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Five years  i s  a long t ime in the rapidly expanding field 
of electronics, andthat i s  how long it has  been since the f i r s t  
edition of Radio Receiver Servicing was written. During 
those five years ,  solid-state rect i f iers  have pretty well taken 
over  in radio power supplies, twelve-volt auto s e t s  have 
become standard, and the t rans i s to r  has  come into i t s  own. 

These advances, coupled with the warm reception 
given the f i r s t  book, seemed to warrant  a completely revised 
edition -- and that i s  what this is. Every word of the original 
book has been carefully studied, weighed, changed, dis-  
carded, o r  allowed to stand in the light of how accurately 
and helpfully i t  descr ibes the radio se rv ice  picture today. 
In addition, many thousands of new words, accompanied by 
new pictures and diagrams, have been added. What the 
wri ter  has  learned about servicing in those five years  -- 
and a good technician lea rns  every hour he stands a t  the 
bench -- has been interwoven a s  an added bonus. 

Whenit was found that severa l  schools were using the 
original edition a s  a textbook -- although such use had not 
been anticipated - -  i t  was decided to add review questions 
a t  the end of each chapter. These questions a r e  carefully 
framed to underscore the most important points in the 
chapter. 

The wr i te r  hopes and believes the result is an honestly 
written, up-to-date book on radio receiver  servicing that 
will be equally helpful to the practicing technician a t  his 
bench, o r  to the student in the classroom. 

September, 1959 JOHN T. FRYE: 
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INTRODUCTION 

This is not another volume of radio theory; neither i s  it an 
oversimplified introduction t o  radio repairing. Instead, it is a down- 
to-earth book on how to repa i r  radios and i s  written directly for the 
man who is  ready to make his living, o r  a t  least  part of it ,  doing 
radio service.  

Such a man, it i s  fe l t ,wil l  already have acquiredcertain mental 
and physical equipment necessary for the work to be done. In p r e -  
paring this book for  him, therefore,  it has been assumed that he has 
the following: 

1. Basic Knowledge of Radio Theory. 

This may have been obtained from a radio school, f rom elec-  
tronic instruction in the armed forces,  o r  f rom extensive reading. 
Many books on radio theory a r e  available, but the one with which the 
wri ter  i s  most familiar i s  his own BASIC RADIO COURSE; s o  it will 
be taken for  granted that the r e a d e r ' s  understanding of how radio 
works i s  a t  least  equal to  the theory explained in that book. 

2. A Complete Set of Service Li terature Covering 
All Sets Upon Which Work rVill Be Attempted. 

The wiring diagrams,  alignment information, voltage readings, 
and part  values contained in a good se t  of se rv ice  manuals a r e  con- 
sidered indispensable by veteran se rv ice  technicians; and such 
mater ial  is  doubly important to  the beginner with no general fund of 
experience on which to re ly .  If the reader  intends to  do general radio 
servicing, his se rv ice  sheets  should describe a l l  s e t s  produced since 
the end of World War 11. Since practically no home rece ivers  were  
built during the war ,  the only s e t s  not covered in these manuals will 
be those brought out pr ior  to 1942. Such s e t s  a r e  rapidly being 
" junked" ; but if there does come into the shop an occasional one 
f o r  which service information i s  needed, that particular data can be 
quickly obtained f rom the publisher of the service manual for a 
nominal sum. 

3.  A Good Vacuum-Tube Voltmeter. 

The VTVM has rightly been termed the workhorse of the s e r -  
vice bench. In measuring low voltages of poor regulation, such a s  
AVC voltage or  the voltage developed at  the grid of an oscillator,  it 
is  without peer. Its high resis tance and the isolation provided by the 





frequency may be easily set  with accuracy. High output should be 
available; yet the shielding and attenuator should premit this output 
to be reduced smoothly and gradually to a v e r y  low minimum. 
Internal audio modulation of the output should be provided. 

Precision Model E-200-C Signal-Mark- RCA Model WR-490 RF Signal Gen- 
ing Generator. erator. 

Signal generators. 

7. A Tube Tester. 

A service technician might get by without this instrument, if 
he had sufficient stock of tubes and the time to substitute new ones 
one at a time in each socket of every set  and note if improvement 
resulted; but that certainly would be a time-wasting procedure. A 
tube checker is much faster and will spot marginal cases never r e -  
vealed by such a crude method. Furthermore, it will be found that 
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customers who may doubt a service technician1 s opinion about the 
condition of a tube will accept without question the verdict of a tube 
tester. Since tube sales represent a sizable portion of Service in- 
come, any device that aids those sales quickly pays for itself. One 
note of warning, though: the service technicianshould not be infected 
with the customer1 s childlike faith in the infallibility of tube testers, 
even the best of them. On ra re  occasions a tube will show up and 
check all right in the tester but will not work in the set. Keeping this 
possibility in mind will often save a lot of time and trouble. 

8. An Isolation Transformer. 

A voltage-adjusting isolationtransformer is not merely a safety 
device; it is  actually a service instrument. The fact that it protects 
the service technician from a possible fatal shock when he is  working 
on hot-chassis receivers certainly makes it a must for the service 
shop. It will be found that when such a receiver is  isolated from the 
line, the signal-generator and meter connections can be made to  the 
set without observing the special precautions and hum-reducing 
measures which are  necessary when the transformer is not used. If 
by adjusting the line voltage applied to the set  one is  able to simulate 
a wide range of conditions that may be found in the home, one can 
uncover troubles that cannot be found in any other way. 

9. An Adequate Stock of Replacement Parts.  

Of course, after you have found a defective part in a se t  you will 
need a new part to replace it; but it may surprise you to know how 
often you willneed new parts tolocate a defective unit. It has already 
been pointed out that occasionally a tube tester will fail to reveal a 
defective tube, but substituting a new tube will immediately spotlight 
the trouble. In the same way doubtful capacitors are  often quickly 
checked by bridging them with new capacitors, IF transformers a re  

Adjust-A-Volt variable transformer. 

tacked into a circuit in plHce of a suspected unit, and noisy resistors 
are  unmasked by clipping new resistors in their place. Many times 
part substitution is the quickest and most practical way to locate 



trouble, but to use this method a good stock of standard replacement 
items must be on hand. 

10. A Good Set of Hand Tools. 

Sometimes a new service technician becomes so  impressed 
with the fact that he is  an electronic technician that he spends all of 
his equipment money on electronic instruments and tr ies to limp 
along with a single broken-bladed screwdriver, a pair of automobile 
pliers, and a tinner's soldering iron as  hand tools. This is foolish. 
Time is money to a service technician; and good hand tools, since 
they a re  in constant use, a re  just as  important timesavers a s  a re  
good trouble-shooting instruments. Best quality diagonal cutters, 
sharp-nosed and duck-billed pliers, conventional and Phillips screw- 
drivers in assorted sizes, complete sets of minature end and Spintite 
wrenches, various shapes of files, complete array of aligning tools, 
speaker shims, wire strippers, hacksaw, sturdy vise, electric drill, 
solder gun - these a r e  the minimum furnishings of a service 
technician' s tool rack. 

A set of hand tools. 

The service technician possessing this mental and physical 
equipment needs only one more essential to transform him into an 
efficient, self-confident radio repairman: experience. No matter how 
thoroughly he knows his theory nor how well-equipped his bench is, 
only experience can give him the complete confidence he needs to 
wade unafraid into the most complicated receiver or - considerably 
more important - give him the shrewd insight that will allow him to 
move directly and without lost motion toward the cause of the trouble. 

It is  regrettably true that while he must have the confidence 
and knowledge gained from doing; yet experience alone is a slow 
and inefficient instructor, possibly because it gives the test f irst  and 

the lesson afterward. Not until the student has committed many 
blunders and false moves does he finally hit upon the right solution 
and thus learn from experience how the thing should have been done. 
What is needed is some way by which the fruits of experience can be 
plucked while the thorny wastes a re  avoided. To provide such a way 
is, in a nutshell, the ambitious aim of this book. 

The method of accomplishing this is simple and direct. One by 
one all  imaginable receiver faults are  presented in groups of symp- 
toms, just a s  they wouldbe presented to the service technician through 
a customer's complaints. Then the following steps are described: 
(I) how to ponder the symptoms andarrive at suitable theories con- 
cerning the cause of the trouble; (2) what instruments to select and 
exactly how to use them to check these theories; and (3) the proper 
method of correcting the trouble, when i t  is uncovered. 

In short, the reader is  helped in quickly obtaining experience 
of the right sort  by being permitted to lean upon the experience the 
writer has stored up in working on radios for more than a quarter of 
a century. It is just Like learning to ride a bicycle. If a boy and his 
bicycle are  both durable enough, eventually he can ride it by himself; 
but he can learn much quicker and easier,with far less damage to his 
person and to the bicycle, if an older and experienced rider will walk 
beside him for a short time to hold him up and explain what to do. 

Consider a single example of how the writer 's  experience is 
transferred to the reader. For any particular group of receiver 
symptoms, there are  many possible causes; but experience shows 
that some of these troubles develop much more often than do others. 
In this book, the service technician is directed to look first  for the 
most probable cause of trouble, then for the second most probable, 
and s o  on. The only time this procedure is not followed is when a 
more remote possibility can be easily checked without taking the 
chassis out of the cabinet, since the difficulty suspected as  the most 
probable could only be examined by removing the set. 

In this volume, the reader will search in vain for any favored 
system of trouble hunting. Instead he will find that each system is 
used when, and only when, it is  the easiest and most logical to employ. 
Signal injection, signal tracing, circuit disturbance, voltage measure - 
ment, resistance measurement - each will be applied just as  a 
screwdriver of the right bit and size is automatically selected for 
loosening a particular screw. In this way, the reader will not only 
learn how to use all the common methods of locating trouble; but, as  
is equally important, he will acquire a knowledge of when touse each 
of them. 

Two important mechanical features of the book should be noted. 
First, receiver problems start  with those easiest to solve and then 
progress steadily to ones that are  increasingly difficult to unravel. 
Secondly, symptoms a re  discussed with regard to the three general 
types of receivers most commonly encountered in service work: 
(1) the power -transformer set ,  (2) the AC -DC series-filament type, 
and (3) the three-way portable type. Special cases such as  FM re-  



ceivers ,  all-wave se t s ,  t ransis tor  receivers ,  auto radios, and 
storage-battery portables a r e  taken up in separate  chapters at  the 
back of the book. This arrangement makes easy reading, a minimum 
of repetition, and a concentration of help where it will do the most good. 

The volume is intended t o  be read, f i r s t ,  f rom cover to  cover .  
A great  deal of practical general  information has been sprinkled 
throughout the chapters dealing with specific kinds of receiver  
failures. The bonus bits of information have been inserted at points 
where their introduction seems the most logical and natural,  and they 
will be absorbed effortlessly by one who goes through the book f rom 
the beginning. 

After the book has been read,  it i s  not intended to be placed on 
a shelf to  collect dust. Instead i t  is a reference work designed to  be 
consulted whenever a service technician runs into a problem he 
cannot readily solve by himself. Between its covers is  a so r t  of 
electronic Rogues' gallery containing symptomatic pictures of about 
every kind of receiver  failure imaginable. When the service techni- 
cian finds himself baffled, he has merely to  match up the symptoms 
in the book and then follow the step-by-step procedure for  ferreting 
out the trouble. 

As time goes by he will need to  consult the book less  and less  
often, for  i ts  teachings will become part of his growing fund of know- 
ledge. Never forget that al l  the important part of service work is 
done a s  Hercule Poirot puts it ,  " In the little gray cel ls  of the mind." 
As soon a s  the student can be taught tothink like a service technician, 
he i s  a service technician - and not before! Any form of instruction 
that merely tells what to do but fai ls  to  teach how to think will only 
produce an automaton that cannot function without constant direction. 

Finally, this book has not been written in a sober  and dignified 
style. Will Durant says,  "Wisdom is not wise if it s c a r e s  away 
merriment,"  and to  this  the wri ter  breathes a hearty "Amen1 " He 
has had fun writing the book, and he devoutly hopes the reader  will 
have fun reading it. 

QUESTIONS 

1. Give two sources of basic knowledge of radio theory. 
2. Describe service l i terature needed by the beginning radio techni- 

cian. 
3 .  Name four essential test  instruments. 
4.  What two important functions a r e  provided by a voltage-adjusting 

isolation t ransformer? 
5. List several  important tools for doing good service work. 

6. Explain why a n  adequate supply of replacement parts  is  needed in 
locating radio trouble. 

SECTION I 

No Reception 



CHAPTER 1 

The Dead Set 

Service technicians a r e  fond of comparing their work with that 
performed by members  of the medical profession, and there i s  a 
strong resemblance between the diagnostic techniques required in the 
two fields. Radio servicing and doctoring, however, a r e  poles apart  
in this basic respect :  the patient that even the best doctor will admit 
he cannot help i s  the dead one; while for the se rv ice  technician, the 
deader a s e t  the eas ie r  it ordinarily is  to  repa i r .  That i s  why we 
shal l  s t a r t  with a s e t  that i s  completely devoid of life; one that emi t s  
no sound from the speaker ,  no light f rom the dial lamps o r  g lass  
tubes, no warmth from the metal tubes - in shor t ,  a receiver  that 
i s  " stone cold dead in the market." 

The f i r s t  thing to do i s  to  look at  the circui t  diagram. The 
significant symptom is  lack of filament current ;  s o  notice if the s e t  
i s  a t rans former  type, an AC-DC rece iver ,  o r  a so-called three-way 
portable. In each of these cases ,  the filaments a r e  supplied in a 
different manner. 

THE TRANSFORMER SET 

Fig. 1-1 shows a typical AC-input circui t  fo r  a t ransformer 
type of receiver .  Notice the tube filaments a r e  heated from two 
separa te  secondary windings on the power t ransformer.  L3 supplies 
the filament of the rect i f ier ;  L4 provides cur ren t  for  all  other f i la-  
ments, including those of the pilot lamps. Sometimes a rect i f ier  with 
an indirectly heated cathode, such a s  a 6x5, i s  used; and then L3 i s  
omitted and the rect i f ier  filament i s  fed f r o m  the same secondary 
that supplies the other tube filaments. 

The fuse i s  shown in dotted outline to indicate it  may o r  may 
not be present .  Unless the se t  i s  large and expensive, the chances 
a r e  a fuse will not be found. At any rate, check the diagram ra ther  
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than rely on being able to s ee  a fuse-holder along the r ea r  of the 
chassis. Occasionally fuses a r e  tucked away in unsuspected places. 

With the VOM se t  to a middle range of the ohmmeter, turn on 
the receiver  and touch the test  leads to the two prongs of the power 
plug of the receiver. If you get a reading of only a few ohms you can 
be su r e  that the plug, the line cord ,  the switch, the primary of the 
power t ransformer ,  and the fuse if any a r e  not defective. If the ohm- 
meter  shows infinite resistance, which is much more likely, you will 
know there i s  an open circuit in one of these items or  in the 
connections between them. 

PILOT LAMP TUBE FILAULNTS 

Fig. 1 - 1. AC input circuit for a transformer type receiver. 

In the latter event, use the ohmmeter to check the continuity of 
the fuse if one is  present. If it i s  open, replace it with a good unit 
of the specified value. If that blows out shortly after the s e t  is 
turned on, the se t  i s  drawing excessive current. The reason for this 
can be determined by following the instructions given in Chapter 5 
which deals with that symptom. 

If the fuse i s  good o r  i s  not present and no continuity is obtained 
from one plug prong to the other, use insulation-piercing test  prods 
(the wri ter  prefers  the type with smal l  chucks that use replaceable 
phono-needle tips) and the ohmmeter to test the continuity of each 
conductor of the line cord between the plug prong to which i t  i s  con- 
nected and the point where the cord en te rs  the chassis .  If a break 
is  indicated in one o r  both conductors, employ the sharp-pointed 
prods to make connection with each conductor about three inches 
away from the plug. Continuity through the primary winding of the 
t ransformer  from these points indicates a break in the line cord a t  
the most commonly worn part,  which is next to the plug where the 
cord i s  subjected to maximum flexing. In that event, the end of the 
cord should be cut off about t h r eeo r  four inches back of the plug and 
a new plug installed; or ,  if the cord shows any signs of deterioration, 
the whole thing should be renewed. 

If no continuity can be observed, even though the prods pierce 
the line-cord insulation right next to  the chassis ;  then the trouble 
must lie inside the set ,  and the chassis  will have to be removed. If 
it is not immediately obvious how the receiver  comes out,look at the 
service notes for  instructions on chassis removal. Doing s o  will often 
save time and prevent damage t o  the se t  o r  cabinet. 

Once the set  is  out, use the ohmmeter to check for  continuity 
across  the tie-point ends of the line cord,  making su r e  that the s e t  
switch i s  s t i l l  turned on and that the line cord i s  not plugged in. If 
an open circuit is st i l l  indicated, the switch should be suspected. 
Check ac ro s s  i t s  terminals with the ohmmeter. If adead short  i sno t  
indicated, the switch is bad and must be replaced. If it is mounted 
on the r e a r  of a volume o r  tone control, it i s  a good practice to r e -  
place both the switch and the control with the proper replacement 
items given in the service data. Since such a control represents  one 
of the few moving and consequently wearing par t s  in a receiver, it  
will probably be ready fo r  replacement anyway. 

If checking the switch indicates that it  is  good, then the only 
remaining possibility is that the t ransformer primary is open. Be- 
cause of the relatively heavy wire used in this winding, open circui ts  
in it a r e  seldom found - but they can happen! On two occasions the 
wri ter  found leads of the primary broken just a t  the point where they 
entered the shell of the t ransformer.  These probably broke because 
of excessive flexing in manufacture, shipping, o r  installation. If a 
break inthe winding cannotbe found at a point where it can be readily 
repaired,  the whole t ransformer must be replaced. 

Let us go back and suppose that on our f i r s t  test  we found a 
proper resis tance indicated from one plug prong to the other. That 
means that the primary circuit of the t ransformer must be in order  
and that there must be something wrong in the secondary circui ts  
feeding the tube filaments o r  with the tubes themselves. For all  of 
the tubes tobe burned out at once i s  placing a terr i f ic  s t ra in  on coinci- 
dence; but it has been known to happen when the s e t  was s truck by 
lightning, when it was accidentally plugged into a 220-volt outlet, o r  
when the owner did a little experimental tube "swapping" on his 
own before bringing in the se t  for  repair .  Check a couple of tubes 
in the tube tester .  The rectifier and output tubes a r e  two good choices. 
If the rect i f ier  is of the direct  -heating type, this will provide one tube 
fed by each filament secondary winding. Incidentally, look at the 
service data or the tube-position chart t o  make s u r e  these tubes a r e  
in their proper sockets. Failure to notice that tubes have been 
switched in their sockets has put many a gray  hair in the service 
technician' s thatch. 

If the tubes light in the tube checker but not in their proper 
sockets in the se t ,  the chassis  must come out. Remove the rectifier 

,tube, and lay it aside s o  that high DC voltages will not be present in 
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the set. Plug in the receiver and turnit on. Use your VOM set to the 
ten-volt AC range in order to check whether dr not a filament volt- 
age is  present across the proper filament terminals of all the sockets 
in the se t  except the rectifier socket. If no Eilament voltage is found 
at any of these sockets, locate the ends 01 the filament winding coming 
out of the power transformer, and measure the voltage right where 
these leads are  soldered to tie-points. If voltage is  found (and it 
should be), use the AC voltmeter to trace along the leads from that 
point until you locate the place where either a broken wire or a poor 
connection is  preventing the currentfrom reaching the tube filaments; 
then repair that break. 

If avery low filament voltage is found at the tube sockets, turn 
off the set  at once and check the diagram to see if a thermal switch 
(Surgistor) is not shown in series with one of the power leads. Such 
a switch consists of a high-wattage resistor and a pair of bi-metal 
contacts a s  pictured in Fig. 1-2. A typical value for the resistor is 
100 ohms. When the set is turned on, the contacts a re  open and all 
current to the set  flows through this resistor, heating i t  and, by 
conduction, convection, and radiation, the nearby bi-metal contact 
arm. Within afew seconds this heat causes the contacts to close and 
short outthe resistor. Current then passing through the contact arm 
generates enough heat to keep the contacts closed, but the resistance 
of the unit drops from 100 ohms to only a fraction of an ohm. 

Fig. 1-2. A Surgistor thermal switch. 

The purpose of the unit i s  to protect the tube filaments from the 
large surge of current that goes through them when full voltage is 
applied to them in their cold, low-resistance state. The series re-  
sistance in the power lead allows the tubes to warm up at reduced 
voltage; then full power is automatically applied. If the resistor 
opens, the effect will be the same a s  an open fuse. If the contacts 
fail to close, usually the applied voltages will be too low for the set 
to operate. In the latter event, keep in mind one thing: a certain 
minimum amount of current through the Surgistor is necessary to 
cause the contacts to close. If the set  does not draw its rated load, 
say because the filament circuit is open, the Surgistor contacts will 
not close although theunit itself may be perfectly all right. If short- 
ing out the thermal switch restores the set to normal operation, 
replacing the Surgistor is necessary. 

If no thermal switch is present, the low filament voltage indi- 
cates ashort  circuit is pulling the transformer output voltages down. 
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Leaving the se t  turned on .will be certain to cause damage. In this 
event, the receiver will be drawing an excessive current; the proper 
servicing procedure is outlined in the chapter dealing with that con- 
tingency (Chapter 5). 

THE AC-DC SET 

The chief characteristic of the filament circuit of the AC -DC 
receiver is that the tube filaments are  connected in series. Most sets 
of recent vintage simply connect the filament string across the 117- 
volt line, asshown in Fig. 1-3. Older sets, especially those employ- 
ing tubes drawing . 3  ampere of filament current, usually employ a 
resistor in series with the tube string. In some sets, this series 
resistor is built into the line cord, a s  shown in Fig. 1-4. In others, 
it is in the form of a "ballast tube" inside the set, a s  shown in Fig. 1-5. 

IZAVB 12- M C S  

J* A A 
SWITCH l2BAE 

Fig. 1-3. Filament circuit of an AC-DC receiver. 

Obviously when one tube in the string or when the series r e-  
sistor fails, the receiver will be completely dead. Tube failures are  
SO common in the circuit of Fig. 1-3 that checking the tubes of a dead 
set  using it is the first test to make. Provision for reaching the tubes 
by removal of a cardboard back that often carrigs the loop antenna 
is made in these little sets. Actually, it is usually better to  slip the 
chassis out of the cabinet to get at the tubes. Then they can be 
removed easily and safely without danger of their slipping from 
cramped fingers or without liklihood of breaking off the leads of the 
dangling loop antenna. On top of that, this deprives you of an excuse 
for not cleaning the dial glass in the cabinet, a small service that 
rates very high with your lady customers ! 

The quickest way to check a tube filament is to measure the 
continuity from one filament prong to the other with the VOM set to 
its lowest-resistance range. Good filaments will show resistances 
between ten and a hundred ohms; a burned-out tube, of course, will 
show infinite resistance. It is a good practice to check the output- 
tube filament first thenthe rectifier filament,and finally the remain- 
ing tubes in whatever order you please. Output tubes and rectifiers 
fail more often than do tubes having lower-voltage filaments. 
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If the rectifier is out,check the pilot lamp that is  usually con- 
nected across  a portion of the rectifier filament shown in Fig. 1-3. 
Since the plate current of the rectifier flows through this part of the 

1 1 7 V  LINE CORD RESISTOR 

-J 
SWITCW FILAMENTS 

Fig. 1-4. This receiver employs a series resistor built into the line 
cord. 

filament, it is the part  that usually burns out; then, all of the current  
t r ies  togo  through the pilot lamp and burns it out. Before t u rn~ng  on 
the s e t ,  replace a burned-out pilot lamp with the new rectifier in the 
socket. Not only does this protect the new filament f rom overloading, 
but exceptional brilliancy of the pilot lamp will warn of excessive 
current  being drawn through the rectifier. Many a time the wri ter  
has watched a pilot light begin to bloom alarmingly a s  the rectifier 
cathode warmed up, and he has switched off the s e t  in time to save 
the new rectifier. 

Fig. 1-5. The series resistor in this circuit i s  in the form of a ballast 
tube. 

If the tube filaments check al l  right, then it will be necessary 
to check the plug, line cord,  switch, and socket-to-socket filament 
wiring with the ohmmeter a s  was done with the transformer set. 
Line-cord and switch failures a r e  fairly common; wiring failures 
a r e  very r a r e ,  except inthe case of new sets  where a solder connec- 
tion may have been overlooked in production and inspection. 

Receivers that use line-cord res i s tors  a r e  very susceptible to 
resis tor  failure due t o  kinking and twisting. Quite often the break 
occurs right a t  the plug where it can be detected with nothing more 
complicated than a sharp  eye. In that case,  an extra inch o r  s o  of 
res i s tor  may be unraveled from its asbestos core  and connected t o  
the proper plug prong. These res i s tor  cords cannot be shortened any 

substantial amount without increasing the current through the tubes 
beyond their rating; s o  if a break in the resistor  is not right next to 
the plug, the whole cord must be replaced. In checking dead receivers  
that use line-cord res i s tors ,  f i r s t  examine the plug to see if both 
conductors and the resistor  make good connections with the prongs. 
Then check the tube filaments. If no open ones a r e  found, remove the 
chassis from the cabinet and use your ohmmeter t o  check the conti- 
nuity of the whole length of the line-cord resistor  and also of the 
line-cord conductors. If al l  is in order  s o  f a r ,  test  the switch and 
finally the socket -to-socket wiring. Somewhere along this methodical 
course, very likely in the early stages, you will find the open circuit 
that i s  keeping the tubes f rom lighting. 

Sets that use a ballast resis tor  shown in Fig. 1-5 should be 
checked in the same manner a s  the sets  illustrated in Fig. 1-3, except 
that if al l  the tube filaments a r e  found to  be good the ballast tube 
should be the next item checked. Some tube tes te rs  have provision 
for testing ballast tubes; but if yours does not, you canuse your ohm- 
meter to check this tube -that' s -not -a -tube. All you need is a diagram 
of the base connections. This diagram will show how the res i s tors  
a r e  connected and the resistance values to be expected. This you can 
get from your service manuals. Be sure  to check for over-all 
resistance and also for proper resistance between all taps. If the 
ballast tube proves to be all right, proceed to test the other elements 
of the filament circuit described for the other series-filament se t s .  
In replacing either ballast tubes or  resis tor  cords,  it  is imperative 
t o  substitute only the i tems specified in the service data. 

THE THREE-WAY PORTABLE RECEIVER 

The filament circuit of a three-way portable receiver i s  more 
complicated andsubject to more variations than arefound in the other 
two basic types. Consider a typical circuit of Fig. 1-6. Y-ou will notice 
that the minature-tube filaments a r e  connected in series .  On battery, 
they a r e  fed from a nine-volt battery source. On AC, the line voltage 
is rectified by a 11723, this output is filtered, and then a portion of it  
is fed through a dropping resistor  to the s e r i e s  filament string. 
Sometimes a 3 5 2 5  is  used instead of the 11723, and then a resis tor  
line cord is  employed t o  drop the line voltage for the 3 5 2 5  filament, 
a s  sketched in Fig. 1-7. Much more common is the practice of using 
a selenium o r  silicon rect if ier  to provide both filament current and 
B-plus voltage, a s  shown in Fig. 1-8. 

If the minature tubes do not light on AC (and you have to examine 
them in a dim light to tell i f  they a r e  lighting), there a r e  a multitude 
of possible causes: AC plug, line cord, line-cord res i s tor ,  change- 
over switch, On-Off switch, rectifier, shorted filter capacitors, open 
filament-dropping res i s tor ,  open circuit in the filament wiring, o r  a 
burned-out tube. The a r r ay  looks rather  frightening, doesn' t it '? 
Fortunately, there a r e  several  helpful short  cuts in pin-pointing the 
trouble. 
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Fig. 1-6. Typical filament circuit of a three-way portable. 

The f i r s t  move t o  make in any case  is t o  s e e  if the filaments 
will light on battery when a good battery i s  used. If they dobut fai l  to  
light on AC, you know that the trouble l ies  outside of the minature- 
tube filament circui t  proper. If they fail  to  light on battery, then you 
can concentrate onthe loop represented by the A battery,the change- 
over switch, the On-Off switch, and the tube filaments. 

CONTACTS ON 
CHANGEOVER SW, 

';y LINE tORD REY¶rn 

Fig. 1-7. Circuit of a portable receiver using a 3525 rectifier tube. 

If the tubes do not light on the battery, the most probable cause 
is an open filament in one of the tubes. Since the tubes a r e  of the 
instant-heating type, no t ime is saved by using the ohmmeter. F a r  
m o r e  important i s  the fact that a low-current filament can  be burned 
out by the voltage present a c r o s s  the t es t  prods of many ohmmeters ,  
especially when they a r e  s e t  to  the low-ohm scale. By the s a m e  token, 
i t  is a n  excellent pract ice never t o u s e  a VOM o r  VTVM on the lowest 
range of the ohmmeter s c a l e  when probing inside a s e t  using 50- 
milliampere filament tubes. 

If the tubes a r e  a l l  right,  use an appropriate DC -voltmeter sca le  
of the VOM to t r a c e  the battery voltage f rom the battery plug through 
the plug leads, through the On-Off switch, through the battery-AC 
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changeover switch, and then on through the filament wiring until you 
find a break. The  battery-plug connections and the switch contacts 
a r e  the most likely places to  find trouble. 

B + 
FILTER 

I I 

SELENIUM OR 
CURRENT SILICON RECT 
LIMITING d \ ;  : A  A A A 
RESISTOR DROPPING FILAMENTS 

RESISTOR 

117V 
AC 

ON-OFF SW 

d o  
CAPACITORS 

Fig. 1-8. Filament circuit of a portable receiver employing a sele- 
nium or silicon rectifier. 

If the tubes light on the battery but not on AC and if a rect i f ier  
tube is used, s e e  if i t  i s  lighting. If not, find out why by employing 
the methods describedfor  running down dead-filament trouble in AC - 
DC se t s .  While you willhave only one filament instead of severa l ,  you 
will have two switches instead of one to  consider. Tube, plug, line - 
cord r e s i s t o r ,  l ine cord, On-Off switch, changeover switch, and wiring 
should be investigated in  that o rder  by using the VOM se t  to a middle- 
resis tance range t o  check continuity. In thevast  majority of instances: 
the trouble will be located among the f i r s t  few items. 

When the rect i f ier  tube lights but the others  do not, check the 
rect i f ier  f o r  emission in the tube tester .  Provided i t  is  good, use 
the ohmmeter  t o  check the s e r i e s  filament dropping res i s to r  and the 
current- limiting res i s to r  f o r p r o p e r  resistance. If e i ther  i s  off more  
than ten p e r  cent f rom the rated value, replace it ,  being careful to  
use a res i s to r  of both proper  resis tance and wattage. The filament 
dropping res i s to r  h a s  to  be husky enough to dissipate considerable 
wattage. On the other  hand, a surge- limiting res i s to r  is deliberately 
made low in wattage s o  that i t  may double in b r a s s  a s  a fuse. If a 
Short c i rcui t  occurs  beyond the rect i f ier ,  a half -watt res i s to r  is much 
cheaper to  replace than a rectifier; s o  in replacing such a resis tor ,  
r emember  this  is one place where "bigger" i s  not "better. " 

If the res i s to r  is all  right,  make another resis tance check be- 
tween the cathode connection of the rect i f ier  and a B-minus point. 
Compare the resis tance measured with the resis tance which the 
se rv ice  data s a y s  should exist between these two points. If it is con- 
siderably lower thani t  should be, one of the f i l ter  capaci tors  probably 
has a high DC leakage. Unsolder the positive leads of the capacitors, 
and measure the resis tance f r o m  eachsuch lead to the  opposite nega- 
tive connection with the ohmmeter se t  to  a high range. Be s u r e  to 
observe proper  polarity with the tes t  prods. A good capacitor will 



I 

No Reception 

show a heavy "kick" of the. ohmmeter when the test leads are 11l .b~  

connected, and then the pointer will gradually settle back to a reading 
of several thousand ohms or even megohms. Lack of this charging 
" kickff indicates an open-circuit capacitor. A final reading of only 
a few dozen ohms signifies a leaky capacitor. Capacitors showing 
either symptom should be replaced, for leaky capacitors will par- 
tially short-circuit the output of the rectifier. An open-circuit input 
capacitor, the one directly across the rectifier outplt, will cause the 
output voltage to be about thirty per cent lower than it should be. A 
quick check of a suspected open-circuit input filter capacitor can be 
made by bridging it with a known good capacitor while observing the 
voltage output of the rectifier. If this brings up the voltage sub- 
stantially, the capacitor is open. 

The bad capacitor usually will be one of two or more units 
housed in a single can or cardboard container. The best policy is  to 
replace the whole filter-capacitor assembly. In, the first  place, there 
is  often no room to install an outboard capacitor beneath the crowded 
chassis of a portable set; secondly, since one unit has yielded up 
the ghost, the life expectancy of the others which are  of the same age 
is  not good. Once more the.service manuals should be consulted for 
a replacement that will fit both mechanically and electrically. 

In dealing with a se t  using a selenium rectifier in which the 
tubes do not light, the one different item is the rectifier itself. 
Selenium rectifiers are  subject to two kinds of failure: shorting and 
decreased output. When a rectifier shorts, all you need to detect the 
condition is  a nose - a not-too-sensitive nose at that. A shorted 
rectifier will overheat, the paint will peel, and it will throw off a 
strong odor of rotten e ~ - -  ' 

put rectif 
 is condit 

Tf  f ? V A r \  

' iers siml 
.ion is  ha ... . 

Low -out ply donot deliver their proper direct 
current, but th rder to detect. What is worse, it is 
very common. - - . -- flnlng else is  found to be satisfactory but the 
voltage present between the cathode of the selenium rectifier and 
B-minus is ten per cent or more lower than it should be, you have 
good reason to suspect the rectifier. One .way to check on this is to 
substitute a good rectifier for the one in the set, a s  illustrated in 
Fig. 1-9. 

Unsolder all leads going to the cathode of the rectifier, but 
leave them connected to each other. Attach two flexible leads of any 
convenient length to a good 100-milliampere 130-volt selenium recti- 
fier, and fasten small alligator clips to the ends of the leads. Clip 
the lead from the cathode of this rectifier to the wires that were r e -  
movedfrom the rectifier in the set. Clip the other lead tothe terminal 
of the selenium rectifier that is still soldered into the circuit. Then 
turn on the receiver (it should be plugged into the isolation trans- 
former),  and measure the DC voltage present from the cathode con- 
nection of the rectifier to B-minus of the set. If this voltage is up 
to where it should be,usually between 120and 130 volts, a selenium- 
rectifier replacement is indicated. 

The Dead Set 

Fig. 1-9. Checking a sel enium rect 

Fig. 1-10. Checking a selenium rectifier using a selenium rectifier 
tester. 
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The condition of the selenium rect i f ier  can a l so  be checked by 
using a selenium-rectifier t es te r .  Disconnect the leads f r o m  one 
terminal  of the selenium rect i f ier  and connect the test  leads of the 
tester .  After setting the controls on the tes te r ,  a direct  reading is 
obtained which is indicative of the condition of the rectifier.  Fig. 
1-10 i l lustrates  this par t icular  test.  If the unit t es t s  weak o r  bad, 

I 

I obviously it should be replaced. 

Silicon rect i f iers  usually do not give visual o r  olfactory evidence 
when they go bad; but since they a r e  ordinarily held in a clip o r  de- 
tachable pigtail holders, the easiest  way to check one of them is to 
s l ip  aun i t  known to be good in i t s  place and s e e  if this res to res  nor-  
mal  voltage and filament current .  Always inspect the current- limiting 
res i s to r  before trying a new rectifier.  If it looks a s  though it has  
been too hot, check for  low resis tance between the output of the 
rect i f ier  and B-minus, such a s  might be caused by a leaky o r  shorted 
f i l ter  capacitor,  before trying a new rectifier.  Otherwise you may 
have the painful experience of seeing your new rect i f ier  blow, too. 

This  completes the chapter on s e t s  in which the filaments will 
not light. Using the techniques outlined and expanding them to e m -  
brace  any minor variations of the basic circui ts  discussed, the se rv ice  
technician should be able to  impart  quickly the fundamental spark  of 
life t o  any s e t  he may encounter. 

QUESTIONS 

1. What i s  the significant symptom of a "dead" s e t ?  
2. What instrument i s  used to check the continuity through fuses,  

switches, and line c o r d s ?  
3.  Describe the operation and purpose of a "Surgistor. " 
4. What i s  the important difference between the way tube filaments 

a r e  connected in a t rans former  s e t  and the way they a r e  connected 
in an AC-DC rece iver?  

5. When a burned-out rect i f ier  is replaced in an AC-DC set ,  why 
should a burned-out pilot lamp a l so  be replaced before the se t  is 
turned on? 

6. Why i s  it inadvisable to  use the ohmmeter to  check the filaments 
of tubes used in three-way portable rece ivers?  

7. How can an ohmmeter be used to make a rough check of the con- 
dition of a f i l ter  capaci tor? 

8. Name two possible causes of low voltage being measured a t  the 
output of a selenium rect i f ier  in a three-way portable. 

9. What i s  a quick and simple way to check a silicon rec t i f i e r?  

CHAPTER 2 

Tubes Light But No Sound 

A c u s t o m e r ' s  description of receiver  symptoms can r a r e l y  be 
taken literally. He may ca l l  a ,hum a whistle,  a whistle a howl, and 
a howl a kind of vibration. Moreover, he may tel l  you his  s e t  is 
" dead a s  a doornail," when a glance through fhe r e a r  of the cabinet 
will show that a l l  the tubes and dial lamps glow with lively brilliance 
a s  soon a s  the s e t  is turned on. 

The morbid description probably a r i s e s  f r o m  the fact that he 
has  used his e a r  instead of his eye for  diagnosis; for  no sound, not 
even normal  low hum, can be heard  f r o m  the speaker  though the e a r  
may be  pressed against the gr i l le  cloth. With such a s e t ,  a little 
reflection will te l l  you that the trouble must l i e  in the speaker ,  the 
output t ransformer,  the output stage, o r  the power supply for  that 
stage. In a normal s e t ,  the smal l  amount of 60- or  120-cycle ripple 
present  in the DC plate current  of the output tube willalways produce 
a perceptible amount of hum in the speaker. In a s e t  with a well- 
f i l tered power supply, this  hum may be low enough to be  more  fel t  
than heard; but it will be there  unless something is wrong with the 
aforementioned output -circuit components. 

THE TRANSFORMER SET 

The t rans former  s e t  is usually housed in a console cabinet. In 
such c a s e s  the speaker  and often the output t rans former  mounted on 
the speaker  in the lower cabinet a r e  easily accessible  f o r  testing 
without removing the chassis .  So a r e  the output and rect i f ier  tubes, 
and they should receive your f i r s t  attention. Make s u r e  these tubes, 
located by consulting the tube-position chart  in the cabinet o r  your 
se rv ice  l i terature,  a r e  lit .  

If they a r e  g lass ,  you c a n  tel l  by just looking at  them; but while 
you a r e  looking, notice a couple of other things. See if the s c r e e n  
g r i d  of the output tube is glowing with a r e d  or  white heat. If i t  is, 
the s e t  may have an output t ransformer with an open primary winding 
that has  removed the voltage f rom the plate of the tube and is allowing 
the s c r e e n  to absorb the en t i re  electron output of the cathode, thus 
Causing it to overheat. Note, too, if the rect i f ier  seems  to be filled 
with a blue or  pink glowing gas. Such a gassy  rect i f ier  will often 
lightup but willput out no current  a t  all. If the plates of the rect i f ier  
s t a r t  glowing a cher ry  red , the  s e t  should be switched off a t  once,for 
this indicates a short c i rcui t  somewhere in the receiver .  A gassy 
tube should be  replaced with a good one. The procedure for  locating 
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and correcting a power-supply short  circuit is  outlined in a later 
chapter. 

In the case of tubes with metal envelopes, these envelopes will 
become noticeably warm to the touch after the se t  has been turned on 
for a minute or  s o  if the filaments a r e  lighting. (Yes, you use every 
sense you have in radio servicing and could use a couple morel) If 
the output or  rectifier tube does not light, you a r e  in luck; for  r e -  
placing the dead tube with a good one will probably clear  up the trouble. 
If they do light, next turn your attention to the speaker and output 
transformer. 

l a+ I 
Fig. 2-1. Basic output circuits commonly used. 

Fig. 2-1 shows basic output circuits commonly used. At 
Fig. 2-1A is  shown a circuit typical of older sets .  Notice that it 
employs a dynamic speaker with the field coil being used a s  a filter 
choke. A hum-bucking coil L3 is  connected in ser ies  with the second- 
ary  of the output transformer L1 and the voice coil L2. The center 
tap of the high-voltage winding of the power transformer goes through 
R2 to ground, and the voltage drop across this resistor  supplies 
negative bias for the grid of the output tube. 

Ifthe output transformer i s  mounted on the speaker frame, turn 
on the set ,  hold the back of your solder gun a s  close a s  possible t o  

the l rame of this transformer (as shown in Fig. 2-21, and pull the 
trigger of the gun. If this produces a loud hum in the speaker, 
you can be su re  the transformer secondary, the hum-bucking coil, 
the voice coil, and the connections between these three units a r e  all 
right. Magnetic coupling between the solder-gun transformer and 
the output transformer has produced in the secondary of the output 
transformer a 60-cycle voltage that drives the voice coil. 

Fig. 2-2. Using a solder gun to check the output transformer and 
speaker. 

When the output t ransformer i s  mounted on the chassis and i s  
therefore less  accessible, it i s  easier  to check the speaker with the 
ohmmeter of the VOM. Turn off the set ,  remove the leads to the 
speaker connections, and switch the VOM to a low range of the ohm- 
meter. Touch the test  leads to the voice-coil connections on the 
speaker frame. If the voice coil and the flexible leads to it a r e  all 
right, the ohmmeter will indicate somewhere between two and twenty 
ohms (usually around three to five ohms); and at  the instant the con- 
nection i s  made to the leads, you will hear a click from the speaker. 
In the case of a PM type of speaker, the click will be quite loud; but 
even a dynamic speaker willretain enough residual magnetism in the 
pole piece without the field coil being energized to produce an easily 
noticed click. 

If no click i s  heard and if the ohmmeter shows infinite r e -  
sistance, you have either an open voice coil o r  much more likely a 
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tube. If no such click is heard, the trouble is perhaps in the speaker  
voice coil o r  i t s  leads, and you should proceed a s  in the c a s e  of s imi la r  
trouble in a t rans former  set. If the click is heard, the trouble must 
l i e  in  an improper  sc reen ,  cathode, o r  control-grid voltage. When 
one of these voltages deviates f romtha t  indicated in the  se rv ice  data, 
study the diagram and t r y  t o  imagine a par t  fa i lure  that could produce 
the improper  reading. Suspect capaci tors  f i r s t ,  r e s i s t o r s  second, and 
other par t s  third. Use your ohmmeter t o  determine whether o r  not 
you have guessed right. If not, continue investigation until the trouble 
is located by considering the causes  in  o rder  f r o m  the most logical 
to  the least.  Since you will  be  dealing only with the smal l  portion of 
the circui t  immediately connected with the output tube, this  should 
not take long. 

Speaker fai lures  a r e  common in these s m a l l  s e t s ;  output- 
t ransformer fai lures  a r e  l e s s  so. Many t imes  a capacitor wil lshort-  
c i rcui t  and destroy a rect i f ier ;  so ,  if a rect i f ier  tube lights but 
del ivers  no output, it is a good idea t o  check the resis tance between 
the rect i f ier  cathode and B-minus before turning on the receiver  
with a new tube in  the socket. If this  res i s tance  is abnormally low, 
locate the shorted component with the ohmmeter and replace it. Out- 
side of these special  considerations, proceed just a s  you would in 
dealing with a t rans former  set.  

THE THREE-WAY PORTABLE RECEIVER 

It i s  difficult to  be s u r e  whether the tubes a r e  lighting and 
whether there  is sound f r o m  the speaker  in these se t s ;  because the 
tube filaments a r e  not easily seen, the normal  hum f r o m  the speaker 
whenthe s e t  i s  operating onAC i s  notgreat ,  and there  is no hum when 
it is operating on battery. Some sound, though, can usually be heard,  
even i f  it i s  only the crackling of a warming-up filament. If the tubes 
have been tested and a r e  lighting and if no sound can be heard on 
ei ther  AC o r  battery, the s e t  will  undoubtedly have t o  be  removed 
f r o m  the cabinet for fur ther  checking. 

Check the speaker with ei ther  the solder-gun technique de-  
scr ibed previously o r  with the ohmmeter. If you depend upon the 
click f rom the speaker  when the ohmmeter  leads a r e  touched t o  the 
voice-coil terminals  ra ther  than upon the actual ohmmeter reading, 
it  will  not be necessary t o  unsolder t h e  leads from the output 
t ransformer.  This  leaves the secondary of the t rans former  in paral-  
lel with the voice coil,  and you will get a low-resistance reading 
through the secondary even though the voice coil is open; but you 
willnot hear  the click unless the voice coil is operating satisfactorily. 

Providing the speaker  i s  a l l  right,  you will next have to make 
voltage checks on the output tube; and in the majority of these mini- 
ature s e t s ,  this is a ticklish job. The socket connections a r e  hard t o  
reach  and usually a r e  concealed by other parts ;  the re  is scarce ly  

room in the crowded chassis  t o  inser t  even a s h a r p  look, let alone a 
test  lead. Yet you a r e  constantly aware that if the B-plus voltage is 
shorted t o  the filament circui t ,several  tubes can be burned out in a 
second. These fac t s  account f o r  a cer tain lack of enthusiasm on the 
part of se rv ice  technicians f o r  these "cute" little s e t s ,  but they a l so  
dictate the necessi ty  f o r  taking cer tain precautions. 

Fig. 2-3. Test probes with the ends taped for use in a crowded 
chassis. 

Fi rs t ,  disconnect the bat ter ies  and do the checking with the s e t  
on AC. Second, employ your smal les t  probes, and tape the ends of 
them so tha t  only thevery  tips a r e  exposed, a s  illustrated inFig. 2-3.  
Third, avoid pushing par t s  around recklessly t o  get a t  the socket 
Connections; and when moving parts ,  always be on the a le r t  fo r  the 
danger of shoving .two bare  wi res  together. You cannot re ly  on the 
chassis  being B-minus in these se t s ,and  it  is bet ter  t o  use the nega- 
tive connection of the f i l ter  capacitor fo r  this purpose. 

When a plate, screen,f i lament ,  o r  control-grid voltage is found 
to deviate mater ial ly  f rom the requirements  in  the service-data 
voltage chart ,  once more  study the diagram for  possible causes  of 
the difficulty and check with the ohmmeter. Remember not to use  the 
lowest range unless you a r e  s u r e t h i s  willnot burn outtube f i laments ,  
a s  was mentioned in Chapter 1. Res i s to rs  and capaci tors  used in 
these s e t s  a r e  usually of minimum wattage and voltage rating inorder  
to  conserve space; so,  fa i lure  of these  components is not unusual. 
Moreover, these s e t s  a r e  subjected t o  a g rea t  deal of handling and 



No Reception 

often receive thumps and ja r s  that produce shor t  c i rcu i t s ,  broken 
connections, o r  s imi la r  difficulties in the crowded wiring. Tube 
prongs that do not make good connections with their sockets  a r e  also 
common, and many of these s e t s  can be  brought t o  life simply by 
wiggling one of the miniature tubes in i t s  socket. Replacing a de-  
fective socket is a major ,  l as t- resor t  task;  but often a sharp-  
pointed sc ra tch  awl can be used t o  manipulate loose and bent prong 

Fig. 2-4. A scratch awl being used to straighten bent prong holders 
on a miniature tube socket. 

holders into proper shape and position for  making good contact with 
the pins. See Fig. 2-4. 

If you will  follow the procedures outlined, you should have no 
difficulty in quickly locating the trouble in  a s e t  that has  light without 
sound. 

QUESTIONS 

1. When the tubes light but not the slightest sound i s  heard from the 
speaker ,  where do you expect to find the trouble? 

2. \K. hat  does a red-hot sc reen  of an output tube usually indicate in a 
dead s e t  ? 

3. Describe how a solder  gun can be used to make a quick check of 
speaker  voice coil, output t rans former  secondary, and connections 
between them. 

Tubes Light But No Sound 

4. How can a receiver  not even plugged in s t i l l  present  a threat  t o  an -. 
ohmmeter? 

5. When replacing a rect i f ier  tube in an AC-DC rece iver  that lights 
but del ivers  no output, what precautions should f i r s t  be taken'? 

6. Describe precautions t o  be used in working on three-way portables 
to  avoid burning out tubes by accidentally short-circuiting wires .  

7. How can loose tube socket prong holders  often be repa i red?  

























No Reception Excessive Current Indication 

the voltage drop across it and s o  stops the overheating before it is  
destroyed. Keeping such a possibility in mind may save considerable 
time when checking for a low-resistance short circuit. 

Your trusty ohmmeter i s  again the weapon to use in tracking 
down the cause of the fuse-blowing. What you a r e  looking for i s  any 
part failure that will lower the resistance "seen" by the rectifier 
from a normal value of twenty-five tofifty thousand ohms or more to 
an abnormal value of only a few thousand ohms or  less. Start by 
measuring the resistance from the rectifier output to ground, ob- 
serving proper polarity with your test  prods. This will doubtless be 
much lower than the value given in the service data. Next measure 
the resistance from the filter output to ground. If this i s  lower than 
your f irst  reading, you a r e  getting warmer. Next, check the resistance 
from the plate of an output tube to ground. If this i s  more than the 
second reading, the t ra i l  i s  going colder; s o  double back to the 
lowest reading so  far  obtained and take another fork of the circuit 
that branches off from that point, such a s  possibly the plate of another 
tube in a push-pull output stage o r  the plate lead of an R F  or  IF  stage. 

Fig. 5-2. The appearance of an overheated resistor. 

Possibly an example of this procedure will help clarify it. 
Suppose, in checking a receiver with the circuit of Fig. 5-1, the read- 
ing obtained from the rectifier output to ground was 800 ohms. The 
resistance obtained across the output filter capacitor was 500 ohms. 
The resistance measured from the plate of V1 to ground was 1,000 
ohms. Resistances shown from the plate leads of the RF,  IF, and 
converter stages were allabout 1,500 ohms. Finally, a measurement 
made from the plate of V2 to ground showed a resistance of only two 
or  three ohms. When the bypass capacitor at  this point was discon- 
nected and measured, it showed a dead short. Replacing it with a 
good unit restored the receiver t o  normal operation. 

This all sounds very simple and easy, doesn't i t?  Basically it 
is ,  too; but in all honesty, I must admit it i s  not quite s o  easy a s  it 
sounds.. F i rs t ,  not al l  voltage distribution circuits a r e  a s  straight- 
forwardas the one shown. For example,filter chokes a r e  oftenplaced 
in the B-minus instead of the B-plus lead, a s  shown in Fig. 5-3; and 
then a resistance reading taken from the rectifier output to ground 
gives you the resistance across the output filter capacitor. To 
measure the resistance of the input capacitor, the negative test  lead 
must be shifted to the center tap of the high-voltage winding. Points 
like these, however, can be easily noted if you will study the service 
diagram before making each measurement. 

Fig. 5-3. Circuit similar to one shown in Fig. 5- 1 but with filter choke 
placed in the 6-minus lead. 

Secondly,there i s  quite a difference betweenfollowing a circuit 
shown clearly in a neat diagram and identifying these circuit com- 
ponents in the tangled jumble of wires seen in the bottom of most 
receivers. The thing to do i s  to trace the circuit in the diagram and 
then identify suspectedparts you wish to check by referr ing to pictures 
of the chassis in which each circuit component is labelled with i ts  
proper call-out. Do not waste time trying to trace the wiring in the 
se t  proper. 

Finally, there a r e  several  helpful t r icks that will speed up this 
Process. If the receiver has a dynamic speaker with the output t rans-  
former  mounted on the speaker frame, several  circuit components 
can be isolated for resistance checking free of the influence of the 
remainder of the circuit simply by removing the speaker plug f rom 
its chassis socket. Remember that some circuit components a r e  
not always in plain view. Resistors and bypass capacitors a r e  often 
enclosed in IF  shield cans, and the latter a r e  sometimes fabricated 
a s  an integral part of a t r immer  capacitor. Note carefully whether 
or not a circuit element i s  shown inside or  out of the shield-can 
symbol, for this will tell you where you can expect to find it. 

Do not become obsessed with the idea that only capacitors Can 
Produce short circuits. In the majority of cases,  capacitors will be 























Unsatisfactory Reception Sets with Excessive Hum 

place the AC voltage on a tube element where it does not belong, 
just a s  you did with the t ransformer se t s .  In addition, though,re- 
member that B-minus is not often connected t o  the chass i s  in these 
receivers;  and whereas a short  t o  the chass i s  in a t rans former  r e -  
ceiver  would cause the s e t  to  go dead, a short  t o  the chass i s  in an 
AC-DC receiver  will merely produce a loud hum. 

THE THREE-WAY PORTABLE RECEIVER 

Usually hum has t o b e  ra ther  bad in these s e t s  t o  elicit  a com-  
plaint. Their  s m a l l  cabinets,and speakers  do not encourage hum, 
and the owner ordinarily is not s o  c r i t i ca l  of performance. When 
hum does become a problem, f i l ter  capaci tors  a r e  again the chief 
nffender. 

Fig. 6-4. Tuning capacitor insulated from chassis. 

A good example of a hum-producing short  c i rcui t  will  be found 
in the case  of a tuning capacitor that is insulated f rom the chass i s  
by rubber g rommets  o r  plastic insulators  around t h e  mounting 
sc rews  a s  shown in Fig. 6-4. If one of these grommets  cu t s  through 
- a s  it  often does f rom the constant s t r a i n  imposed by a spring-  
loaded dial cord  - the resul t  will  often be a loud hum that  can be 
made to come and go by shifting the tuning-capacitor f rame.  One 
case  of intermittent hum was t raced  by the wr i te r  t o  a metal  dial 
pointer that occasionally touched the metallic foil dial face fastened 
t o  the chassis  and effectively shorted the tuning-capacitor f r a m e  t o  
the chassis.  Sometimes a dial lamp is mountedon the tuning-capacitor 
f r a m e  and will produce a loud hum when a short  circuit develops be-  
tween one of the conductors and the metal shel l  of the socket. 

These rece ivers  suffer open gr id  re tu rns ,  including broken 
antenna leads, just a s  do t rans former  s e t s ;  and they a r e  t racked 
down in the s a m e  way. They a r e  just a s  subject to  tunable hum when 
a line bypass capacitor opens up o r  is blown apart  by a lightning 
surge  that comes in on the power line and jumps the switch. 

Fig. 6-5. Portable receiver with loop antenna mounted in a hinged 
cover. 

Do not bridge capaci tors  in  one of these s e t s  with the receiver  
turned on. T o  do s o  is quite likely t o  resul t '  in blown tubes. It is 
much sa fe r  to  tu rn  off the s e t ,  connect the bridging capacitor t o  the 
proper points, and then turn on the s e t  again. Be s u r e  t o  discharge 
the bridging capacitor each t ime af ter  removing it. Trying t o  r e -  
connect i t  in  a charged condition can  easily blow every tube filament 
in the radio. Again you should consult the wiring diagram t o  be 
cer tain you a r e  properly bridging the desired capacitors. DO not 
overlook the low-voltage, high-capacity f i l ter  capaci tors  ordinarily 
found a c r o s s  the filament supply circui ts .  

If a f i l ter  unit is found t o b e  bad, you will usually have no choice 
between replacing just that unit o r  the whole capacitor of which it  is 
just a part.  There  simply is not room in the crowded s m a l l  chass i s  
fo r  any outboard replacements. Follow instructions in  the se rv ice  
data fo r  selecting the replacement. 

T r y  new tubes. Tubes in these s e t s  do not often develop faults 
Producing t r u e  hum, but often a tube will produce a microphonic howl 
that a customer will descr ibe a s  a hum. 





Unsatisfactory Reception Set Does Not Separate Stations 

heard  a l l  over the dial, the trouble is not one of alignment a t  a l l  but 
is caused by rectification in a stage, such a s  an audio amplifier,  that 
is not supposed t o  be rectifying. 

THE TRANSFORMER SET 

Suppose you decide the I F  t rans formers  a r e  out of alignment. 
This  means the s e t  must be completely realigned. F i r s t ,  consult 
your se rv ice  data t o  learn the I F  frequency, where t o  connect the 
s ignal  generator  f o r  each s tep,  where t o  connect the output meter ,  the 

Fig. 7- 1. Typical alignment set-up. 

location of a l l  t r i m m e r s ,  and the order  in which they should be ad- 
justed. A typical alignment s e t  up is illustrated in Fig. 7-1. When 
such alignment data is available, follow it to  the le t ter .  There will 
be t imes ,  however, when you will have to  align a receiver  for  which 
you d o  not have this  information. In that case,  the following general 
instructions may be used a s  a guide. 

Be s u r e  there  is always a blocking capacitor in the hot lead of 
the signal generator  t o  protect the instrument f rom damage in the 
event thecable leads a r e  clipped to points carrying a different poten- 
tial. If no such capacitor is provided inside the instrument o r  the 
cable furnished with it ,  make up one f r o m  a .006-mfd mica capacitor 
by attaching a s m a l l  alligator c l ip  t o  one lead and arranging the other 
lead s o  that the center  conductor of the output cable of the signal 
generator  may be  easi ly  attached t o  it. 

Connect the outside ground lead of the cable t o  the receiver  
chassis.  The inner hot lead ordinarily goes through a blocking capa- 
citor to the  signal g r id  of the mixer  tube. In a modern compact chas-  
sis using minature tubes, it is often difficult to  reach  the gr id lug of 
the mixer tube socket with the cable connection of your generator 
without shorting out something; however, this s a m e  gr id  is invariably 
connected to one of the s tator  sections of the tuning capacitor which 
is normally accessible  f rom the top of the chassis .  Attach your hot 
lead to that s ta tor  section which you can s e e  is connected t o  the 
mixer -signal grid. 

With the receiver  turned on and the volume control wide open, 
se t  the tuning dial  t o  the extreme low-frequency end of the broadcast 
band. Turn  on the signal generator ,  switch on the AM modulation, 
and adjust the attenuators to  maximum output. If you know the I F  
frequency - i t  is sometimes printed on top of the I F  shield can o r  is 
given on a label pasted on the cabinet - s e t  the signal generator to  
that frequency. If not, slowly swing the generator frequency from 
450 t o  470 kilocycles. If the receiver  is an ordinary broadcast type 
manufactured within the past ten years ,  the chances a r e  better than 
fifty t o  one the I F  frequency is supposed t o  l ie  within these limits,  
with 455 and 456 being by fa r  the most commonly used frequencies. 
However, if you do not hear  the modulation f r o m  the speaker ,  slowly 
lower the frequency of the signal generator until you do hear the AM 
signal. 

As soon a s  it  is heard, s t a r t  cutting downon the generator out- 
put a s  you continue to  tune the generator. Keep the generator output 
just great  enough s o  that the signal may be clear ly heard. Finally, 
you will r each  a point in the generator tuning where moving its f r e -  
quency in either direction causes  the signal heard in  the speaker  to  
decrease  in  volume. Leave the generator settings alone and t r y  tuning 
the receiver .  If moving the tuning capacitor of the receiver  has 
practically no effect on thesignal  heardfrom the speaker ,  you can  be 
s u r e  the generator  is s e t  t o  the frequency t o  which the I F  t rans formers  
a r e  tuned. On the other hand, if tuning the receiver  causes  the signal 
f r o m  the generator tofade out and disappear, the generator frequency 
o r  one of i t s  harmonics is being heterodyned to the  I F  frequency, and 
you must continue your s e a r c h  for  the actual intermediate frequency. 
When it is real ly  found, tuning the receiver  will have no effect on the 
signal heard f r o m  the generator. 

Having satisfied yourself that the generator is operating on the 
frequency to which the IF t ransformers  a r e  tuned, swing the generator 
frequency back andforth throughseveral  kilocycles and note carefully 
the effect on the strength of the audio tone coming f r o m  the speaker. 
When the t rans formers  a r e  perfectly aligned, the signal will fall  off 
quickly a s  the generator  frequency is shifted ei ther  way from the 
point of maximum response. #hen they a r e  out of alignment, you will 
be able t o  tune through several  kilocycles without much change in 
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volume; or ,  a s  i s  often the case,  you will find two frequencies at  
which the signal peaks up and has a valley of low response between 
peaks. 

While doing this, be su re  to keep the output of the signal gene- 
rator  a s  low a s  will permit you to hear the AM modulation, and keep 
the volume control turned to maximum. Failure to observe these 
important points will allow the receiver AVC circuit to "get into the 
act" andgive misleading information regardingthe response charac- 
toristics of the IF  system. Always reduce the generator output with 
the step attenuator f i r s t  and then with the fine attenuator. The step 
attenuator should be se t  s o  that the fine attenuator yields at i t s  maxi- 
mum position just slightly more signal strength than needed. It i s  not 
good practice toleave the step attenuator se t  to a high signal-strength 
level and then t ry  t o  reduce this level by turning the fine control to a 
minimum. 

With a little practice, you will be able to.tell instantly whether 
o r  not the receiver i s  performing normally from the mixer grid t o  
the speaker by noticing how much s i g n a l  from the generator i s  
needed to produce a clearly audible tone from the speaker. The less  
signal, the greater  the sensitivity. By working with receivers, you 
will soon learn which setting of the attenuators will produce a signal 
that willnormally suffice to make the tone audible. When the I F  trans-  
formers  a r e  out of alignment, the sensitivity suffers; therefore, this 
is a corollary symptom that may occur. 

Note the frequency at  which the signal generator i s  set. If you 
have no reason to  suspect the alignment t r immers  have been tam- 
pered with, this frequency should be reasonably close t o  the original 
I F  frequency. For example, if the generator is  se t  at  450 kilocycles 
the original frequency was very likely 456 kilocycles; so  move the 
generator frequency to that point. If the signal can no longer be 
heard, increase the generator output until you can hear it. You a r e  
then ready to realign the IF  transformers. 

It i s  extremely important t o  have and use the proper alignment 
tool for which the transformers were designed. Fig. 7-2 shows an 
assortment of such alignment tools. All a r e  made of nonmetallic 
material; but some a r e  screwdrivers of various-sized bits, others 
a r e  socket wrenches, and st i l l  others a r e  keys shaped to fit sockets 
moulded in the ends of the slugs of permeability-tuned transformers. 

Using an ordinary screwdriver o r  the wrong alignment toolcan 
bring about several  undesirable results: (1) a metallic screwdriver 
can short from a hot .trimmer screw to the shield can and cause 
damage; (2) the large amount of metal in the screwdriver can cause 
an IF  transformer circuit to be detuned when the screwdriver i s  
touched to a t r immer  adjustment; (3) when some t r immers  a r e  
touched with a metallic screwdriver a loud hum is produced that 

masks the signal from the generator; (4) slugs can be broken o r  
reamed out by trying to turn them with a tool that does not fit until 
they can no longer be moved at  all; and (5) by no means the least 
desirable result is  that the technician may receive a shock while t ry-  
ing to adjust a t r immer screw carrying a high voltage. 

Fig. 7-2. Common alignment tools now being used. 

Rough alignment can be performed without the use of an output 
meter. Start with the tr immer that tunes the output of the last IF  
transformer, and adjust it for maximum sound from the speaker. 
Then reduce the signal-generator output until the tone i s  again just 
clearly audible, and adjust the input t r immer  of the transformer in 
like fashion. Repeat the process with the preceding stage, and s o  on 
until all I F  t r immers  have been adjusted. 

As each tr immer i s  adjusted, make su re  you a r e  able to pass 
entirely through a peak in output a s  the tr immer is turned. If this 
cannot be done - that i s ,  if turning the t r immer  has no effect on out- 
put or if maximum output is secured when the t r immer  is turned in 
or out completely - something is wrong and should be corrected be- 
fore continuing the alignment process. Possible causes of such a 
condition are: a defective t r immer ,  a defective I F  transformer wind- 
ing, an open plate- o r  grid-bypass capacitor. Such capacitors would 
be C1 and C2, respectively, in Fig. 7-3.  Temporarily bridge with a 
good capacitor the capacitor associated with the tuned circuit that 
will not peak and t ry  to peak this  circuit again. If success is not 
obtained, the trouble is probably inside the I F  transformer o r  t r im-  
mers. Naturally, if the use of the good capacitor corrects  the condi- 
tion, the defective unit should be permanently replaced. 

































Sets wi th  Distortion 

CHAPTER 10 

Sets With Distortion 

Very likely you will never have a customer bring in a receiver 
and say simply, "This set distorts. " Instead he will probably r e -  
mark, "People in this set sound like they're talking with amouth full 
of mush"; or, "This speaker i s  hoarse a s  a bullfrog'l; or, "Every- 
thing sounds kinda muffled in this job. " As mentioned before, a good 
service technician starts  by being a good interpreter ! 

To tell the truth, though, audio distortion can take so many 
intricate forms that an accurate description i s  very nearly impossi- 
ble. Fortunate usually easier to correct than it is 
to describe. 

ly, the tr 

THE TRANSFORMER SET 

If distortion is bad, it will be readily apparent on either voice 
or music; but slight distortion will ordinarily be more noticeable 
with music. The thing to do with a distorting set  is to listen to i t  
first at very low volume, then at high volume, and finally on both 
weak and strong stations. To a trained ear,  this listening test can 
tell a lot. 

If the distortion is only heard at low volume but disappears 
when the volume i s  advanced, the trouble is perhaps a voice coil 
rubbing on the pole piece of the speaker. At low volume, the weak 
impulses a re  not strong enough to move the voice coil back and forth 
because of the friction; but at high volume levels, the voice coil is 
jerked back and forth so  vigorously that the slight drag has no notice- 
able effect on it. To test this possibility, remove the speaker; and 
while the set  is playing, run your finger around the edge of the cone 
face, applying a slight pressure that pushes the edge of the cone 
backward. If the distortion clears up when pressure is applied to 
one portion of the cone circumference but grows worse when that 
pressure is diametrically opposite, you have found the trouble. The 
voice coil is rubbing on the pole piece on the side opposite of the 
point at which pressure cleared the condition. 

The cure i s  to re-center the voice coil. On speakers that have 
an adjustable spider or one cemented to a movable plate, this i s  no 
problem at all. First, soften with acetone the cement holding the 
dust cover over the hole in the center of the cone and remove the 
cover. Then, loosen the screws that hold the voice-coil spider ad- 
justment in place. Next, insert equally spaced speaker shims of the 

proper size between the voice coil and the pole piece and tighten the 
spider-holding screwsas shown in Fig. 10-1, and remove the shims. 
Once in a great while the trouble will be caused by a piece of paper 
off the voice-coil thimble or by a particle of dirt that i s  wedged be- 
tween the voice coil and the pole piece. Usually, the foreign object 

10- 1. Method of centering a 
. -.-> coil. 

can be worked out of the space by careful and gentle manipulation 
with a lone speaker shim. 

Many low-cost speakers have no provision for moving the 
voice-coil spider. Instead, the spider is of a concentric bellows 
type of construction and is firmly cemented to a fixed metal plate. 
In this case, insert your speaker shims a s  before, and then very 
carefully apply three or four drops of acetone to the outer r im of 
the spider. Be careful not toget any acetone on the voice coil itself. 
A long-snouted eyedropper is very useful in placing the drops exactly 
where you want them, a s  illustrated in Fig. 10-2. This acetone will 
Soften the spider and then, a s  the solvent rapidly evaporates, allow 
the spider to take a new set that will hold the voice coil properly 
centered. It is a good idea to leave the shims in place ten or fifteen 
minutes after the acetone has been applied; then, when you remove 
them, the voice coil should stay properly positioned. 

Sometimes the distortion takes the form of a rattling, buzzing 
sound heard only on certain notes at high volume. This indicates a 
cracked or unglued cone or one with a loose voice-coil winding. If 

the edge of the cone has come loose from the frame, glue it back with 
Speaker cement. It is usually a good idea to have speaker shims in 
place while performing this operation to be certain you do not upset 
the voice-coil centering. Cracks in the cone can be repaired by a 
very sparing application of speaker cement worked down between the 
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