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where you see the 

name STANCOR 
you con count on 

SERVICE 

standardize on 

The famous black -and -yellow STANCOR em- 
blem stands for SERVICE ... in guaranteed 
transformer performance ... and in the friendly 
helpfulness of the Authorized STANCOR Dis- 
tributor .. who stands behind the product he 
sells.... Yes, wherever you see the STANCOR 
emblem you know you will find the most com- 
plete selection of Replacement and General Pur- 
pose Transformers ... advanced designs ... and 
the universal application that make STANCOR 
first with radio service men.... You bet you can 
look to STANCOR ... for the standard of per- 
formance that assures you of satisfied customers. 

TANCOR TRANSFORMERS 
STANDARD ÏRANSFORMER CORPORATION 1500 N. HALSTED ST., CHICAGO 22, ILL. 
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1 send you Soldering Equipment and Radio 
parts; show you how tc do Radio soldering; how 
to mount and connect Radio parts; give you 
practical experience. 

You get parts to build this Vacuum Tube Power 
Pack; make changes which give you experience 
with packs of many kinds; learn to correct 
power pack troubles. 

Early in my course I show you how to build 
this N. R. I. Tester with. parts I send. It soon 
helps you fix neighborhood Radios and earn 
EXTRA money in spare '.ime. 

Building this A. M. Signal Generator gives you 
moro valuable experience. It provides amplitude - 
modulated signals for many tests and experiments. 

You get parts to build Radio Circuits; then tee 
them; see how they work, learn how to design 
special circuits; how to locate and repair circuit 
defects. 

You build this Superheterodyne Receiver which 
brings in local and distant stations-and gives 
you more experience to help you win success in 
Radio. 

I Will Train You at Home -SAMPLE LESSON FREE 
APPROVED 
fsrtraining 

under 

G.L BILL 

Do you want a good -pay 
job in Radio or your 
own money -making Radio 
Shop? Mail Coupon for a 

FREE Sample Lesson and my FREE 
64 -page book, "How to Be a Success 
in RADIO Television, Electron- 
ics." See how N. R. I. gives you 
practical Radio experience at home 

building, testing, repairing Radios 
with BIG KITS OF PARTS I send ! 

Many Beginners Soon Make Good 
Extra Money In Spare Time 

While Learning 
The day you enroll I start sending EXTRA 

MONEY JOB SHEETS. You LEARN Radio 
principles from my easy -to -grasp, illustrated les- 
sons-PRACTICE what you learn with parts I 
send-USE your knowledge to make EXTRA 
money fixing neighbors' Radios in spare time 
while still learning l. From here it's a short step 

My Radio Course Includes 
TELEVISION ELECTRONICS 

: FREQUENCY MODULATION 

It's probably easier to get started in Radio 
now than ever before because the Radio Repair 
business is booming. Trained Radio Technicians 
also find profitable opportunities in Police, Avi- 
ation, Marine Radio, Broadcasting, Radio Manu- 
facturing, Public Address work. 'Think of even 
greater opportunities as Television and Electronics 
become available to the public! Send for free 

to your own full-time Radio Shop or a good books nowl 
Radio job! 

Future for Trained Men is Bright 
In Radio, Television, Electronics Mail Coupon for Sample Lesson and my 64 - 

page book. Read the details about my Course. 
Readletters from men I trained, telling what 
they are doing, earning. See how quickly, easily 
you can get started. No obligation I Just MAIL 
COUPON NOW in an envelope or paste it on a 
penny postal. J. E. SMITH, Pros.,'Dept. 7AY3, 
National Radio Inst., Pioneer Home Study Radio 
School. Washington 9, D. C. 

Our 33rd Year of Training Men for Success in Radio 

I Mr. I. E. SMITH, President, Dept. 7AY3 

National Radio Institute, Washington 9, D. C. 

Mail me FREE, without obligation, Sample Lesson and 
64 -page book about how to win success in Radio-and 
Televlolon, Electronics. No salesman will call. Please 
write plainly.) 

Name 

Address 

Age 

1 

State 

(Please include Post Office zone number) i 
L MMMMM 

APPROVED FOR TRAINING UNDER GI BILL 

Find Out What N. R. I. Can Do 
For Yeu 

City 
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ndy Guide 

SPRAGUE EL 
SELF-MOUNTINC M1DOET 

CAPAC1TORS (Con Type) 

Easier to install... 
Tops for Dependability 
Time is money in radio servicir=g. Save it-make more 
of it --by using sprague Type EL can type dry electro- 
lytic capacitors for every possible replacement use. 
They're small enough to fit anywhere. They're absolute 
tops in dependability. And yo,1 can mount them in a 

jiffy, either by di-ect chassis mvurting or by means of 
their convenient twist prongs. Both bakelite and metal 
washers are supplied with each unit. 

Ask for Sprague Type EL Capacitors by name! 

RAGUE 
PRODUCTS CO., NORTH ADAMS, MASS. 

SINGLE SECTION 

Catalog 
No. 

Mito voltage 
DC worRing 

Cimcuua 

D 

EL -13 3000 10 1.3s 3 

EL -111 1000 15 1 3 

EL -121 2000 15 4.34 3 

E L-142 40 25 
EL -112 100 25 y 2 
EL -152 500 25 I 24_ 
EL -122 1000 25 134 2 

EL -50 150 50 3 2?k 
EL -55 500 50 194 25, 
EL -31 30 150 s'!a 2 
EL -51 - .50 150 % 25ç 
EL -14 40 200 1 2 
EL -12 20 250 % 2 
EL -30 30 250 M1/ 255 
E L-42 40 250 2 
E L-6 60 250 2b5 
EL -203 15 300 % 2 
EL -33 30 300 2 
EL -53 50 300 254 
EL -123 125 300 5,5 3 

E L-5 50 350 3 
E L-125 125 350 ß4 3 

E L-10 10 400 3a' 2 

EL -20- 20 400 2 

EL -80 80 400 3k 255. 
EL -1 10 450 b/,t 2 
EL -15 15 450 2 

E L-2 20 450 2 
E L-3 30 450 2 4 
EL -4 40 450 3 

EL -115 10 525 2 

DUAL SECTION 

EL -242 40-40 25 1 2 

EL -250 50-50 50 2 

E L-221 20-20 150 2 
E L-231 30-15 150 2 
EL -236 30-30 150 2 
EL -24 40-20 150 2 
EL -35 50-30 150 2 

EL -25 50-50 150 2 
EL -26 60-60 150 3 

EL -101 10-10 250 2 

E L-120 20-20 250 2 
EL -245 40-40 250 3 

EL -21 10-10 300 2 
EL -253 15-15 300 2 

EL -22 20-20 300-25 2 

EL -23 3u-30 300-350 3 
E L-32 30-20 350 3 

EL -254 15-15 400 214 
E L-214 80-10 400 34 3 
EL -210 10-10 450 2 
EL -151 15-10 450 255 
EL -220 20-20 450 3 
EL -240 40-40 450 .."4 3 

TRIPLE SECTION 

EL -325 
EL -335 
E L-313 
EL -320 
EL -224 
EL -340 

20-20-23 
30-30-30 
10-30-30 
20-20-20 
40-20-20 
40-40-40 

25 

50 

150 
150 
150 
150 

1 

1 

1 

.1 

1 

1 

2 

2 

2 
2 
2 
3 

E L-321 30-20-100 150-150-6 1 2 

E L-222 20-20-20 150-150-25 2 

EL -324 30-20-20 150-150-25 2 
EL -332 30-30-20 150-150-25 2 

EL -43 30-40-25 150-150-25 2 
EL -343 40-30-20 150-150-25 2 

EL -351 50-30-100 150-150-25 2 

EL -352 50-50-20 150-150-25 234 

EL -355 10-15-1S 250 1 2 

EL -315 10-15-30 250 2 

EL -354 40-20-20 250 3 

E L-331 15-15-20 250-250-25 2 

EL -334 30-30-20 250-250-25 23i 
EL -314 10-20-30 250-250-350 3 

EL -316 10-10-10 300 2 

EL -333 20-20-20 300-300-25 2 
EL -341 40-15-20 300-30025 2% 
EL -102 10-10-20 350-350-25 2 

EL -153 15-10-20 350-350-25 2 

E L-326 15-15-20 350-350-25 2 F 
E L-212 20-10-20 350-350-25 2!%i 
EL -323 30-20-20 350350-25 3 

EL -311 10-10-10 400 20-4 

EL -342 15-15 40 400-400-25 2 i 
EL -322 20-20-20 430-400-25 3 

EL -310 10-16-10 450 2!4 
E1.-344 15-15-10 450 3 

EL -362 20-15-10 450-300-300 3 

E L-363 10-10-20 450-350-25 2 

EL -364 15-20-20 450-350-250 34 2 

EL -345 10-10-10 450-45025 2 

EL -202 10-10-20 450-450-25 Y 

EL -312 10-20-20 450-450-25 3 

EL -353 15-15-20 450-450-25 3 

EL -205 20-15-20 450-45025 3 

EL -350 20-20-20 450-450-25 3 
EL -330 30-30-20 450-450-25 54 255 
EL -360 15-15-10 450-450-300 3 

EL -215 15-5-15 450-450-350 3 

QUADRUPLE SECTION 
E 1.-434 30-30-30-40 150-150-150-25 134 2 
E L-443 40-40-30-20 150- 15C,150-25 134 2 
E L-452 50-50-50-20 150150-150-25 134 2 

EL -422 40-20-10-20 200-200-200-25 1% 2 

E L-412 10-10-10-20 300-300300-25 14/4 2 

EL -432 40-40-20-20 350-300-300-25 1% 3 

EL -415 20-10-5-10 350-350.350-25 134 2 

E L-442 20-20-29-20 400-400-40025 13$ 2F 
E L-410 10-10.10-10 450 1% 2 
EL -420 20-20-20-20 455 1X 3 
EL -421 20-15-15-20 450-350-350-25 134 2 

EL -423 20-15-20-20 450-450-25-25 1 34 2 

EL -425 20-20-30-30 450-450-300-330 1% 3 

EL -431 10-10-10-20 450-450-450-25 134 2 

ELd24 40-30-10-20 450-450-450-25 134 3 
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by Morton Scheraga 
Allen B. DuMortf Labs. 

In this article the author 
covers the video channel 
of the television receiver. 
This is the second section 
of the seven to be covered. 

TAST MONTH'S ARTICLE covered 
the troubleshooting of the RF 

section, the circuits of which pro- 
vide the signal path from the an- 
tenna through the first detector. 
The detected signal thus reaches 
two channels, one leading to the 
audio system and the other to the 
video circuits. This article deals 
with the latter signal path and will 
trace the signal from the first de- 
tector through the video IF am- 
plifiers, the second detector, the 
video amplifier, and finally the DC 
restorer at the grid of the cathode- 
ray tube. This video channel is 

shown in block diagram form in 
Fig. 1, and in greater detail in 
the schematic circuit of Fig. 2. 

The video IF carrier produced 
at the first detector is at 12.75 mc 
modulated with the picture signals 
(many new sets coming on the mar- 
ket will have a video IF carrier of 
21.9 mc). The picture IF signals 
are amplified by an amplifier sys- 
tem which is tuned to 12.75 mc 
and which passes a band of 2.5 mc 
to 4 mc, depending upon the qual- 
ity of the receiver. 

Fig. 3 shows the idealized IF 
response curve for the entire video 
amplifier system. Several impor- 
tant characteristics of this response 
curve should be noted which will 
facilitate the understanding of the 
troubleshooting problems. It is 
seen that the response is very small 
at 8.25 mc so that none of the ac- 
companying sound IF signals will 
get into the picture. It is also neces- 
sary that the response at 14.25 mc 
be very small so that sound sig- 
nals from the adjacent lower f re- 
quency television channel will not 

-3 To Page 6 
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Fig. 1 A block diagram of the video channel of a television receiver. 

Ist VIDEO I -F \\\\ \\\\\\\\\\\X AXt. o\\ 
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Fig. 2 A simplified schematic diagram of the video channel of a television receiver 
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The Video Channel 

- From Page 4 

get into the picture. The major 
shaping of this response curve oc- 
curs in the video IF amplifier. In 
the particular IF system shown in 
Fig. 2, five stages are used to ob- 
tain a 4 mc band pass with suf- 
ficient gain. Some low-priced re- 
ceivers sacrifice band width for in- 
creased gain and employ only three 
IF stages. 

The amplified IF signal is fed to 
the second video detector which 
converts the IF signal carrier into 
a signal containing the video and 
synchronizing information. These 
waveforms are shown in Fig. 4. 
The detector in. Fig. 2 is a bal- 
anced full wave rectifier and it is 
noted that the polarity of the out- 
put signal is negative. This is the 
polarity required because there fol- 
lows only a single video amplifier 
stage in this receiver which re- 
verses the signal 180 degrees and 
provides the correct polarity at the 
grid of the picture tube. 

The AVC system shown in Fig. 
2 differs considerably from that 
of audio amplifiers in broadcast 
receivers where it is customary to 
use the filtered DC drop across the 
diode resistor as the source of the 
AVC voltage. However, in the 
broadcast receiver, the average vari- 
ation of the carrier is used to fur- 
nish a DC bias level for AVC. If 
this were done in the television re- 
ceiver, the AVC would vary with 
each picture as the contrast varied 
because the average variations in a 
television carrier are important 
components of the picture. There- 
fore, a means of getting a constant 
DC level equal only to the maxi- 
mum carrier strength of the tele- 
vision signal must be used. This 
is done by using the sync tips of 
the video signal (which recur at 
a rate of 15,750 times per second 
and are a constant indication of car- 
rier strength) representing 100 per 
cent modulation of the carrier. 

The video amplifier amplifies the 
detected signal with its blanking 
and synchronizing components to 
a level sufficient for the proper op- 
eration of the picture tube. The 
frequency response of the video 
amplifier must be excellent up to 

1.0 
z 
o 
a 
(1) 

1r 
w o z 
F- 

ii 0.5 
2 
a 
Lu 
> 
I-= a J 
w 
ar 0 

`SOUND 
ASSOCIATED PICTURE 

CARRIER CARRIER 
8.25 mc. 12.75mc\ 

ADJACENT 
SOUND 
CARRIER 
14.25 mc"& 

8.75 mc. 

r 

Ì 
-1 

1 
1 
e \50% 

RESPONSE 

, 

LEVEL 

f 
e 
e 

7.0 8.0 9.0 10.0 11.0 12.0 
FREQUENCY MC. 

13.0 14.0 

Fig. 3 The ideal picture intermediate frequency amplifier response curve. 

SECOND 
VIDEO 

DETECTOR 

INPUT VIDEO 
SIGNAL 

n n 

DETECTED VIDEO 
OUTPUT 

Fig. 4 The input and output signals of the second video detector. 

4 mc for a high quality receiver. 
Since the video amplifier is an AC 
amplifier with RC coupling, the 
DC component of the video signal 
that represents the average illumi- 
nation of the original scene will not 
be passed. The restoration of the 
DC component in the typical re- 
ceiver under consideration is ac- 
complished by means of a DC re- 
storer (See Fig. 2) which utilizes 
a diode rectifier placed across a por- 
tion of the output of the video am- 
plifier. The action of the AC video 
signal across C1 -R1, and the diode 
results in CI charging to the peak 
value of the sync pulses. It then 
discharges partially through R1, 
and the effect of the condenser 
charge is to add the necessary DC 

component into the AC video sig- 
nal. The composite signal is then 
DC coupled to the grid of the cath- 
ode-ray tube. 

Having described the basic op- 
eration of the video channel in most 
television receivers, let us consider 
the factors that will localize any 
faults to this section of the receiver. 

It is well to recall the common 
faults described in last month's ar- 
ticle on the RF section to rule out 
these troubles as being, distinct 
from the video channel. Ghosts, 
local interference, image interfer- 
ence, too strong a signal, or too 
weak a signal are in the main at- 
tributed to the RF section. If a 
picture is present on the receiver 
at the installation, but does not suf- 
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fer from these faults and yet is poor 
in detail, it is likely that the trouble 
lies in the video channel. In this 
case, the receiver should be brought 
to the service shop for testing and 
realignment. 

Proceeding further to localize 
the trouble to the video channel, - 

it is, obvious that if there is a 
raster on the face of the tube, there 
is no trouble with the sweep cir- 
cuits, the cathode-ray tube, or the 
power supplies. This confines our 
troubleshooting then to the video 
channel. 

No Video but Audio Good 
The fact that the audio is com- 

ing through is a fairly reliable in- 
dication that the RF section is func- 
tioning properly and the trouble 
lies somewhere after the first de- 
tector. Obvious faults in this 
case are open leads, burned -out 
components, or tubes. One ef- 
ficient method of troubleshooting 
the video channel rapidly is that 
of signal substitution. This con- 
sists of substituting a signal from 
a signal generator for the normally 
received signal and noting the out- 
put on an oscillograph or vacuum 
tube voltmeter. The procedure 
should start from the grid of the 
picture tube and work back toward 
the input of the IF amplifiers. Thus, 
for example a 2 me signal can be 
injected into . the video amplifier 
grid and the output voltage ob- 
served at the grid of the cathode- 
ray tube. If such voltage indication 
is obtained, there is continuity 
through these circuits. Now, put- 
ting the vacuum tube voltmeter 
across the grid of the video am- 
plifier and injecting a signal of 
12.75 me into successive IF stages 
starting from the output of the 
last stage . (or input to the second 
detector), the continuity through 
these circuits is checked. If the 
above method finds the trouble to 
be other than an open lead, that 
is, a defective tube, resistor or 
capacitor, it is advisable after re- 
placing the component to recheck 
quickly the overall response of the 
video channel. The reader is re- 
ferred to the alignment procedures 
outlined in the article "Testing and 
Aligning Television Receivers" in 
the October and November -issues 
of this magazine. All alignment op- 
erations mentioned further in this 

Fig. 5 The effect on the picture of the 
loss of high video frequency. 

W2 K BS 
NEW YORK 

Fig. 6 A normal test pattern. 

Fig. 7 A test pattern showing the ef- 
fect of loss of low video frequencies. 

Fig. B A test pattern showing the ef- 
fect caused by sound modulation in the 

video channel. 

article are covered in these two 
issues. 

Loss of High Video 
Frequencies ' 

This trouble is most quickly not- 
ed on the test pattern and will ap- 
pear as in Fig. 5. In the normal 
test pattern (Fig. 6) the vertical 
wedges are clearly defined down 
to the outer circle of the "bull's 
eye." The receiver giving the 'pat- 
tern shown in Fig. 5 has poor IF 
amplifier or video amplifier re- 
sponse for the high frequencies and 
requires realignment. Unfortunate- 
ly, there is no quick way of dis- 
tinguishing whether poor video re- 
sponse is arising in the video IF 
stages or the video amplifier. In- 
dividual checking is necessary. 

Loss of Low Video 
Frequencies 

The appearance of the test pat- 
tern when this trouble exists is that 
of Fig. 7. Poor low frequency 
response results in a smearing of 
the low frequency elements, such 
as large letters or blurring of the 
horizontal wedges. Such a condi- 
tion might be caused by a short- 
ing -out of video amplifier load re- 
sistors or an open by-pass condens- 
er in the plate or screen supply 
circuit. An improper RF or IF 
response may affect the high fre- 
quency response but it seldom in- 
fluences the lower frequencies un- 
less the receiver requires alignment. 
In the latter case, other defects 
such as sound interference bands 
on the screen, or poor tone quality, 
will also be present. 

Sound in the Picture 
Fig. 8 shows the effect of sound 

modulation in the picture and is 
a common trouble arising from the 
improper alignment of the IF am- 
plifiers. This is understood by re- 
ferring to the IF response curve 
of Fig. 3. If the IF amplifier band 
pass is not as shown or spills over 
the 8.25 me and 14.25 me points, 
the attenuation of these sound car- 
riers will be insufficient to prevent 
their riding through the video chan- 
nel. The response curve of the 
IF system shown in Fig. 2 is repre- 
sented in Fig. 9, and indicates the 

To Page 32 
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THE TECHNIQUES DEVELOPED in 
the two preceding sections of 

this series, Parts I and II (and 
particularly the latter), will be 
found extremely useful and neces- 
sary in carrying out the test pro- 
cedures which will be dealt with in 
this and the next article. In Part 
II, it will be recalled, the use of 
the oscilloscope was discussed in 
making thorough analyses of audio 
amplifier performance. This infor- 
mation must necessarily be placed 
first chronologically in radio re- 
ceiver troubleshooting with the 
oscilloscope because (1) the audio is 
the most conveniently checked stage 
in the receiver; and (2) if trouble 
is found in the audio, no further 
checking need be made since the 
audio amplifier and loudspeaker are 
the last points in the receiver where 
the signal appears. 

If distortion is present, or if no 
audio signal at all can he heard 
from the speaker, and if the audio 
is found to be working properly, 
then the signal checking must be 

In this article the author 
discusses the checking of 
the RF and IF stages of a 
receiver for distortion. 

the 

...how to use it 
4 

Weillie.gr 
carried one step back to the IF 
stages. 

Distortion in the IF Amplifier 
As was pointed out in Part II 

on the audio amplifier, an electrical 
amplifier, in general, has as its func- 
tion the amplification of an electri- 
cal signal applied to its input 
terminals. That is, it must provide 
at its output terminals a voltage 
or power which is exactly like that 
applied to its input except in am- 
plitude. Any deviations from this 
essential function results in distor- 
tion. 

Amplitude or "non-linear" distor- 
tion comes about through overload- 
ing in the amplifier and is mani- 
fested as the introduction of new 
frequencies in the signal which 
were not present in the input. 

Frequency distortion is the term 
given to the malfunctioning of the 

PART, 
ffi 

amplifier when the band-pass char- 
acteristic of the amplifier is not 
what it should be ( when the am- 
plifier is working normally) . In 
the case of an audio amplifier, the 
band-pass characteristic ideally is 
a straight line curve of voltage 
plotted against frequency, over the 
desired range. For an IF ampli- 
fier, the ideal characteristic is a 
peaked curve, roughly resembling 
one-half of a sine wave, the peak 
amplitude occurring at the nom- 
inal intermediate frequency of the 
amplifier. Deviations in the shape 
of this curve, or in the position of 
the peak along the frequency axis, 
cause frequency distortion in an IF 
amplifier. 

Phase distortion comes about 
through unequal phase shift over 
the frequency pass -band. In IF 
amplifiers used in radio receivers, 
this type of distortion is relatively 
unimportant since conditions which 
normally give rise to phase distor- 
tion would, in an IF amplifier, pro- 
duce a far greater degree of fre- 
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The Oscillograph . . how to use it 
- From Preceding Page 

likely produced in the IF stages, is 
as follows : 

(1) The audio is assumed to have 
been checked and cleared of distor- 
tion, as noted in the first para- 
graph of this article, by the meth- 
od outlined in Part II of this series. 

(2) Trouble must, therefore, be 
occurring in the RF, IF, or second 
detector : 

(a) Distortion is seldom pro- 
duced in the RF section (which 
includes RF amplifier, if present, 
local oscillator, and converter). 

(b) It is possible, though not 
likely, for distortion to occur in 
the second detector. 

(c) The modulated RF input 
signal itself may be "unclean." 

To check point 2 (b), connect 
the top vertical plate to the ver- 
tical amplifier of the oscilloscope ; 
and connect the amplifier input to 
the "high side" of the second de- 
tector load resistance. (The second 
detector output will be audio at 
1000 cycles, but of so low an am- 
plitude that it must be amplified 
by the vertical amplifier before it 
can be applied to the vertical de- 
flecting plates. See Fig. 5.) 

Turn up the vertical gain until 
the pattern is about two inches in 
height on the screen. There may 
be some fuzziness or "fill-in" 
around the peaks due to the pres- 
ence of a small amount of IF sig- 
nal. If this is not enough to dis- 
turb the observation of the wave- 
form, it may be ignored. Other- 
wise, insert a series- or parallel - 
resonant inductance -capacitance fil- 
ter between the point being observed 
and the oscilloscope. By compari- 
son with Figs. 2, 3, and 4, de- 
termine whether there is any dis- 
tortion in the second detector out- 
put signal. It is unlikely that 
trouble will be found here. 

To check points 2 (a) and 2 
(c) and thus determine definitely 
where the trouble is, an additional 
apparatus must be procured or 
built. This circuit is a video am- 
plifier. It is necessary because the 
signal strength at any point in the 
receiver ahead of the audio circuit 
is too low in amplitude to be seen 
by direct connection to the vertical 

MODULATED 
R- F 

SIGNAL 

T nd ETECTOR 

2nd 
DETECTOR 

LOAD RESISTOR 

AUDIO 

SPEAKER 

OSCILLOSCOPE 
VERTICAL 

AMPLIFIER 

OS$ILLATOR 
HORIZ. SWEEP 
CIRCUIT 

Fig. 5 Method used to check for distortion in the circuits up to and includ- 
ing the second detector. 
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mf. 
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L3 
-i000 
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Oimf 

Fig. 6 The circuit diagram of a two -stage video amplifier suitable for use 
when checking the RF stage of a receiver for distortion. 

deflecting plates of the oscilloscope. 
The vertical amplifier of the oscil- 
loscope is too narrow in its fre- 
quency pass -band (less than 100 
kc for the DuMont 208 and similar 
types) to pass RF signals (550 kc 
or greater) or IF signals (which 
may be as high as 455 kc). 

Of course, if the oscilloscope be- 
ing used is of the more advanced 
type having a vertical amplifier 
pass -band up to about a megacycle, 
or at least greater than the highest 
frequency to be amplified, no fur- 
ther apparatus is necessary, and all 
signals in the receiver can be con- 
nected to the vertical amplifier in- 
put of the oscilloscope. In the ab- 
sence of such an oscilloscope, how- 

ever, some additional amplifier 
must be used external to the oscil- 
loscope and the oscilloscope's ver- 
tical amplifier bypassed. 

Some authors, in articles on ra- 
dio receiver servicing with the oscil- 
loscope, recommend that this ex- 
ternal amplifier be an IF amplifier, 
essentially the same type as that in 
the typical receiver. This practice 
is not recommended here because 
an IF amplifier is characteristically 
peaked at some particular fre- 
quency ; and if that peak frequency 
were made equal to the intermediate 
frequency of the receiver under 
test, then the amplifier could not be 
used for other standard interme- 
diate frequencies encountered in 
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MODULATED 
R-F 

SIGNAL 

OSCILLOSCOPE 
HORIZ. SWEEP 
CIRCUIT 

-_,} R F DETECTOR AUDIO c 
SPEAKER 

t: I -F Output transformer secondary. 
2: I -F Input transformer primary. 
3: Signal generator output 

Fig. 7 The test setup used to cheek the RF and IF stages of a receiver for 
distortion. 

Fig. 8 The pattern obtained with the 
test setup of Fig. 7 when no distortion 

exists. 

different receivers, nor for RF sig- 
nals. The only method by which 
the amplifier could be made ver- 
satile and universally applicable 
would be to equip it with plug-in 
coils to accommodate all possible 
IF's and RF's which might be en- 
countered. Such equipment is both 
expensive and cumbersome to 
handle. 

A video amplifier, it will be re- 
called from a definition given in 
Part I of this series, is an amplifier 
with nearly constant gain and uni- 
form phase shift over a wide fre- 
quency band. It' is usually well to 
build up a small unit, complete with 
B+ power and filament supplies, 
in a compact form because it will 
be required for most future test- 
ing which the serviceman will do on 
RF and IF circuits. A represen- 
tative two -stage video amplifier is 

Fig. 9 The pattern obtained with the 
test setup of Fig. 7 when distortion is 

present in the receiver. 

shown schematically in Fig. 6. The 
resistor in series with the input 
grid is necessary to minimize the 
loading effect on the high -frequency 
circuit to which the input terminal 
is connected. The tubes are 6AC7's. 

It will be noted that both plate 
load resistors are low in value : 

Gain in a video amplifier is sacri- 
ficed to extend the upper limit of 
the amplifier's frequency range. 
Coil L1, called a "shunt peaking" 
or "shunt compensation" coil, 
boosts the response of the higher 
frequencies while having practical- 
ly no effect upon the lower f re- 
quencies. Coil L2, called a "series 
peaking" or "series compensation" 
coil, resonates with the succeeding 
grid -to -cathode interelectrode ca- 
pacitance and the distributed wiring 
capacitance to ground at high fre- 
quencies, causing an increased volt- 

age input to the succeeding grid. 
L3 similarly can overcome the ef- 
fect of the capacitance between the 
top and bottom vertical deflecting 
plates of the oscilloscope. All three 
coils are small-on the order of 100 

microhenries or less. L2 and L3 

may not be necessary in a partic- 
ular unit. The unit should be wired 
and assembled and then tested for 
its frequency band-pass by means 
of a signal generator and oscillo- 
scope. 

The pass -band should include the 
range from audio to well above the 
highest IF to be encountered: From 
below 1000 cycles to about 1 mega- 
cycle. Adjust the values of plate 
resistors, coils, and cathode resis- 
tors and by-passes until maximum 
gain and approximately the desired 
frequency range are obtained. It 
will probably not be necessary to 
use both L2 and L3 in the final unit, 
and in some cases neither need be 
used. For a particular receiver, a 
third video stage may be required. 
The total number of stages for a 
particular serviceman's applications 
cannot be determined until he has 
had experience with several dif- 
ferent receivers. The upper fre- 
quency limit and the overall gain 
of the amplifier are points which 
cannot be given here for universal 
application. Once the unit has been 
built up, it will be found invaluable 
for future servicing. 

Connect the output of the video 
amplifier to the top vertical deflect- 
ing plate and connect the input to 
position 1 of Fig. 7, the second- 
ary of the last IF transformer. 
When observing IF through the 
external amplifier, it may be neces- 
sary to mount an inductance -capaci- 
tance filter between the point be- 
ing observed and the input terminal 
to reject RF and local oscillator 
signals. Always use shielded leads 
(or coaxial cable) for connecting 
to the input and output terminals. 

Observe the pattern on the screen 
of the oscilloscope tube and by a 
comparison with Figs. 8 and 9, de- 
termine whether distortion is pres- 
ent. It will be a bit more difficult 
to recognize the presence of dis- 
tortion by looking at the modulated 
IF or RF wave on the oscilloscope 
screen than it was by observing 
the audio voltage alone in the pre- 
vious tests. The observer must 
note carefully the shape of the top 

-3 Te Page 28 
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SURROUNDED AS WE ARE by our 
modern vacuum tube voltme- 

ters, signal tracers, oscilloscopes, et 
cetera, we are prone to overlook 
one of the best instruments for 
radio servicing yet discovered : The 
human ear. 

Every ill which a radio receiver 
suffers is reflected in the sound 
-or lack of sound-that comes 
from the speaker; and an intelligent 
serviceman can train himself to 
diagnose seven out of ten defective 
receivers simply by listening to 
them. He may even do better than 
this percentage, for it is based on 
my own experience, and I make no 
claims to perfection. 

Please do not think that I am 
arguing that a good ear is all the 
equipment needed to service radios 
-far from it. I merely contend 
that intelligent listening can hasten 
the process of isolating the trouble; 
and every serviceman knows that 
this business of "isolating the 
trouble" constitutes ninety per cent 
of his work. If you can train your- 
self to diagnose radio troubles by 
ear, you can save hours of aimless 
probing; you can often avoid the 
unnecessary removal of a chassis 
from the cabinet, and you can make 

Troubleshooting by fault analysis 

by John T. Frye 

yourself tremendously more effi- 
cient. 

In this article, I shall try to 
point out a few of the most com- 
mon faults that can be determined 
by listening to a set. The list is 
by no means exhaustive for it is 
intended more as a guide to the 
technique involved than anything 
else. Still, I feel confident that the 
newcomer to the service game will 
find many practical hints of the 
"trade secret" variety. Perhaps, 
even veteran servicemen will profit 
by some half-forgotten and there- 
fore unused knowledge. 

Suppose our first set tested is 
an AC console. It is plugged into 
the line and turned on while the 
rectifier is watched. If this does 
not show excessive blue glow be - 

Most of us apply the word 
"diagnosis" to the medical 
profession, but the word ap- 
plies to the serviceman as 
well. The author proves that 
a good ear, a sharp eye and 
the ability to make an intelli- 
gent guess are the mark of the 
experienced serviceman. 

tween the filament and plates, and 
if the plates do not show any tinge 
of red, the set may be left on 
safely without worry of burning 
out anything important. If you 
want to make doubly sure, make 
a resistance check between the rec- 
tifier output and ground through 
the rectifier socket. If this meas- 
ures 10,000 ohms or better, you can 
proceed. - 

The set is without sound. There 
is no hiss, no hum, no nothing. All 
the filaments are revealed to be 
burning, either by visual check or 
a warming -up of the metal en- 
velopes. Glance at the speaker and 
see if it is a permanent magnet or 
a field coil dynamic job. If the 
former, your trouble is very likely 
(a) an open voice coil, (b) an 
open primary on the output trans- 
former, (c) an open connection in 
the output tube (See Fig. 1) . Look 
at the tube. If it is glass and the 
screen is red hot, (b) is your 
trouble. The tube checker will take 
care of (c). Quite often a little 
manual manipulation of the speak- 
er cone will show up (a), the set 
"coming alive" when the cone is 
pushed a certain way so as to bring 
the broken ends of the voice coil 
winding or leads in contact. If 
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the speaker has a field coil, there 
is another possibility : That this 
coil, located in either the positive 
or negative high voltage leads, has 
opened up and so taken the voltage 
off the set. A continuity test at 
the speaker plug will quickly re- 
veal this. 

Now suppose that the only 
sound is a low hum. No stations 
nor static can be heard. Pull the 
output tube and see if a loud click 
is heard. If not, suspect a shorted 
bypass condenser from the plate of 
the output tube to cathode or 
ground (See Fig. 2) . An ohm- 
meter cheek at the socket will quick- 
ly take care of this. If the speaker 
is a field coil type, you may have 
an open primary in the output trans- 
former, the hum being caused by 
the ripple voltage passing through 
the field coil (See Fig. 2). Use 
your voltmeter at the output tube 
socket to check this. 

If you do not get a click when 
you pull the output tube, try pull- 
ing out the tube just ahead of it 
and proceed in this way toward the 
front end of the set until you come 
to one that does not yield a click. 
This will show you in which stage 
to start looking for trouble. If 
the clickless tube is in the detec- 
tor or audio portion, look for open 
coupling condensers, open plate re- 
sistors, shorted audio bypass con- 
densers, and bad tubes. If it is in 
the RF or IF section, look for short- 
ed screen and plate bypass con- 
densers, for open coil windings and 
for bad tubes. 

Next, we have the set that can 
pick up stations, but there is a back- 
ground hum of annoying loudness. 
The chances are good that the 
trouble is filter condensers. If the 
input condenser is open, the hum 
will be very loud and it will usually 
modulate the voice and music with 
a 120 cycle hum ; if it is the out- 
put condenser; the hum is usually 
not so heavy and quite often it is 
accompanied by "motor -boating" or 
squealing because of the loss of the 
bypassing action of the output fil- 
ter condenser. If bridging the fil- 
ter condensers with good units does 
not diminish the hum, try changing 
the output and other audio tubes, 
one at a time, of course. If this 
does not help, check for a short in 
the filter choke or the speaker field 
that serves as a choke. If the filter 
condensérs are both in one contain- 

er, sometimes the insulation be- 
tween sections breaks down and 
effectively shorts out the filtering 
inductance. Removing one of the 
uncommon leads while inserting a 

good condenser will check this al- 
though the usual bridging test will 
not. 

One other hint: If the set is an 
AC -DC and has a double -diode rec- 
tifier, if one of the filter condensers 
is rated at higher than 150 work- 
ing volts, make sure you are not 
dealing with a voltage doubling cir- 
cuit. If so, what looks like a big 
bypass condenser may really be a 
third electrolytic filter condenser, in 
addition to the two that ordinarily , 

are placed in a single container. 
When one of these condensers opens 
up, the voltage goes down to about 
where you would expect it to be 
with half -wave rectification, and 
a loud hum develops. The sets that 
use such circuits are so few that 
it is easy to overlook the possibility, 
but you can certainly lose a lot of 
time trying to get the hum out of 
a voltage doubling circuit by treat- 
ing it as a straight half -wave rec- 
tifier. 

AUDIO 

xl:üü:;i:; ̀  
!._:.. .._....... .:,. 

000` + Bt 

Then we have the little dandy 
that whistles or squeals. Pay no 
attention to what the customer says 
it does, for I have had them call 
a 120 cycle hum a whistle and label 
a piercing 5,000 cycle note a buzz. 
If the note is fairly high-pitched, 
if it varies slightly in frequency 
as the volume control is rotated over 
the high -volume portion of its ro- 
tation and disappears entirely at 
the low -volume setting, look for an 
open bypass condenser on the plate 
of the output tube, or look to see 
if an original metal output tube 
has" not been replaced with one of 
glass. Dressing the plate leads away 
from the grid leads will occasion- 
ally cure this trouble. 

Oscillation 
If the set is a "railroad radio"- 

whistles at every station-there is 
oscillation in the RF or IF portion. 
Suspect screen, plate, cathode, and 
AVC bypasses first. Bridging with 
a .1 ufd condenser is the quickest 
way to check these units for opens. 
A pair of bamboo photo print tongs, 
equipped with old "B" battery clips - To Following Page 

OPEN CONNECTION 
IN TUBE 

l 

OPEN 
PRIMARY 

P. M 
DYNAMIC 

OPEN 
VOICE 
COIL 

Fig. 1 When there is no sound coming from the speaker of a receiver using o 
permanent magnet dynamic speaker, the trouble is usually an open at one of 

the points indicated. 

01"i' 

Fig. 2 In 
heard but 

SHORTED PLATE BYPASS 

OPEN PRIMARY 

FIELD COIL 

T T 
a set using a field type speaker, if no stations nor static can be 
the speaker emits a low hum, the trouble is usually one of those 

indicated above. 
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Servicing by Ear 
From Preceding Page 

as illustrated in Fig. 3, are useful 
in making these checks. The tongs 
are squeezed or spread to fit across 
the condenser under test. If they 
are all okay and be very, very sure 
you do not overlook one hidden 
away on top of the chassis or inside 
an IF can check the alignment. If 
you cannot peak the IF stages with- 
out oscillation with the signal gen- 
erator attached to the mixer grid, 
try moving it to the IF tube grid 
and aligning the output IF trans- 
former and then going to the mixer 
grid with the service oscillator and 
aligning the input IF transformer. 
If you still cannot peak the IF 
stages without ,oscillation, if all the 
tube shields are tight, if the ground- 
ing lugs on the tube sockets are 
all grounded and the leads prop- 
erly dressed, look for a gassy IF 
or RF tube. Such a tube will cause 
oscillation in spite of anything you 
can do, and overlooking this pos- 
sibility has put many a serviceman 
on the verge of a nervous break- 
down. 

If the set is an AC -DC and the 
whistling is accompanied by some 
hum, look for a bad output filter 
condenser. This condenser doubles 
in brass as an RF bypass ; and 
when it loses its capacity, the plate 
returns are left more or less float- 
ing. Usually, in this case, the set 
whistles when first turned on; but 
the whistling gradually dies out as 
the set warms up and the electro- 
lytic builds up a little more by- 
passing ability. 

A bad volume control can cause 
squealing, too. If the set squeals 
at certain settings of the volume 
control, if the volume control makes 
considerable noise when being ro- 
tated, and if the control of volume 
is erratic, you can be sure the con- 
trol is the source of your trouble. 
The squealing is occasioned by the 
fact that the rotating portion makes 
poor contact with the connecting 
lug and leaves the grid of the audio 
tube attached to this lug "floating." 
Sometimes the control can be re- 
paired by disassembling and clean- 
ing, but I personally have had lit- 
tle success with "dunking" the con- 
trols in carbon tetrachloride. This 
will relieve the trouble temporarily, 

Fig. 3 A handy gadget for use when bridging by-pass condensers to check for 
opens. Two battery clips are mounted at the ends of the tongs. The battery 
clips project past the end of the tongs. The proper size condenser is selected 
and connected fo the two clips. A .1 ufd condenser can usually be used to 

check all the by-passes on a set. 

R -F 

AMC. BY-PASS CONDENSERS 

CONVERTER I-F 2nd DEI AVC. 

Fig. 4 If any one of the by-pass condensers indicated above is shorted, the 
set will distort badly on loud stations but will sound normal on weak stations. 

but not for long. The most satis- 
factory repair is a new control. 

Noisy sets are a common source 
of complaint. If the noise is a 
continuous scratching and frying 
sound, if there is some hum, and 
if the condensers are of the fab- 

ricated plate type, suspect these con- 
densers. The trouble apparently 
develops in the connections between 
the terminals and the foil. It is 
hard to locate because when a good 
condenser is bridged across the de- 

-a To Page 24 
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Emir 

Type 
designa- 
tion 

Description 
Prototype 
In larger 

envelope 

Cathode 8 Ratings Base Overall 

height 

Capacitances Typical Operation and C h a r a c ter I s t i es Type 

Type Volts Amps 
connee- 
fions 

8-P 

7v+ß 

8-K 

Aelf 

P -K 

Pur 
Circuit application Appt ed voltages Plate Screen 

curr. 
-a 

Amp 
factor 

Plate 
rests. 
ohms 

Trans 
tondue 
',mho 

Power 
output 
wales 

Load 
rests. 

ohms 

Cutoff biason 
rolls 

dets'gna- 

Plate Screen grid curr. 
as 

042 Gaseous v regulator 003/VRI50 Cold - -- 5-80 2 5/8 -- -- -- Voltage regulator 185 min 150 v approx. output through a current range o 5-30 ma. 0A2 
082 Gaseous v regulator 0C3/VR105 Cold -- -- 5-80 2 5/8 -- - - Vdltage regulator 133 min 108 v approx. output through a current range of 5-30 ma.. 082 
143 Vhf diode 

R 

-- Cath. 1.4 C.15 5 -AP 2 1/8 -- -- 0.4 H -w rect. or dot. Max plate 117 v rms at 0.5 ma d -c output IA3 
ILA -f pentode 1N5GT Fil. 1.4 C.05 6 -AR 2 1/8 0.008 3.6 7.5 Voltage amplifier 90 90 0 4.5 2 360 350M 1025 -- -- -8 IL4 sharp cutoff 

'0 90 67.5 0 2.9 1.2 -- 600M 925 -- -- -6 
6R5 Pentagrld converter IA7GT Fil. I.' 0.05 7 -AT 2 1/8 0.4 7 7 Converter 90 67.5 0 1.7 3 -- 500M 300 -- -- -I5 IRS 

90 45 0 0.8 1.8 -- 750M 250 -- - -9 
154 Power amp pentode I95GT Fil. 1.4 0.1 7 -AV 2 1/8 -- - -- Power output amp 90 67.5 -7 7.4 1.4 -- 100M 1575 0.27 8000 -- 154 

67.5 67.5 -7 7.2 1.5 -- IOOM 1550 0.18 5000 -- " 
1e " 45 45 -4.5 3.8 0.8 -- 100M 1250 0.065 8000 -- 

IS5 Diode a -f pentode - Fil. 1.4 0.05 6 -AU 2 1/8 0.2 2.2 2.4 Detector 6 volt. amp 67.5 67.5 0 1.6 0.4 -- 600M 625 -- -- -- ISS 
174 R -f pentode IP5GT Fil. 1.4 0.05 6 -AR 2 1/8 0.01 3.6 7.5 Voltage amplifier 90 67.5 0 3.5 1.4 -- 500M 900 -- -- -16 114 remote cutoff 90, 45 D 1.8 0.7 -- BOOM 750 -- -- -10 

" 67.5 67.5 0 3.4 1.5 -- 250M 875 -- -- -16 
45 45 0 1.7 0.7 - 350M 700 -- -- -10 

104 R -f pentode 
sharp cutoff 

INSGT Fil. 1.4 0.05 6 -AR 2 1/8 0.008 3.6 7.5 Voltage amplifier 
.. 

" 

90 
90 

90 

67.5 
0 

0 

1.6 0.5 -- 1500M 900 -- 

-- 

-- -4.5 IU4 

1115 Diode e -f pentode - Fil. 1.4 0.05 6 -BW 2 1/8 -- -- - Detector 8 volt. amp 67.5 67.5 0 1.6 0.4 -- 600M 625 -- -- -- 1U5 
1Z2 H -w rectifier -- Fil. 1.5 0.3 7-C8 2 11/16 - -- 0.6 Rectifier Max plate 7800 v rms; curr. 10 ma peak, 2 ma avg. 122 
2825 H -w rectifier - Fil. 1.4 0.11 3-1 2 1/8 -- -- -- Rectifier Max p ate 1000 v rms; curr. 9 ma peak, 1.5 ma avg. 2825 

2C4 Triode thyratron -- Cath. 2.5 0.6 5 -AS 2 1/8 -- -- -- -- Max plate 350 v Inv. peak; curr. 22 ma peak, 5 ma avg 204 
2021 Tetrode thyratron 

' 

2050 Cath. 6.3 0.6 7-8N 2 1/8 0.02 2.4 1.6 Relay service Max plate 1300 v inv, peak; curr. 500 ma peak, 100 ma avg. 2021 
2E30 Beam tetrode - Fil. 6.0 0.7 7-CQ 2 5/8 0.5 10 4.5 Power amplifier 250 250 -21 e0 3 -- -- 3400 4 4500 -- 2E30 
344 Power amp pentode -- Fil. .4 0.2 7-68 2 1/B 0.35 4.8 4.2 Power output amp 135 90 -7.5 ,4.8 2.6 -- 90M 1900 0.6 8000 Par.fil. 344 

' 

2.8 0.1 " " 135 90 -8.4 13.3 2.2 -- 100M 1900 0.7 8000 Par.fil.. 
345 Twin triode -- Fil. 1.4 0.11 7-8C 2 1/8 3.2 0.9 I Voltage amplifier 90 -- -2.5 3.7 -- 15 8300 1800 -.--- -- -- 3A5 

2.8 0.22 
394 Power amp pentode 3Q5GT Fil. 1.4 0.1 7-8A 2 1/B 0.41 5.5 4 Power output amp 90 90 -4.5 9.5 2.1 215 100M 2150 0.27 10M Par.fil. 304 

2.8 0.05 " " 90 90 -4.5 7.7 1.7 215 120M 2000 0.24 10M Ser.fil. 

354 Gower amp pentode 3Q5GT Fil. 1.4 0.1 7 -BA 2 1/8 -- -- -- Power output amp 90 67.5 -7 7.4 1.4 -- 100M 1575 0.27 8M Par.fil. 354 
2.8 0.05 " " " 90 67.5 -7 6.1 1.1 -- 100M 1425 0.24 8M Ser.fil. 

" " " 67.5 67.5 -7 7.2 1.5 -- 100M 1550 0.18 5M Par.f11. 
" 67.5 67.5 -7 5 1.2 -- 100M 1400 0.16 5M Ser.fil. 

3V4 'ower amp pentode 3Q5G1 FI1. 1.4 0.1 6-8X 2 1/8 -- -- -- Power output amp 90 90 -4.5 9.5 2.1 -- 100M 2150 0.27 10M Par.fil. 3V4 
2.8 0.05 " " " 90 90 -4.5 7.7 1.7 - 120M 2000 0.24 10M Ser.fil. 

6ÁG5 l -f pentode 6SH7GT Cath. 6.3 0.3 7-80 2 1/8 0.025 6.5 1.8 Voltage amplifier 250 150 Rk=200 7 2 -- 800M 5000 -- -- -8 64G5 
sharp Cutoff " " 100 100 Ree100 5.5 1.6 -- 300M 4750 -- -- -5 

6AJ5 R -f pentode -- Cath. 6.3 0.175 7-80 1 3/4 0.02 4.1 2 Voltage amplifier 28 28 Rk=200 3 1.2 250 90M 2750 -- -- -- 6AJ5 
sharp cutoff Class A81 power amp 180 75 -7.5 6.1 4.5 -- -- -- I 28M -- 

60MK5 le -f pentode -- Cath. 6.3 0.175 7 -BD 1 3/4 0.02 4 2 Voltage amplifier 180 120 Rk200 7.7 2.4 3500 690M 5100 -- -- -12 ;harp cutoff 120 120 Rk=200 7.5 2.5 1700 340M 5000 --- -- -12 
.641(5 

6466 Power amp pentode -- Cath. 6.3 0.15 7-8K 2 1/B 0.12 3.6 4.2 Power output amp. 180 180 -9 15 2.5 400 190M 2300 1.1 10M -- 6AK6 

-win 
I. " " 135 135 -6 11.5 2 360 170M 2100 0.6 12M - 

641.5 diode 68.507 Cath. 6.3 0.3 6-8T 113/16 -- -- 3.2 F -m discriminator Resonant frequency of each unit approx. 700 megacycles. 6415 
Rectifier Max p ate L50 v rms a- 9 ma d -c per plate; peak plate curr. 54 ma max 

6486 C'uadruple diode -- Cath. 6.3 0.2 7-8J 2 I/8 -- -- -- Rectifier Max p ate 117 v rms ae 3 ma per plate; peak curr..9 ma max. 6AN6 
6405 Eeam tetrode 6v6GT Cath. 6.3 0.45 7-81 2 5/8 0.35 7.6 6 Power output amp 250 250 -42.5 45 4.5 218 52M 4100 4.5 5000 -- 6AQ5 

180 180 -8.5 29 3 -- 58M 3700 2 5500 
64Q6 Lainiez diode 617G Cath. 6.3 0. 5 7-B7 2 1/8 1.8 1.7 1.5 Detector 8 volt. amp 250 -- -3 --- 70 58M 1200 -- --- -- 6ÁQ6 

high -me triode 
" " " " 100 -- -1 0.8 -- 70 61M 1150 -- -- -- 

6ÁS6 F -f pentode, dual -- Cath. 6.3 0.75 7 -CN 1 3/4 0.02 3.9 2.8 Voltage amplifier 120 120 -2 5.2 3.5 -- -- 3200 -- -- -10 6456 
control, sharp c.o. Transconductance of No. 3 grid In above conditions Is 470 µ+has. 

6416 Cuplex diode 69701 Cath. 6.3 0.3 7 -BT 2 I/O 2.1 2.3 1.1 Detector 8 volt. amp 250 -- -3 i -- 70 58M 1200 -- -- -- 6A76 
high -mu triode " " " " 100 -- -1 0".8 -- 70 54M 1300 

6AÚ6 F -f pentode 6SH7GT Cath. 6.3 0.3 7-8K 2 I/B 0.0035 5.5 5 Voltage amplifier 250 150 -1 10.8 4.3 -- 2000M 5200 .-- -- - 6.2 6AÚ6 
sharp cutoff " 100 100 -I 5.2 2 -- 600M 3900 -- -- -4.2 

6646 R -f pentode 6SG7GT 'Cath. 6.3 0.3 7-8K 2 1/8 0.0035 5.5 5 Voltage amplifier 250 100 4.68 II 4.2 -- 1500M 4400 -- -- -20 6BÁ6 
remote cutoff 100 100 Rks68 10.8 4.4 - 250M 4300 -- -- -20 

6806 R..f pentode 6SK7GT Cath. 6.3 0.3 7 -CC 2 1/8 0.004 4.3 5 Voltage amplifier 250 100 -3 9 3.5 -- 700M 2000 -- -- -35 6806 
remote cutoff " 100 100 -3 13 5 -- 120M 2350 -- -- -35 

68E6 Pentagrld couver- 6SA7GT Cath. 6.3 0.3 7 -CH 2 1/8 0.3 7.2 8.6 Converter 250 100 -1.5 3 7.1 -- I000M 475 -- -- -30 68E6 
tor, remote. c.o. " 100 100 -1.5 2.8' 7.3 -- 500M 455 -- -- -30 

6C4 Power triode 6J5GT Cath. 6.3 0.15 6-8G 2 1/8 1.6 1.8 1.3 Voltage amplifier 250' -- -8.5 10.5 -- 17 7700 2200 -- -- ' -- 604 
100 -- 0 11.8 -- 19.5 6250 3100 -- -- -- 

604 T -lode thyratron -- Cath. 6.3 0.25 5 -AY 2 1/8 -- -- __ - - Max p ate 320 v Inversa peak; curr. 110 ma peak, 25 -ma avg. 604 
6J4 T -lode uhf - Cath. 6.3 0.4 7-8Q 2 1/8 4 5.5 0.24 Voltage amplifier 150 -- Rk -100 15 -- 55 4500 12000 -- -- -- 6J4 

g-ounded grid " " 100 -- Rk -l00 10 -- 55 5000 11000 -- -- -- 
6J6 Tvin triode -- Cath. 6.3 0.45 7-8F 2 1/8 1.6 2.2 4 Voltage amplifier 100 -- Ri, -50 8.5 -- 38 7100 5300 -- -- -- 6J6 
684 Triode vhf - -- Cath. 6.3 0.2 7 -CA 13/4 2.35 3.1 0.55 Voltage amplifier 180 -- -5.5 12 -- 32 5400 6000 -- -- -- 6N4 
6X4 F -w rectifier 6X507 Cath. 6.3 0.6 5-8S 2 5/8 -- -- -- Rectifier Max plate 450 v rms at 70 ¢.d -c total output peak p ate curr. 210 ma max. 6%4 

12ÁT6 Deplex diode 12Q7GT Cath. 12.6 0.15 7-87 2 1/8 2.1 2.3 1.1 Detector & volt. amp 250 -- -3 1 

' 

-- 70 58M 1200 -- -- -- I2AT6 
h gh-mu triode "- " " " 100 -- -1 0.8 -- 70 54M 1300 

12846 R -f pentode 12SG7GT Cath. 12.6 0.15 7-8K 2 I/8 0.0035 5.5 5 Voltage amplifier 250 100 Rk=68 II 4.2 -- 1500M 4400 -- -- -20 12846 
remote cutoff " 100 100 Rk=68 10.8 4.4 -- 250M 4300 -- -- -20 

12806 R -f pentode 125K7GT Cath. 12.6 0.15 7 -CC 2 1/8 0.004 4.3 5 Voltage amplifier 250 100 -3 9 3.5 -- 700M 2000 -- -- -35 12806 
remote cutoff " " 100 100 -3 13 5 -- 120M 2350 -35 

128E6 Pentagrid couver- 12SA7GT Cath. 12.6 0.15 7 -CH 2 1/8 0.3 7.2 8.6 Converter 250 100 -15 3 7.1 -- 1000M 475 -- -- -30 128E6 
ter, remote c.o. 

_ " 100 100 -1.5 2.8 7.3 -- 500V 455 -- -- -30 
128F6 Deplex diode 

I cn-mu triode 
125R7GT Cath. 12.6 0.15 7-8T 2 I/8 2 1.8 1.1 Detector & volt. amp 250 -- -9 9.5 -- 16 8500 1900 -- -- -- 128F6 

26A6 R -f pentode -- Cath.26.5 0.07 7 -BK 2 1/8 0.0035 6 5 Voltage amplifier 250 100 R0125 10,5 4 -- 1000M 4000 -- -- -25 2646 remote cutoff 
26.5 26.5 Re.. -2=1 1.7 0.7 -- 250M 2000 _8 

2606 Deplex diode -- Cath.26.5 0.07 7-8T 2 I/B 2 1.8 1.4 Detector 8 volt. amp 250 -- -9 9.5 -- 16 8500 1900 -- -- -- 26C6 icw-eu triode 
"' " " " 26.5 -- Rge2meq 1.1 -- 17 15500 1100 

2606 Pentagrld conver- -- Cath.26.5 0.07 7 -CH 2 1/8 0.3 7.5 14 Converter 250 100 -1.5 3.0 7.8 -- 1000M 475 -- -- -30 26D6 
ter, remote c.o. 

" 26.5 26.5 -0.5 0.45 1.6 -- -- 270 -- -- -6 

35W4 H -w rectifier 352501 Cath. 55 0.15 5-80 2 5/8 --- -- -- Rectifier Max plate 117 v rms at 90 ma d -c output; peak plate curr. 600 ma max. 35W4 
4523 H -.e rectifier -- Cath. d5 0.075 5 -AM 2 1/B -- -- -- Rectifier Max plate 125 v rms at 65 ma d -c output; peak plate curr. 390 ma max. 4523 
5085 Beam tetrode 501601 Cath. 50 0.15 7-82 2 5/8 0.5 13 6.5 Power output amp 110 110 -7.5 49 4 -- 14M 7500 1.9 2500 -- 5085 
11723 H -a rectifier 117Z6GT Cath. 117, 0.04 4-8R 2 5/8 -- -- -- Rectifier Max plate 117 v rms at 90 ma d -c output; peak plate curr. 540 ma max. 11723 
9001 R -f pentode -- Cath. 6.3 0.15 7-80 2 1/8 0.01 3.6 3 Voltage amplifier 250 100 -3 2 0.7 - 1500M 1400 -- -- -10 9001 

sharp cutoff 90 90 -3 1.2 0.5 -- 1000M 1100 -- -- -IO 
9002 VA*. triode -- Cath. 6.3 0.15 7 -BS 2 1/8 1.4 1.2 1.1 Voltage amplifier 250 ---7 6.3 -- 25 11400 2200 -- - -- 9002 
9003 R -f pentode 

remote cutoff 

-- Cath. 6.3 0.15 7 -BD 2 1/8 0.01 3.4 3 Voltage amplifier 250 100 -3 6.7 2.7 -- 700M 1800 -- -- -45 9003 

9006 Uhf diode -- Cath. 6.3 0.15 6 -BH 2 I/8 -- -- 1.4 H -w rect. or det. Max plate 265 v rms at 5 ma d -c output' peak plate curr. 15 ma max. 9006 
Resonant frequency is approx. 700 megacycles.' 

These types frequently used as class C amplifiers or osclllatore In low -power transmitters for portable or mobile operation. Data for use In such applications are listed in the Hytron transmitting and 
special purpose tube catalogue. 

The date in this reference guide have been complied with the utmost care as to technical accuracy -- from sources we believe to be authoritative and reliable. Hytron Radio 8 Electronics Corp., however, cannot assume any liability or obligation for the use or application of these data. 

4 -BR 

0 tel. 
7 -BS 7 -BT 

BASING DIAGRAMS - BOTTOM VIEWS OF SOCKET CONNECTIONS 

7 -CB 7 -CC 7 -CN ' 7 -CO 
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Case histories and shop notes 

Clarion C104A 
Weak station response subnormal: 

Check the antenna loop link for 
correct positioning. If it is in the 
wrong position, the loop will be dis- 
connected or the RF stage will be 
slightly out of tune. 

G.E. 50 
Lack of volume, broad tuning: 

Check the RF and detector cir: 
cuits for alignment at the upper 
and lower ends of the band. If the 
circuits cannot be aligned, the dial 
cord has changed its length. Either 
one of the knots has slipped, the 
cord has stretched, or the spring has 
lost its tension and is allowing the 
cord to relax. The dial cord from 
the top of ones iron core to the top 
of the other should be exactly 
4 1/16" in length. 

Emerson 510 
Dead up to and including the second 
IF can; voltages okay: 

Detune both sides of the IF coil 
careÿully. The trimmer sometimes 
shorts when compressed too tightly. 
Realign the set on a slightly higher 
IF frequency, or replace the IF 
transformer. 

Majestic 500 
The 6A7 does not oscillate over the 
entire band: 

Measure oscillator grid - to - 

ground resistance. It should be 
from 47,500 to 52,500 ohms. 

Audio oscillation: 
Motorboating in this set is some- 

times caused by a high resistance 
short between windings on the 
same IF transformer. Replace. 

The selectivity of this set can 
be noticeably improved by adding 
a trimmer to the untuned primary 
circuit of the second IF, or by re- 
placing the 456 kc unit with a new 
high gain, double tuned unit. 

Silver Tone 7211-13 
Interstation and on -station whistle: 

The coil of antenna wire is re - 
generatively coupled to the set. Un- 
coil it and remove it from the prox- 
imity of the set. 

Spartan 930-1 
Intermittent fading: 

' The tuning condenser bearings 
are loose and the entire assembly 
moves when vibrated. Grounding 
contacts dirty. Clean, or replace 
with pigtails. 

If the set breaks into low fre- 
quency audio oscillation, the bleed- 
er resistor has increased in resis- 
tance. All voltages will be slightly 
higher than normal. Remove and 
replace the bleeder resistor with a 

15,000 ohm, 25 watt unit. 

Simplex 6 
Weak, oscillator ceases oscillation on 
low end of dial: 

Replace the 700 ohm oscillator 

by Max Alth 

cathode bias resistor with a 400 
ohm unit. 

Stewart -Warner Companion, 
AC -DC 

Voltages low, hum: 
The electrolite in the filter con- 

denser block often leaks through 
the cardboard container and makes 
a high resistance short to the chas- 
sis, putting an extra load on the 
power supply. Replace it with a 

dry electrolytic unit. 

Stewart Warner R112 - 

Motor noise coming through: 
Check for source by disconnect- 

ing the antenna, then the dial light 
wires, and last the control cables 
at the chassis. Shield dial light 
wires and ground the shield at both 
ends. If this does not eliminate the 
noise, shield the control cables in 

the same way. 

Excessive vibrator hash: 
Connect two 0.25 ufd, 600 volt 

condensers across the vibrator con- 
tacts. Place these inside the power 
transformer housing. Improve the 
already existing bonds between the 
power transformer housing, the vi- 
brator can, and the chassis. 

The output of this set may be 
increased by moving the output 
transformer's B+ lead (yellow and 
red) from where it is to a point 
ahead of the relay and choke. Con- 
nect it directly to the cathode of the - To Page 29 
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New! Exclusive! 

PHOTOFACT FOLDERS 

analyze all post-war 

RECORD CHANGERS! 
Post-war radio is barely a year 
old, but already there are 40 
different record changers on 
the market. Do you know who 
makes them? How they oper- 
ate? How to service them in 
case of breakdown? Do you 
know where you can get up- 
to-the-minute results of life 
tests that are now being run? 

This vital information now 
becomes a regular PHOTOFACT 

FOLDER Service at no Extra 
Cost to You! Clear - cut 
photographs, exclusive big line 
drawings, parts lists, opera- 
tion details, trouble -cause -and - 
remedy charts, tell you every- 
thing you need to know to do 
a workmanlike job-help you 
do twice as many repair 
jobs a day. 

PHOTOFACT FOLDERS save 
valuable time in many other 
ways. They make it easy to 
`Trade Mark Reg. 

diagnose trouble, hunt defec- 
tive parts, make adequate re- 
placements in all the latest 
radios, phonographs, record 
changers, recorders, communi- 
cation systems and power am- 
plifiers. Data and photographs 
are made from actual examina- 
tions of instruments-not from 
reprinted or copied informa- 
tion. 

The cost? Only $1.50 for 
each set of 40 folders.Actually 
they cost you nothing, for 
they pay for themselves over 
and over again in time saved. 
Over 25,000 radio service en- 

gineers now use and depend 

upon PHOTOFACT FOLDERS. 
Why let service problems 
stump you? PHOTOFACT 
FOLDERS help you lick every 
one of them ! See your nearest 
distributor or use the con- 
venient coupon. 

... 

PUBLICATION DATES: 
Set No. 11 .... January 10 

Set No. 12 .... January 25 

Cut this out and MAIL IT TO YOUR DIS- 
TRIBUTOR. If you do not know his name 
and address, send it directly to Howard W. 
Sams & Co., Inc., 2924 East Washington 
Street, Indianapolis 6, Indiana, and we will 
see that your nearest distributor gets it. In 
Canada, write to A. C. SIMMONDS & SONS, 
301 King Street East, Toronto, Ontario. 
Canadian Price, $1.75. 

PLEASE PRINT 

Send Vol. 2, Send Vol. 2, 
. Set No. 12 Set No. 11 

f1Send me Volume 1 (including Sets Nos. 
1 to 10) with De Luxe Binder, $18.39. 
Individual Sets Nos. 1 to 10, $1.50 each. 

Send me a De Luxe Binder (at $3.39) 

My (check) (money order) (cash) for 
is enclosed. 

(If you send cash, be sure to use registered 
mail.) 

Name 

Address 

City Zone State 

Company Name 

My Distributor's Name 

City' 

HOWARD W. Sams CO., INC. RADIO PHOTOFACT 
In Canada-write to A. C. SIMMONDS & SONS, 301 King Street East, Toronto, Ontario 
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To avoid delay when writing to the manufac- 
turer give issue and page number. 

THE Volume Control Cross -Index 
Guide, issued by Clarostat Mfg. Co., 

consists of a collection of cards printed 
on both sides with the complete cross- 
index of corresponding type numbers of 
four leading volume control manufac- 
turers. They are arranged in numerical 
order so that the serviceman can in- 
stantly pick out his favorite brand type. 
The Guide may be had free of charge 
from any Clarostat distributor or by 
writing Clarostat Mfg. Co., Inc., 130 

Clinton St., Brooklyn 2, N. Y. 

An illustrated manual covering a wide 
variety of relays available for immediate 
delivery from stock has just been re- 
leased by Wells Sales, Inc. Engineering 
information includes coil resistance and 
voltage, contact data, sensitivity, insula- 
tion, dimensions and prices. 

To secure a copy, write Wells Sales, 
Inc., 4717 West Madison St., Chicago 44, 
Ill. 

The Operating and Maintenance 
Manual issued by Allen B. Du Mont 
Laboratories, though pertaining spe- 
cifically to Du Mont Type 274 oscillo - 
graph, contains much general informa- 
tion of interest to others. The 8 2 x 11 

manual contains 39 pages of solid in- 
formation, plus a folded chart of the cir- 
cuit schematic and constante of Type 274. 
The theory of operation of the cathode- 
ray tube and oscillograph circuits is dis- 
cussed, clarified by illustrations and dia- 
grams. The operating instructions deal 
with the alignment of AM and FM re- 
ceivers and the use of the oscillograph in 
conjunction with radio transmitters. 

This manual is being offered at 50 

cents per copy, or $5 per dozen copies 
postpaid in the USA only, and may be 
obtained from the Allen B. Du Mont 
Laboratories, Inc., 2 Main Ave., Pas- 
saic, N. J. 

Lake Radio Sales Company an- 
nounces that their new 16 -page illustrated 
catalog NR -116 is now available. It fea- 
tures over 1500 items including con- 
densers, resistors, crystal sets, trans- 
formers, microphones, amplifiers, sound 
equipment, test equipment, record chang- 
ers, and many other items, all manufac- 
tured by the leading firms of the country. 
Complete descriptions, prices and all tech- 
nical data are included in this compact 
and complete listing of radio parts and 
equipment. 

Servicemen may write for their free 
catalog to Lake Radio Sales Company, 
615 West Randolph St., Chicago 6, III. 

The second of a series of Temporary 
Bulletins has been issued by Centralab. 
This Bulletin No. 934 is on the subject 
of the Model 1 Radiohm, attenuator for 
pocket radio receivers and miniature am- 
plifiers. (Bulletin No. 933 describes the 
new B C capacitors.) 

The latest Centralab catalog on 
Switches is now available, giving con- 
struction information, specifications and 
a key to dimensions on the various types 
of switches, as well as data on clips and 
contacts, interstage shields, and relevant 
material. 

Temporary Bulletins No. 933 and No. 
934 and the Catalog on Switches can be 
obtained at no charge by writing Cen- 

---> To Page 29 

Let A. A. Ghirardi Show You 

WORK TWICE 
AS FAST! 

It's a fact - proved in 
thousands of cases-that 
you can eliminate need- 
less, tedious testing on 
4 radio receiver repair 
jobs out of 5! Just look 
up the notes on any par- 
ticular model in Ghirar- 
di's big RADIO TROU- 
BLESHOOTER'S HAND- 
BOOK. Every radio has 
its "weak" spots that 
usually give trouble first. The HANDBOOK lists them 
all-helps you diagnose and locate the trouble almost 
instantly-tells you exactly how to repair it. Covers 
common troubles in practically every set in use --over 
4800 models by 202 manufacturers. Helps you work 
twdce as fast! 
SAVE TIME-EARN MORE MONEY 

Hundreds of additional pages of this big, manual - 
size 744 -page book are devoted to 4-f alignment peaks; 
transformer troubles; tube data; and literally dozens of 
charts, graphs, diagrams and helpful data to help you 
repair ANY RADIO EVER MADE easier, quicker and 
a lot more profitably! 
Book weighs 41 lbs. NOT A STUDY BOOK. Just refer 
to it when you need it. All subjects, receiver models, 
etc. fully indexed for easy reference, Only $5 on our 
5 -DAY Mf1NEY-BACK GUARANTEE. See special 
COMBINATION OFFER in coupon. 

AS EASY AS A -B -C 
Don't guess! Don't waste 
time! Don't lose money by 
fooling around with ineffi- 
cient, rule of thumb methods. 
Work professionally! Know 

exactly what you are doing- 
and why-every step of the way. 

Equip yourself for the big -money 
jobs in televislon,FM and indus- 

trial electronics by being fully fa- 
miliar with all types of circuits. 

test instruments and modern servic- 
ing procedure! 

DON'T BE A HACK! 
Actually, A. A. Ghirardi's 1300 -page MODERN RADIO 
SERVICING ds more widely endorsed by leading radio 
technicians than any other book of its kind. Explains 
everything about modern servicing-Teat Instruments, 
Troubleshooting and Repair-in clear, easily understand- 
able terms. Brings you up-to-date on scientific pro- 
cedure. Refreshes you on any type of work that 
may be puzzling. Speeds up the handling of all types 
of Radio -Electronic repair. Read it in your spare time 
-and see what a whale of a difference it makes In 
your work! Contains 706 clear illustrations, covers 766 
different service topics, 720 Self -test Review Ques- 
tions. Only $5. 5 -DAY MONEY -BACK GUARANTEE 
protects you absolutely. 

5 -DAY MONEY -BACK GUARANTEE 

1 
Dept. RM -147. Murray Hill Books. Inc. 
232 Madison Ave.. New York 16. N. Y. 

Enclosed find $ for books checked, 
sent postpaid; or 12send C.O.D. (no foreign 

al C.O.D.'s) for this amount plus postage. If not II 
I fully satisfied, I reserve the night to return the I books in 5 days and have my money refunded. 

Ghlrardi's RADIO (1Ghirardi'e MODERN 
I TROUBLESHOOTER'S RADIO SERVIC- I 

HANDBOOK, $5 INO, $5 

I ($5.50 foreign) ($5.50 foreign) I 
D MONEY -SAVING COMBINATION OFFER 

1 -Both of the above big books for only , 
Q 

$9.50 for the two ($10.50 foreign) 

p 
Name 

a Address ' City & Dist. No. State 
r-MI-MI-MIMOB-mmmmm as um ma MI 

,I 

I 
I 
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VOLUME CONTROL 
REPLACEMENT KIT 

An assortment of volume and tone controls 

with attachable switches, servicing upwards 

of 95 per cent of standard replacement 

needs, packed in a neat steel cabinet, has 

been announced by Clarostat Mfg. Co., 

Inc., 130 Clinton Street, Brooklyn 2, N. Y., 

and is now available through its jobbers. 

The kit contains 17 controls, 8 switches 

and 4 glass -insulated flexible resistors. Con- 

trols and Ad -A -Switches are individually 
packed in standard cartons that fit snugly 

in the hinged -top steel cabinet (which is 

devoid of advertising matter). Also included 
are the Clarostat Volume Control Selector 
or cross-index of various brands and types, 

and the Clarostat Authorized Service plaque 

for display purposes. 

HIGH FREQUENCY VOLTMETER 

The Alfred W. Barber Laboratories have 

announced a new high frequency electronic 
voltmeter Model 32. It is equipped with a 

probe of extremely low input capacity 
(3/4 micro-microfarad). The range of 

measurement extends from 50 to 500 mega- 

cycles. Since other probes have an input 

capacity of 5 micro-microfarads or more, 
the loading and detuning of very high fre- 
quency circuits have presented a serious 
problem, to which Model 32 supplies the 
answer. 

Descriptive bulletins are available from 
Alfred W. Barber Laboratories, 34-14 
Francis Lewis Blvd., Flushing, N. Y. 

NEW TEST INSTRUMENT 
This instrument, Type 134 Polymeter, per- 
mits radio and electronic repairmen to iso- 

late condensers, coils and resistors quickly 
when faults occur, and to check circuit oper- 
ation after replacements are made. An un- 

usually compact vacuum tube probe is pro- 
vided for modern signal tracing technique. 
It employs a tiny proximity fuse type tube. 

Features of the new instrument include 

balanced amplifier circuit, practically inde- 

pendent of line voltage and normal ampli- 
fier tube changes; preset factory adjust- 

ments, permitting correct zero setting for all 

ranges through one front panel adjustment; 
convenient range switch for correct multi- 
plier values; five jacks for plug-in test -lead 

readings of AC volts, DC volts, ohms, am- 

peres and milliamperes. 

Measurement ranges of the Polymeter in- 

clude: DC volts, 0-1000, in six ranges; AC 
volts, 0-300, in five ranges. Current mea- 

surements are provided for by seven ranges, 

and resistance by six ranges up to 1000 

megohms. 
The Polymeter is manufactured by Syl- 

vania Electric Products, Inc., 500 Fifth Ave., 
New York 18, N. Y. 

MIDGET NEON PILOT LIGHT 
Maximum indication in minimum bulk 
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characterizes the tiny -Glow pilot light an- 

nounced by Industrial Devices, Inc. Housed 

in a heavy metal casing, the miniature neon 

lamp consumes under I/10 watt and oper- 

ates at any voltage from 75 to 250, AC or 

DC, with a life of over 10,000 hours of 

actual burning time. The unit is shock- and 

vibration -proof, and is especially desirable 

on instrument panels, switchboards, electri- 
cal and electronic appliances, and equip- 
ment of various kinds where a high visibility, 
negligible current, cold pilot light is 

needed. 
For further information, write Industrial 

Devices, Inc., Edgewater, N. J. 

CRYSTAL MICROPHONE 
AND DESK STAND 
The BA -106 Acousticel Microphone is the 

latest addition to the Brush Development 
Company's line of crystal microphones for 
home recording, public address, amateur 
radio and industrial applications. Using the 
newly developed Acousticel incorporating 
sintered bronze damping, it provides essen- 

tially flat response from 40-6000 cps with 

exceptionally high output. The BA -106 

Acousticel is high impedance and can be 

OUR CIA771,7 

-Greatest... 
in 

SERVICE 
"clarified schematics" 

and a separate 
"How It Works" Book 

Greatest . 

In 
COVEgpGE 

over 120 se 

montoeurers 

OTHER RIDER MANUALS 

Volumes XIV to VII, each volume .415.00 
Volume VI 11.00 

Abridged Manuals I to V (1 vol.) 17.50 

Record Changers and Recorders 9.00 

ACHIEVEMENT 
IN 16 YEARS OF 

SERVICE FOR THE SERVICEMAN 

Nowhere will you find any- 

thing to equal Volume XV 

in completeness and help- 

fulness. Nowhere will you 

find the wealth of original 
material which means a 

saving of your valuable 

time-cash in your pocket. 

Volume XV is the latest 

contribution to our con- 

tinuing promise that you 

will always find in Rider 

Manuals all the servicing 

information you need to 

operate with the utmost 

efficiency and profit. 
JOHN F. RIDER 

'404 FOURTH AVENUE, .NEW -YORK . 16 , N.Y. 
Export Division: Rocke -International Corp., New York 16, N.Y. 13 E. 40th ,Street, Cable ARIAS 

used with any amplifier or recorder em- 

ploying high impedance input. This micro- 
phone is an attractive combination of black 

molded plastic and satin chrome finish. 

For further information, write the Brush 

Development Co., 3405 Perkins Ave., Cleve- 
land, Ohio. 

SECOND NEW RECEIVER 

National Union Radio Corporation an- 

nounces the second in their series of five 

new home radio receiving sets designed 

specifically for sale by the serviceman. The 

Companion Model 571 (not yet delivered) 
is a 5 -tube AC -DC superheterodyne (gang 
condenser tuned) with built-in loop antenna,.. 

automatic volume control and electro -dy- 

namic speaker, American Broadcast Band 

coverage over a slide rule type panel light- 
ed dial scale. It comes in a walnut veneer 

wood cabinet with inclined front panel and 

bronze metal finish grille. 
For further information, write the Na- 

tional Union Radio Corporation, 57 State 

Street, Newark 2, N. J. 

CONDENSER -RESISTOR BRIDGE 

A portable Condenser -Resistor Bridge, 

Type YCW-1, capable of measuring a wide 

range of capacity, resistance and other 
electrical characteristics of condensers, 

has been announced by the General Elec- 

To Following Page 
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SOMETHING NEW IN 

TEST EQUIPMENT 

THE FEILER TS -3 

SIGNAL TRACING 

"STETHOSCOPE" 

Save Time ... Earn More 

on Every Radio Repair Job! 

GETS TO THE HEART OF RADIO TROUBLE IN A 
FLASH! There's nothing like the FEILER STETHO- 
SCOPE for saving service time-solves the toughest 
repair problem in minutes. To isolate and locate 
trouble, you just "listen in" on or "look at" the 
signal as it progresses through the circuit. Traces 
trouble at First Grid, R.F., I.F., Audio; tests parts; 
locates causes of mistracking, intermittence, dis- 
tortion, etc. Features: I" dia. aluminum probe 
with 3 ft. cable; Full 5" PM speaker; R.F. vacuum 
tube voltmeter circuit provision for visual indica- 
tion of R.F. voltages; Output meter provision; 
Headphone connection. In handsome brown -finished 
steel case with carrying handle; 8" x 111/2" x b"; wt., 
101/2 lbs. Operates on 105-125 volts, 50-60 cycles 
A.C. A professional instrument for the Service 
Engineer who wants the best at a moderate price. 
Complete with valuable Radio Service Guide. 

MODEL TS -3 Signal Tracing 
STETHOSCOPE for AC opera- 
tion. Complete with 2-114 (or 
IL4); I -6K6 (or 6F6), and 
I -6X5 tubes. 

ONLY 

$34" 
IMMEDIATE DELIVERY! Place your order with your 
regular parts jobber. If he can't supply you, write 
for name of nearest local jobber stocking the 
FEILER STETHOSCOPE-or send your order to us 

direct. 

FEILER ENGINEERING CO., Dept. 3-A7 
803 Milwaukee Ave., Chicago 22, Illinois 

Ship me one TS -3 STETHOSCOPE. 

$ enclosed. 

Send Inc. FREE descriptive literature. 
Send name of local jobber stocking TS -3. 

Name 

Address 

City Zone State 

Industry 
Presents 
- From Preceding Page 

Cric Company. It measures capacity from 
.000005 to 200 microfarads in three con- 
venient ranges, and resistance from 5 ohms 

to 20 megohms in two ranges. Using the 

Wien Bridge principle with standards of 
± 

1 for capacitance and ±2 per cent for 
resistance, bridge balance is indicated by 

a sensitive (electronic) visual indicator 
tube. Insulation resistance and leakage cur- 
rent are indicated directly on a 21/2 in. 

instrument mounted in the panel. Power 

factor is measured on the high capacity 
range by a potentiometer in series with 
the standard resistance which has a scale 

of 0 to 50 per cent. 

Further information may be obtained 
from the Specialty Division, G -E Electronics 
Department, Wolf St. Plant, Syracuse, N. Y. 

NEW RADIO MASTS 

The Ward Products Corporation has an- 

nounced +wo new house and window radio 
masts, engineered for vertical polarization. 

Both types of mast feature a telescopic 
design, and are weatherproofed with heavy 

cadmium plating. 
The house mast (with built-in lightning 

arrestor) extends to 12 ft. for greatest sig- 
nal pickup, and is collapsible to 4 ft. for 
easy handling. It may be mounted easily in 

various roof positions, including installation 
on the soil pipe if desired. 

The window type extends to eight ft, end 

may be collapsed to 40 in. Installation on 

window frame or sill of home, apartment or 
office building, takes only three minutes. 

For further information, write the Ward 
Products Corporation, 1523 East 45 St., 

Cleveland, Ohio. 

DYNAMIC AND CRYSTAL 
MICROPHONES 

Two modern, high quality, low priced, gen- 
eral purpose dynamic and crystal micro- 
phones are announced by Electro -Voice. 
Frequency response is substantially flat from 
50-8000 cps, for fine reproduction of voice 
and music. Polar pattern is non -directional 
at low frequencies, becoming directional at 
higher frequencies. 

Model 610 Dynamic employs the new 

E -V Acoustalloy diaphragm which withstands 
high humidity, extremes of temperature, 
salt air, and severe mechanical shock. It 
uses Alnico V in the magnetic circuit. Out - 

PLASTIC HANDLE NUT DRIVER KIT 

RITE" HOi4.0.63LHA" 

Sizes -3/16" 1/4' 5/16" 11/32" %" 7/16" Y2" 
with handsome tool holder $4.95 

HALLICRAFTERS 
5MA-"S" Meter $4.95 

WESTINGHOUSE 
3/2"-0-I Amp. D.C. Meter $3.95 
3/2"-0-5 Amp. R.F. Meter 3.95 
3/2"-O-15 Volts A.C. Voltmeter 3.95 

G. E. 
3//"-0-2 Volts A.C. Voltmeter 3.95 

WESTERN ELECTRIC 
3"-0-200 Micro -Amp. Meter 4.95 

Z overs Globe 

MAIL ORDERS FILLED PROMPTLY 

509 ARCH ST., PHILA. 6, PA. 
LOmbard 3-0513 
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put level is -53 db. It is available in Hi -Z 

(direct -to -grid, 25,000 ohms), 50, 250 or 

500 ohms impedance. 
Model 910 Crystal microphone employs 

a high capacity moisture -sealed crystal and 

duralumin diaphragm. Output level is -48 
db. High impedance. 

For complete information, write Electr 
Voice, Inc., Buchanan, Michigan, and a,' 
for Catalog No. 101. 

ADJUSTABLE 
INDUCTANCE COIL 

The Pioneer Electric and Research Corpo- 
ration has recently announced the develop - 

THERE'S A WORLD 
OF PROFIT 

IN HANDLING 

Talk -A -Phone 
The World's Most Complete 
Line of Inter -Communication 

Are your "palms Stching" for bigger profits, 
easier sales, faster turnovers? Then look 
into what Talk -A -Phone has to offer. Chances 
are you never saw a better business -getting, 
profit -yielding proposition in all your born 
days. Talk -A -Phone is tops in value. Tops 
in the very latest inter -communication ad- 
vancements. "Has Everything." Backed by 
National advertising. Out in front in de- 
mand. 

Ask Your Jobber! 
Cut yourself in 
on a world of 
profit byhandl- 
ing the world's 
most complete 
line of inter- 
communication. 
Catalog listing 
a unit for every 
requirement 
upon request. 
Address Dept. 
NI. 

Talk -A -Phone Co. 
1512 S. Pulaski Road Chicago 23, Ill. 

ment of an unusual miniature oscillator coil 
specifically for operation in small radios- 
both prewar and postwar models. It is only 
9/16" x 3/4", small enough to fit any radio, 
thereby answering the demand and need 

of the serviceman. 

This new adjustable inductance coil can 

be used for replacement in any radio em- 

ploying a pentagrid converter and 455/6 
kc IF's. A bifiliar winding acts as the grid 
coupling capacitor when required; and its 

inductance is adjustable by means of a 

movable iron core to replace any oscillator 
coil. It is furnished complete with instruc- 
tions for use. 

Foy, additional information or a catalog 
featuring other models, write to Pioneer 
Electric and Research Corporation, 7212 

Circle Ave., Forest Park, Ill. 

INSULATION TESTER 

The "Billionaire" manufactured by Radio 
City Products Company has an insulation 
resistance range up to 10 billion ohms. It 
also includes a vacuum tube voltmeter, ohm- 
meter and capacitymeter. 

This Model 665A has an 8" meter, accu- 
rate to 2% at full scale. Automatic line 

-* To Page 26 
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unningham 

Electron Tubes 

What will solve 
your tube problems? 

The right kind of technical data 
at your finger tips is one answer 
to your tube problems ... and a 
sure way to speed up all of your 
servicing work. Watch this space 
for important announcements of 
new technical aids Cunningham 
will have for you. 

The other answer to your tube 
problems is big "C". Because 
Cunningham tubes are built far 
service . . . give your customers 
dependable, quality performance 
year after year. 

For more service-TURN THE PAGE 

QunninOam 
Electron Tubes 

A product of 
RADIO CORPORATION OF AMERICA 

Harrison, N. J. 
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Servicing by Ear 
- From Page 14 

fective unit, the surge that takes 
place usually stops temporarily the 
sound; but it will be back, usually 
just after the customer takes the 
set home. The best plan is to 
"ease" the suspected section in and 
out of the circuit with a high re- 
sistance variable resistor, a good 
condenser being used to keep the 
hum down while this test is being 
made. 

If the set is an AC -DC with a 
built-in loop, and if the noise ap- 
pears at the slightest vibration, even 
that caused by the speaker, suspect 
the rectifier. 35Z5's and 35Z3's, 
especially when in the field of a 
loop antenna, develop some kind of 
a loose connection inside that causes 
them to make a scratching noise 
with the slightest movement. An- 
other tube is the only cure, and 
a tube checker will seldom reveal 
anything wrong with these rectifiers. 
Very rarely, output tubes will do 
the same thing. 

If the noise is of the kind that 
starts at a low volume, rapidly 
builds to a crescendo and then snaps 
off, only to repeat this a few sec- 
onds later, suspect either the mixer 
or detector tubes. Striking these 
tubes smartly with a bakelite rod 
(directly on top of the grid cap 
if they have a cap) will usually re- 
veal which one is guilty), Quite 
often the noise is accompanied by 
an abrupt change in volume as well. 

A low but persistent scratching 
sound, especially when a station is 
tuned in, is an indication of a bad 
coil. Usually, manipulation of the 
volume control will show whether 
this coil is ahead or behind the de- 
tector. If the coil is the primary 
of the output transformer, the 
noise is usually worse just as the 
tubes are warming up, and the 
scratching is often accompanied by 
a squeaking, frying sound terminat- 
ing in a loud pop as the tiny arc 
between the broken ends of the 
wire temporarily weld together. 

On the other hand, if the trouble 
is a bad coil in an IF transformer, 
the scratching will go along for 
hour after hour, occasionally ac- 
companied by changes in volume. 
If such a condition is suspected, a 
low resistance should be inserted 

briefly between the plate end of the 
primary coil and ground. This will 
cause a greatly increased current 
to pass through the coil. If it is 
good, no harm will be done; but if 
there is á weak place in the winding, 
the current will cause it to burn 
open. A 2,500 ohm resistor will 
serve for this purpose. 

Loud background and static 
noises without any stations being 
heard are an indication of oscillator 
failure. Touch the stator portion 
of the oscillator tuning condenser. 
If the oscillator is working, you 
will hear a loud "plop" as it goes 
out of oscillation and another when 
it starts as the finger is removed. 
Open coils, open or changing -value 
resistors, bad tubes, and bad coup- 
ling condensers-especially those 
innocent -looking little mica' cusses, 
the ones you do not ordinarily sus- 
pect-are among the most common 
causes of oscillator failure. 

If you have the loud hiss of back- 
ground noise coupled with weak 
station reception, try touching the 
mixer -tuning stator. When this 
brings the volume of the station 
way up, you can be pretty sure 
that you have an open antenna coil, 
or if the set has an RF stage, an 
open in-terstage coil. 

Distortion 
Distortion is about as common as 

noise. If you have a set that dis- 
torts, try turning the column con- 
trol up and down. If the distortion 
disappears at high volume but is 
bad at low volume, the trouble is 
probably that the speaker voice coil 
is rubbing on the pole -piece. At 
high volume, the cone is jerked back 
and forth in spite of this friction; 
but when the volume is low, it 

"It's a very exclusive model. It refuses 
to play anything but Bach or Bee- 

thoven." 

does not move freely enough to 
reproduce faithfully. 

If, on the other hand, the dis- 
tortion is worse at high volume, 
look for a leaky coupling condenser 
to the grid of the output tube or 
some other reason why the normal 
negative bias on this grid is low. 
A change in the value of a cathode 
resistor, a leaky cathode condenser, 
or a change in the value of the neg- 
ative -voltage bleeder network re- 
sistors are the other common 
causes. When the bias is low, the 
positive peaks cause the grid to 
swing positive, resulting in bad 
high -volume distortion. A volt- 
meter will usually reveal the lack 
of proper grid bias; and if the 
coupling condenser shows the 
slightest trace of leakage, it should 
be replaced for the leakage usually 
increases after the set is in opera- 
tion for some time. 

You may run across a set that 
operates very well when turned on 
but after playing for fifteen min- 
utes to a half hour, gradually be- 
gins to distort. A voltage check 
will show a slight positive voltage 
on the grid with respect to ground, 
although the coupling condenser 
shows absolutely no leakage. If the 
tube is a beam tube, it is causing 
the trouble. Slight misalignment of 
the beam -forming grids causes 
heating and secondary emission by 
some of the elements, accompanied 
by creeping plate current. Replace- 
ment with a good tube is the best 
cure, although sometimes lowering 
the value of the grid resistor will 
help. 

The set that performs normally 
on weak stations but distorts badly 
on loud ones has a shorted bypass 
condenser in the AVC system (See 
Fig. 4) that prevents the AVC volt- 
age from being applied to the grids 
of the RF and IF tubes. Usually, 
this is accompanied by an unusually 
loud background noise when sta- 
tions are being received. 

When a set sounds choked, with 
only the peaks of the audio signals 
coming through, look for a defec- 
tive coupling condenser in the audio 
system. If these check all right, 
see if there is not a gassy tube in 
the second detector or along the 
AVC line. 

Once in a while, you will come 
across a set in which you cannot 
cut the volume clear off, even 
though the volume control is good 
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and is properly installed. When 
this happens, see if there is not an 
open low voltage electrolytic con- 
denser across a cathode resistor in 
the second detector circuit. When 
this condenser deteriorates, the 
audio present in the diode detection 
portion of the tube leaks across to 
the grid of the triode amplifier por- 
tion and prevents complete cutting 
off of the volume. 

A rasping sound as the dial is 
turned, usually accompanied by 
weak response, or no response at 
all, on the low -frequency end of 
the dial is just what you would 
think: The tuning condenser plates 
are rubbing. However, if the set 
is a TRF, and if the noisy condi- 
tion is accompanied by a tendency 
to oscillate, try cleaning the wipers 
on the rotor of the tuning con- 
denser. This will work wonders 
in the performance of older sets. 

Intermittents 
Having stalled as long as possi- 

ble, we finally come reluctantly to 
the hobgoblin of all servicemen: 
The intermittent. This is the one 
that the customer leaves with the 
cheerful remark, "I am sure there 
is not much the matter with this 
set. It will be playing along all 
right until some one turns on a 
light or the refrigerator cuts in, 
and then the volume drops way 
down. If you snap it off and on 
again, the volume comes back up. 
Can I pick it up in about an hour?" 

The first thing to do is to see if 
the trouble is mechanical. Wait un- 
til the customer leaves and then deal 
the set a good lusty blow with your 
fist. If this does not cause the 
volume to change (exclusive of 
any detuning effect from the jar) 
try playing "Chopsticks" on the 
tubes, with a bakelite rod. This 
failing, too, just resign yourself 
to a long and tedious struggle. Put 
the set on the back of the bench, 
set it at a station on the low -fre- 
quency end of the band, turn the 
volume down low-this is impor- 
tant, for many sets will not cut out 
at high volume-and 'start work- 
ing on something else. Eventually, 
the set will cut out ; and when it 
does, be prepared to note the fol- 
lowing points : 

Did the station disappear entire- 
ly, or did it just go down in vol- 
ume? If there is a tuning eye, did 
the shadow angle change? Did the 

station being received apparently 
shift its frequency? Was the 
change in volume accompanied by 
any noise or change in audio qual- 
ity? 

If the station disappeared en- 
tirely, but if stations can be tuned 
in at the high frequency end of 
the band; the oscillator is function- 
ing as it should. It is ceasing to 
oscillate on the lower frequencies 
where the feedback is normally 
less. If there is a shift of all the 
low frequency stations toward the 
high frequency end, the padder- 
or more likely a mica condenser 
across the padder-is changing its 
value. If the tuning eye retained 
the same shadow angle when the 
volume changed, your trouble is in 
the audio system. If the tuning 
eye changed, look to the RF and 
IF systems. 

When the volume change is ac- 
companied by a rustling popping 
sound, be suspicious of mixer or 
second detector tubes or of defec- 
tive coils. If whistles develop at 
the same time as the volume 
changes, look for opening bypass 
condensers on screens, plates, 
cathodes, and AVC bus. If the 
audio quality suddenly becomes 
thin, with only the higher frequen- 
cies being heard, it is a good 
bet that one of the audio coupling 
condensers is opening up. 

This by no means takes in all of 
the causes of intermittent recep- 
tion; but as I said at the beginning, 
this article makes no pretense of 
detailing every possible observed 
condition and its cause. Instead, 
I -have tried to show that "servic- 
ing by ear" is really a union of 
radio theory and radio practice. If 
the serviceman will note what par- 
ticular peculiarity in reception ac- 
companies each discovered fault 
(keeping a notebook of these cases 
is an excellent idea) it will not be 
long before he will be able to work 
backward from an observed effect 
to the logical cause. By keeping 
constantly alert to the possibility of 
tying together the cause of defec- 
tive reception with its peculiar 
aural effect, the serviceman will 
become more and more adept at 
"servicing by ear." Then he will 
be in a position to employ his vari- 
ous instruments as does a doctor : 

To verify or disprove his shrewd 
guess as to the cause of the 
trouble. v 

unningham 

Electron Tubes 

What will Sell your Service? 
The most profitable service shop is 
the busiest one. That's why it's so im- 
portant to pay special attention to 
building up a large clientele. And this 
can be done only by selling your big- 
gest stock -in -trade . dependable 
service work. Watch this space every 
month for the ideas which Cunning- 
ham has developed to help you build 
your business. 

And remember, too, that your per- 
sonal prestige for dependability is 
enhanced when you replace worn-out 
tubes with Cunningham's. Cunning- 
ham tubes are built for service. 

For more sales-TURN THE PAGE 

Qunningham 
Electron Tubes 

A product of 
RADIO CORPORATION OF AMERICA 

Harrison, N. J. 
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every day is 

HAMO %IIh1TEA%CE DAY 

in your shop! 

1(71' yyti 
aAA` 

5,Pt*rapice44éo oac t.#164e. :g e .Ï,:,:u:::: 

Your Test Equipment - How to get more out of your - Oscillogroph - Sig. Generator - VTVM - etc. 

Your Trouble Shooting Procedures - Television 
AM - FM 

Your Public Address System - planning - 
installation - operation - maintenance 

Your Alignment Techniques -Television - 
AM - FM 

THE MAGAZINE 

WITH EVERYTHING YOU NEED 

tei,4$ Me met 

07L® 

Your Opinions 

Your Shop Layout 

Your Radio Service Bench 

Your Service Kit for outside jobs 

Your Business News 

Your Tools 

Name 

Address 

City -State 

*Occupation 

Title (Service Mgr., etc.) 

Employed by 

State whether Employer is a Service Organization, Dealer, Jobber or Manu- 
facturer 

*Business or professional classifications are required to complete our records. 
Each subscriber should write one of the following classifications in space 
indicated. 

INDEPENDENT SERVICEMAN-DEALER SERVICEMAN-SERVICE 
MANAGER-DEALER-DISTRIBUTOR 
State your classification if not listed. 

7 
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From Page 23 

voltage check provides AC as well as DC 

regulation to assure accuracy and stability. 
An automatic ohmmeter battery check 

warns when to replace the battery. 

This instrument is 93/4" x 121/2" x 6" and 

weighs 13 lbs., complete in metal case with 

4 leads. 

PORTABLE RADIO 

"The Vagabond,°' superheterodyne receiver 
with 51/2" Alnico speaker, has been an- 

nounced by Stromberg -Carlson Company. It 
contains six tubes, including rectifier, is 

equipped for AC -DC or battery operation, 

and is housed in a maroon leather -finish 
fabric case with gray trim. Special features 
are a tuned radio frequency stage and a 

built-in low inductance loop. The portable 

--> To Opposite Page 
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OUR NEW 
CATALOG 
IS READY 

PLUGS 

PILOT LIGHT SOCKETS 

JACKS 

BARRIER TERMINAL STRIPS 

HARDWARE, ETC. 

The Herman Smith Catalog is a 

volume that belongs in the 

"stock" of every dealer and 

serviceman. You'll find hundreds 

of items ... many of the hard - 

to -find variety. All first quality 

. . . all fully guaranteed. Send 

for your FREE copy today. 

Herman H. Smith, Inc. 
405 44th Street. Brooklyn 20, N. Y. 

Industry 
Presents 

From opposite page 

is I11/2" x 13" x 63/8" and weighs 15 lbs. 

with batteries. 

VI BROTRON 
RCA's new tiny metal electron tube has 

been developed for converting motion 

directly to a variable electron flow. It 

weighs only one -fifteenth of an ounce and 

is I inch long and one -quarter of an inch 

in diameter. The vibrotron is particularly 
suited for use in phonograph pickup de- 
vices, microphones, and industrial devices 

for indicating motion. The movable elec- 
trode extends through a flexible metal dia- 

phragm at the top of the tube and serves 

as an eternal lever. 

Do You Know a Better Way 
To do it? 

Don't forget ... Radio Main- 
tenance pays ten dollars for the 
best serviceshop suggestion 
each month ... five dollars for 
each one published . - . Send 

'em in! 

"P -s -s -t! No, stupid! Not that one!" 

8(//LT FOR 
5 RV/CF 

CO 
m, 

510" 

5100P11 ct 
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uoningham 

Electron Tubes 

What will Boost your Sales? 

Cunningham is going to help you in 
every phase of your business, to aid 
you in boosting 1947 profits. Among 
other things, you'll get the best in 
sales promotion material throughout 
the year ... designed to bring in busi- 
ness and move your stock faster. 
You'll see the first promotional eye- 
catcher in this space next month. 
Watch for it. 

Cunningham tubes are built for 
service. Assure customer satisfaction 
by replacing old tubes with "big C's" 
-their dependable performance have 
made them favorites for over 30 years. 

For expert guidance-TURN THE PAGE 1411> 

Qunningham 
Electron Tubes 

A product of 
RADIO CORPORATION OF AMERICA 

Harrison, N. J. 
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"m" UI.S.RIS. SPECIAL 

SERVICEMEN'S HANDY KITS 

CAPACITORS 

PAPER TUBULARS 
Assortment of 35 paper tu- 
bular condensers. Uncondi- 
tional I year guarantee. 
Each unit plainly marked 
with capacity and voltage. 
Wax impregnated and filled 
at both ends. Kit consists 
of 5 each, .001, 002, .005, 
.01, .02. .05 and I mfd. 
600 Volts. 

1.000 Kit Complete-Net $2.20 

ELEC'TROLYTICS 
Assortment of 18 electro- 
lytic condensers. Uncondi- 
tional I year guarantee. 
Each unit plainly marked 
with capacity and voltage. 
Made of highest quality 
materials for low leakage 
and high surges. Kit con- 
sists of 2 each: 8, 16, 20, 
30. 40, 16x16, 20x20, 30x20 
and 30x30 mfd. 150 Volts. 

1-005 Kit Complete-Net - - ....... $4.85 

Write for Free Illustrated Flyer 

ÄnUS?ItS 
U. S. RADIO SUPPLY 
5116 HARPER AVENUE 

CHICAGO 15, ILLINOIS 
Dept. MA1 111111..11111 

The Oscillograph . . . 

How to use it 

- From Page 11 

and bottom envelopes of the wave 
and judge whether they represent 
pure sine wavesor over -loaded sine 
waves like those shown in Figs. 8 
and 9. 

If distortion is present, then, as 
mentioned above, it is most likely 
that overloading is taking place in 
the IF stages. It is, of course, 
possible though unlikely that the 
difficulty is somewhere in the RF 
circuits, or in the input signal it- 
self. To check these points, con- 
nect in succession to points 2 and 
3 of Fig. 7. If position 3 

shows a distorted picture, there is 
trouble either in the RF signal 
or in the audio modulating signal. 
Disconnect the signal generator 
from the receiver and troubleshoot 
it. 

If position 3 is clear and 2 

shows distortion (which will rarely 
occur), then the RF section (in - 

WITH 

"'V O MAX 
YOU CAN 

Post-war design and constriction at pre-war uninflated price is 

the secret of overwhelming demand for "VOMAX", the true 
o 

v.t.v.m. Unequalled at any price, it is bought and used by the 

Bureau of Standards, Navy- F.C.C., C.A.A., schools, universities, 

research laboratories-and by thousands of experience -wise 

service technicians. You, tco, will find "VOMAX" your greatest 

profit meter. Only $59.85 at your favorite jobber. 

OVER 35 YEARS OF RADIO ENGINEERING ACHIEVEMENT 

7eÌÌ.ii44'c574e4. ar; %1CC/. 
1240 MAIN ST., HARTFORD 3, CONNECTICUT 

Measure every type and 
kind of voltage in receiver 
design and servicing. "VO - 
MAX" increases your effi- 
ciency aid profits by 
equipping you to measure 

r.f., i.f., a.f--actual signal 

volts-a.v.c., a.f.c., discrim- 
inator-a.c. and d.c. volts. 

Input resistance is so astro- 
nomically high you can 

measure directly even in 

the highest resistance cir- 
cuits. "VOMAX" is also 

your output db. meter; 
measures direct current up 
thru 12 Amp. auto set 

range; resistance up to 

2,000 megohms. 

r t 

Send postcard for new catalog 

of measJring instruments, corn- 

munication receivers, transmit- 

ters, kits and parts. See them 

at your 'ovarite jobber. 

eluding RF amplifiers, if any, local 
oscillator and first detector) must 
be investigated; the trouble will 
most likely be found attributable to 
a bad tube, incorrect bias or B+ 
voltages, or a leaky condenser. 

If positions 2 and 3 are clear 
and position 1 shows distortion, 
then as predicted, the overloading 
is in the IF amplifier and the dif- 
ficulty can probably be traced to 
incorrect operating voltages (bias 
or B+) or faulty AVC action. 

It must be borne in mind, and it 
is here stressed again, that the only 
reason for the external (video) am- 
plifier is the fact that all signals 
before the second detector are too 
small in amplitude to cause a vis- 
ual deflection on the cathode-ray 
tube screen if connected directly to 
the deflecting plates; and are of too 
high frequency to be amplified by 
the oscilloscope's vertical amplifier. 
Men for whom the servicing art has 
progressed to the stage where they 
require a more complex oscillo- 
scopic instrument than the DuMont 
208 or equivalent type such as has 
been described up to now, may 
quite possibly not require the addi- 
tional external amplifier for these 
tests because some of these ad- 
vanced oscilloscope sets have ver- 
tical amplifier band -widths of a 
megacycle and more. There are 
other interesting features provided 
by some of these instruments, such 
as double -sweep tracing (enabling 
two signals to be viewed at once), 
Z-axis (intensity) modulation, and 
other useful devices. These ad- 
vanced types may be discussed in a 
future article. 

The above testing for overload 
distortion, although described with 
the broadcast AM band specifically 
in mind, can be carried through 
just as easily and expeditiously on 
short-wave band testing. On short- 
wave, it will be possible, using the 
above techniques, to trace the sig- 
nal back only as far as the input 
to the IF amplifier because the RF 
signal will, of course, be higher in 
frequency than the maximum fre- 
quency capable of being passed 
through the external video ampli- 
fier. However, just as with the 
broadcast band, overload distortion, 
if not present in the audio, will al- 
most certainly be discovered in the 
IF or second detector-not in the 
RF section or in the signal genera- 

--> To Page 31 
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The Service 

Bench 
-> From Page 18 

rectifier tube. This increases the 
voltage on the plate of the 41 some 
35 volts. Reduce the grid resist- 
ance of the 41 from / megohm 
to ,% megohm, and decrease the 
plate bypass condenser from .01 
ufd to .006 ufd 600 volts. Read- 
just the relay to operate on less 
current by softening the spring. 

"INSIDE THE VACUUM TUBE" 

A goldmine of information for 
the student, amateur, serviceman 
or engineer. 

425 PAGES PRICE $4.50 

"UNDERSTANDING 
MICROWAVES" 

Provides a foundation from 
which the reader can proceed to 
understanding of various micro- 
wave developments of the past 
five years. 
400 PAGES PRICE $¢.00 

"RADAR" 
For students, hobbyists and 
laymen . . . . $1.00 

and THESE STANDARD WORKS 

THE CATHODE RAY TUBE 
AT WORK $4 00 

FREQUENCY MODULATION . $2.00 
SERVICING BY SIGNAL TRACING $4.00 
THE METER AT WORK . $2.00 
THE OSCILLATOR AT WORK . . $2.50 
VACUUM TUBE VOLTMETERS . . $2.50 
AUTOMATIC FREQUENCY 

CONTROL $1 75 
AN-HOURA-DAY-WITH-RIDER SERIES- 
on "Alternating Currents in Radio Receivers," 
on "Resonance & Alignment," on "Automatic 
Volume Control," on "D -C Voltage Distri- 
bution." Hord bindings . . . $1.25 each 

JOHN F. RIDER 
PUBLISHER, INC. 
404 -4th Ave. N.Y. 16, N.Y. 

Specializing in books for advance- 
ment of the radio servicing industry. 

Zenith 10002 
Set lacks bass note response: 

Open center tap on the push-pull 
driver transformer. Open 85 cath- 
ode bypass condenser. 

O. 

A simple guard against working 
on a hot chassis can be made from 
a metal plate placed on the service 
bench and grounded to the power 
line through a small signal light. 
Place the chassis on the metal plate, 
then plug it in ; if the light goes on, 
reverse the plug. 

SIGNAL LAMP 

LINE 
OUTLET 

Fig. 1 A plate mounted on the work- 
bench and grounded through a lamp 
acts as a signal to indicate voltage on 

the chassis of a set. 

s 

Power transformers that hum 
excessively, because of loose lam- 
inations which cannot be further 
tightened by the means provided, 
can be silenced by this method : 

Loosen the nuts, and let the set run 
long enough to get hot. Then ap- 
ply shellac or gasket glue to the 
edges of the laminations with a 
brush in such fashion that some of 
the glue is forced in between the 
sheets of metal. Tighten and al- 
low to dry. Y 

Review of 

Trade Literature 
- From Page 19 

tralab, Division of Globe -Union, Inc., 900 
Fast Keefe Ave., Milwaukee 1, Wis. 

The Atlas Sound Corporation has 
issued a new catalog listing and giv- 
ing information on their line of 
horn projectors, driver units, micro- 
phone stands, and other products. 

A copy may be secured by writ- 
ing Atlas Sound Corporation, 1443 
39th Street, Brooklyn 18, N. Y. 

L10fl1fl9flarn 

Electron Tubes 
Who will 
point the way? 
Cunningham will 
turn over this space 
each month to an edi 
torial by an eminent authority on 
radio servicing. He will give you the 
benefit of his vast experience in the 
technical and business end of servic- 
ing, and write on such important 
topics as trends in servicing, the serv- 
ice shop of tomorrow, where to look 
for new business. 

Look for these vital editorials in 
this space every month. And remem- 
ber that "Built for Service" is more 
than a slogan ... it's a fact. 

ÇrvIee' 

1911 t 

Qunningham 
Electron Tubes 

A product of 
RADIO CORPORATION OF AMERICA 

Harrison, N. J. 
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AC 

HUMOS . 
11111110 10'1x1 25 coin 

RADIO SERVICEMAN 

AV< (01,0115 

1ROMIS11001010 

.o..B111 
.. wºo.°1, 

A BOLAND AND BOYCE PUBLICATION 

OCTOBER 1945 

5oldditt 
JANUARY 1946 
THE PROBLEMS OF ORGANIZATION 
TELEVISION RECEIVER INSTALLATION 
RADIO MAINTENANCE IN AVIATION 
USING THE OSCILLOGRAPH FOR DISTOR- 

TION MEASUREMENTS 

FEBRUARY 1946 

By popular demand, Radio 
Maintenance is continuing to 
make available to its readers 
the back numbers still on hand. 
We are sorry that several is- 
sues are completely sold out 
but offer those still in stock for 
as long as they last. 

MARCH 1946 

5old at 
APRIL 1946 
PA SYSTEMS 
A MIDGET AUDIO FREQUENCY OSCILLA- 

TOR 
IF I WERE A SERVICEMAN 
AN EQUALIZED AMPLIFIER FOR MAG- 

NETIC PICKUPS 

MAY 1946 
PA SYSTEMS 
TEST PANEL FOR THE MODERN BENCH 
RINGING THE BELL 

RADIO MAINTENANCE Magazine 
460 Bloomfield Ave. 
Montclair, N. J. 
Please send me the 
back numbers checked 
here. I am enclosing 
25c for each copy. 

January 1946 

E April 1946 

May 1946 

E June -July 1946 

E August 1946 

E November 1946 

E December 1946 

Total Amount Enclosed á 

NAME 
ADDRESS 
CITY ZONE 
STATE 

JUNE -JULY 1946 
FUNDAMENTALS OF TELEVISION 
VOLUME CONTROL TAPERS 
THE ELECTRONIC VOLT OHMMETER 
VECTOR ANALYSIS 

AUGUST 1946 
AVC CIRCUITS 
FM TROUBLESHOOTING 
TELEVISION RECEIVER FUNDAMENTALS 
RECORD CHANGERS 

SEPTEMBER 1946 

$old dot 
OCTOBER 1946 

5./dat 
NOVEMBER 1946 

PART II TEST & ALIGNING TELEVISION 
RECEIVERS 

DON'T FORGET THE DIAL LAMP 
THE OSCILLOGRAPH ... HOW TO USE IT 

CRYSTAL PICK-UPS. 

DECEMBER 1946 

TELEVISION RECEIVERS . . THE RF SEC- 
TION 

TUNING INDICATORS 
PART II THE OSCILLOGRAPH . . HOW 

TO USE IT 
REPLACING AUTO CABLES 
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The Oscillograph .. . 

How to use it 
-* From Page 28 

tor. (Distortion in the signal gen- 
erator is most unlikely since, un- 
less there were previously some dis- 
tortion in the receiver proper, the 
elaborate testing described would 
not have been started.) 

No Signal on the Screen 
If, at the very beginning of the 

testing, no signal is found on the 
oscilloscope screen, which means 
no audio output at the loudspeaker, 
the method described can be used 
(and has been successfully used 
several times by the author) for 
tracing down the signal until the 
point is found where it disappears. 
There may be an obvious difficulty 
present, of course, such as failure 
of the rectifier tube or of a filter 
condenser which would cause plate 
voltage to disappear. In the ab- 
sence of any such easily recognized 
troubles, however, the procedure 
outlined in the preceding para- 
graphs can be followed. Starting 
with the audio, trace progressive- 
ly back until the signal first appears. 
If signal appears on the oscillo- 
scope screen at any point in the 
receiver, then the trouble is some- 
where beyond the point (i.e., be- 
tween it and the speaker). The test 
procedure will not point directly to 
the source of trouble, but it will aid 
in isolating. it to a specific section 
of the receiver. 

Alignment 
In the next article on the oscil- 

lograph, the problem of frequency 
distortion in the receiver will be 
taken up, together with means for 
taking a band-pass characteristic 
of the IF amplifier and then align- 
ing the amplifier until the required 
curve is attained. 

Picture Credits 

Radio Maintenance, Jan. 1947 

P. 4-Top: RCA 
Bottom 
Allen B. DuMont Labs. 

P. 7-RCA 
P. 8 Allen B. DuMont 

Oscilloscope 
P. 14-H. Leeber 

NEW SOLDERING GUN 

with adjustable tip 

FOR TOUGH JOBS 

HEATS /X/ \I 

S SECONDS 

TIP ADVANTAGES 

STAYS TINNED- 

NO BURNING 

SEE WHERE 

YOU SOLDER 

WORK AT 

CLOSE QUARTERS 

High heat pro- 
duced in loop type 
tip by induction prin- 
ciple gives speed and 
flexibility to soldering 
with the new gun type 
Speed Iron. Ideal for inter- 
mittent operation on maintenance and radio service work. 

Available at your radio parts distributor or write 
direct for descriptive bulletin. 

* 115 Volt 60 Cycle 100 Watts 
* Built -In Light Weight Transformer 
* Intermittent Operation With Trigger Switch 
* Can't Overheat or Burn Out 
* Tip Heats And Cools Fast 
* Impact Resisting Case 

* Soldering Heat In 5 Seconds 

812 PACKER ST. 

WELLER MFG. CO. Easton, Pa. 
Export Dept. -25 Warren Street, New York 7, N. Y. 

In Canada-Atlas Radio Corp., Ltd., 560 Icing Street N. W., Toronto, Ont. 

N E W 

DYNAMIC SIGNAL TRACER 

New post-war design and construction, but low prewar price, 

explains why wise service technicians buy it by the thousands. 

Matching "VOMAX", 904 Laboratory C -R Bridge, 906 AM/ FM 

Eignal Generator in size and style, "SPARX" is the same out- 

standing "buy". At only $39.90 it well earn you, too, more 

profits than any other instrument you've ever bought. 

OVER 35 YEARS OF RADIO ENGINEERING ACHIEVEMENT 

74"7,14444-sWee..- a-. 
1240 MAIN ST., HARTFORD 3, CONNECTICUT 

Touch "SPARX" prod to 
grid, to plate, of every re- 
ceNer circuit. You'll local- 
ize trouble in 30 seconds 
per tube-trouble in a five - 
tube receiver located in 
21/2 minutes! True dynamic 
sigral tracing at r.f., i.f., 
a.f. - plus indication of 
presence -or absence of 
a.c. and d.c. operating 
volages, hum or distor- 
tion_ Tests phono pickups, 
microphones, amplifiers, 
speakers-"SPARX" is your 
shop test speaker, too-all 
witl- visual and audible 
signal tracing. "SPARX", 
rad o's complete signal 
tracer -tester, will earn its 
low cost for you in no time 
flat. 

r 

critters, kits and parts. See them 

I at your favorite jobber. 

SÉnd postcard for catalog of 

new measuring equipment, 

communication receivers, trans 
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CONCORD 
Concord 
Supplies 
need ... 
merchandise, 
gains 
MENT 

ii 
ill 

I 

has them! 
and 

long awaited, 
.. , in stock 

from CHICAGO 

È - i . -)rlf 

FX 

- 4 

, 

' cc 

i. rl1 E 

Check These 
VALUES! 

Radio and Electronic Parts, 
Equipment of every kind, for every 

hard -to -get items ... new 
just received ... Hundreds of bar- 

NOW for IMMEDIATE SHIP- 
or ATLANTA. 

CRESCENT AUTOMATIC 
RECORD CHANGER 

Simple, single control, plays ten 
records automatically. Rejects 
or permits optional playing of 
Only three moving parts while 
changes records in 5 seconds, 
7> R PM, 110 volt 60 cycle AC, 
Finished in two-tone brown with 
trim. Requires only 5!i- head 
cabinet with 12V x 16;4' changer 
C22503. SPECIAL . . . . 

ALNICO V5"P.M, 
SPEAKER 

New Alnico V magnet 
provides maximum per- j%, 
formancc with minimum 
weight. Normal wattage e 
3, peak wattage 4%. 
V.C. impedance 3.2 ohms. 
depth 27/16". 

$1.98 - 5B7009 . . 

12" or twelve 10" 
any record desired, 
records manually. 

changing. Fast ... 
Has self-starting, 
heavy duty motor. 

attractive plastic 
room and fits any 

area. $1 Q r] C 
. . . 7 a7J 

e 'te \' 
-. - 

.- p 

/ 
!) ' 

-s - 
e 

9003 Pc,:M 
Pentode Tube 

ods 
RF 95 D.C. 

METERSM- 
LINE FILTER 2"''Flangemoniil ng 

Com- 
type. hark dull fin- 

79 
ba kee.to ase. 

Each -La lid we. ire legi- 
-Large, clearly Icgi- 
Me dial calibrations. 

Fastens I?rther5B4122- 
support. Wire 0-20 M. A. D. C, or 

Strips wire 584116-0-300 
Each 98 ' M.A.D.C. $3.23 

7 Special C. 
. 

HEAVY DUTY 
Solar Elim-O-Stat. 

pletelyshielded.Type$1 
EN106. 5B3218 

WIRE STRIPPER 
Strips wire instantly! 

to bench or other 
stripped to any length. 
up to 12MM diam. 
C15268 

G. a 
. Supreme Model 5436 
I 1000 O. P.V. 
oA Sensitive Meter y Has pin jack terminals, and in- 

cludes the following ranges: - 
0/6/60/600 D. C. M. A., 0/15/150/600/3000 V. A. C. 
and D.C., 0/2000/200,000 ohms. This meter is con- 
venient to carry. Weighs 28 ozs. Uses full size 3' 
meter with a rugged. accurate I.M. A. movement. 
All resistance rangesare operated by batteries 
furnished with the unit. Bakelite case. Size: 
5 7/8"x21/16"x21/8". Shpg.wt.2lbs. $i a.57 C21745 Q ue 

TUNER UNIT TU -10-B 3Mfd.4000VoIt 
Cont Mucus frequency range HI -Voltage 
from 10 MC. to 12.5 MC. VFO CONDENSER 
oscillator tuning section, buf- Large 3 mfd., 4000 v. 
fer, coupling, capacitors and DC. condenser, her - 
choke& buffer output match- metically sealed in 
ing tapped coil & condenser. an aluminum can. 

Size 414 x 311/16 x Size 165/x" lg. x 75/8" h. $q r 
51/2"" deep. A54132, 2.95 583high168 $4.95 

r 
T -17-B 200 Ohm Carbon Mike. Lightweight, 
with press -to -talk button. Built-in filter to suppress 
carbon hiss. 5" rubber covered cable and $rl 9 A 
PL -OS 3 -circuit plug supplied. 567062. LL Y A 
Midget Volume Control - 1 Meg. ohm Standard 

- Bushing, 55"dia. Shaft. %" long, with split 
3 C 

spline for push -on knob. C8154 . . J 
STANCOR Universal Output Transformer Type 
A 3856. Primary for all single or push-pull plates. 
Secondary adjustable from 1 to 30 ohms. Two-inch 
mounting centers. 9 watts at 35 mils. $1 

a7L 
32 

C1675. SPECIAL . . . . . . . . 

Write for catalog of Radio Parts and Electronic 
Equipment. Packed with Radio Needs-new and 
scarce items - Bargains. Write Dept. EM -126. 

RADIO CORPORATION 
LAFAYETTE 

CHICAGO 
901 W. Jackson 

RADIO CORPORATION 
7 ATLANTA 3 . 

Blvd. 265 Peachtree Street. 

The Video 

Channel 
---> From Page 7 

relative sound rejection obtainable 
in a good quality receiver. 

Picture Containing 60 Cycle 
Ripple 

The symptoms of a faulty power 
supply sometimes show up in the 
video channel as horizontal black 
and white bars on the test pattern. 
Since these faults do not lie in the 
video circuits, but rather in the 
power supplies, we shall treat the 

Fig. 9 The sound rejection obtained 
between 8.25 megacycles and 14.25 
megacycles in the video intermediate 
frequency system of a good quality re- 

ceiver. 

latter in a later article on the 
troubleshooting of power supplies. 
Suffice to say at this point that ex- 
cessive ripple in the low or high 
voltage supplies produced by im- 
proper filtering will affect the video 
circuits as shown in Fig. 10. 

Fig. 10 The effect on the pattern of 
60 cycle ripple. 

It is relatively easy to distinguish 
60 cycle ripple from sound modu- 
lation. Ripple produces one or two 

dark bands across the screen, 
whereas sound modulation voltages, 
being of a higher frequency, pro- 
duce many more. Also, the sound 
will vary in intensity, and when it 
stops, the bands disappear. Distor- 
ion f rom the power supply, on the 

other hand, is steadier in it tensity 
and tuning to another station does 
not alter the position of the bands. 

Microphonic Noises 
These are caused by microphonic 

resistors, condensers, or tubes in 
which the elements are not rigidly 
fixed. Any vibration sets the ele- 
ments in motion, generating tran- 
sient currents. Such noise in the 
video channel results in patterns of 
splotches appearing in the picture. 
Noisy tubes, resistors and condens- 
ers can usually be located by tap- 
ping with a light object such as the 
eraser end of a pencil. Sometimes, 
individual replacement of each tube 
is necessary. 

The foregoing discussion of com- 
mon faults will give the serviceman 
the basic troubleshooting techniques 
for the video channel. With the 
RF section covered in the previous 
issue, the entire video signal path 
from the antenna up to the grid of 
the picture tube has been traced. 
Next issue, we shall go back to the 
first detector and follow the audio 
signal through the sound channel. 

LATEST ELECTtOi' 

RESULTS: 
H00VER, 774,603 VOTES 

ROOSEVELT I, 596,732..:' 

"Offhand I would say that the time lag 
in the AVC is definitely too pro- 

nounced." 
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tANtS%tIC 
- 1j-r 

" '` a .!. x . w-4-'7'.. ...i 

The job of a vacuum tube designer would really 
make you tear your hair. Drawing mainly on long 
experience - only the bare principles of tube de- 
sign are found in books - the design engineer 
must co-ordinate the innumerable interlocking 
characteristics you specify. 

Using standard parts when possible - hand - 
fabricating others, he assembles and processes 
engineering samples. Some characteristics may fall 
outside limits. Then begins a seesaw of compro- 
mises. Screen diameter is lowered; input capaci- 
tance rises. Plate current is raised; amplification 
factor drops. Back and forth teeters the design. 
Interlocking electrical, mechanical, physiochemical, 
ceramic, and metallurgical characteristics must be 
reconciled one after another. Finally the harassed 

..po YYB9 

;_¿-.*,. - 
= r,=:; - 

J.- 

designer submits apparently satisfactory tubes for 
application tests. 

You guessed it. Changes are required. The 

balancing act begins anew. Innumerable variables 
are again co-ordinated. Science and creative 
craftsmanship triumph; everyone is satisfied. Pro- 

duction takes over. Sure, it's a swell tube. But 

could this lead be changed, this spacer eliminated, 
this material substituted? Well, you see what we 
mean. 

Through the years, Hytron design engineers have 

sweated for you. They have originated: GT, sub- 

miniature, vhf, instant -heating tubes. They have 

improved standard types including: 0C3, OD3, 
1616. Their experience will continue to craft for 
you the best in tubes. 

MANUfACTURFR 

y 

MAIN O F F I C E: S A L E M, MASSACHUSETTS 
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ail ry 
C ntrols 

1 r ffers 12 Clutch Ty e 
, or Use Auto` +eeei.vers 

M ALLORY offers the widest range of resistance values in clutch 
type controls to fit every need. Four different values are available 

in the Universal Midget line (100M ohms, 250M ohms, 500M ohms, .g_` 
1 megohrn), and eight values in popular combinations of overall and 
tap resistances in our Tapped Midget line. 

Add these to the Plug -In Shafts you see at the right, and you can re- 
place original controls in any auto set you name-not merely replace 
them but duplicate them mechanically and electrically. Get the complete 
story from your Mallory distributor. 

You Expect More .. , 

and Get More .. . 

from Mallory 

NO WOBBLE-this ring prevents it! 

I II e - 
All Mallory Plug -In Shafts are made 
with a small ring as shown above. 
That's why they can't wobble or 
work loose-why they fit as securely 

1 as a fixed 
shaft. 

P 

:pE 

INSIST ON 
MALLORY- THE 

COMPLETE 

CONTROL 

LINE 3- 

AWY114LLCARY a CO.Inc. 

LLO 
J r-C»S .. , 

r4»MQUS ITCtIES . , EE$á 

. I!&EC1f1FIEitS ,, , , lEt3á1E $GAf rlLlf:S, 

KS' _. . ., it it , ,. VOLUME 

Ftd7EPS 

t;yk¿.4.,. U. hs. 

PROVED PRECISION PRODUCT 
Y CO. , Inrc:.-.`JND114NAPÒLIS °6 IND{ANÁ: 
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