 
in which stage, or even in which component, the noise arises. 

When distortion is the complaint, note if it is worse as the vol­
ume is turned up but seems about the same on all stations or if it is 
worse on strong stations and seems to be independent of the volume 
control setting. The former case indicates something wrong in the 
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audio section. Incorrect bias brought on by leaky or shorted coupling 
or bypass capacitors is a very common cause. A resistor that has 
changed value is another. Resistor or capacitor failures in negative 
feedback circuits are still another. Careful checks of the audio am­
plifier and output stages will turn up the cause of the trouble. 

When distortion occurs only on strong signals, the trouble must 
lie in the front end of the receiver. Defective bias on one of the RF 
or IF stages could be the cause, but defective AGC is more likely. 
Check such components as C2, Cl2, Rl3, Rl4 and M2 in the circuit 
of Fig. 14-3. 

CON\/. 
COLLECTOR 
-t 8V 

® ---·-~ LD IFAMP 

.,_ __________ '--___ AGC 

111160 
@) 

VOLTAGE 
+~MFD 

3.9K © 
IOOK 

®:c·OI ... @ 

Fig. 14-6. AGC system using diode to Improve action. 

You will find an extra diode in many modern sets connected as 
shown in Fig. 14-6. DC-wise, this diode is connected between the 
collector voltage of the converter and the collector voltage of the 
AGC-controlled 1st IF amplifier. Signal-wise, it is connected across 
the primary of the first IF transformer. With weak signals, the 
diode has one volt of reverse bias and does not conduct and has no 
effect on the signal. As the received signal increases and AGC volt­
age is developed, current through the IF transistor goes down and 
collector voltage goes up to eight volts and higher. This converts the 
diode to an increasingly conducting state and makes it act like a 
decreasing resistance shorted across the IF transformer winding, 
cutting down on its efficiency and consequently on the signal passed. 
Since much of the AGC action depends on the throttling operation of 
this diode, do not overlook the possibility it may be open when search­
ing for the cause of overloading stages ahead of the detector. 

An intermittent in a printed-circuit transistor set might sound 
like a tribulation for a modern-day job, but actually it is usually not 
too bad. Since practically no heat is generated in a transistor re­
ceiver, there are few thermal intermittents. Mechanical intermit­
tents--bad solder joints, broken printed circuits, loose connections, 
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short circuits--are ordinarily not too difficult to find by methods 
already outlined. There~ exceptions~ 

In conclusion, let me say this: do not consider the transistor 
service methods described as an inflexible procedure. Transistor 
receivers are comparatively new. New transistors and new circuits 
for them are coming out daily, and new circuits offer an opportunity 
to develop new service techniques. Constantly strive to find better, 
simpler, quicker ways to isolate trouble, to test components, and to 
make repairs. Become thoroughly familiar with what constitutes 
normal operation so that you may perceive abnormal behavior more 
quickly. For example, with a correctly operating receiver in front 
of you, touch the hot lead of the volume control and notice how loud a 
buzz this produces in the speaker. Touch, in turn, the input connec­
tions of the converter, IF's, and detector transistors or diodes with 
a metal screwdriver bit and observe how loud a click is heard in the 
speaker in each instance. Store this information away and use it as a 
rapid form of signal injection on the next weak or dead set. 

Several points of printed circuit servicing have been mentioned 
as we discussed transistor receivers. Now, let's face up to a hard 
fact: 

Manufacturers like printed circuits because they lend them­
selves to automation. They wish technicians would love them, too, 
and to that end they are beginning to make sincere efforts to manu­
facture printed circuits that are not only better but are easier to 
service than some have been in the past. 

The best help to date, though, has come from a publisher of 
service literature. Fig. 14-7A shows the circuit and Fig. 14-7B, a 
picture of a printed board as displayed by the "CircuiTrace" method 
in a Howard W. Sams Photofact. Note that each important part of the 
circuit bears a number that is matched with a similar number in the 
picture, indicating that point on the actual printed board. With this 
in front of you, you can immediately locate any circuit point you wish 
to check. 

One of the most exasperating troubles that occur in printed 
circuits is a tiny fracture of a printed lead, usually brought on by 
flexing of the board. The crack across the lead is so tiny it is ex­
tremely hard to see, even when "touch-type servicing" has revealed 
the general area in which it must lie. A magnifying glass is a great 
help in spotting such a break. The writer prefers a 5" 2X jeweler's 
loupe screwed into his eye. Not only does this leave both hands free 
for delicately flexing the board, but it also gives one such a profes­
sional look~ 

The less unsoldering and soldering you do on a printed circuit 
the better. For that reason it is often advisable to cut the leads off 
a defective component above the board and solder the new component 
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Fig. 14-78. Circuit-board picture of Trav-Lar Modal TR-280 Illustrat­
ing "ClrculTraca." 

to these leads. Resistor leads are sometimes not long enough for 
this, but they will be if you crush the resistor with a pair of pliers 
so the whole leads can be used. 

One of the nastiest things to get loose from a printed board is a 
capacitor of the fabricated plate type in which the connections and the 
metal lugs on the side of the can have all been thrust through holes in 
the board, bent over, and soldered. Probably the best way is first 
to use a solder gun to heat each lug or connection, one at a time, and 
bend it straight. Then heat the connections on one side in quick ro­
tation while a firm sideways pressure is exerted on the same side of 
of the can, causing the heated lugs to pull up out of their holes a bit. 
Push the can the other way and heat the other connections. Repeating 
this maneuver, you can gradually work the capacitor up loose from 
the board. 

If you don't have a particular single-ended capacitor for a 
printed circuit repair but do have the capacitor in ordinary double-
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ended form, you can bend over one lead and tape it close along the 
capacitor body to make an acceptable substitute. 

Once found, breaks in printed circuit leads are easy to repair. 
Simply solder a short length of bare wire across the break and spray 
the cooled repair with clear lacqueror plastic spray. But be careful 
with your soldering. It is very easy to short across the closely­
spaced leads. A sloppy solder-slinger is about as much out of place 
in transistor servicing as the proverbial bull in a china shop. 

The main thing is this: don't let printed circuits "get your goat" 
or make you lose your temper. Work gently and deliberately and 
daintily - and charge by the hour! 

QUESTIONS 

1. List some precautions to be observed in transistor set servicing. 
2. What new equipment is needed? 
3. Where do you look first for the cause of a dead set? 
4. What is meant by "touch-type servicing"? 
5. What two methods of locating trouble are used a great deal in 

transistor servicing? 
6. How do you determine if a transistor is defective? 
7. How does an oscillating IF amplifier reveal itself? 
8. Give five possible causes of motorboating or oscillation in an IF 

amplifier. 
9. How is a reflex amplifier checked? 
10. How do you determine if an oscillator is working? 
11. Give a common cause for weak reception on the low end of the 

band and the cure for this condition. 
12. Describe how a diode is used to improve AGC action in some 

transistor receivers. 
13. What is meant by "Circui Trace"? 
14. How do you remove a fabricated plate capacitor from a printed 

circuit board? 
15. List some precautions to be used in working on printed circuits. 
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CHAPTER 15 

Auto Radios And Storage-Battery Portables 

Art and morality, someone has said, have this much in common: 
in both, the important thing is to draw the line somewhere. A line 
must be drawn somewhere in deciding what to include in a book on 
radio servicing, too; because the entire field is so broad and rami­
fied that a single volume cannot hope to cover all of it. 

Nonetheless, it was decided the auto-radio branch of servicing 
was too important to omit entirely; so in the following pages will be 
found a discussion of the peculiar problems of this branch of servicing, 
with especial emphasis placed on the aspects that differ from house­
hold-radio servicing. At the same time, no attempt will be made to 
go into the subject of noise suppression in auto-receiver installations. 
That broad subject will be left tothe several books devoted to it. All 
we hope to do here is to introduce the reader to the auto receiver so 
that he will not feel he is meeting a total stranger if an occasional 
set of this type wanders into his shop. 

® 

@ 

@ 
+--_,---01)0'-----+------------l~rlLAMCNT 

Fig. 1 5-1. Typical power supply circuit used In older auto radios. 

The most striking difference between an auto receiver and a 
household set lies in their respective power supplies. In Fig. 15-1 
is diagrammed a typical power supply found in many older auto re­
ceivers. One side of the car battery is fed to the receiver chassis 
through the car frame which serves as a common ground. The un­
grounded side of the battery enters the set through a fuse, an On-Off 
switch, a filter composed of special capacitors Ml and M2 together 
with RF choke Ll, the primary windings of the power transformer, 
and finally the contacts of the nonsynchronous vibrator. You know -­
or should -- how this vibrator acts to convert the six or twelve volts 
DC battery voltage into alternating current in the primary of the 
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transformer and how this current is stepped up in the secondary to 
the potential needed to produce the proper rectified and filtered B­
plus voltage used by the set. The 6X4 rectifier converts this alter­
nating current into DC just as it does in a household receiver; and 
the output of the rectifier is filtered by C4, R3, and C5 in the same 
way. The filaments are fed directly from the battery through another 
decoupling RF choke L2. Fig. 15-2 shows a variation of part of this 
diagram often found in older receivers. The difference is that a syn­
chronous vibrator is used instead of a vacuum tube to rectify the 
output voltage of the transformer. 

SYNCHRONOUS 
VIBRATOR 

6VOLTS FROM _________ _..,_• FILAMENT 
BATTERY 

BUFFER 
CAP 

Fig. 15-2. Schematic of a power supply using a synchronous vibrator. 

The technician who has worked only on house radios will en -
counter several new items in this portion of an auto set. First, he 
will note that the fuse is rated at fifteen amperes of current instead 
of the two or three amperes he has been used to finding in console 
receivers. Secondly, he may think it unusual to find RF chokes in the 
power-supply leads, especially chokes such as Ll and L2 of Fig. 15-1. 
These ordinarily consist of ten to twenty self-supporting turns of 
heavy wire wound in a single-layer coil a half-inch or so in diameter 
and often encased in a paper tube. One of these chokes is shown in 
Fig. 15-3. Ml and M2 are capacitors fabricated by riveting metal 
plates, called "spark plates," to the chassis with insulated rivets 
and with a layer of fishpaper sandwiched in between to serve as a 
dielectric. An example ofthis type of capacitor is shown inthe photo­
graph in Fig. 15-3. The vibrators, several types of which are shown 
in Fig. 15-4, are essentially automatic switches cycling at a usual 
frequency of around 115 cps. The power transformers differ from 
those the technician has known in that their primary windings are 
center tapped and have a much lower impedance than those designed 
for 117 volts AC. C3 in Fig. 15-1 is called a "buffer capacitor" and 
is connected across the secondary of the transformer so that its 
"reflected" influence will eliminate or reduce harmful sparking at the 
contacts of the vibrator. It is a very important item, as will be 
proved later. Finally, a conventional hot-cathode rectifier may not 
be present at all. The rectifying may be done mechanically by a 
synchronous vibrator; or a gaseous rectifier, such as an OZ4, may 
be used in place of a 6X5. 
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Other essential differences in engineering and construction will 
be noticed. For example, the auto set is much better shielded than 
the average household receiver. It must have a higher sensitivity 
to permit it to do a good job with the very limited antenna facilities 
provided on a car. It is much better protected against heat, moisture, 

SPARK PLATE 

RF CHOKE 

Fig. 15-3. Physical appearance of RF choke and spark plate in a re­
ceiver. 

and vibration. In fact, when you consider that an auto set is fre­
quently subjected to temperature ranges of better than one hundred 
degrees, that it must take whatever humidity conditions the out-of­
doors has to offer, and that it is under constant vibration and jarring 
while the car is in use, you might conclude these receivers are better 
built than their stay-at-home counterparts - and you would be right! 

A few different servicing techniques are necessary. The vib­
ration to which the set is subjected must always be kept in mind. 
The practice of supporting capacitors by their wire leads is not good 
in auto-radio replacements. The body of the capacitor should be 
anchored by a clamp or by taping so that all strain is taken off the 
leads. This also goes for large resistors, IF cans, transformers, 
and similar components should be bolted down solidly. Tube sockets 
must be good. More than ever, it is important that every solder 
joint be made mechanically solid before the solder flows over it. 

It is also essential to remember that the elaborate shielding 
found in an auto set is put there because it is needed. It often has a 
double duty to perform. Not only must it isolate various stages from 
each other, but it must also keep strong ignition noise generated by 
the car out of the receiver circuits. That is why it is so essential to 
replace every single one of those self-tapping screws found holding 
the lids on the set. They are not used so freely to insure that the 
covers do not fly off; instead, they are intended to form an unbroken 
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cordon of guards aga1nst the infiltration of unwanted interference. 
Put 'em all back, and replace any which some previous sloppy tech­
nician has left out. 

Fig. 15-4. Several types of vibrators. 

In previous chapters, the importance of not removing a chassis 
without reason has been stressed. vVhen working on an automobile 
radio, it is doubly important that you do not remove the set unneces -
sarily. In the first place, some of them are harder to get out than 
the first olive from a bottle. It is not at all unusual that the glove 
compartment must be entirely removed and the receiver snaked out 
through the glove-compartment opening. In other cases, it will be 
required that you pretty well dismantle the heating and defrosting 
system of the car before you can pluck the receiver from the auto­
mobile's innards. On top of all that, it will very often be found that 
the trouble with the receiver is connected with its installation in the 
car; and the set may perform perfectly on the service bench, only to 
return to its former baJ habits as soon as it is replaced in the car. 
Removing the set should be a last resort and not a form of first aid. 

Suppose the set will not light up at all and that no cheerful hum­
ming is heard from the vibrator. First, examine the fuse. If it looks 
all right, double-check it for continuity with the ohmmeter of your 
VOM. Then switch to the voltmeter and see if the car battery voltage 
is present between the fuse holder and the frame of the car. If it is, 
make a critical examination of the fuse holder. Remember, this cir­
cuit usually carries eight or nine amperes of current, and a fairly 
low resistance connection that would be of no consequence to a smaller 
current may be serious here. Clean any corroded contacts, resolder 
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any suspicious-looking joints, and stretch the contact spring so that it 
applies more pressure to the fuse. If this does not restore normal 
operation, try a new fuse even though the old one seems good. An 
ohmmeter check is not too reliable in this instance. 

Make sure the case of the set is making a good connection to the 
body of the car. Checking from the case of the set to the car frame 
with your voltmeter while the set is turned on will reveal whether 
there is a good contact. If any voltage reading at all is obtained, that 
voltage must be subtracted from the battery voltage to determine the 
true voltage applied to the set. Tighten anchoring bolts to maintain 
this voltage as near zero as possible. If you can reach the On-Off 
switch terminals without removing the set, use your voltmeter to see 
if the battery current passes through the switch contacts in the On 
position. Somewhere along this check list, you are extremely likely 
to find the cause of the set' s not lighting up. In a few rare 
instances, the trouble might be traced to a broken connection at the 
end of one of the RF choke coils or at some other point. The broken 
connection would prevent the tubes from lighting even though battery 
voltage was traced right through the switch. Removing the set would 
likely be necessary in such an event. 

Blown fuses commonly cause a set not to light up. This raises 
another question: What caused the fuse to fail? One occasionally 
goes out for no obvious reason. Tile fuse may be defective; a slow­
acting voltage regulator may have permitted a surge of current from 
the generator to reach the set; or vibrator points may have stuck 
momentarily. In such a case, putting in a new fuse will take care of 
the trouble. On the other hand, the vibrator points may be perma -
nently frozen or there may be a serious short circuit along the hot 
battery lead, in the transformer secondary circuit, or in the B-plus 
circuit that caused the fuse to melt. 

You could put in a new fuse and turn on the set. If the radio 
started and kept playing for a few minutes, you could then pronounce 
it all right. This, however, would not be a very scientific procedure. 
It is much better to buy from your distributor a small center -zero 
ammeter that will read up to twenty-five or thirty amperes of current. 
Equip this with heavy flexible leads and clips or connectors so that it 
may be inserted in the hot lead in place of the fuse. Such a meter 
need not be expensive, polarity can be ignored when using, and it will 
stand a lot of abuse. It does not have to be too accurate as long as it 
"lies'' the same way every time. Using it on a few normally opera­
ting receivers will tell you where you can expect to find the pointer 
when the receiver is d:Fawing the usual seven to nine amperes of 
current. 

Always insert this meter in the place of a blown fuse and turn 
on the set. If the current drawn is normal, even after a few minutes 
of operation, you can then put in a new fuse with some confidence 
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that it is all that is needed. On the other hand, if the current is ex­
cessive, you will not blow a new fuse unnecessarily; but what is more 
important, you will not let a job get out of your shop with an uncured 
trouble that will cause another fuse to fail or some other part to be 
damaged within a short time. In some cases, especially when the 
abnormally low resistance is in the B-plus circuit, the set will draw 
more current than it should; but the excess will not be quite enough 
to melt a fuse until a small extra surge comes along. The use of the 
ammeter will spot these sets, while simply replacing the fuse would 
let them get away. 

If the current indication is abnormally high, try removing the 
vibrator. When this drops the current to a mere ampere or so - the 
total filament current of the tubes - try a new vibrator. If this pro­
duces a normal current through the ammeter, if the vibrator sounds 
steady and free-running, and if the radio plays satisfactorily in every 
way, you may reasonably conclude that a new vibrator is all that is 
needed. 

If the ammeter current remains higher than normal; if the 
vibrator sounds labored and erratic; or if noise, low volume, or 
fading is noticed; something wrong in the set probably caused the 
original vibrator points to stick and will do the same with the re­
placement if the set is left running for any length of time. 

When removing the vibrator does not cause the current shown 
by the ammeter to drop to a low value, the short circuit obviously 
must lie along the hot battery lead. Short-circuited spark plates are 
a possibility; so are shorted primary windings in the power trans­
former. A short circuit could exist along the filament circuit. Re­
move the set and put it on the bench. Then employ exactly the same 
techniques you used in Chapter 5 to locate the cause of excessive 
current. Your ohmmeter will work just as well on an auto set as it 
will on a house radio ! 

When a laboring vibrator indicates that the short circuit is 
probably on the secondary side of the transformer, you again use the 
techniques learned in Chapter 5. One new and prime suspect, how­
ever, is the buffer capacitor. This capacitor is subjected to very 
high transient voltages, and it often fails. Any change in either its 
leakage resistance or actual capacity will have a marked effect - in­
variably bad - on the op~ration of the vibrator. So important is this 
capacitor that most vibrator manufacturers recommend replacement 
of it whenever a new vibrator is installed. 

Use an exact replacement buffer capacitor whenever possible. 
If one cannot be obtained, be sure that the replacement you do use is 
of at least 1,600 volts rating; that it is moisture and heat resistant, 
such as the solid molded-plastic case type; and that it has the exact 
capacity originally specified. (Note that I say "originally specified" 
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rather than "formerly used." A previous technician may have 
substituted a wrong value. Check the service data to be sure.) 

If the buffer capacitor is all right, the trouble must lie in the 
rectifier tube, if one is used, or in the B-plus circuits. You know 
how to handle these cases. Just "sick" your faithful ohmmeter on 
to them, and it will come up with a leaky bypass or filter capacitor 
gripped between its test leads in no time. 

Do not get the idea the only thing that happens to a vibrator is 
stuck points which can fail in an open condition as well as in a shorted 
condition. In either case, the set will light up, but the vibrator will 
not start. A new vibrator will start right off unless something is 
wrong in the connections to the transformer primary, in the primary 
windings themselves, or in the connections at the vibrator socket. 
In general, do not try to repair a vibrator. Sometimes dressing the 
points will restore one to operating condition for a while, but there 
is more to proper vibrator operation than merely having the reed 
flutter back and forth. Really accurate and proper adjustment can 
seldom be accomplished in the service shop. 

Intermittent conditions are common in auto receivers, and 
there are a couple of new causes to meet. First, there is always the 
possibility a poor connection or a broken lead exists in the antenna 
lead-in. Shaking the antenna and the shielded lead from it to the 
receiver with reasonable vigor while the set is playing will usually 
show up trouble of this nature. Alternatively, the shielded cable may 
be removed from the place where it plugs into the set, and an ohm -
meter may be used to measure continuity from the antenna to the end 
of the plug and to detect any shorted condition between the inner con­
ductor and the shield. Incidentally, it is very important that both 
ends of the shield of the antenna cable be properly grounded to pre­
vent ignition noise from getting into the receiver. 

A bad vibrator may produce a fluctuating output voltage that 
will cause intermittent operation. Poor grounding of the receiver 
or a high-resistance connection in the hot lead from the battery will 
do the same thing. If the receiver operates only when the generator 
is charging, the trouble may be a weak battery or a poor connection 
at either end of one of the battery cables. Remote speaker leads 
sometimes short-circuit or break. Never remove an auto set before 
you have first made a thorough check of all tubes. 

Once you decide the set should be removed - and do not try to 
make major circuit repairs in the cramped quarters of the car - it 
can be treated on the_ bench about as you would treat any set. You 
will need a source of power, of course. A fully charged battery can 
be used, but a power supply operating from the 117-volt line current 
and specially designed for powering auto sets (such as shown in Fig. 
14-2) offers distinct advantages. For one thing, it does for a car 
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radio what your adjustable isolation transformer does for house sets; 
it permits you to vary the input voltage to simulate abnormal condi­
tions. Weak reception, noise, oscillation, distortion, intermittent 
fading, and similar conditions will be traced to the same causes and 
will respond to the same cures that you have come to know well in 
your work on house radios. One final word of caution, however: you 
will encounter a much wider range ofIF frequencies in auto sets than 
you are accustomed to meet in home sets. Here are some of the most 
common IF frequencies used: 175, 260, 262, 370, 455, 456, 460, 
465, and 470 kilocycles. Always refer to the service data to be sure 
of the correct IF frequency before attempting alignment. 

Mechanical troubles will be encountered much more often in 
auto sets. Some of the automatic tuning systems used are truly 
ingenious but can develop some of the most exasperating difficulties 
when they do not work. Gummy deposits are the chief enemy of these 
devices, and many of them can be set back in operation by merely a 
good cleaning with carbon tetrachloride plus a modest amount of the 
right sort of oil or grease. Finding what is wrong with any mechanism 
falls into three steps: (1) Figure out what is supposed to happen in 
what order. (2) Locate where this ideal chain of events breaks down 
and determine why. (3) Remove the difficulty. This may sound like 
an attempt to '' reduce to an absurdity,'' but the fact remains that it 
is the proper procedure to use if you are attempting to repair a 
broken-down diesel locomotive or a stubborn Rube Goldberg automatic 
tuning system. 

HYBRID AND ALL-TRANSISTOR AUTO RADIOS 

If you have been working only on older auto sets, one of these 
days you are going to put a new set on the bench and be in for several 
surprises when you start testing it. There will be no vibrator, no 
rectifier, no power transformer. You will find 12 volts on the fila­
ments of the tubes and the same voltage on the plates and screens. 
There will be no output tube. One or two king-size transistors will 
be bolted right to the chassis or even to the outside of the case. The 
output transformer will have only one winding and will be used as an 
autotransformer. 

When you get out the service data, you will find a diagram some­
thing like that shown in Fig. 15-5. This "hybrid" set is the direct 
result of car manufacturers going to twelve-volt ignition systems. 
When they did this, tube manufacture rs began coming out with a whole 
series of new tubes intended to work on 12 volts of plate and screen 
potential. These tubes can be made to perform well such functions 
as amplification, oscillation, mixing, and detection. The only thing 
they can't do well is handle large amounts of power output; but right 
there is where the power transistors shine. The result is the elec­
tronic -- pardon the expression -- jackass you see in Fig. 15-5. Its 
momma was a tube and its papa was a transistor! 
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Auto-Radios and Storage-Battery Portables 

Actually these new sets do not introduce many new service 
problems, and they do away with several old ones. Getting rid of 
vibrator troubles, powertransformer troubles, and rectifier troubles 
at one fell swoop is quite an accomplishment. Lower potentials mean 
less strain on filter and bypass capacitors. Current requirements 
are cut to a couple of amperes or so. A five-ampere fuse is ordinarily 
used in these sets. 

There are, though, some points to watch: (1) Be sure and 
observe proper polarity when connecting a set of this kind to your 
bench battery or battery substitute. Reversed polarity could ruin the 
transistors and the filter capacitors. (2) Don't operate the set with­
out the speaker connected. Power transistors are rugged, but they 
can't take that kind of abuse. (3) When checking electrolytic capac­
itors, don't exceed their voltage rating. Most of them have 16 volts 
DC working voltage rating. (4) Be careful not to short the case of 
the output transistor. This case and the mounting stud are connected 
internally to the collector and carry the collector voltage. The case 
is insulated from the chassis by a thin mica or anodized aluminum 
washer. Be sure this washer is in good condition and in place when 
replacing a power transistor. {5) The power transistor must have 
a heat sink to carry off heat generated. That means it must make a 
good mechanical bond to the chassis. Special silicone grease is often 
recommended to furnish a good heat path from the transistor case to 
the chassis. (6) The low-voltage tubes have very close spacing be­
tween elements. Trying to improvise tests for them in old tube testers 
may result in damage to them from applying more voltage than they 
can take. Test them only in tube checkers designed for them. 

Outside of these points, you can treat the receivers just as you 
would any other tube-type receiver. Because of the very close spacing 
of the tube elements, you can expect more internal shorts in the tubes. 
The bias adjustment on output transistors is critical and should be set 
exactly in accordance with service instructions. 

And then there are the all-transistor auto receivers. Some of 
these are dillies. For example, some of them permit you to pull ouf 
everything but the RF stage and the power output stage in one chunk 
and use it as a portable receiver with its own speaker and its own 
dry-cell battery. You can imagine the switching contacts and qircui­
try involved. But all in all, transistor auto sets seldom present 
problems you have not already encountered in portable and house 
transistor sets and hybrid auto sets. They use, in general, the same 
circuitry and are subject to the same troubles. 

STORAGE-BATTERY PORT ABLE 

You will not be in the service game long before you encounter 
an electronic hybrid known as the "storage-battery portable." This 
receiver is a sort of cross between a three -way portable and an 
automobile receiver. While it employs 1.4-volt tubes and can be used 
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either plugged into the 117-volt line or carried about, it depends upon 
a two-volt storage battery and a vibrator power supply for its A and 
B voltages. Really the set operates on the battery at all times 
whether it is plugged into the light line or not. However, when it is 
plugged into the line, a self-contained battery charger keeps replen­
ishing the battery at about the same rate that current is drawn from 
it. This charger operates automatically whenever the set is plugged 
in and turned on. The charger may be operated, though, with the set 
turned off. Fig. 15-6 is a diagram of the power supply of a typical 
receiver of this kind. 

When one of these sets will not play, the first thing to check is 
the condition of the battery. This can be done visually by noting if the 
water level is up to the proper mark on the plastic case of the battery 
and by observing if the colored balls which are inside the battery to 
indicate the specific gravity of the electrolyte are occupying the pro­
per position. The position which indicates a properly charged battery 
is described on the cover of the battery. If the battery is discharged, 
add distilled water if necessary and plug in the set and turn the On­
Off-Chg switch to Chg. Bv listening closely, you will be able to hear 
a slight hum when the charger is switched on. If you do not hear this 
hum, check the fuse. If it is open, replace it. After the charger has 
been on for a couple of hours, the battery should begin to bubble and 
gas. If no such activity is noticed, check the condition of the copper -
oxide rectifier discs used in the charger in accordance with informa­
tion provided in the service data. If they are bad, replace them. If 
the charger is all right but the battery refuses to come up to full 
charge after thirty hours of continuous charging, the battery is un­
doubtedly bad and will have to be replaced. 

When the battery is all right and the connections to its terminals 
are good, but the vibrator still shows no signs of life, the vibrator is 
probably defective. This is one instance where it may be worth while 
to try and repair the vibrator. It can be unplugged and the case re -
moved from it. Usually, it will be necessary to break two soldered 
spots between the bottom rim of the case and the base to do this. 
Look closely at the vibrator and you will see a tiny screw adjustment 
for a set of points below the points carrying the transformer currents. 
These are the driving-coil contacts, and they frequently wear off so 
that they no longer touch. Turn the adjusting screw until the contacts 
touch, and then try the vibrator. If it starts vibrating, try moving 
the screw a little each way until the vibrator starts efficiently every 
time the set is turned on and until the vibrating reed describes a 
steady arc of maximum amplitude. Replace the cover, resolder it, 
and restore the vibrator to its socket. The writer has several of 
these vibrators that were repaired in this manner two or three years 
ago, and they are still going. 

Occasionally, one of these sets will display a bad hum that can -
not be eliminated by bridging or replacing the filter capacitors. The 
hum is often worse when the set is plugged into the AC line. When 
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this happens, carefully clean the contacts by which the battery is con­
nected to the set. In many cases, these contacts are in the form of 
banana plugs that slip into sockets moulded right into the battery case. 
When a poor contact is had, the pulsing-current requirements of the 
vibrator cause the filament voltage of the set to be modulated at the 
vibrator frequency; and hum is produced. In other cases, the poor 
connection to the battery allows the pulsating DC output of the battery 
charger todo the same thing. At any rate, improving the connections 
will banish the trouble. 

By treating the power supply as you would an auto receiver and 
the remainder of the circuit as you would a three-way portable, these 
sets should present no further serious problems. You will note, 
however, that the filaments are connected in parallel arrangements 
with resistances (or choke windings) being used to reduce the two-volt 
battery voltage to the proper 1. 4-volt requirements of the tubes. 

The chief trouble with these sets is to persuade the owners to 
give them the small but essential amount of care they need. Keeping 
the battery filled with distilled water and keeping the battery charged, 
even when the radio is not being used, is essential; yet many owners 
will tuck one of these sets away in a closet at the end of the summer 
and never look at it again until the following summer. Sometimes 
reminding such people of the stiff price of a new two-volt battery 
helps considerably! 

QUESTIONS 

1. What is the greatest difference between the power supply of a 
conventional car radio and that of a household set? 

2. What is the purpose of the buffer capacitor? 
3. In auto radio servicing, what precautions are made necessary by 

vibration? 
4. What is the double purpose of shielding in auto receivers? 
5. When should you replace a buffer capacitor, and what precautions 

are necessary in this replacement? 
6. What is a "hybrid" auto receiver? 
7. List some points to watch in working on hybrid receivers. 
8. What care must be observed in testing low-voltage tubes? 
9. Ina storage-battery portable, what is the effect of poor connections 

to the battery? 
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CHAPTER 16 

All-Wave And FM Sets 

A few years ago a receiver that did not cover ail frequencies 
between 550 kc and 15,000 kc was considered as inadequate as would 
be a TV set today with provision for receiving only channels 2 through 
6. Later, these short-wave bands were largely replaced by such 
things as push buttons, tuning eyes, bass and treble controls, and 
timer clocks; but there are still a great many of these all-wave sets 
lurking around. The writer joins many other technicians in firmly 
believing that quality construction of radio sets reached a high tide 
during the period these multiband sets were being produced; and 
many of them have proved themselves to be as durable as Ford's 
Model A. What's more, the owner is quite likely to be just as proud 
of his "vintage" receiver as a Model A owner is of his car. Finally, 
the best quality of receivers built today, the communications sets , 
are essentially refined all-wave radios. 

It is necessary, therefore, that you be familiar with the special 
problems connected with servicing these receivers. First, let us 
take up the comparatively simple all-wave receiver designed for 
use by the average person and leave consideration of receivers for 
specialized communications until later. 

ALL.WAVE RECEIVERS 

An all-wave receiver is essentially the same as any other 
broadcast receiver from the converter plate through the speaker. 
The difference lies in the oscillator, converter, RF amplifier, and 
antenna circuits. Fig. 16-1 shows a typical circuit of a comparatively 
simple all-wave receiver. Band No. 1 on this receiver tunes from 
540 to 1700 kc, band No. 2 from 1.7 to 5.5 me, band No. 3 from 5.5 
to 17 me, and band No. 4 from 16 to 46 me. Each band, you will note, 
requires a separate oscillator coil and antenna transformer to cover 
its tuning range. If the set had an RF stage, an RF transformer 
similar in construction to the multicoil antenna transformer would 
be used to couple the plate of the RF stage to the grid of the mixer 
tube on all bands. 

In some sets, a complete separate transformer or oscillator 
coil that is individually shielded is used for each band; in many 
others,each set of transformers consists of several windings on a 
single coil form. The set diagrammed in Fig. 16-1 is of this latter 
type. Notice that the lower -frequency coils not in use are automat­
ically shorted out to prevent their acting as self-resonant traps and 
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All-Wave and FM Sets 

causing "suck-out" spots to appear in the tuning range of the coil 
in use. 

It does not take much imagination to see that complicating the 
front end of a set in this manuer increases the opportunity for trouble. 
Twelve transformers present more room for something to happen 
than three; and when you remember that both primary and secondary 
windings of these transformers must be switched in and out of the 
circuit with a multicontact several-position switch, you can picture 
the sinister possibilities. 

Fortunately, many of the troubles that happen are almost self­
diagnosing. For example, if the receiver is dead on only one band 
while normal reception is had on the others, you need waste no time 
seeking the difficulty in circuit components in use on all bands. The 
search is immediately narrowed down to the various coils, trans­
formers, and associated parts switched into the circuit when the dead 
band is in use - and incidentally, never overlook the switch itself. 
Dirty, corroded, and bent contacts on the band-change switch very 
often result in a receiver that will not play on a particular band. 
When this condition is discovered, a liberal application of a good con­
tact cleaner to the switch contacts while the switch is worked a few 
times will usually take care of dirt and corrosion. Bent contacts may 
often - but not always - be restored to their original position and 
tension by careful manipulation with tweezers, medical forceps, and 
other small tools. In some instances, it may be necessary to replace 
the whole switch. If you do not make a very careful diagram of the 
many wires going to this switch and show such things as color and 
position, so that you may reconnect them without hesitation to the 
proper points on the new switch, you will regret it! This is one place 
where even a good memory simply cannot be trusted. 

Coils fail as often in all -wave sets as in any others, but some -
times such a failure presents a much worse problem. For example, 
suppose the antenna coil in Fig. 16-1 is burned and charred by light­
ning. In a simple broadcast set, this would require either replacing 
justthe antenna coil or at mostthe two-coil transformer. In our all­
wave job, however, the broadcast-band antenna coil is wound on a 
form containing all the other antenna coils as well as the secondaries 
of these transformers. Lugs and mounting brackets on the ends of 
the coil normally make it impossible to use a slipover primary. Quite 
often there is no space to mount an entirely separate antenna trans -
former to cover the band that is out, even if an antenna transformer 
that would work satisfactorily could be obtained. In the long run, the 
best repair is to replace the entire antenna transformer assembly, 
even though this entails breaking and resoldering many connections 
and complete realignment of the front end of the set. 

This subject of alignment brings up one of the most important 
differences in all-wave receivers. Circuits operate somewhat dif­
ferently in the megacycle region than they do down in the broadcast 
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band. In the first place, when a circuit is working at several mega­
cycles, its resonant frequency can be drastically shifted by minor 
mechanical changes that would have no appreciable effect at broadcast 
frequencies. In short, you can't go wrestling wires, capacitors, and 
resistors about in the oscillator, RF, and mixer circuits of these 
receivers without seriously upsetting the alignment. Moving a wire 
a hall-inch is sufficient to change an oscillator frequency five hundred 
kilocycles at thirty megacycles I 

Fig. 16-2, Cabinet view of a communications receiver. 

Do not try to depend upon general service procedures in align­
ing an all-wave set, but follow your service-data instructions reli­
giously. The order in which trimmers are adjusted can sometimes 
make the difference between a set that aligns easily and one that can­
not be properly aligned at all. You will find that it is often necessary 
to rock the tuning capacitor even when aligning high-frequency trim­
mers on the short-wave bands. In the past, such rocking was usually 
practiced only on the low-frequency end of the band. It now becomes 
necessary because a high-frequency oscillator tends to have its fre­
quency influenced by the tuning of other circuits near its frequency, 
even though those circuits are comparatively loosely coupled to it. 
The rocking adjustment of mixer and RF trimmers helps overcome 
this tendency of the oscillator to "pull.'' 

Another tricky business you must watch lies in the fact that 
there are usually two points to which a short-wave circuit can be 
aligned to produce a response on the output meter. One is the proper 
point, the other is called an" image." Ha high-frequency trimmer 
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is incorrectly adjusted to an image, the receiver will not track on 
that band. Careful reading and following of alignment instructions 
will avoid this happening. General instructions cannot be given be­
cause the position of the image depends upon whether the oscillator is 
intended to track higher or lower in frequency than the signal; and 
sometimes the oscillator works on the high side and again on the low , 
even occasionally changing position on different bands in the same set. 

Carefully follow instructions concerning the methods recom­
mended for connecting the signal generator to the set during various 
phases of alignment. The various values of resistors and capacitors 
suggested are selected for good reasons. All tube shields should be 
securely in place before alignment is attempted. 

COMMUNICATIONS RECEIVERS 

And now we come to the communications receivers. One of the 
less complicated communications receiver is pictured in Fig. 16-2. A 
partial schematic diagram of the RF and IF circuits are shown in 
Fig. 16-3. Let me say right here that a good technician has the same 
healthy respect for one of these sets that a garage mechanic has for 
the mechanism of a Rolls-Royce automobile. In neither case is there 
any room for a tinkerer. That does not mean that even a com para -
tively inexperienced service technician should be afraid to touch one 
of these sets. Bad tubes, shorted bypass capacitors, open resistors, 
and poor connections are located in a communications receiver just 
about as easily as they are in a broadcast radio. When replacing 
parts, however, it is very essential that you adhere strictly to original 
replacements or service-data recommendations. Many of these parts 
are quite critical as to value, and an incorrect replacement will 
seriously affect the performance of the receiver. A single example 
is the temperature -compensating capacitors usually found in the 
oscillator circuit to overcome temperature-produced changes in 
oscillator frequency. U one of these is replaced with an ordinary 
mica unit, even though it is of the same capacity and voltage rating, 
the performance of the oscillator will be degraded. 

Another point is that you should use extreme care in removing 
old parts and replacing new ones. A bottom view of a more compli­
cated communications receiver is shown in Fig. 16-4. Tiptoe around 
through the circuits with all the care and caution of a cat burglar 
working in the home of an insomniac. Never move a part or wire un­
less it is absolutely necessary, and then make sure you replace it 
exactly as it was. 

Suppose the owner wants the set realigned. Do not take on this 
job without due deliberation. First finq. out why he wants this done. 
The tuned circuits in i:hese sets are carefully engineered to hold 
their alignment over a long period of time against all ordinary 
hazards except one: the tinkerer and his busy little screwdriver! If 
the owner has turned the trimmers, the receiver undoubtedly does 
need alignment; but otherwise alignment is probably being unjustly 
blamed while something else is causing the trouble. 
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All-Wave and FM Sets 

Even when you are convinced alignment is needed, I hesitate to 
recommend that you undertake the job unless (1) you have a very 
accurate and dependable signal generator, (2) you have complete 
and detailed alignment information on that particular receiver, and 
(3) you have had at least some operational experience with com -
munications receivers so that you will know when one is operating as 
it should. Unless such terms as double-conversion, crystal phasing, 
single-signal selectivity, RF gain control, S-meter, and band spread 
have clear and concrete meanings for you, it is much better to sug­
gest that the owner return the set to the manufacturer for alignment. 
The famed fury of a woman scorned is a tempest in a teapot com -
pared to the monumental anger of a radio ham whose pet receiver 
has been fouled up by an improperly executed alignment job. 

Fig. 16-4. Bottom view of chassis of one of the more complicated 
communications receivers. 

Lest it seem I am advising you not to go near the water until 
you learn to swim, I hasten to add that I strongly recommend the 
purchase of a good used communications receiver by the novice 
technician. Such a receiver will provide a standard of reception 
against which to check all other receivers that cross the bench. The 
ability of such a set to pick up the many transmissions of the National 
Bureau of Standards station WWV will furnish primary standards of 
frequency to be used in calibrating signal generators and other ser­
vice shop equipment. Finally, by operating, aligning, and maintain­
ing this receiver, the technician can thoroughly acquaint himself with 
the specialized problems and procedures connected with using and 
servicing these sets. Once he has done that, no other receiver ser -
vice problem will cause him many fears. The cost of a good used 
communications receiver is a cheap price to pay for that kind of 
self-confidence. 
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FM AND AM-FM RECEIVERS 

It has always seemed to the writer that an FM set such as the 
one diagrammed in Fig. 16-5 is much more nearly a blood relative of 
a television receiver than of a broadcast radio. The band it tunes, 
88 to 108 megacycles, is right in the middle of the TV VHF band; 
the FM type of transmission received is the same as that used for 
the audio portion of the television signal in the United States; and a 
TV type of antenna must be used for good reception. Still, you find 
many combination AM-FM receivers on the market today, even in 
the form of AC-DC sets such as the one diagrammed in Fig. 16-6; and 
the owner of one of these is usually blissfully unaware that he has 
two basically different receivers housed in a single cabinet. The 
service technician, however, is acutely aware of the difference. 

At one hundred megacycles, coils, capacitors, tubes, and even 
tuning arrangements are often radically different from these same 
items at lower frequencies. For example, a tuned circuit may be a 
long line that looks suspiciously like - and probably is - a length of 
twin-lead. Instead of a conventional tuning capacitor, the technician 
is likely to find a miniature mechanism that bears the grisly but apt 
name of " guillotine tuner." A tuner of this type is shown in Fig. 
16-7. A bypass capacitor may strongly resemble either a fat wood 
tick with a pair of wires sticking out of one side or a quarter-watt 
resistor. This is no place to be guessing whatthings are. Work hand 
in glove with your service data. 

I hate to continue harping on this single string, but once more 
let me remind you that extreme caution must be used in moving the 
wires and parts of an FM receiver. Even the IF frequency is usually 
around 10. 7 megacycles where just a little change in stray capacity 
is sufficient to detune a circuit. The leads of all replacement ca -
pacitors and resistors shouldbe clipped as closely as possible to the 
length employed in the original parts. In the front end of the set, 
things are even more critical. Changing oscillator tubes will fre­
quently necessitate realignment because of the slight difference in 
the internal capacities of the new and old tubes. 

It may seem odd to you, but this writer is not going to sound 
off with any general instructions for aligning FM receivers. He has 
tried to make it plain all along that he is a great believer in specific 
rather than general service information. He strongly feels it is es­
pecially important for the novice technician to develop the habit of 
turning to his service data whenever there is the least doubt in his 
mind as how to proceed; and considering the many varieties of cir­
cuits found in FM sets, that will probably happen quite often in work­
ing on these receivers. There are at least three different types of 
FM detectors in common use, each of which requires a different 
alignment technique. FM front ends display almost as much variety 
as women's hats. Even the IF circuits of combination AM-FM 
receivers nave several different versions. In view of all this, any 
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capsule type of FM alignment information is about as valuable as a 
single lesson on how to play the piano. 

Good service data on FM receivers lists two methods of align -
ment. One uses an AM generator and a VTVM; the other employs 
a sweep generator and a cathode-ray oscilloscope. There is no 
reason for the novice technician to feel he cannot do as good a job 
with the first method as can be obtained with the second. As an actual 
test, the writer has on several occasions aligned FM receivers with 
the AM generator and VTVM and then inspected the results with a 
sweep generator and scope. In every case where the alignment in­
structions were conscientiously followed, the results obtained could 
not be appreciably bettered with the more complicated and expensive 
instruments. While the alignment can admittedly be done faster by 
the latter method, it cannot normally be done better - and that is 
what counts when you are learning the business. 

Fig. 16-7. Top view of an AM-FM receiver using a guillotine tuner. 

It is well to remember that the IF amplifier of an FM receiver 
is deliberately broadened to pass a bandwidth of roughly 150 kilo­
cycles. A little drift in this circuit is not going to have much effect. 
The detector circuit, on the other hand, must be precisely aligned for 
good operation, and even a slight detuning of the circuits directly 
associated with the detector tube will seriously affect reception. 
Knowing this will often enable you to touch up the detector-circuit 
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tuning, using only a transmitted signal when you are in a customer's 
home without your alignment equipment. Doing so will often produce 
a tremendous improvement in reception; in fact, a complete align­
ment might add little to the effect produced by this single precise 
adjustment. 

To make the adjustment properly you must have a clear idea of 
how the FM signal sounds when the detector is tuned "right on the 
nose" and how it sounds when tuned either side of that point. The 
best way to gain this knowledge is to experiment with a receiver on 
your bench. Tune across a station with a receiver that you have just 
placed in perfect alignment. Notice how, as you approach the station, 
you first hear the signal with increasing loudness but with some dis­
tortion. Then you pass through a null point where the signal disappears. 
Next, there is a comparatively broad area of reception with one point 
right in the middle of this area where the signal is loud, noise free, 
and without distortion. This is where the set is normally tuned. 
Finally, as you keep on turning the dial, another null point is passed 
through; the signal is heard again with some distortion; and at last 
it fades away and is lost. 

When the detector is properly adjusted, the null points and the 
areas of slight distortion just beyond these points are symmetrically 
positioned with regard to the optimum tuning point of the receiver. 
When the signal falls off abruptly on one side of the best re­
ception area but continues to be heard for some distance on the other 
side, the secondary trimmer of the output IF transformer needs ad­
justment. It is rather difficult to describe exactly how this sounds, 
but a little intelligent listening and moving of this trimmer while 
tuning back and forth through a station will soon enable you to tell 
instantly whether or not an FM detector is properly adjusted. That 
knowledge is just as much a service tool as your screwdriver. 

Do not get the mistaken idea you cannot use your AM generator 
and signal tracer for signal tracing through the circuits of an FM 
set. The AM signal will go through to the limiter stage just as 
readily as it will through an AM receiver, and it will continue right 
on through the limiter and detector stages with some attenuation but 
with still quite usable strength. In fact, you depend upon its doing so 
when you align the IF section with yol)r AM signal generator and 
VTVM. H the signal generator is set precisely to the IF frequency 
for which the detector is adjusted, the signal heard inthe speaker of 
the set will be cut down consideral:Hy; but if the generator frequency 
is moved just slightly to either side of this point, fair volume will 
result. Since the generator signal is amplitude modulated, it can be 
picked off with the crystal probe of the signal tracer at any point. 

Bypass capacitors, resistors, tubes, and coils are subject to 
the same failures in these receivers as in AM sets. In general, 
exact replacement values are more important than they would be in 
similar positions in an AM receiver because of the higher frequencies 
involved. You will normally find more ceramic capacitors used in 

210 



All-Wave and FM Sets 

the FM receivers. Do not replace them with paper types. They are 
not used just to save space. Quite often the shorter leads possible 
with these capacitors result in a better job of bypassing at the fre­
quencies used. 

You willfindsome special-purposetubes used in FM receivers. 
Two such tubes employed in many AM-FM combinations are the 6TB 
and its alter ego, the 19TB, which are triple-diode, high-mu-triode 
tubes. One diode serves an AM detector; the other two are used 
as the FM detector; and the triode serves as a high-gain audio stage 
in either service. These tubes have a habit of shorting internally, 
probably in rebellion against having so many elements stuffed into 
one tiny envelope; so watch out for them. The shorts test of your 
tube checker will reveal the trouble. 

In AM-FM combinations, there is considerable difference from 
set to set as to how much of the circuit is common to both types of 
reception and how much is switched in and out of use. Consider this 
illuminating example. In a few sets, entirely separate IF strips are 
used; but in most of the receivers, the AM and FM intermediate­
frequency transformers have their corresponding windings conneeted 
in series. Because of the wide separation in the intermediate fre­
quencies used, the transformer winding not in use has such a low re­
actance that the operation of the active transformer is unimpaired. 
In this setup, the opening of a coil in either transformer will disable 
the set for both types of operation. This is not true where separate 
IF transformers are switched in and out of the circuit. 

Whenever one of these combination sets operates satisfactory 
with one type of reception but is either dead or has some defect when 
trying to receive the other type, a careful study of the diagram to find 
out exactly what circuit components are common and which ones are 
specialized will often save considerable wasted effort. It is best not 
to take it for granted that you know which are which. Design engi­
neers are a very tricky and original group of fellows who delight in 
crossing you up - or so it seems. 

In conclusion, then, let me assure you that you will not have 
any great trouble with FM receivers if you do the following: (1) 
familiarize yourself thoroughly with the diagram before attempting 
any work on the set; (2) follow alignment instructions to the letter; 
(3) disturb the wiring and other circuit components just as little as 
possible while testing and making repairs; (4) try to replace parts 
so neatly, with close attention paid to lead length, placement, and 
exact values, that it ·is difficult to tell a new part was put in; (5) do 
not hesitate to switch back and forth freely among your service in­
struments and your trouble-shooting techniques while trying to pin 
down an obscure trouble; and, above all, (6) keep your finest ser­
vicing instrument, your keenly observing, always questioning,_ 
logically reasoning mind at work at all times. 

Come to think of it, if you do this, you will not have much 
trouble with any set l 

211 



lntermittents and Miscellaneous Service Problems 

QUESTIONS 

1. What circuits in an all-wave receiver are different from those in 
a broadcast receiver? 

2. If only one band of an all-wave receiver fails to function, where 
do you look for trouble? 

3. What extra precautions are necessary in aligning an all-wave 
receiver? 

4. What is an "image"? 
5. On whose communications receiver should the technician practice? 
6. Why is general information not given for aligning FM receivers? 
7. What is the bandwidth of the IF amplifier of a broadcast FM 

receiver? 
8. Canan AM signal generator and signal tracer be used for signal 

tracing in an FM receiver? Explain. 
9. In high frequency circuits, do you replace ceramic capacitors with 

paper types? 
10. What is your test servicing instrument? 
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CONCLUSION 

At the end of a book such as this, the writer wonders how nearly 
he has achieved the aim with which he started. That aim, boldly 
stated in the Introduction, was to transfer to the mind of the reader 
as much as possible of the usable experience gained by the writer in 
working on radios for more than a quarter of a century. 

If this mind-grafting operation has been in any way successful, 
the theoretical knowledge you had before you started the book should 
now be brought into a sharper, more understandable focus. You ought 
to feel much more at home with the instruments on your bench and 
be able to select the proper one for tracking down the cause of a 
particular symptom almost automatically. Articles read in technical 
radio publications should be more readily grasped because of your 
unconscious absorption of a great deal of the technician's jargon in 
these pages. Finally, most important of all, you should now be able 
to tackle an ailing radio with a great deal more easy confidence in 
your ultimate ability to make a repair than you ever felt before. 

Any omissions that are found - and there are bound to be a few 
in so vast and complicated a subject - are not deliberate. There has 
been no attempt or intention to withhold "trade secrets." When you 
try to describe in minute detail any operation with which you are so 
familiar you perform it automatically, it is very, very easy to glide 
unconsciously over a detail that seems perfectly obvious to you but is 
something entirely different to your listener. If you have ever tried 
to teach a woman how to drive, you will know exactly what is meant. 

In conclusion, the writer cannot resist giving one final bit of 
nontechnical advice: Never allow your service work to become routine 
drudgery. There is nothing in the work itself tomake it so. The end­
less variety of circuits, symptoms, receiver faults, and new develop­
ments that parade across your bench should be a perpetual and 
stimulating challenge and should keep you constantly studying and 
thinking about your work. This natural process can only be stopped 
when you decide - always prematurely! - that you know all that' s 
worth knowing about radio service and close the doors of your mind. 
When that occurs, your development and growth as a technician halts 
abruptly; but what is still more serious, the magic slips away and 
doing your job turns from fun to work. Never be so foolish as to let 
that happen ! 
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ANSWERS TO REVIEW QUESTIONS 
Introduction 

1. Radio school, armed forces training, extensive reading. 
2. Literature should include wiring diagrams, alignment in­

formation, voltage readings, and parts values of all sets 
likely to be encountered. 

3. VTVM, VOM, Signal Tracer, Signal Generator. 
4. Protects technician from danger of working on a "hot" 

chassis; permits him to duplicate wide range of line-voltage 
conditions found in homes. 

5. Solder gun, electric drill, good vise, sharp-nosed and duck­
billed pliers, diagonal cutters, conventional and Phillips 
screwdrivers in assorted sizes, complete set of Spintite 
wrenches, hacksaw, files, complete set of alignment tools, 
speaker shims, wire strippers. 

6. It is often necessary to try a known good part in place of a 
suspected one to see if this restores normal operation. 

Chapter 1 
1. Tubes do not light. 
2. Ohmmeter. 
3. Inserts appreciable resistance in series with line for sev­

eral seconds after set is turned on, and then shorts this 
resistance out. Purpose is to protect tube filaments from 
high initial surge currents. 

4. Connected in parallel in transformer set; in series in AC­
DC receiver. 

5. Pilot lamp shunts portion of filament carrying both plate 
and filament currents. When it is out, this portion of fil­
ament is subjected to additional strain. Blooming pilot 
lamp as set warms up can often warn of short circuit in 
time to cut off set and prevent loss of rectifier. 

6. The current through the probes is sufficient to burn out 
the filaments with some types of ohmmeters. 

7. Leakage is revealed by low resistance. Presence of ca­
pacity is indicated by the kick of the pointer with charging 
current as the ohmmeter is connected. 

8. Open input filter capacitor, weak selenium rectifier. 
9. Substitute a new one. 
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Chapter 2 
1. The speaker, the output transformer, the output stage, or 

the power supply for that stage. 
2. An open primary in the outpu·t transformer. 
3. It is held close to the transformer so as to induce a hum 

into the speaker if the voice-coil and transformer-second­
ary circuits are intact. 

4. A charge on a filter capacitor that has not been bled off 
can ruin the ohmmeter. 

5. Check for a possible short circuit in the B+ circuit that 
may have ruined rectifier and will ruin new one if not re­
moved. 

6. Disconnect batteries while checking; employ small, taped 
probes; move wires and parts carefully. 

7. The contact jaws can be bent back into place with a sharp­
pointed scratch awl. 

Chapter 3 
1. Pull tube from socket or touch grid connection and listen 

for click in speaker. In some stages, a finger on the grid 
will produce a hum. 

2. The tube is not drawing plate current, or something is 
wrong in the stages following it. 

3. Keep experimenting on normal receivers until you know. 
4. A substitute can be used for a PM speaker. The antenna 

is not needed to determine when a dead set has been re­
stored to life. 

5. An IF transformer. An open winding or shorted trimmer 
kills the signal at this point, or at least greatly reduces it. 

6. Because the DC voltage and the AC signal voltage are often 
both impressed across this capacitor. 

7. Start checking all voltages and components in that stage. 
8. No, because most of these sets use pentode audio amplifier 

tubes, and the screen voltage is almost as important as the 
plate voltage. 

Chapter 4 

1. The oscillator is probably not working. 
2. Quite often such tubes will check "Good" in a tube tester 

but still not work. 
3. Check for the presence of negative grid voltage on the os­

cillator tube. Its presence indicates oscillation, anct the 
amount of the voltage is a rough check of the vigor of the 
oscillation. 

4. Touch the stator of the oscillator tuning capacitor and lis­
ten for a "plop" as the oscillator goes out of oscillation. 
No ''plop," no oscillation. 
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5. The uncut leads of the new part are temporarily connected 
into the circuit with drops of solder. 

6. A defective winding. 
7. Yes, it can have shorted turns in a winding. 
8. A converter tube with weak filament emission. 
9. A weak rectifier that supplies insufficientfilament current 

to the converter. 

Chapter 5 
1. Set or house fuses that blow, red-hot rectifier plates, a 

growling power transformer, lights dim when set is turned 
on, smoking set. 

2. Flashing purple, pink, or blue light around plates of recti­
fier when set is turned on. 

3. Internal short circuits. Tubes should be tapped smartly 
while being tested. 

4. Usually a resistor of several hundred ohms appears be­
tween the output of the filter and the screen of the tube, 
and this resistance would not allow enough current to flow 
through the shorted bypass capacitor to blow a fuse. Oc­
casionally overheating. reduces the resistance of such a 
resistor until it no longer affords that protection. 

5. The ohmmeter is used to locate the point in the B+ voltage 
distribution system with the least resistance to ground. 
Then parts that could produce such a low resistance are 
cut loose one at a time until the condition is cleared. 

6. No, the suspected part number of the diagram is matched 
with the same number on the picture of the set. This is 
much faster than locating the part by tracing the wiring. 

7. Inside IF transformer shield cans. 
8. Filter chokes, field coils, and output transformer primary 

windings short-circuit to cores; tube elements short in­
ternally; sockets carbonize and produce short circuits. 

9. Remove all loads and apply power to the transformer. If 
it overheats, it has shorted turns. 

10. Lightning can strike the line or induce a surge in it that 
will short-circuit the capacitor from one side of the line 
to chassis. Then power can flow from the hot power lead 
through the transformer primary and through this capac -
itor to the chassis, down through the chassis-grounding 
lead to the earth, and back through the earth to the grounded 
side of the pole transformer secondary. This bypasses the 
switch in the ground lead from the transformer. 
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Chapter 6 
1. (1) Speaker should be baffled. (2) Volume should be low 

and a voice transmission should be tuned in. (3) Stand 
directly in front of speaker. (4) Listen for hum on strong 
as well as weak stations. 

2. Open or weak filter capacitors. 
3. Input filter capacitor failure produces more severe hum 

that chops up voice or music; DC voltage is low. Output 
filter capacitor failure does not affect voltage and usually 
produces somewhat less hum; but there may be accom­
panying motor-boating or oscillation and loss of low fre­
quencies. 

4. Use test leads connected to the bridging capacitor. 
5. Use it to bypass grids and plates to ground while noting 

effect on hum. This will enable you to "bracket" the stage 
in which the hum is arising. 

6. A grid that has an extremely high resistance between it 
and ground. 

7. An open bypass capacitor between one side of the line and 
ground. 

8. It produces hum. 
9. The low-voltage high-capacity filter capacitors ordinarily 

found across the filament supply circuits. 

Chapter 7 
1. When the stations are on the same frequency. 
2. Overloading and rectification in an amplifier stage. 
3. To keep the AVC action from providing misleading results. 
4. (1) Can cause short-circuit and damage. (2) Metal detunes 

transformer. (3) Causes hum that masks signal from gen­
erator. (4) Tuning slugs may be damaged. (5) Technician 
may receive shock. 

5. Defective trimmer, defective transformer winding, open 
plate-return or grid-return bypass capacitor. 

6. Connect hot lead of generator to short lenb'th of wire placed 
near loop. 

7. Prevents possibility of shock and avoids annoying hum 
when the generator is connected to the chassis. 

8. The transformer is defective; possibly the windings are 
affected by heat. Replace the transformer. 

9. Yes, their presence in the field of the loop affects its tun­
ing. 

Chapter 8 

1. Audio or filter circuits. 
2. There must be amplification, and some of the output volt­

age of the amplifier must be fed back in the proper phase 
to the input. 

217 



3. This capacitor serves as a "decoupling" capacitor that ties 
audio signals down to ground. When it opens, it permits 
output signals to feed back to other stages. 

4. Yes, too large a capacitor can produce motorboating; too 
small a capacitor can result in impaired low-frequency 
response. 

5. Something can happen to remove the stabilizing influence 
of the feedback or actually to reverse the phase and make 
the feedback positive. 

6. The detector section works ahead of the volume control. 
The other section in the tube works as an audio amplifier 
behind the volume control. 

7. Change tubes. 
8. Heat may cause the windings to slide together and upset 

critical coupling necessary for proper operation. 
9. The second or third harmonic of the IF is getting back into 

the input of the receiver and is heterodyning with the sig­
nal being received. 

10. Use only a similar capacitor. 
11. A partially exhausted battery may be presenting a high 

impedance to audio signals, thus failing to provide a low­
resistance path to ground. 

Chapter 9 
1. Turns may lose their bond with the circuit board and short 

together. 
2. This helps to rev.eal noise-producing loose elements inside 

the tubes. 
3. Metal filings may be shorting the voice coil to the pole 

piece, or loose turns in the voice coil may be shorting out; 
the cone may be cracked or uncemented from the frame of 
the speaker. 

4. There may be leakage from one winding to another through 
the material in which the fixed capacitors are imbedded. 

5. Poor connections between the leads and the foil can pro­
duce this noise. 

6. (1) Do not breathe fumes. (2) Do not get it into your eyes. 
(3) Do not permit it to touch an open cut or skin abrasion. 
(4) Never expose it to the flame of a blowtorch or throw it 
on a hot surface. 

7. The rectifier. 
8. Tubes. 

Chapter 10 
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1. Speaker voice coil rubbing on pole piece. 
2. Put shims in place; soften spider with acetone; let set; 

remove shims. 
3. Replace cone or entire speaker. 



4. After set is on for a while, it begins to distort and grid 
bias is gradually lost. 

5. A leaky coupling capacitor. 
6. In the AVC circuit. 
7. A marked loss of low frequencies. 
8. A defective tube or a partially-open coupling capacitor. 
9. The filament cannot supply enough electrons for signal­

peaks, and "flat-topping" of the signal being amplified re­
sults. 

Chapter 11 
1. Ten and a half million times. 
2. Lack of amplification in the audio section. 
3. Something wrong in the circuits between the antenna and 

the volume control. 
4. The IF and audio amplifier tubes. 
5. Probably the antenna coil is open. 
6. If a loud growl is heard, the trouble probably lies ahead of 

the volume control; if not, the trouble is likely in the audio 
stages. 

7. To learn the normal strength of signal at each point in the 
receiver. 

8. Because they are subjected to more heat. 
9. The tube filaments are all in series, so an increase in the 

resistance of one filament cuts down the current through 
all the filaments. The reduced current produced by an in­
crease in the resistance of an output tube could show up 
as impaired operation of IF-amplifier or converter tubes, 
since these tubes are more sensitive to changes in filament 
current. 

Chapter 12 

1. How does the set misbehave? How often? For how long 
has this been going on? When was the last time it did it? 
How long does the set have to be on before it happens? 
Does it happen at a P<\rticular time of day? How can you 
restore normal operation? 

2. A tube with an intermittent filament. 
3. Run line voltage up and down; heat portions of set; cool 

portions of set; tap components. 
4. Shorting elements. 
5. The VOM is connected across the output transformer pri­

mary; the signal tracer is connected to the plate of the 
first IF amplifier; the VTVM reads AVC voltage. The 
evidence of these indicators will reveal in what general 
portion of the receiver the signal is being lost. Then the 
meters and signal tracer can be reconnected to pinpoint 
the defect even closer when the signal cuts out. 
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6. A voltmeter across the filament will go up if the filament 
opens, down when any other filament of the set opens. The 
tubes can be removed from the set when the signal disap­
pears and quickly checked with an ohmmeter connected to 
the filament prongs. 

7. No. 
8. Oscillator drop-out. 

Chapter 13 
1. By changing the applied line voltage with the voltage-ad­

justing isolation transformer. 
2. A one-ohm resistor can be inserted in the filament lead 

and the AC voltage across this resistor measured. The 
potential in volts will equal the current in amperes. 

3. Coupling capacitors that open. 
4. The connection between lead and foil is broken. 
5. The bridging may temporarily "cure" the difficulty, but it 

will show up again later. 
6. Volume hops up and down of own volition. Control is noisy 

when moved. Control of volume is erratic. Set may squeal 
at certain settings of control. 

7. A drop in volume, a vibration-triggered noise, an inter­
mittent hum on strong carriers, or any combination of 
these symptoms. 

8. Because less heat is generated in the three-way portable. 

Chapter 14 
1. Keep heat from transistors; use ''heat-sinks" on leads 

when soldering. Never take resistors from sockets or 
replace them with the power turned on. Never short a 
transistor electrode to ground to see if this produces a 
click. Use your ohmmeter very carefully in transistor 
servicing. Do not operate power transistors without a 
load. Transistors are the last thing you suspect of giving 
trouble. 

2. A low-wattage soldering iron; small, insulated, sharp 
probes; a transistor tester; pressurized can of plastic 
spray; a battery substitute; adequate transistor-set service 
data. 

3. At the battery. 
4. Moving components gently to see if operation cannot be 

tenlporarily restored and so expose a loose connection, 
short circuit, etc. 

5. Signal tracing and signal injection. 
6. Check its operation in the circuit; substitute a new tran­

sistor; or check it in the transistor tester. 
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7. By AGC voltage being developed when no signal is being 
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8. (1) High battery impedance. (2) Antenna or speaker leads 
too close to IF amplifier. (3) Tuning capacitor frame., 
speaker bracket, or IF shield not making good contact with 
printed circuit. (4) Open bypass capacitors. (5) Open 
neutralizing capacitor. (6) IF transformer loading resistor 
increased in value. 

9. Check its ability to perform as an IF or RF amplifier first; 
then see if it performs correctly as an audio amplifier. 

10. See if the collector or emitter current increases when the 
oscillator coil is shorted out. This can be done by checking 
the voltage drop across a resistor feeding one of these 
electrodes. The collector and emitter current goes down 
when a transistor is oscillating. 

11. Insufficient injection voltage. Increase it by tightening the 
coupling between the two windings of the oscillator coil. 

12. The diode is made to act as a variable resistance across 
an IF transformer winding. Through action of the AGC 
circuit, the resistance represented by the diode goes down 
as the AGC voltage goes up. This decreases the trans­
former efficiency and reduces the signal passing through 
the transformer. 

13. "CircuiTrace" is a patented method of indicating import­
ant circuit check points and is used in Howard W. Sams 
PHOTOFACTS. The circuit check points are numbered, 
and these numbers are duplicated in a picture of the actual 
printed circuit board; thus, any important point of the cir­
cuit can be instantly located on the board. 

14. By alternately melting the soldered connections on one 
side and then the other and by rocking the capacitor so as 
to pull the unsoldered terminals a bit at a time. 

15. Heat the printed circuit as little as possible. Avoid flex­
ing the board any more than necessary. Be very neat 
about soldering. Cut the leads off a defective component 
above the board and solder the new component to these 
leads. Recoat repaired portions of circuit with plastic 
spray. 

Chapter 15 
1. The car power supply uses a vibrator to convert the car-

battery DC into AC to be stepped up with a transformer. 
2. To reduce sparking at the vibrator points. 
3. All replacement parts should be firmly anchored in place. 
4. To isolate one circuit from the other and to prevent igni­

tion noise from getting into the circuits of the receiver. 
5. Usually it should be replaced whenever the vibrator is 

replaced. The exact specified value of capacitance should 
be used, and the voltage rating should be at least as high 
as that specified. 

6. One that uses both tubes and transistors. 
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7. Observe correct battery polarity. Don't operate set without 
speaker connected. When checking electrolytic capacitors, 
don't exceed their voltage rating. Do not short the case of 
an output transist-0r. Make sure power transistors make 
proper contact with their heat sinks and are not shorted. 
Check low-voltage tubes only in tester designed for them. 

8. Older tube testers may apply voltages too great for the 
close spacing of these tubes. 

9. Hurn is produced. 

Chapter 16 
1. Antenna, RF, converter, and oscillator circuits. 
2. In the cirt'!uits that are switched into service when that band 

is in use. 
3. Follow specific alignment instructions; check for images; 

use "rocking'' technique where specified; do not move wires 
about in front-end. 

4. A frequency which can be confused with the proper frequency 
during alignment. 

5. His own. 
6. Because the circuits vary so much that only specific align­

ment instruction is of any real value. 
7. 150 kilocycles. 
8. Yes. If the receiver of the generator is slightly detuned, 

"slope detection" of the AM signal will enable the signal to 
be heard in the speaker. 

9. No, because the ceramic types often provide very essential 
short leads and other desirable high-frequency character -
istics. 

10. Your keenly observing, always questioning, logically reas­
oning mind. 
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