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Repair the Portable TV Quickly 
Amplified AGC 
Troubleshooting Synchro Systems 
Square -Wave Tests of Audio Amplifiers 
Antenna Changeover in CB Transceivers 
Plus other servicing features 



Be super -critical. 
Whether you're looking for the fun 
and economy of building quality 
kits or you want ready -to -use 
factory -wired equipment - before 
you buy, examine carefully. Compare 

EICO with anybody else - feature 
for feature, chassis for chassis, 
part for part. The more critical you 
are, the more you'll see for yourself 
that your best buy is EICO. 

EICO 
Over 3,000,000 EICO instruments now in use! Preferred by engineers, scientists, technicians 

and students. E CO equipment is available nation-wide through 2500 EICO dealers. 

New Model 435 - DC Wideband Scope. Top- 
quality DC 4.5mc scope with 3" flat -face CRT. 
Zener calibrator: Outperforms 5" scopes three 
times its size, facilitates on -location color TV 
and other servicing. $99.95 kit, $149.95 wired. 

New Model 342 - FM Multiplex Signal Generator. 
Design lab quality. Both composite audio and 
FM RF outputs. Inputs for stereo audio source 
for store demonstrations, critical A/B listening 
tests. $149.95 wired. 

New Model 965 - FaradOhm Bridge/Analyzer. 
9 -range, low -voltage capacitance -resistance 
bridge safely measures even 1 -volt electrolytics. 
Metered bridge balance, leakage test voltage 
(6 DC VTVM ranges 1.5-500V), leakage current 
(11 DC VTAM ranges 0.15ua-15ma). DC VTVM & 
VTAM externally usable. $129.95 wired. 

New Model 1030 - Regulated Power Supply. 
Speeds troubleshooting, design work, production 
line testing, electronics teaching. Variable bias 
and plate sources regulated to lh of 1%, 0-150V 
@ 2ma; 0.400V @ up to 150ma. Ripple less than 
3mv rms. Unregulated fil. volts of 6.3V & 12.6V, 
@ 3A. Switchable, monitoring milliammeter and 
voltmeter. $59.95 kit, $99.95 wired. 

New Model 378 Audio Generator. Near -distortion - 
less sine wave generator (<0.1% 20-20,000c) 
providing fast, convenient, switch -selection 
of frequencies from lc to 1,000c (1c steps 10c - 
100c, 10c steps 100c-lkc, 100c steps lkc-10kc, 
lkc steps 10kc-100kc). 8 -pos. 10db/step output 
attenuator & fine attenuator. Output meter !4r/z" 
200ua) with R voltage ranges & db scale. $49.95 
kit, $69.95 wired. 

Model 232 Peak -to -Peak VTVM. A must for color 
or B & W TV and industrial use. 7 non -skip ranges 
on all 4 functions. With Uni -Probe.® $29.95 kit, 
$49.95 wired. 

New Model 779 - Sentinel 23 CB Transceiver. 
23 -channel frequency synthesizer provides crys- 
tal -controlled transmit and receive on all 23 
channels. No additional crystals to buy ever! 
Features include dual conversion, illuminated 
S/RF meter, adjustable squelch and noise lim- 
iter, TVI filter, 117VAC and 12VDC transistor- 
ized dual power supply. Also serves as 3.5 watt 
P.A. system. $169.95 wired. 

New Model 712 - Sentinel 12 Dual Conversion 
5 -watt CB Transceiver. Permits 12 -channel crys- 
tal -controlled transmit and receive, plus 23 - 
channel tunable receive. Incorporates adjustable 
squelch & noise limiter, & switches for 3.5 watt 
P.A. use, spotting, & Part 15 operation. Trans- 
istorized 12VDC & 117VAC dual power supply. 
$99.95 wired only. 

New Model 753 - The one and only SSB/AM/CW 
Tri -Band Transceiver Kit. 200 watts PEP on 80, 
40 and 20 meters. Receiver offset tuning, built- 
in VOX, high level dynamic ALC. Unequalled per- 
formance, features and appearance. Sensation- 
ally priced at $179.95 kit, $299.95 wired. 

New Model 3566 - All Solid -State Automatic FM 
MPX Stereo Tuner/Amplifier. No tubes, not even 
nuvistors. Delivers 112 watts IHF total to 4 ohms, 
75 watts to 8 ohms. Completely pre -wired and 
pre -aligned RF, IF and MPX circuitry, plus plug- 
in transistor sockets. $219.95 kit (optional wal- 
nut cabinet $14.95), $325.00 wired including 
walnut cabinet. UL approved. 

Model ST70 70 -Watt Integrated Stereo Amplifier. 
Best buy of highest ranked stereo amplifiers 
according to independent testing. $99.95 kit, 
$149.95 wired. ST40 40 -Watt Integrated Stereo 
Amplifier, $79.95 kit, $129.95 wired. ST97 Match- 
ing FM MPX Stereo Tuner, $89.95 kit, $139.95 
wired. 

EICO Electronic Instrument Co., Inc. 
131-01 39th Ave., Flushing, N. Y. 11352 

Send for FREE catalog describing the full EICO line 
of 200 best buys and name of nearest dealer. 
I'm interested in: 

D test equipment 
hi-fi 

E ham radio 
CB 
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State 7ip 
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....... ..... .PREVIEWS of new sets Admiral 
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UHF 

OSCILLATOR 
UHF IF 

OUTPUT 
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Admiral 
Model-PG-927 
Chassis-G2-1 

The photo above shows Admiral's 
newly introduced 9" portable. This AC - 
operated, tube -type receiver features a 
built-in monopole antenna, earphone 
jack, and carrying handle. 

The tube lineup in this small -screen 
personal portable is somewhat different 
than those used in the past. The two 
video -IF stages use an 8BM11 (a dual 
pentode); an 8JV8 serves as the video 
amplifier and the sound IF amplifier; 
and a 17BF11 operates in the audio - 
detector and audio -output stages. The 
vertical sweep section has a 17BF11 as 
multi-vibrator/output; the horizontal os- 
cillator is an 8FQ7; and a 33GY7 per- 
forms as the horizontal output and the 
damper. The high -voltage rectifier may 
be an unfamiliar type-it's a 1BC2. Con- 
ventional tubes are used in the VHF 
tuner; a 6CG8A operates as mixer/os- 
cillator and a 3GK5 as the RF amplifier. 
The UHF tuner uses an NPN transistor 
as the oscillator and a crystal diode as 
the mixer. 

Other semiconductors include the 
1N87A signal diode used as the video 
detector; the horizontal AFC stage has 
a dual -diode. The low -voltage power 
supply uses a single silicon for develop- 
ing the 125 -volt B+. Silicon protection 
is afforded by a 5.5 -ohm fusible resistor. 
A 13 -ohm, 5 -watt dropping resistor is 

connected in series with the filament 
string. These two resistors are pointed 
out in one of the photos. Should it be 
necessary to replace either of these re- 
sistors, you must first disassemble the 
chassis. The chassis is held by four re- 
taining screws-two each on the left - 
and -right-hand sides of the cabinet. 

One large horizontally -mounted print- 
ed circuit board contains practically all 
the small components. A triple -section 
control assembly for the vertical -linearity 
and height controls is mounted on the 
board. The horizontal -hold coil form is 

mounted within this control assembly. 
and is adjustable by a shaft that extends 
through the cabinet rear cover. As you 
can see in one of the photos. the lugs on 
the coil are not mounted on the board. 
but rather the electrical connections are 
via individual wires running from the 
coil terminals to the printed board. 
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Munti ............. .. . .. .PREVIEWS of new sets 

Muntz 
Model -3415 EA 

Chassis-AS-5003-1 

Appearing here is one of the newest 
Muntz consolette models. This one has 
a transformer -powered chassis and may 
use either a 23DVP4 or 23GVP4 pic- 
ture tube. The number of receiving tubes 
used in the main chassis has been re- 
duced to nine. The requirement for fewer 
tubes is accomplished by using compac- 
trons, (two of these, 6AR11 and 6AL11, 
feature two pentodes in the same envel- 
ope) throughout the receiver. 

The 6AR11 is used as the second 
video --IF amplifier/sound IF amplifier 
and the 6AL11 serves as the audio de- 
tector/audio output. A third compactron, 
the 6B10. has two triodes and a dual - 
diode section in the same tube. This tube 
serves as horizontal AFC/multivibrator. 

The low -voltage power supply has two 
silicon diodes connected in a full -wave 
rectifier (not a doubler) arrangement. 
The total B-1- output of these rectifiers 
is 150 volts. Protective devices in the 
power supply include the 3.2 -amp line 
fuse and the filament fuse wire that pro- 
tects the parallel filament string. 

This chassis has two printed boards- 
one mounted vertically and one hori- 
zontally. The vertical board consists of 
the video, sound, and sync separator 
tubes. On the horizontal board are the 
horizontal multivibrator and vertical 
multivibrator/output tubes. The horizon- 
tal output, damper, and high voltage 
rectifier tubes are located on the main 
chassis pan. 

Controls for on -off volume, brightness, 
vertical hold, and contrast are mounted 
on an individual panel; also mounted on 
this panel are the VHF and UHF tuners. 
Channel -selection, fine tuning, and the 
four controls are all adjustable from the 
front of the cabinet. 

The horizontal hold control is on the 
rear of the main chassis and may he 
adjusted from the cabinet rear. The verti- 
cal height and linearity controls and 
the horizontal -stabilizer coil are located 
on the sweep printed -circuit board. This 
coil and these two controls are not ac- 
cessible unless the cabinet back is re- 
moved. 

To remove the chassis from the cab- 
inet: disconnect the anode lead, speaker 
leads, antenna leads, and CRT socket; 
remove the yoke; remove the four chas- 
sis retaining bolts and the screws hold- 
ing the tuner mounting bracket. 
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PREVIEWS of new.sets Philco 
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Model-P3906WA 
Chassis-16JT26 

One of the newest portable television 
receivers introduced by Philco is the 19" 
model shown here. This set is housed in 
a plastic cabinet and has such features 
as private listening (earphone) jack, and 
dual speakers-one on each side of the 
cabinet. The chassis in the portable is 
different from ones available in the 
past in some respects. Probably most in- 
teresting is the fact that this chassis 
uses both tubes and transistors. Five 
transistors are used in the main tele- 
vision chassis (three as video amplifiers 
and two in the AGC stages), and the 
VHF and UHF tuners are both com- 
pletely transistorized. 

Except for the much lower positive 
source voltage required by the NPN 
transistors, the video IF and AGC cir- 
cuits operate basically the same as when 
tubes are employed. A keying pulse, 
taken from the horizontal output trans- 
former, is applied to the collector of the 
AGC gate transistor. 

The low -voltage power supply uses a 
single silicon rectifier to develop the 
140 -volt B+. This rectifier is protected 
by a 1.5 -ohm, 3 -watt surge limiting 
resistor. A 43 -ohm, 12 -watt dropping 
resistor is in series with the tube fila- 
ments. A positive 12 -volts DC for the 
transistor stages (with the exception of 
the AGC gate) is derived from a diode 
which rectifies a pulse taken from an 
individual winding on the flyback. 

The tube stages in this receiver are 
quite conventional; however, some new 
tube types are being used. The audio 
output stage has a 1013Q5, the damper is 
a 17BZ3, and serving as the horizontal 
output is a 21JZ6. 

One large printed -circuit board is used 
in this chassis; the majority of the com- 
ponents, with the exception of the high - 
and low -voltage power supplies, are 
mounted on this board. Also, on the 
board, and accessible from the rear of 
the receiver, are the controls for vertical 
linearity, height, and horizontal hold 
(a triple -section assembly), and width. 

The on -off volume, vertical hold, 
brightness, and contrast controls are on 
an individual panel and are located in 
the front of the receiver at the bottom 
left-hand corner. Also, on the left side 
at the front is the UHF tuner; the VHF 
tuner is on the right side. 

February, 1966/PF REPORTER 3 



Westinghouse .....................PREVIE of new set 

Westinghouse 
Model H -K4250 

Chassis V-2485-11 

The 23" consolette pictured above uses 
a 94° 23EZP4 picture tube. Basically 
this chassis is similiar to earlier Westing- 
house models both physically and elec- 
trically. 

A three -stage video -IF strip precedes 
the video detector diode. The video -de- 
tector output is fed to the pentode sec- 
tion of a IOGN8; the triode section of 
this tube serves as the sync separator. 
Other dual-purpose tubes include the 
6FV8A which functions as the AGC 
keyer/noise inverter and the I3EM7 in 
the vertical multivibrator/output circuits. 
The horizontal mulitivibrator is an 8FQ7 
followed by a 21 GY5 in the horizontal - 
output stage and the 17BE3 damper. 

The low -voltage power supply uses two 
silicon rectifiers to develop the B+ volt- 
age. These silicons are protected by a 6 - 

ohm, 15 -watt surge limiting resistor and 
by the 2 -amp, slo-blo fuse connected in 
series with one side of the AC line. The 
series filament string is not disabled 
when the on -off switch is turned to off. 
In the off position of this twitch, the fila- 
ments are supplied a pulsating DC volt- 
age through the instant -on diode. This 
diode is in series with the tube filaments 
and shunts the on -off switch. Complete 
power is disabled only when the AC 
plug is removed from the power outlet. 

Some noteworthy features in this chas- 
sis include the voltage -dependent resistor 
(VDR) used in the horizontal -output 
stage and the neon bulb used as hori- 
zontal blanking. 

The purpose of the VDR is to main- 
tain constant width when the brightness 
control is rotated, the AC line voltage 
fluctuates, or when the horizontal -output 
tube ages. The VDR increases or de- 
creases the negative bias on the hori- 
zontal -output tube in accordance with 
the amplitude of the flyback pulse. An 
additional load on the flyback reduces 
the pulse amplitude and in turn causes 
the VDR to reduce the negative voltage 
on the output tube. A larger amplitude 
flyback pulse causes an opposite effect- 
the VDR increases the bias on the out- 
put tube. 

A quadruple control assembly (ac- 
cessible by removing the rear cabinet 
cover) houses the height, AGC, hori- 
zontal range, and width controls. 
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Imarmadieorr. 

VIDEO SPEED SERVICING 

SEE PHOTOFACT Set 729, Folder 4 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-1 

Section Affected: Picture. 

Symptoms: Picture overload with medium or 
strong signal. 

Cause: 
AGC control open. 

What To Do: Replace AGC control R9 (6000 
ohms, 2 watt). 

FROM PLATE OF 

2ND VIDEO AMP 

OR 6AW8A 

15W 

NOISE INVERTER SYNC SEP 

AGC KEYING 

vs A 6KA8 10B 6KA8 

I 13W 

AGC 
6000St 2W 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-2 

Section Affected: Chroma. 

Symptoms: No color on station signal; some 
color may be obtained with color -bar gener- 
ator. 

Cause: Defective capacitor in plate circuit of 
color killer. 

What To Do: Replace C116 (.047 mfd). 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-3 

Section Affected: Sync. 

Symptoms: Loss of color sync; horizontal hold 
unstable. 

Cause: AFC feedback capacitor leaky. 

What To Do: Replace C85 (820 pf, 10%) . 

February, 1966/PF REPORTER 5 



9, a - VIDEO ek ED SERVICING 

SERVICE NORMAL 

FROM VIDEOOUTPUT 
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6 PF REPORTER FebruarN, 1966 

SEE PHOTOFACT Set 729, Folder 4 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-4 

Section Affected: Sync. 

Symptoms: Horizontal and vertical hold both 
erratic. 

Cause: Leaky electrolytic capacitor in power 
supply (390 -volt source) . 

What To Do: Replace C2 (30 mfd). 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-5 

Section Affected: Raster. 

Symptoms: Raster blooming and poor focus. 

Cause: CRT cathode bias resistor increased in 
value. 

What To Do: Replace R73 (6000 ohms, 2 
watt). 

Mfr: G. E. Chassis No. CY (Color) 

Card No: GE CY-6 

Section Affected: Raster. 

Symptoms: Proper focus cannot be obtained. 

Cause: Focus rectifier shorted. 

What To Do: Replace focus rectifier X3. 



VIDEO SPEED SERVICING illatoftaCa 

See PHOTOFACT Set 574, Folder 2 

Mfr: Motorola Chassis No. QTS-576Y 

Card No: MO QTS576-1 

Section Affected: Sync. 

Symptoms: Horizontal tearing. 

Cause: Leaky capacitor in differentiator net- 
work. 

What To Do: Replace C46 (.001 mfd.) 

Mfr: Motorola Chassis No. QTS-576Y 

Card No: MO QTS576-2 

Section Affected: Picture and sync. 

Symptoms: Video overload; erratic horizontal 
and vertical hold. 

Cause: Noise -Gate control defective. 

What To Do: Replace Sync -Stabilizer (Noise - 
Gate) control R8 (4 meg). 

FROM 
VIDEO 
OUT 

FROM 

H.0. T. 

TO AGC FROM H.0. T. 

FROM 
VIDEO 

DET 

NOISE GATE 
I SYNC STABILIZER) 

4meg 

-1.5V 

AGC KEYING 

SYNC SEP 

NOISE LIMITER 

vs 3BU8 

135V 3 8 230V 

6 WZ 140 

TO SYNC AMP 

FROM VIDEO OUT 

245V 

Mf r: Motorola Chassis No. QTS-576Y 

Card No: MO QTS576-3 

Section Affected: Picture. 

Symptoms: Video overload. 

Cause: Open ground connection at terminal 2 
of AGC winding on horizontal -output trans- 
former. 

What To Do: Resolder ground connection. 
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7/iatancQa VIDEO SPEED SERVICING 
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See PHOTOFACT Set 574, Folder 2 

Mfr: Motorola Chassis No. QTS-576Y 

Card No: MO QTS576-4 

Section Affected: Vertical sync. 

Symptoms: Vertical rolling; otherwise, raster 
and picture are normal. All voltages and 
waveforms appear normal. 

Cause: Vertical -output transformer defective. 

What To Do: Replace T2, vertical -output 
transformer. 

Mfr: Motorola Chassis No. WTS-576Y 

Card No: MO QTS576-5 

Section Affected: Raster. 

Symptoms: Insufficient vertical sweep. Plate 
(pin 1) of V6B has low voltage. 

Cause: Voltage -divider resistor in plate circuit 
of vertical multivibrator has increased in 
value. 

What To Do: Replace R74, (3.3 meg) . 

Mfr: Motorola Chassis No. QTS-576Y 

Card No: MO QTS576-6 

Section Affected: Sync. 

Symptoms: No vertical or horizontal hold; plate 
(pin 8) of V5 has extremely low voltage. 

Cause: Sync -separator plate resistor has in- 
creased in value. 

What To Do: Replace R47 (2.2 meg). 
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Sarkes Tarzian, Inc., largest manufacturer of 
TV and FM tuners, offers unexcelled tuner 
overhaul and factory -supervised repair service. 
Completely -equipped and conveniently - 
located Service Centers offer fast, dependable 
and factory -supervised repair service on all 
makes and models. Centers are staffed by well-. 

trained technicians, assisted by engineering 
personnel. 

Tarzian-made tuners received one day will 
be repaired and shipped out the next. More 
time may be required on other makes. Every 
channel-not just the channels existing in any 
given area-is checked and re -aligned per orig- 

TUNER SERVICE TI AT_ CORPORATION 

(Factory -supervised tuner service authorized 
by Sarkes Tarzian, Inc.) 

547-49 Tonnele Avenue, Jersey City, N.J. 
Tel : 201-792-3730 

final specifications. Exclusive cleaning method 
makes the tuner look-as well as operate- 
like new. 

Cost, including ALL labor and parts (except 
tubes) is only $9.50 and $15 for UV combina- 
tions. No additional charge. No hidden costs. 
Too, you get a full, 12 -month warranty against 
defective workmanship and parts failure due 
to normal usage. 

Always send TV make, chassis and Model 
number with faulty tuner. Check with your 
local distributor for Sarkes Tarzian replace- 
ment tuners, parts or repair service. Or, use the 
address nearest you for fast, factory -supervised 
repair service. 

SARKES TARZIAN 
TUNER SERVICE DIVISION 

537 S. Walnut Street, Bloomington, Indiana 
Tel : 812-332-6055 

WEST -10654 Magnolia Blvd., N. Hollywood, Calif. 
Tel: 213-769-2720 

MANUFACTURERS OF TUNERS, SEMICONDUCTORS, AIR TRIMMERS, FM RADIOS, AM -FM RADIOS, AUDIO TAPE and BROADCAST EQUIPMENT 

Circle 2 on literature card 
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Small -screen, portable TV receivers are 
commonplace items in the American home. 

They are found in the living room, 
bedroom, recreation room, etc. However, 

these sets shouldn't be regarded lightly 
by the serviceman. A quick and efficient 

repair on these portables will lead 
to increased profit and a greater volume 

of business. Ways for more quickly 
repairing these receivers are detailed in 

the article beginning on page 16. 



WHYbother with makeshift 

twist -prong capacitor replacements? 

When you substitute capacitor sizes and ratings, you leave 
yourself wide open for criticism of your work , , . you risk 
your reputation ... you stand to lose customers. It just 
doesn't pay to use makeshifts when it's so easy to get the 
exact replacement from your Sprague distributor! 

Get the right SIZE, 

right RATING every time 

with improved 

SPRAGUE 

TWIST -LOK' 

CAPACITORS! 

1,863 different capacitors to choose from! 
The industry's most complete selection of twist -prong capacitors, bar 
none. Greater reliability, too. Exclusive Sprague cover design provides 
a leak -proof seal which permits capacitors to withstand higher 
ripple currents. 

GET YOUR COPY of Sprague's comprehensive Electrolytic 
Capacitor Replacement Manual K-107 from your Sprague 
Distributor, or write Sprague Products Co., 105 Marshall St., 
North Adams, Massachusetts. SPRflGUE® 

THE MARK OF RELIABILITY 

65.I1261 RI 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
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Little Devil® Composition Resistors 

Type AB 2 -Watt Molded Pots 

five ways to 
stop customer 

"static" 

Gold -Bonded Germanium Diodes 

Brown Devil° Wire -Wound Resistors 

©HM 

Series 99 Wire -Wound Resistors J 
Customer "static" is hard on the ears ... 
hard on profit. But you're always safe 
with Ohmite quality replacements in your 
repair jobs. Order Little Devils in handy 
cabinet assortments or on Tally -Tape; all 
popular sizes and values. Select AB Pots 
from 50 ohms to 5 megohms in several 
shaft lengths. Choose from ninety 1N types 
of diodes. Get Brown Devils from 3 to 20 
watts in 0.5 -ohm to 100K -ohm values. 
Order Series 99 resistors in 11/2, 21/4, 31/4, 

5, 11 watt sizes from 1 to 51,000 ohms. 
Ask your distributor for the latest edition 
of Ohmite's Stock Catalog 30. 

Be right with 

D OHMITE 
RHEOSTATS RESISTORS VARIABLE 
TRANSFORMERS TAP SWITCHES 
TANTALUM CAPACITORS RELAYS 
R.F.CHOKESSEMICONDUCTOR DIODES 

Letters to 
the Editor 

Dear Editor: 

I enjoy your previews of sets and 
circuits but can't really apply this in- 
formation to servicing because of the 
new tubes that keep appearing. In the 
November, 1965 issue, the schematics 
in "Know Your '66 Color Circuits" 
showed 17 tubes. Seven of these I'd 
never seen before. The other ten were 
in a manual I'd bought two months 
ago as the latest out. 

I've been wondering if you could 
run an article on all new tubes as 
they come out. This way we could 
have the information before we run 
across the tubes in a set. 

BRUCE GREEN 

Mequite, Texas 
This is just one of many requests 

we've had on this subject. Okay, we'll 
do it. In the March 1966 issue, we'll 
begin "New Tube and Transistor 
Data." Included will be the latest 
tubes and transistors as they appear 
in the equipment in the PHOTOFACT 
analysis lab. We hope this is what our 
readers need. -Ed. 

Dear Editor: 

I am a student in electronics and I 
read your article on "Overall Align- 
ment" (November 1965) with accel- 
erating interest. I have obtained many 
valuable hints from this. However, 
there are also many items that baffled 
me and didn't quite penetrate. For in- 
stance, your block diagram (Fig. 8) 
on VSM is confusing with arrows 
pointing here and there. Try a little 
simplicity for us beginners the next 
time. 

STEVE TOP LEY 

Mt. Pleasant, Ohio 
We agree that the block diagram 

(see below) would be confusing to the 
beginner. We included two alterna- 
tive sets of connections in one dia- 
gram. However, read the text care- 
fully as you relate it to the hookup 
and things should clear up. -Ed. 

SET TO CNAMLLI VIDEO CARRIER 
FREQUENCY 61.E nR ICRYSTAI-CALIRRAIDDI 

SIGNAL 
GENERATOR 

t. 

TOR 

SET GENERATOR FREQUENCY 

TO 035 o. 

CONNECTCAERE INSTEAD 

OF ANTEN TERMINAL 
TO BYPASS RF SECTION 

WLATOi i 
TO R 

i' 
MI%ER GRJ H%ER-0SC 

PO 

RYSTAL- 
CALIBRARD 

SIUGSÉDL 
NSRÁ R 

aAQRxEeIxuRTER 

A BETTER WAY 

TO REPLACE 

SOLDERED 

COMPONENTS 

LENGTH 8" 
WEIGHT 3'/2 OZ. 

Now-remove miniature soldered corn- 

ponents in seconds-without damage 

Hollow tip fits over connection; vacuums 
all solder for easy removal of component. 
Leaves terminals and mounting holes clean. 
Then, with 360° contact, it resolders even 
faster and better than regular irons. Han- 
dles miniature and standard components in 
printed circuit boards and conventional wir- 
ing. Self-cleaning. All parts replaceable. 40 
watts, 115-v. 5 tip sizes. Pays for itself in 

time saved. $9.95 net East of the Rockies. 

Larger model available. See your distributor or write: 

ENTERPRISE DEVELOPMENT CORPORATION 

5151 E. 65th St. Indianapolis, Ind. 46220 

Circle 5 on literature card 
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TYPE TP and PTP 
twist prong type electrolytic ca- 

pacitors . . . made with the 

highest purity foil to meet the 
severe requirements of today's 
TV circuitry. 
Write for our latest catalog or 

ask your distributor for the 
Planet listing of exact replace- 
ments for color TV sets. 

PLANET SALES CORP. 
225 Belleville Ave. 

Bloomfield, New Jersey 
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The Electronic Scanner 

news of the servicing industry 

Changes to Come 

Radio-TV technicians should be challenged by this informa- 
tion taken from the Electronic Industries Yearbook 1965, pub- 
lished by the Marketing Services Department of the Electronic 
Industries Association. Although these statistics are taken 
from factory, not consumer, sales figures, they accurately re- 
flect changes in the consumer market. 

One of the most noticeable trends is the increase of elec- 
tronic products in the home. In addition to the recent color 
TV sales boom, there has been a smaller-yet just as signif- 
icant-sales boom for phonographs, high-fidelity components, 
tape recorders, electronic organs, and numerous other home 
products such as intercoms and door controls. From 1961 to 
1964, factory sales in this area increased from $587 million to 
$863 million-a 47% increase. Items that showed the greatest 
sales increases were: tape recorders- $39 million to $60 mil- 
lion; and electronic organs-$51 million to $105 million. Al- 
though they can still hardly be called inexpensive, the decline 
of electronic organ prices has probably increased their popu- 
larity. The percentage increase is not so great, but high- 
fidelity component sales (speakers. amplifiers, and tuners) in- 
creased 19% from 1961 to 1964 which gives an excellent in- 
dication of the growing popular interest in more sophisticated 
electronic products. 

Another trend was noted between 1963 and 1964. Phono- 
graph unit sales increased from 5.142 million to 5.159 million 
units- only 17,000 units increase; yet factory sales increased 
from $421 million to $440 million-a $19 million increase- 
indicating a shift in demand toward higher -priced units. Ex- 
pensive home -entertainment centers are becoming quite fash- 
ionable. In the near future such items as video tape recorders. 
ultrasonic dishwashers, electronic burglar alarms, and micro- 
wave ovens are just a few of the devices that may become 
common household equipment. Someone will have to maintain 
these devices. Service technicians do have unprecedented op- 
portunities. 

A further look at statistics reveals that while total elec- 
tronic factory sales (consumer. industrial, and government 
products, plus replacement components) increased from $12.173 
billion in 1961 to $16.135 billion in 1964. replacement -com- 
ponent sales increased from $580 million to $620 million. Over- 
all product sales increased by 32.6%, but replacement -com- 
ponent sales for the same period increased only 6.9%. There 
are many reasons for the lag in replacement -component sales; 
imported components account for part of it. Increased relia- 
bility of electronic circuits-especially solid-state units-seems 
to he a major reason for the lag in sales. The service tech- 
nician must he aware of this trend. Electronic components of 
the future may not require the maintenance as in the past. 

In summary. the radio -TV technician is faced with the 
prospect of an increasing number of devices that he has op- 
portunity to service, yet at the same time, this electronic equip- 
ment will probably require less maintenance per unit. There 
are exceptions: Color TV is more complex and should require 
more maintenance than its black -and -white counterpart: the 
tape recorder unit is also more complex and requires more at- 
tention than the phonograph. and new devices placed on the 
market will initially he less reliable and require more main- 
tenance. No matter what, the successful service technician must 
keep up with electronic advances. Often, as with color TV. 
more elaborate (and expensive) test equipment will he needed. 
Most important. techniques for rapid servicing of the new 
equipment will have to be learned. Opportunity does exist for 
those who are willing to advance with the industry. 

Experience 
for Sa/e....+5p 

Sure seems we started something! 
Yes; over ten years ago, when we started 
overhauling tuners (all makes and models), 
we set a price of $9.95 for this service. 

Apparently there are those who would like 
to imitate our achievement-and for 45¢ 
less. 

Maybe the special skills, special equipment 
and downright old fashioned experience 
we built up during these past years are 
worth that little extra.-You be the judge. 

Remember; 45¢ buys you more than a 
quarter of a million man/hours of expe- 
rience, plus true devotion to our business 
. . . our only business . . . overhauling 
your television tuners the best way we 
know how. And in over ten years we 
sure know how! 

Castle- The Pioneer of TV tuner overhauling 
Not the cheapest - just the best. 

For complete tun- 
er overhaul we still 
charge only $9.95. 
This includes all 
labor and parts; 
except tubes and 
transistors, which 
are charged extra 
at low net prices. 

r Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
Exact Replacements are available for tuners unfit for over- 
haul. As low as $12.95 exchange. (Replacements are new or 
rebuilt.) 

CASTLE 
TV TUNER SERVICE, INC. 

MAIN PLANT: 5701 N. Western Ave., Chicago 45, Illinois 

EAST: 41-90 Vernon Blvd., Long Island City 1, N.Y. 

CANADA: 136 Main Street, Toronto 13, Ontario 
*Major Parts are additional in Canada 

Circle, 7 on Net -attire card 
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quick -acting 

"Quick -Acting" fuses for protection of 
sensitive instruments or delicate appara- 
tus;-or normal acting fuses for protec- 
tion where circuit is not subject to 
current transients or surges. 

INSIST ON g 

BUSSMANN MFG. DIVISION, McGraw Edison Co., ST. LOUIS, MO. 63107 

Electronic Lung Power 

The New York Jets of the American Football League may 
have solved the problem of crowd noise that often drowns 
out the audible signals which quarterbacks frequently call at 
the line of scrimmage to change plays after the huddle. 

A specially designed helmet apparently is the answer. The 
helmet contains a transistorized public-address system which 

boosts the quarterback's voice to about three times the loud- 
ness of a TV set turned to full volume. 

Six transistor -radio loudspeakers were modified by the 
Jensen Manufacturing Division/The Nluter Company to handle 
50 times more power than those used in a standard transistor 

BUSS : The Complete Line of Fuses and 

International Expansion 
Construction contracts have been awarded by Amphenol 

Corporation for the building of modern facilities in Toronto, 
Ontario, Canada. and in Mexico City. Amphenol Canada 
Limited, Toronto. and Electronica Perfection, S. A., Mexico 
City. will occupy 34.000 -square -foot plants in early 1966. 
Both subsidiaries manufacture electrical and electronic com- 
ponents used in the aircraft. missile. communications. and 
computer industries. It is intended the Mexican company will 
constitute a hase of operations for developing Central and 
South American markets. Amphenol's diversified operations are 
now conducted by 10 domestic divisions and 8 foreign subsidi- 
aries. It is also affiliated with Dai Iciti Denshi Koyo in Japan. 

Call Operator 25 For Radio Service 

Owners of Admiral radios, phonographs. and portable 
stereos can call Western Union Operator 25 for the name and 
address of their nearest servicing dealer. This service is pro- 
vided at no cost to the consumer, and the company has ap- 
proximately 700 locations in the United States where custom- 
ers can obtain local service on these products. 

New, Larger Quarters 

A new building with production area four times as large as 
the previous one. plus room for additional expansion. now 
houses PACE Communications Corp. in the Greater l.os An- 
geles area. Increased sales, and a substantial order backlog. 
made it necessary to expand sooner than previously anticipated. 
The company which builds CB radios, was formed about two 
years ago. Production facilities include automated assembly 
lines for increased efficiency. 

FUSETRON 
dual -element Fuses 

slow blowing 

"Slow blowing" fuses prevent needless out- 
ages by not opening on harmless overloads- 
yet provide safe, protection against short- 
circuits or dangerous overloads. 

INSIST ON 

BUSSMANN MFG. DIVISION, McGraw Edison Co., ST. LOUIS, MO. 63107 
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VISUAL INDICATING FUSES 

SUB -MINIATURE 
FUSEHOLOER COMBINATION 

FUSE ONLY 
270 x .250 
INCHES 

GMW FUSE 
and HWA 
FUSEHOLDER 

For space -tight applications. Fuse has window for 
inspection of element. Fuse may be used with or 
without holder. 

Fuse held tight in holder by beryllium copper con- 
tacts assuring low resistance. 

Holder can be used with or without knob. Knob 
makes holder water-proof from front of panel. 

Military type fuse FM01 meets all requirements of 
MIL -F-2:3419. Military type holder FUN -12W meets 
all military requirements ref MIL -F -19207A. 

Write for BUSS Bulletin SFB 

INSIST ON 

BUSSMANN MFG. DIVISION, McGrawEdeson Co., ST. LOUIS, MO. 63107 

UHF Antenna Shipped Parcel Post 

A series of all -aluminum parabolic UHF antennas is available 
in a patented folding design which reduces carton dimensions 

to one -fifth the size nornlalb required to ship parabolic an- 
tennas. The savings in delivery. storage. and customer handling 
is said to he more than 511"; . In the photo. an ordinary -size 
parabolic carton is compared with the packaging of FINCO's 
all -aluminum 6' and 5' parabolic antennas. 

Fuseholders of Unquestioned High Quality 

radio. The six speakers are mounted inside the helmet, three 
over each of the quarterback's ears. Small vents permit the 
sound of his amplified voice to issue freely from the helmet. 
Padded enclosures far from the helmet webbing protect the 
quarterback's head from humping against the speakers or 
amplifier. All parts of the system. including the speakers. are 
completely waterproofed. 

When he chooses to call an audible at the line of scrimmage, 
the quarterback speaks into a small microphone fastened 
firmly to the inside of his face guard. A switch cuts off the 
loudspeakers while signals are called in the huddle. 

ReplaceVHF-Only Products With All -Channel Items 
A new policy of replacing VHF -only products with all - 

channel merchandise has been announced by Blonder -Tongue 
Laboratories, Inc., as part of its drive to help franchised 
distributors capitalize on the growing trend toward all -chan- 
nel reception. 

Blonder -Tongue is exchanging a selected number of UHF - 
VHF products for VHF -only products on a one -for -one basis. 
Distributors are requested to send the company a list of model 
numbers and quantities of the products they wish to exchange 
for U/V items. 

VHF -only products eligible for exchange are: A-IO2 for 
A-102 U/V: A-104 for A-104 U/V. Cable match for Cable - 
match U/V, MBb for MT -238. and TF -33I for TF -331 U/V. 
All of the returned equipment will he subject to inspection 
and acceptance by the factory. Only new, resalable merchandise 
is acceptable. 

The all -channel products line, the new distributor policy, and 
a supporting advertising and promotional campaign are de- 
signed to enable the TV service industry to keep pace with the 
spread of UHF and color. 

BUSS SHIELDED FUSEHOLDERS 

PREVENT 
RADIO 
FREQUENCY 
INTERFERENCE 

For use where fuse and fuseholder could pick up radio frequen- 
cy radiation which interferes with circuit containing fuseholder 
-or other nearby circuits. 

Fuseholder accomplishes both shielding and grounding. 

Available to take two sizes of fuses -1/4 x 114" and t%x 1" fuses. 

Meet all requirements of both MIL -I -6181D and M I L -F -19207A. 

Write for BUSS Bulletin SFH-12 

INSIST ON 

BUSSMANN MFG. DIVISION, McGraw. Edison Co., ST. LOUIS, MO. 63107 
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REPAIR 
THE 

TV PORTABLE 1111 ... QUICKLY 

There were three small portable 
TV receivers awaiting repair when 
I arrived at the shop this morning. 
"Just as well take them one at a 
time," I thought. So I hoisted num- 
ber one onto the bench and turned 
it on. The set was completely dead 
-no sound, no picture, nothing. 
When I removed the back and in- 
serted the cheater cord, the defect 
was obvious; the tube filaments 
weren't lighting. There are many 
ways to troubleshoot a series fila- 
ment string. But in order to save 
time and make some easy money, 
take the quickest route. In small, 
portable TV receivers, heat is one 
of the major causes of filament 
burn -out. Nine times out of ten, 
you'll be ahead by checking the fila- 

ment -dropping resistor first and then 
the tubes that operate at the highest 
temperatures. 

You can find out if the filament - 
dropping resistor is open (it was in 

this set) by removing one of the 
tubes and placing an ohmmeter 
across the resistor. If the resistor 
isn't open proceed to check for con- 
tinuity of the damper, horizontal - 
output, and horizontal -oscillator 
tube filaments. By now you will 

DROPPING 
RESISTOR 
1951 HOT 

LINE 
VOLTAGE 

12AX4 

25806 12SN7 12BH7 6AU6 6U8 

I I 

by by Homer L. 

short shrt cuts for speedier repairs in small size receivers. 

Davidson 

have generally found the culprit. If 
not, check the filaments of each 
tube with an ohmmeter. Two typi- 
cal series -filament circuits are shown 
in Figs. 1 and 2. Some servicemen 
like to plug the suspected tube into 
a small series checker box; others 
use a tube tester. But a method 
should be used to repair the small 
portable as quickly as possible. 

Another cause for the tube fila- 
ments not lighting is the small RF 
chokes located in the series fila- 
ment strings-especially those that 
are molded like a resistor. A bad 
contact on etched boards between 
the socket pin and board is another 
common trouble. A thermal condi- 
dition within the tube filament is 

another trouble, but in this case 
the filaments will light up and then 
go out. You can find this trouble by 
placing a voltmeter, set on the 150 - 
volt AC scale, across the heater ter- 
minals of each tube. When the meter 
is placed across the terminals of 
the defective tube, the meter will 

read 117 volts AC. 
I always take a quick look at the 

filament -dropping resistor and check 
the terminal connections. If the re- 
sistor is burned badly and the sol- 

6AH6 17HP4 6SN7 6SN7 

II 

00 
Nl 

der has melted out of the terminals, 
I replace the resistor. Many times 
this will prevent a callback at some 
later date. 

Horizontal and 
High -Voltage Section 

When a set has sound but no pic- 
ture or raster, the trouble usually 
lies in the horizontal or high -voltage 
section. Here are some of the meth- 
ods that can be used to rapidly 
isolate the defective stage. First, 
either replace or check all tubes in 
the horizontal and high -voltage 
stages. See if there is any high volt- 
age on the anode of the picture tube. 
Most of us are guilty of striking an 
arc with a screwdriver from the 
anode connection to chassis, al- 

though a high -voltage probe and a 

meter are much safer. If the proper 
high voltage is present at the picture 
tube, check for proper voltages at 
the CRT socket. If these are cor- 
rect, the CRT is defective. If there 
is no high voltage, or if it is greatly 
reduced, check the grid of the hori- 
zontal -output tube. If the negative 
drive voltage is normal; then the 
trouble lies in the circuits associated 

19AYP4 13GF7 8LC8 8FQ7 4BZ6 5GM65EW610HF8 6GX6 6AQ517AY3 17J B6 

8 1 4 5 5 4 4 5 3 4 3 4 3 4 5 4 3 4 4 3 4 5 5 4 LINE 
VOLTAGE 

Fig. 1. Early model TV's used a series -parallel circuit. 
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with the flyback, yoke, or high -volt- 
age rectifier. 

A horizontal drive pulse, obtained 
from a signal -substitution instru- 
ment, applied to the grid or plate of 
the horizontal output tube will tell 
you if the defect is before or after 
the output tube. If no raster is ob- 
tained with the signal connected to 
the output tube, the trouble is be- 
yond this tube. A check should be 
made of the boost voltage, hori- 
zontal -output transformer, and yoke. 
You can visually inspect the trans- 
former and yoke to see if there has 
been arcing. A flyback -and -yoke 
tester is a useful test instrument, but 
in case you do not have one, you 
can check for continuity with an 
ohmmeter. Of course, the most def- 
inite method of determining whether 
these components are bad or not is 

by substitution. 
When there is no voltage, or only 

a small negative voltage, on the grid 
of the horizontal -output tube, the 
trouble is in the horizontal -oscillator 
section. The trouble can sometimes 
be located by making voltage checks 
on the elements of the horizontal os- 
cillator tube. However, the analyst 
or scope are certainly worthwhile 
instruments when servicing the hori- 
zontal stages. 

Many times you'll find a set that 
has normal brightness, but there 
is no picture-only horizontal lines. 
The horizontal -hold control shifts 
the lines, but the picture won't lock 
in. You adjust the sine -wave or hor- 
izontal -frequency coil but the pic- 
ture is still out of phase. Check to 
see if the set uses a dual -diode in 
the AFC stage; if so, try substituting 
another. 

It is advisable to make a few last 
minute checks before leaving the 
horizontal section. Take a look at 
the horizontal -output plate cap; 
if the connection is bad or the wire 
has been hardened by heat, replace 
the cap and lead. 

Check and thump the damper 
tube. If the tube is fairly old, re- 
place it. Many times a callback can 
be saved by replacing an old or 
arcing damper tube. 

Turn up the brightness control 
and see if the picture blooms. A 
gassy or weak high -voltage rectifier 
tube will cause this blooming effect. 
Be sure to check the raster for 
proper width. Insufficient width can 

be caused by weak tubes in the hor- 
izontal or high -voltage sections or 
by a defective resistor in the screen 
of the horizontal -output tube. Also 
the vacuum tube, selenium, or sili- 
con rectifier located in the low -volt- 
age power supply can be responsi- 
ble for poor width. 

See if there are any horizontal 
drive lines, Barkhausen lines, bright 
vertical bars, or extreme light and 
dark ripple at the left edge of the 
screen. The quickest way to elim- 
inate Barkhausen lines, especially 
on UHF, is to replace the horizon- 
tal -output tube. Horizontal drive 
lines or bright vertical bars may be 
caused by an increase in value of 
the horizontal -oscillator plate resist- 
or, a change in resistance of the 
horizontal -output screen resistor, or 
an incorrect setting of the horizon- 
tal -drive capacitor. Extreme vertical 
ripple at the left of the screen is 
often caused by the shunting capac- 
itors in the yoke. 

A wedge or trapezoidal shape of 
the raster is normally caused by a 
shorted yoke. Sometimes you can 
check the condition of the yoke by 
removing the yoke cover and seeing 
if the resistors or capacitors are 
burned. Many times a shorted yoke 
will smoke and arc over; thus, dam- 
aging these components. Use an 
ohmmeter, yoke tester, or substitute 
a replacement yoke when in doubt. 

Vertical Sweep and Sync 
Trouble 

Most portable TV receivers use 
a multivibrator circuit in the vertical 
sweep stages. The output from the 
last half of the multivibrator stage 
is coupled back to the input of the 
first half of this stage. This feedback 
causes the circuit to oscillate. Note, 

VOLTAGE -DOUBLER 

CAPACITOR 

Fig 3. Location 

too, that in most cases, only one 
tube functions as both the vertical 
oscillator and output. If compo- 
nents in either of these stages be- 
come defective, the circuit will not 
function properly. The symptoms 
may appear as overscan, improper 
height or linearity, or in some 
cases a complete loss of vertical 
sweep. 

When any of these symptoms ap- 
pear, first try a new vertical tube; 
if this doesn't cure the trouble go 
to the output stage and check volt- 
ages. Check the feedback capacitor 
connected to the plate of the output 
tube-this capacitor is prone to 
causing trouble. Voltage and resist- 
ance checks in the output stages are 
helpful in isolating a defective out- 
put transformer. 

If the picture is stretched at the 
top or bottom there is distortion. 
This may be caused by incorrect 
vertical height or linearity control 
settings. If the raster collapses to a 
thin line, when adjusting either one 
of these controls, replace the con- 
trol. 

This trouble can also be caused 
by the vertical output transformer. 
It may have an intermittent open or 
have shorted turns. When the pic- 
ture is from two to four inches high, 
the trouble generally lies in the out- 
put circuit. However, a resistance 
increase of the height control or os- 
cillator plate supply resistor will 
cause the same trouble. A leaking 
capacitor in the vertical -sync input 
circuit will cause the picture to jump 
and bounce; a defective electrolytic 
in the cathode of the output stage 
may give the same symptom. 

There are many things that can 
cause the picture to start roll- 

Please turn to page 64 
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by Allan F. Kinckner 

These case histories will help you fi 

The basic operation of the simple, 
supplemented, and peak types of 
AGC is easy to understand and has 
been described in several publica- 
tions. In comparison, the develop- 
ment of gain -control voltage in am- 
plified-AGC circuits is not a simple 
function, nor does it lend itself 
to simple explanations. The control 
loop for simpler AGC circuits con- 
tains only the IF, RF, and detector 
stages. However, the control loop of 
an amplified-AGC system encom- 
passes the RF, IF, detector, video 
amplifier, and at least one AGC 
stage. The circuits developing the 
gain -control voltage of simpler AGC 
systems are normally straight for- 
ward, but amplified AGC circuits 
contain some odd tube and circuit 
parameters such as the presence 
and/or development of a negative 
voltage on the plate of a tube. 
Troubles in simpler AGC circuits 
are usually limited to snow, (Fig. 
1A) or overload, (Fig. 1B). How- 
ever, as we will see later, amplified 
AGC presents many other symp- 
toms. Of equal importance is the 
fact that amplified-AGC troubles can 
result from defects in various re- 
ceiver circuits, whereas in the sim- 
pler circuits troubles generally stem 
from faults within the AGC-voltage 

Fig. lA. AGC trouble can cause snow. 

AGC 

nd faults that affect IF and RF gain, 

distribuition network. 

Early Amplified AGC 

A number of different amplified- 
AGC systems were employed in 
early receivers. One prototype de- 
sign, used in many RCA, Magna- 
vox, and Capehart models, as well 
as some other makes, will be ana- 
lyzed. Although this design has not 
been incorporated in new sets for 
several years, it was used in many 
large -selling models and in high- 
priced combinations in which the 
TV chassis was later converted for 
larger screens. Hence, many of these 
sets are still being serviced. 

Understanding the operation of 
this or any multistage circuit is easi- 
est if the operation of its individual 
stages is thoroughly understood. The 
circuit in Fig. 2, used in RCA KCS - 
30 chassis, is presented so that the 
operation of each stage can be de- 
scribed. 

The plate of V 14A in section D 
is the source of the AGC voltage. 
The negative plate voltage is due 
to the fact that the plate is actually 
the tap of a voltage divider-con- 
sisting of R25, R26, and the in- 
ternal resistance of the tube-from 
the negative 60 volts at the cathode 
to ground. The internal resistance 

Fig. 1 B. Overloaded picture from AGC 

of the tube is determined by tube 
conduction, which is controlled by 
the bias applied from the arm of R4. 
When the arm of R4 is set at the 
most negative end, the tube will be 
cut off, and no voltage will be pres- 
ent on the plates; with the arm set 
at the least negative end of R4, 
V 14A will conduct almost to plate - 
current saturation, and plate volt- 
age will increase to - 40 volts. Re- 
sistors R66, R4, and R67 also com- 
prise a voltage divider. One end of 
this divider returns to a fixed nega- 
tive voltage, the other end to a vary- 
ing low -negative voltage resulting 
from conducting of V 15A in sec- 
tion C. The conduction of this tube 
is fairly constant, but the voltage 
at its cathode varies in step with 
the voltage on its grid-the cathode 
is usually about 10 volts more posi- 
tive than the grid. The grid voltage 
of V 15A depends on the conduc- 
tion of V9A (section B), and this 
in turn is determined by the bias 
supplied by R42 and the rectified 
negative voltage from video detector 
V8A. The amount of voltage de- 
veloped varies in accordance with 
the amount of signal applied to the 
detector cathode. 

Operation of the entire circuit 
combines the functions of all four 
stages as follows: With no signal 
applied to the cathode of V8A, no 
negative voltage is developed at its 
plate, and the only bias on V9 is 

self -bias obtained through R42. The 
internal resistance of V9 is low 
enough that - 30 volts is present 
at the plate. This voltage is applied 
through isolating resistor R68 to 
the grid of V1 5A. The cathode of 
V 15A is about eight volts less neg- 
ative than the grid. The voltage on 
the grid of V l 4A is determined by 
the voltage -divider network com- 
posed of R4, R66, and R67. This 
voltage varies between - 60 and 
- 90 volts at the extreme settings 
of R4. With the control set at the 
maximum negative level, V14A does 
not conduct, and its plate assumes a 

zero potential. Adjusting R4 for a 

less negative grid voltage allows 
V14 to conduct, and its plate pre- 
sents a negative AGC voltage that 
is divided at the junction of R25, 
and R26. 

When a signal is applied to the 
cathode of V8A, the diode conducts 
and thus increases the negative bias 
on V9A. This increase in grid bias 
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Fig. 2. Amplified-AGC circuit used in early model RCA's. Fig. 3 How AC and DC potentials affect video amplifier. 

causes the plate to become less neg- 
ative, and a less negative voltage is 
present on the grid of V I SA, which 
in turn causes its cathode to be less 
negative. The voltage at the arm of 
R4 is proportional to the ratio of 
resistances between the arm and the 
ends of R66 and R67. The change 
in voltage at this point causes in- 
creased conduction in V14A, and a 

more negative potential is developed 
at the plate of V14A and at the 
AGC source. 

This entire circuit is a DC ampli- 
fier, and it can be demonstrated 
that it responds only to DC. Assume 
V8A is removed from the circuit 
and a variable DC voltage is sub- 
stituted, as in Fig. 3A. Any increase 
in negative voltage to the grid of 
V9A will produce an increase in 
negative voltage on the plate of 
V I4A. If, on the other hand, a 

variable AC voltage is applied to 
the grid of V9A, as shown in Fig. 
3B, changing this AC voltage will 
have no effect on the DC plate po- 
tential of V14A. Or if a composite 
signal is AC coupled to the grid of 
V9A, as in Fig. 3C, varying the 
level of this composite signal ,will 
likewise have no effect on the DC 
plate potential of V14A. 

It can also be demonstrated that 
this DC amplifier has a variable, 
nonlinear affect on AGC voltage 
when the arm of R4 is set to dif- 
ferent positions. At settings nearer 
the less negative end, a one -volt 
change at the grid of V9A can pro- 
duce a 15 -volt change at the plate 
of V14A. However, with the arm 
of R4 at a more negative setting, a 
one -volt change at the grid of V9A 
will produce a much smaller change 
at the plate of V14A. 

The operation of V 15A is modi- 
fied somewhat by the inclusion of 

C66. When V8A detects a normal 
composite video signal, the plate of 
V9A and the grid of V ISA have 
the signal shown in Fig. 4A. If C66 
were omitted, the cathode of VISA 
would have the signal shown in Fig. 
4B, the DC level being established 
by the bias developed by R4, R66, 
and R67. Because of C66, the wave- 
form of 4C appears at the cathode 
because the time constant of C66, 
R66, R4, and R67 is long enough 
to keep charged at some sync -pulse 
level. Although the time constant 
is long enough to maintain a peak 
voltage level, it is also short enough 
to provide quick -acting AGC. 

Troubles 

In addition to the troubles of 
simpler AGC circuits, (shown in 
Fig. I) this amplified-AGC system 
can show the symptoms in Fig. 1,, 
plus a few of its own whiteout, 
low contrast, and blackout. The lat- 
ter defects are shown in Fig. 5. 
AGC-voltage distribution defects are 

4A 

less common in amplited-AGC cir- 
cuits because of the low source 
impedance. Receivers with simpler 
AGC circuits often produce a neg- 
ative picture; however, sets with this 
amplified-AGC system rarely pro- 
duce so much overload. More often 
the raster will black out entirely be- 
fore the picture goes negative. 

V 1S and V l 4 operate at low 
plate -current levels; therefore their 
emission does not usually decrease, 
and many original -equipment tubes 
are still found in these stages. Oc- 
casionally, however, these tubes do 
develop shifts in the knee of their 
Eg-Ip curves and produce some odd 
AGC troubles, such as too much 
control voltage on weak stations and 
not enough voltage on strong ones. 
Defective components, strictly with- 
in the circuit, generally produce ex- 
cessive or insufficient AGC that is 

not correctible by adjusting R4 re- 
gardless of the strength of the re- 
ceived signals. Whiteout or low con- 
trast usually results from exces- 
sive AGC and can be caused by 

4B 4C 

Fig. 4 Waveform as it appears at grid and cathode of AGC amplifier V15A. 
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Fig. 5A. AGC faults cause white raster. 

a leaky C65 or increased value of 
R66, R47, or R42. An open C66 
or increase in value of R67, R46, 
or R48 will produce insufficient 
AGC and excessive contrast or over- 
load. Rarely, one of these resistors 
decreases in value and produces an 
opposite complaint. 

The majority of AGC complaints 
in sets using an amplified-AGC cir- 
cuit are the result of defects in other 
receiver circuits, rather than in the 
AGC circuit itself. Invariably, sets 
using amplified AGC have voltage 
dividers (similar to Fig. 6) in both 
the negative and positive B supplies. 
The two negative voltages are es- 
pecially critical, and resistors R 117B 
and R117C are quite prone to caus- 
ing trouble. Also, since these nega- 
tive voltages are dependent on cur- 
rent drains at the B+ sources, an 
increase or decease in current at 
these points will raise or lower the 
negative line voltages and, in turn, 
the AGC control voltages. Many 
cases of circuit malfunction have 
been traced to cathode -to -filament 
leakage or shorts in tubes whose 
cathodes returned to either of the 
negative -voltage lines. 

Troubleshooting 

Because these early amplified - 

Fig. 5B. Low contrast from AGC trouble. 

AGC stages are strictly a DC -volt- 
age circuit, most of their troubles 
can be found by making voltage 
measurements with a VTVM. In- 
itially, the voltages at the B -supply 
sources (Fig. 6) should be meas- 
ured. Closer -than -normal tolerances 
are necessary for the two negative 
voltages. If these voltages are cor- 
rect, then the voltages within the 
AGC circuit should be checked. 
Many symptoms having the appear- 
ance of AGC trouble (incorrect 
contrast that cannot be varied with 
the AGC control) are frequently 
found to stem from defects in other 
circuits. Voltage measurements in 
the proper circuit locate these faults. 

Single -Tube Amplified AGC 

In the mid -fifties, a different type 
of amplified AGC was employed in 
a few DuMont receivers and in 
many Zenith chassis. A typical cir- 
cuit (from Zenith Chassis 17Z30) 
is shown in Fig. 7. Only the AGC 
section of the 'BU8 tube (V7) is 
shown. Under normal -signal con- 
ditions, the noise -canceling grid 
(pin 7) has minimum effect on the 
operation of the basic circuit. There- 
fore, this grid has been deleted for 
the more simplified circuit presenta- 
tion in Fig. 8. 

HORIZ OSC 

OR AMP 

VIDEO AMP '000 
060, 

AMPLIFIED AGC 

Fig. 5C. Blackout, an AGC symptom. 

In Fig. 8, the voltages at the IF - 
and RF-AGC sources depend on 
the voltage drop across R23, R22, 
and R21 and the voltage at the 
plate of V7. This plate voltage is 
determined by the conduction of 
V7, which in turn depends on the 
bias at pin 6. This bias is the com- 
bined effect of a negative voltage 
through R58, R8, and R56, a posi- 
tive voltage from R40, resistor R57, 
and to a lesser degree the charge re- 
tained on C42 (Fig. 7) . The voltage 
through R58, R8 and R56 is vari- 
able by adjusting R8. The voltage 
from R40 varies in step with the 
conduction of the video amplifier, 
which is controlled by the signal 
level at the video detector. 

With no signal applied, the con- 
duction of V6 (Fig. 7), is controlled 
by self -bias obtained through R38; 
thus maximum tube current through 
load resistors R3 and R42 causes 
the plate voltage to stabilize at some 
low value - approximately 135 
volts. This low voltage is applied 
through R40 to pin 6 of V7, where 
it is bucked by a negative voltage 
applied through R56, R8, and R58. 
These two voltages set the bias on 
V7 so that its plate voltage stabilizes 
at slightly less than 40 volts. The 
40 volts at the plate side of R21 
and the negative 80 volts at the 

1.5M 

B+ 
250V 

PICTURE 

TUBE 

Fig. 6. Observe power -supply voltages. 
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end of R23 divide across the volt- 
age -divider network so that the IF 
AGC source point is a few volts 
negative. The RF AGC point, being 
closer to the positive -voltage end 
of the network, will assume a slight- 
ly less negative voltage. These volt- 
ages are obtained with R8 at its 
normal setting. 

With signals applied to the video 
detector, proportionate negative 
voltages will be rectified and ap- 
plied to the control grid of V6. The 
increased bias on V6 decreases cur- 
rent through load resistors R42 and 
R3 and results in increased voltage 
at the plate end of R40 and at pin 
6 of V7. The higher voltage at pin 
6 results in increased conduction of 
V7, a lower voltage at its plate, and 
more negative voltages at the RF 
and IF sources. Thus the AGC volt- 
ages vary in step with signal level 
at the video detector. 

Troubleshooting 

Because this circuit is a DC am- 
plifier, most troubles can be found 
by checking the DC voltages criti- 
cally with a VTVM. One prelimi- 
nary test to quickly eliminate any 
doubt as to malfunctioning in the 
circuit of the noise -canceling grid 
is to short pins 7 and I of the 'BU8. 
In addition to the voltages, resist- 
ance values should also be carefully 
measured. Only as a last resort 
should you use an override bias, 
even when this technique does pin- 
point an AGC fault, the circuit volt- 
ages will still require the same criti- 
cal examination that could have lo- 
cated the trouble before using an 
external bias. Substitution of the 
AGC tube is recommended, since a 
tube tester will not always reveal 
the off -beat faults capable of causing 
troubles. 

Case Histories 

Excessive or insufficient AGC 
voltage are the two most common 
troubles in these circuits. If the volt- 
age is just slightly excessive, the 
result will be weak contrast, usually 
accompanied with snow. Extremely 
high AGC voltage will cause a 
no -picture, high -brightness raster; 
slightly low AGC will produce loss 
of sync or twist. Extremely low or 
no AGC will also produce a no - 
picture symptom, but the picture 
usually contains some life, as evi - 
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Fig. 8 Simplified schematic of 'BU8 AGC circuit-noise-cancelling grid not shown. 

denced by the lines in Figs. 9A and 
9B. Insufficient or absent AGC is 
also indicated when it is possible 
to obtain a picture with the antenna 
disconnected, or, as sometimes is 
the case, by receiving the picture on 
the next lower channel. 

One of the rare cases in which 
an AGC trouble could not be pin- 
pointed with a VTVM developed in 
a "Z" -chassis Zenith. The picture 
had twist and overload similar to 
that caused by an insufficient con- 
trol voltage. However, measure- 
ments indicated that the AGC volt- 
age was near normal. The scope 
showed that the signal on pin 6 was 
slightly distorted. The defect was 
determined to be an open capacitor 
corresponding to C42 in Fig. 7. 
Other sets with a leaky or shorted 
C42, have produced excessive AGC 
and the whiteout condition shown 
in Fig. 5A. 

One of the "doggiest" troubles 
encountered in one of these circuits 
occurred when R59 had increased 
in value enough to affect tube oper- 
ation, but not enough to change the 
screen voltage beyond normal tol- 
erance. The slightly lowered screen 
voltage had decreased plate current 
and thus increased plate voltage, 
which resulted in barely insufficient 
AGC and slight overload and loss 

Fig 9A. No picture-lines in raster. 

of sync. Since R59 is also responsi- 
ble for the level that keeps pin 7 
from over -controlling V7, this defect 
caused clipping of the signal ap- 
plied to the control grid of the sync 
separater portion of the 'BU8. Due 
to the low resistance value of R59 
it is less likely to be suspected of 
value shift than the higher -value re- 
sistors in this circuit. However, all 
the resistors shown in Fig. 7 should 
be measured critically when AGC 
troubles occur in this circuit. 

Conclusion 

The one common denominator of 
both types of amplified-AGC cir- 
cuits that have been discussed is 
their basic function as DC ampli- 
fiers. Despite the differences be- 
tween the late and early circuits, 
this DC -amplifier factor suggests an 
inclusive troubleshooting method: 
DC voltage measurements. Unlike 
the early system, the later systems 
have a high AGC source impedance 
and are prone to defects in the volt- 
age -distribution network. For ex- 
ample, there have been cases of 
open AGC filters in the early sys- 
tems where receiver operation was 
only slightly affected. But if an AGC 
filter in the late system loses capaci- 
tance, some weird and nasty com- 
plaints will result. 

Fig. 9B. More pronounced raster lines. 
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SYNCHRO SYSTEMS 
by Alan Andrews 

Any technician servicing industrial -electronic equipment undoubtedly 
has (or will soon have to) service mechanisms using synchros. These small 
motor -like units are one of the most common devices used to transmit 
angular -position information to remote locations. Even radio -TV service- 
men can get vital information from this article. At the rate that electronic 
devices for home use are appearing on the market, it doesn't seem unlikely 
that devices using synchro units may someday be common in every home. 

Those who are interested in a more mathematical approach to synchros 
and their use in servomechanisms can refer to the January 1961 PF 
REPORTER article "Synchros and Servo Systems" (page 36). 

The Editor 

Synchros are position transducers, 
resembling small motors, which are 
used in various forms of remote - 
control positioning. The usual sys- 
tem includes two similar units, con- 
nected electrically. One acts as a 
transmitter, or synchro generator; 
the other, the receiver, or synchro 
motor, is connected mechanically 
to a load. As the synchro generator 
is rotated, the synchro motor ro- 
tates the same amount in the same 
direction. 

PILOT HOUSE 

ENGINE -ORDER 

TELEGRAPH 

R1 
R2 

S1 

ENGINE ROOM REPEATER 

R1 

SYNCHRO 

MOTOR 

S2 
S3 

R2 

Fig. 1. Synchro system relays informa- 
tion from pilot house to engine room. 

An example (Fig. 1) is the en- 
gine -order telegraph used aboard 
ships. The synchro generator is 
coupled to the engine -order lever 
located in the pilot house. If, for 
example, the lever were set at "full 
speed ahead," the synchro motor 
would follow and cause the engine - 
order repeater in the engine room 
to also move to "full speed ahead." 
A list of other applications would 
be almost endless because synchros 
are used in so many different ways 
on board ship, on aircraft, by the 
armed forces, and by industry. 

Construction 

Each synchro includes three sta- 
tionary stator coils that are Y -con- 
nected and a rotor coil that can be 
rotated through a full 360°. These 
are not three-phase devices even 
though the stator -coil connections 
are the same as those used in three- 
phase power systems. Single-phase 
AC, at the rated voltage, is applied 
to rotor -coil terminals R1 and R2; 
voltage is induced into each of the 
three stator coils. Stator terminals 

are labeled Si, S2, and S3. A syn- 
chro can be shown in either of the 
ways in Fig. 2A and 2B. Fig. 2A 
is a wiring diagram often used in 
explanations of how the units oper- 
ate; 2B is the usual schematic sym- 
bol. Dots are used to indicate phase 
relationships. For example, voltage 
at R l is in phase with voltage at S2, 
at R2 it is 180° out of phase with 
voltige at S2. 

S3 

S2 

R1 

R2 

(A) Wiring diagram Si 

R1 S1 

S2 

R2 °S3 

(B) Usual schematic symbol 

Fig. 2. Wiring and schematic diagrams 
for the synchro generator or motor. 
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Fig. 3. Synchro stator voltages change as the roto is turned from 0° to 60°. Fig. 4. Diagram shows connections. 

Angular rotation is measured 
from S2 and positive rotation is 

counterclockwise; negative rotation 
is clockwise. R 1 is the indicating 
end of the rotor and angular settings 
are expressed in terms of its angular 
position with reference to S2. In 
Fig. 2A the rotor is shown at 0°. 
Synchros are rated with two num- 
bers, for example 115/90. The first 
number is the rated value of AC 
line voltage applied to the rotor. 
The second number is the maxi- 
mum voltage that occurs between 
any two stator terminals when rated 
line voltage is applied. Synchros are 
also rated for a specific line -voltage 
frequency-most are rated for ei- 
ther 60 or 400 cps. 

Operation 

With the rotor at 0° (Fig. 3A) , 

maximum voltage -52 volts AC- 
is induced into the S2 winding. S1 
and S2 are positioned 60° from 
the rotor, and its electromagnetic 
field induces 26 volts AC into both 
windings. Phase relationships are 
as indicated by the dots. Since volt- 
ages at Si and S3 terminals are 
equal and in phase, there is no dif- 
ference in potential. Between S1 -S2 
and S2 -S3 terminals, as the dots 

indicate, voltages are 180° out of 
phase and add to equal 78 volts. 

A 30° positive (counterclock- 
wise) rotation of the rotor (Fig. 
3B) reduces the voltages induced 
into the S2 and S3 windings to, re- 
spectively, 45 and 0 volts. Between 
SI and S2 terminals, voltage is at 
maximum, 90 volts. 

In Fig. 3C, the rotor is turned 
farther positive to 60°. Voltage. 
across S2 winding has again de- 
creased; voltage across S3 winding 
has increased to 26 volts, but the 
phase has shifted 180°. The 52 
volts across Si winding makes the 
relationship similar to that of Fig. 
3A; although here, maximum volt- 
age occurs across S1 winding and 
that voltage is 180° out of phase 
with voltage at Rl. 

For every position of the rotor 
there will be specific voltage and 
phase relationships between the 
stator windings. These voltages could 
be applied to identical stator wind- 
ings in a motor which uses a rotor 
with a soft -iron core. Every posi- 
tion of the synchro generator rotor 
would produce a corresponding elec- 
tromagnetic field in the motor to 
align the rotor. The disadvantages 
of this system are: low torque, ex- 
cessive position error, and the fact 

SYNCHRO GENERATOR SYNCHRO MOTOR 

(A) Rotors mis -aligned 

SYNCHRO GENERATOR SYNCHRO MOTOR 

(B) Rotors aligned 

that the rotor can align itself 180° 
out of position. 

A common synchro system is 
shown in Fig. 4. Both units, the 
generator and motor, are electrical- 
ly and physically identical; the only 
difference between them is the use 
of friction damping for the motor 
shaft. With both rotors in the same 
position, voltages induced into the 
stator windings of the motor and 
generator are identical. Current flow 
through the stators and rotors is 
minimal and results from core losses 
and slight position errors. 

In Fig. 5A, an instantaneous con- 
dition has been assumed; the gener- 
ator rotor has been turned positive 
30°, while the rotor of the motor 
remains at 0°. There is now a 26 - 
volt difference between the S3 wind- 
ing, and the resulting high current 
creates an electromagnetic field 

Please turn to page 48 

S3 

S2 

R1 

(A) First step 

S2 

S3 
(B) Second step 

S1 

Fig. 5. High current flows until both rotors are aligned-residual current remains. Fig. 6. Connections to locate zero. 
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Transmit -receive switching is an 
essential operation for all CB trans- 
ceivers. This type of switching per- 
mits more economical operation 
(minimum power demand) ; also, 
dual use of the antenna system and 
various transceiver circuits in the 
transmit and receive modes are ac- 
complished. Generally, the change- 
over between the two modes is 

handled by a press -to -talk switch 
that is mounted in the microphone 
case (Fig. 1 ) . 

A simple arrangement can pro- 
vide all of the switching activities 
by this single control. The micro- 
phone switch energizes a relay 
which is mounted in the transceiver 
unit, and the multiple contacts then 
handle the actual transmit -receive 
changeover. Electronic switching is 

employed in the more recent CB 
transceivers. Switching diodes are 
placed strategically in the transmit- 
ter and receiver circuits to handle 
circuit changeover responsibilities. 

In a CB transceiver, Fig. 2, there 
are four switching operations that 
generally are used. A shared an- 
tenna must be switched between 
transmitter output and receiver in- 
put. To assure economical power 
consumption, supply voltages must 
be switched between the receiver 
and RF section of the transmitter. 
Usually, the audio amplifier is used 

PUSH -TO-TALK 

SWITCH 

MICROPHONE 

TRANSFORMER 

MICROPHONE 
ELEMENT 

Fig. 1. Inside the microphone case. 

in both transmit and receive modes. 
This necessitates audio amplifier in- 
put-output and microphone -loud- 
speaker switching operations. Sec- 
ondary switching operations may in- 
volve circuits such as squelch, tone 
control, speech amplifier, etc. 

The Direct Approach 

The simplest switching system, 
used widely in low-cost transceivers, 
switches the microphone, secondary 
of audio output transformer, and 
cathode return of the RF tubes of 
the transmitter. In the receive posi- 
tion, Fig. 3, the microphone is dis- 
connected from the circuit by the 
top section of the microphone 
switch. The second section of the 
switch connects the low end of the 
audio output transformer secondary 
to ground. The cathodes of the 
transmitter RF oscillator and am- 
plifier tubes are removed from 
ground and are inoperative. When 
the push -to -talk switch is held down, 
the ceramic microphone is con- 
nected between the grid of the first 
audio amplifier and ground by the 
first section of the switch. The sec- 
ond section of the switch returns 
the cathodes of the RF and oscil- 
lator tubes to ground. In this basic 
plan there is no antenna switching; 
the pi -network tank circuit is used 
jointly by the transmitter output 
tube and the grid input circuit of 
the receiver RF amplifier. 

Some variations of this basic plan 
will provide switching that shuts off 
key receiver circuits. Other receivers 
are designed so the transmit signal 
in the joint antenna resonant circuit 
will bias down receiver operation 
and will prevent the transmit signal 
from having any adverse influence 
on the receiver circuits. 

One variation is shown in Fig. 4. 

In the receive position, the right 
section of the microphone switch 
connects the loudspeaker to the 
secondary of the audio output trans- 

former by connecting one end of 
the secondary to ground. A positive 
voltage from the power supply is 
connected to the cathodes of the 
two RF tubes and the speech am- 
plifier of the transmitter; this cuts 
them off. The same supply line ap- 
plies positive voltage to the screens 
and plates of various key receiving 
tubes so they will operate in a nor- 
mal manner. 

In the transmit position of the 
push -to -talk microphone switch, the 
90 -volt supply is switched down to 
zero with the connection of R1 to 
ground through the left section of 
the switch. Also a return to ground 
is made for the transmit RF and 
speech amplifier tubes and they be- 
come operative. The reduction of 
the B+ voltage to zero on this line 
removes a positive voltage from 
certain key circuits in the receiver, 
and the receiver becomes inopera- 
tive during the transmit mode. The 
other section of the microphone 
switch disconnects the loudspeaker. 
Again there is no antenna switching 
and an input-output pi -network is 

shared by transmitter output and 
receiver input. 

Walkie-Talkie 

The usual CB walkie-talkie em- 
ploys direct switching; however, this 
switch is part of the case as shown 

RECEIVER 

DC 

VOLTA E 

AUD IU 

AMPLI:=IER 

Fig 2. Transceiver switching operation. 
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Fig. 3. A direct switching arrangement used in transceivers. Fig. 4. Alternate 

in Fig. 5. Thus, it is convenient to 
provide a multiple -contact arrange- 
ment, and a substantial number of 

circuits can be switched in the in- 

terest of optimum operation and 
conservation of battery power. It is 

even convenient to provide antenna 
switching since the switch contacts 
are near the antenna. 

There are four sets of contacts 
(Fig. 6) associated with the hand 
switch. One section changes the 
antenna between transmitter output 
ar.d receiver input. This is accom- 
pLshed with minimum signal loss 

because of the close proximity of 

the switch to the antenna. One of 

the reasons that direct antenna 
switching is not feasible for other 
than the walkie-talkie unit is the 
long length of RF line that would 
have to run between the antenna 
and the switch in the microphone 
case. 

In the walkie-talkie unit the loud- 
speaker is used also as a micro- 
phone. The second section of the 
switch changes the input of the 
audio amplifier from the receiver 
detector output to the speaker when 
the speaker is used as a microphone. 

The third section of the switch 
allows a supply -voltage changeover 
between the receiver and transmitter 

RF circuits. The final section of the 
switch, when in the receive position, 
connects the secondary of the audio - 
output transformer to the loudspeak- 
er. In the transmit mode, a "turn 
on" ground return for the final RF 
power transistor is provided. 

Relay Controls 

In the 5 -watt mobile or base - 
station installation, the same multi- 
ple switching can be accomplished 
with the use of a relay. Such a re- 
lay, as shown in Fig. 7, is energized 
when the microphone press -to -talk 
switch is held down. The relay 
switching for a solid-state, 5 -watt 
unit is very similar to that of many 
walkie-talkie units. First, notice the 
switching that takes place in the 
microphone circuit in Fig. 8. Both 
switch positions are inactive on 
receive. On transmit, the bottom 
section connects the microphone to 
the input of the audio amplifier. The 
second section connects the supply 
voltage to the relay coil causing it 

to energize. 
There are four sets of relay con- 

tacts. They are shown in the re- 
ceive position. The top section con- 
nects the antenna to the input of 
the receiver, and the second sec- 
tion supplies a regulated DC volt - 
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-..--ay- o-TURN-ON FOR RF POWER 

TRANSITOR 

TRANSMIT 
SPEECH 

AMPLIFIER 

SUPPLY 

LINE s 

POWER 

SUPPLY 
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TRANSMIT 
RF TUBES i 

OV ON TRANSMIT +90V ON RECEIVE 

direct switching method for transceivers. 

age to the receiver transistors. Sec- 
tion 3 connects the loudspeaker to 
the secondary of the audio output 
transformer while the bottom sec- 
tion is inactive. 

When the relay is energized for 
transmit operation, the first switch 
section changes the antenna from 
receiver input to transmitter output. 
The second section places a shunt 
(CI ) across the input resonant cir- 
cuit of the receiver, blocking the 
transmit RF energy from the re- 
ceiver. Section 3 connects a ground 
to the transmit transistor circuits 
placing them in operation, and the 
final section of the relay contacts 
inactivates the receiver squelch. 

The same basic technique of 
switching the antenna, supply volt- 
ages, microphone, and loudspeaker 
in solid-state units is employed in a 

vacuum -tube CB unit using relay 
switching as shown in Fig. 9. The 
microphone switch is shown in the 
receive position with one set of 
contacts shorting out the micro- 
phone. In the transmit mode, one 
set of switch contacts connects the 
microphone to the input of the mi- 
crophone amplifier, while the second 
set causes current to flow through 
the relay coil. Again there are four 
sets of relay contacts. The upper 

Fig. 5. Press -to -talk in walkie-talkie. Fig. 6. Switching in walkie-talkie unit. Fig. 7 Note relay on printed board 
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Fig. 8. Switching in 5w solid-state unit. 

set does the antenna switching, 
while the next set switches the input 
of the audio amplifier between the 
output of the receiver and the out- 
put of the microphone amplifier of 
the transmitter. A third set of con- 
tacts connects the loudspeaker to 
the secondary of the audio output 
transformer on receive position and 
provides a "turn -on" ground return 
for the cathode circuit of the RF 
power amplifier when in transmit. 
The lower set of contacts affords 
supply voltage switching between 
transmitter and receiver. 

A considerable amount of switch- 
ing is done in many CB units. The 

most common switching arrange- 
ments have been shown. Although 
the switching functions are basic 
in nature, the means varies consid- 
erably among CB models. If units 
perform in an erratic manner that 
seem most pronounced when a 
changeover is being made between 
the two modes, it can well be a 
switching defect. Quite often the 
trouble makes itself evident from 
the inability to change over to the 
transmit mode without making sev- 
eral attempts with the press -to -talk 
switch. In chasing down a possible 
switching problem, it is advisable 
that you check out the switching 
circuits individually for each model. 
Because of the on -off and supply 
voltage switching, it is customary 
to show two voltage values on sche- 
matics and voltage charts for CB 
units. These readings refer to the 
receive and transmit mode voltages 
for those circuits which are involved 
in a voltage change with transmit - 
receive switching. This information 
is particularly helpful in chasing 
down a switching defect. 

RECEIVER INPUT 

TRANSMITTER OUTPUT 

RECEIVER OUTPUT 

MICROPHONE AMPLIFIER OUTPUT 
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CATHODES OF TRANSMIT TUBES 

RECEIVE CIRCUITS 

TRANSMIT CIRCUITS 
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ANTENNA 
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Fig. 9. Switching in vacuum -tube unit. 

A defect in the switching mechan- 
ism, either relay or switch, usually 
means a replacement. Contact sur- 
faces are often inaccessible and, 
when accessible, the cleaning of 
them and adjustment of their ten- 
sion are often not entirely satisfac- 
tory or are short-lived. 

Electronic Switching 

Electronic switching is attractive 
because only two singlepole, single - 
throw contacts may be involved in 
the entire transmit -receive change- 
over. In fact, the variety of switch- 
ing activities that was covered in 

Please turn to page 40 
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OF THE NEW 1966 SENCORE 

CATALOG? 

YES, YES, BUT DON'T GET SO 
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Oh, yes, if you don't have a 
January issue of PF Reporter, 
your Sencore distributor has 

the new catalog too 
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EXTRA CARE makes the quality difference at Zenith 

Zenith uses more gold fillings in one week 
than all the dentists in the country use in a year * 

We use more than 2 % million gold 
fillings a week at Zenith. The con- 
tacts on our Super Gold Video Guard 
TV tuner aren't merely gold plated- 
they're gold filled. Why? Because gold- 
filled contacts stay cleaner, 
last longer, give finer fringe -area 

reception and assure greater picture 
stability. Only Zenith makes a TV 
tuner with gold-filled contacts-that's 
how much we care about quality. 
Extra care like this makes the quality 

difference in every Zenith 
Handcrafted TV. 

E'NOW The quality goes in before the name goes on® 

'Based on latest sur 
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ADVANCED 
SERVICE 

TECHNIQUES 

SQUARE -WAVE 
TESTS 

of 

Audio Amplifiers 

Advanced Service Techniques-Modern 
ways for checking response. 

Re* 

by Robert G. Middleton 

Preceding articles in our "Advanced Service Techniques" series have intro- 
duced you to these basic principles of square -wave testing: 
1. A square wave is made up of a fundamental sine wave plus an infinite number 

of its odd -order harmonics. 
2. Square -wave analysis of components and networks will indicate the presence 

of inductance, capacitance, and resistance. 
3. RC, or time constant, of a network can be determined by square -wave tests. 

If either value, resistance or capacitance, is known, the other can be easily 
calculated. Since RC measurements can test all components within a network, 
individual component checks need not be performed. 

These basic concepts may seem difficult to learn, but they must be thoroughly 
understood before more complex techniques are introduced. 

A wideband triggered -sweep scope, described in the March 1965 PF REPORTER 
article "Learning About Triggered -Sweep Scopes," and a fast -rise square -wave 
generator, described in the April 1965 PF REPORTER article "Advanced Tech- 
niques for Future Servicing," were used in obtaining the photos in this article. If 
you can arrange to use equipment such as this, try to do so. Even if you cannot, 
at present, make use of one of these scopes, follow with us. Information in this 
and succeeding articles of this series will be invaluable to you in the future. 

-The Editor. 

Continuing the series on "Ad- 
vanced Servicing Techniques," let's 
proceed to the square -wave testing 
of actual operating equipment. Ear- 
lier parts of the series have described 
the composition of the square wave 
and the response of simple combina- 

tions of components to square -wave 
voltages. 

Now let's look at the square -wave 
response of what is probably the 
simplest piece of equipment you'll 
service-a low-cost two -tube audio 
amplifier. In the remainder of this 

series, you will investigate the re- 
sponse of high-fidelity amplifiers, 
video amplifiers, and other circuits. 

Square -wave tests of small audio 
amplifiers are basically similar to 
tests of simple components, except 
that the number of assembled com- 
ponents is greater. The rise times of 
the square -wave generator and the 
scope must be adequate in order to 
obtain meaningful waveforms. In- 
struments used in the following tests 
had rise times of better than .02 
µsec, a very short time by ordinary 
service standards. However, a short 
rise time is useful in analyzing some 
types of defects which do not show 
up' clearly with ordinary instruments. 

AC/DC Amplifiers 
Most low-priced audio amplifiers 

have AC/DC power supplies. Con- 
sider the problem of power -line iso- 
lation in square -wave tests of a typi- 
cal AC/DC amplifier. Both a chas - 
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Fig. 1. Waveforms show results from defects in this low-cost two -tube audio amplifier. Square -wave tests aid in rapid diagnosis. 

PF REPORTER February, 1966 



ALEX 

This is Al's new service van. 
(Even for color it's all he needs with Amphenol's portable test equipment.) 

Amphenol's new color television 
test equipment is so compact, there's 
room to spare, even in the smallest 
service truck. Try this for size-the 
Amphenol Color Commander (color 
bar generator) with nine useful pat- 
terns, yet no bigger than a small lunch 
box. Or our new CRT checker -rejuve- 
nator with a built-in high impedance 
voltmeter in a 9" x 12" x 5" case. 

There's even a versatile TV -FM field 
strength meter in a "pint" size pack- 
age. And the cost of this equipment is 
as small as its size. 

But don't let the compactness of 
Amphenol's test equipment fool you. 
Precision is as good as equipment 
many times the price. For example, 
the Signal Commander with either 
VHF/FM or UHF plug-in frequency 
modules is priced under $190. Yet it 
is the only field strength meter in its 
price class to provide absolute signal 
readings. 

Look over the complete Amphenol 
Commander line at your Amphenol 
distributor. Or write us for descriptive 
literature. 

AMPHENOL DISTRIBUTOR DIVISION 
AMPHENOL CORPORATION 

2875 South 25th Avenue, Broadview, Illinois 60155 
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sis ground and a B - ground system 
are present, as shown in Fig. 1. 

The B - ground system in the 
audio amplifier is connected to one 
side of the AC power line. Still, the 
ground side of the square -wave gen- 
erator output could be connected to 
the audio amplifier chassis. No fire- 
works will result because the square - 
wave generator has a transformer - 
type power supply. Nevertheless, 
there is the possibility of severe (or 
worse, fatal) electric shock should 
the amplifier chassis be tied to the 
hot side of the line. For safety's sake 
use an isolation transformer. 

If a filter capacitor in the audio 
amplifier is defective, á hum -modu- 
lated waveform will result (W1, Fig. 
1) . The 60 -cps hum voltage modu- 
lates the square -wave pattern. Here, 
the square -wave frequency is 2kc; 
consequently, the low sweep rate 
prevents individual square -wave ex- 
cursions from being visible. If you 
encounter this defect, simply bridge 
a good electrolytic capacitor across 
each of the suspected filter capaci- 
tors in turn. Of course, this won't 
affect the hum level if the defect 
results from heater -cathode leakage 
in one of the tubes. 

Overload Trouble 

It is possible to obtain on the 
scope screen a square -wave repro- 
duction that is free from noticeable 
hum, as shown in W2, Fig. 1. How- 
ever, this is a suspicious waveform, 
because the top and bottom have 
widely different shapes. It is likely 
(although not certain) that the flat- 
tened top of the waveform is caused 
by overdriving the audio amplifier. 
Reduce the output from the square - 
wave generator and advance the 
scope gain control to see if the 
waveshape changes. In this case, 
waveshape did change, as seen in 
W4, Fig. 1. Thus, the true 2-kc 
square -wave response of the ampli- 
fier is displayed when overdriving is 
avoided. 

Amplitude Nonlinearity 

lt is customary to check square - 
wave response of small audio am- 
plifiers at 2 kc and at 60 cps. Of 
course, other square -wave frequen- 
cies can also be used; however, most 
defects show up at either 60 cps of 
2 kc. The 60 -cps square -wave re- 

sponse of a typical amplifier is seen 
in W3, Fig. 1. The square wave is 
differentiated, indicating that the 
low -frequency response of the audio 
amplifier is poor. Note also that the 
positive peak voltage of the wave- 
form is less than the negative peak 
voltage: amplitude nonlinearity is 
present. 

Amplitude nonlinearity can be re- 
duced by operating the amplifier 
with lower input voltage; however, 
this reduces distortion at the ex- 
pense of power output. Amplitude 
distortion must be minimized as 
much as is possible. Cathode -bias 
voltage is a dominant factor. In this 
example, an ohmmeter measurement 
showed that the 1500 -ohm cathode 
resistor in Fig. 1 had increased in 
value to approximately 2000 ohms. 

The output stage in this amplifier 
is also cathode -biased, as shown in 
Fig. 1; however; the value of the 
cathode resistor was correct in this 
case. Incorrect plate and screen 
voltages can also cause amplitude 
nonlinearity. Accordingly, these 
must also be measured and con- 
firmed. Bad tubes are a possibility; 
check them for mutual conductance. 
Saturation of the output transformer 
is still another possibility. In this 
case, the output transformer could 
be replaced by a unit with a con- 
siderably larger core area. 

Poor Low -Frequency Response 

The poor low -frequency response 
seen in W3, Fig. 1 could have been 
the result of a defective coupling 
capacitor. However, the capacitors 
checked satisfactorily. Note in Fig. 
1 that a .005-mfd coupling capacitor 
is used to feed into a 2-megohm 
resistor, giving a time -constant of 
only .01 second. Good low -frequen- 
cy response is impossible with this 
design value. Yet, a .005-mfd ca- 
pacitor is used instead of a .25-mfd 
capacitor for two reasons. First, an 
AC/DC amplifier has a higher in- 
herent hum level than a transformer - 
type amplifier. To minimize hum, it 
is helpful to employ low gain at 60 
cps. It would be quite possible to 
redesign this amplifier to obtain 
good 60 -cps square -wave response, 
but the hum level at the speaker 
would be annoying. Hence, poor 60 - 
cps response is a design compro- 
mise. Second, a small amplifier 
usually has limited high -frequency 

response. Listening tests have shown 
that if the high -frequency response 
is limited, distortion is less evident 
to the ear when low -frequency re- 
sponse is also limited. 

Good low -frequency square -wave 
response also requires adequate 
cathode bypassing. For example, the 
150 -ohm cathode resistor in Fig. 1 

is bypassed by a 20-mfd capacitor. 
To improve the low -frequency re- 
sponse at this point, a 1000-mfd by- 
pass capacitor could be used to 
obtain a substantial time constant. 
An expensive output transformer 
also will improve 60 -cps response, 
since output transformers in small 
amplifiers usually differentiate a 60 - 
cps square wave. Again, these are 
design compromises made for the 
reasons previously noted. 

Utility Amplifiers 

Although the 8 -watt public-ad- 
dress amplifier shown in Fig. 2 is 

not a high-fidelity amplifier, it cer- 
tainly will provide better reproduc- 
tion than the AC/DC type shown 
in Fig. 1. 

Note the negative -feedback loop 
in Fig. 2. Feedback is taken from 
the secondary of the output trans- 
former to the cathode of V2. The 
amount of feedback is determined 
by the impedance of the speaker 
voice coil. If the secondary of T2 
is unloaded, more voltage is fed 
back than if a normal load is pres- 
ent. With a 15 -ohm voice coil con- 
nected across the 4 -ohm output 
terminals, more voltage is fed back 
than if a 4 -ohm voice coil is con- 
nected across the output terminals. 
Furthermore, the phase of the feed- 
back voltages varies with the load- 
ing on the secondary of T2; this re- 
sults because T2 has a certain 
amount of leakage reactance which 
shifts the phase of the signal. A ser- 
ious mismatch of voice -coil imped- 
ance to the secondary of T2 causes 
sufficient phase shift to develop par- 
asitic oscillation. For example, if a 

15 -ohm voice coil (or 15 -ohm re- 
sistor) is connected across the 4 - 

ohm terminals of T2, the scope 
pattern may display parasitic oscil- 
lation as seen in W l , Fig. 2. Always 
be certain that speaker and ampli- 
fier output impedances are matched; 
not only does this provide maximum 
power transfer, but it reduces the 
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VL-10 (Illustrated) 
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1 parasitic element 
List price $34.95 
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cision -engineered features make these advanced -design antennas indispensable to 
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ditional guarantee from the leading manufacturer in the field - FINCO. Promote the 
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possibility of upsetting the nega- 
tive -feedback network. 

The parasitic oscillation in W1, 
Fig. 2 has a high frequency because 
the feedback voltage must be 
180° to produce oscillation. When 
T2 is unloaded, or partially loaded, 
the phase shift caused by its leak- 
age reactance is less than 180°. 

Hence, additional phase shift in 
the same direction must exist be- 
fore oscillation is produced. This 
additional phase shift is present in 
the circuits of V2 and V3 within 
the amplifier high -frequency cutoff 
region. In other words, the phase 
relation of the input to the output 
voltage rapidly changes at both the 
low -frequency and high -frequency 
ends of the response range. At the 
high -frequency end, the change adds 
to the phase shift caused by T2, 
and at a certain high frequency the 
phase shift is 180°: Parasitic oscil- 
lation occurs at this frequency. 

Suppose that the opposite abnor- 
mal operating condition is used; in 
other words, suppose that a 4 -ohm 
voice coil is connected across the 
15 -ohm terminals of T2. Here, par - 

W1 5 msecicm 
PARAS ITI CS 

500K 

W2 .1 msecicm 
CRISP 

W4 .1 msecicm 
DEEP BASS 

asitic oscillation does not occur be- 
cause the feedback voltage is re- 
duced by the abnormally heavy load- 
ing on the output transformer. Os- 
cillation cannot take place unless: 
(1) phase shift from output to in- 
put is 180° and (2) feedback volt- 
age is great enough to cancel the 
voltage drops in the feedback loop. 

Tone Control and 
Square -Wave Response 

Note M2 in Fig. 2; this is the 
tone -control switch for the ampli- 
fier. The switch contacts connect var- 
ious frequency -discriminating com- 
ponents in the feedback network. 
The capacitors cause phase shift in 
addition to frequency discrimination. 
Thus, it is not surprising to find 
that when voice -coil impedance is 
higher than the impedance of the 
output transformer, parasitic oscil- 
lation can occur on one or two posi- 
tions of the tone control, but not on 
the other positions. Moreover, when 
the load is correctly matched to the 
output transformer, the tone control 
has a large effect on square -wave 

W6 .1 msecicm 
VOICE -COIL LOAD 

reproduction. For example, W2, 
W3, and W4 in Fig. 2 show the 
2-kc square -wave response for the 
extreme and intermediate positions 
of the tone control. The rated 
square -wave response of an ampli- 
fier is obtained when the tone con- 
trol is set for normal reproduction. 
Note that the ringing in the wave- 
forms of Fig. 2 will not appear un- 
less the square -wave generator has 
a short rise time. This ringing fre- 
quency is 64 kc. Unless the applied 
square wave has a short rise time, 
harmonic output at 64 kc is too 
weak to disclose the susceptibility to 
ringing. This is a practical example 
of the desirability of square -wave 
generators with short rise times. 

High -frequency ringing is prac- 
tically eliminated in high-fidelity 
amplifiers, because elaborate design 
features are employed to minimize 
it. In a utility amplifier, however, 
expect to find some ringing. Still, 
note that the 64-kc ringing observed 
in Fig. 2 might not occur in many 
normal uses of the amplifier. Unless 
there is appreciable noise accom- 
panying the input audio signal, there 

4700 

47K C1 L mid 

V4 

5Y3G 
4 >a 

1-9 

O O O 

FEEDBACK 
NETWORK 

LOAD 

RESISTOR 

LOW -CAP 
PROBE 

5000 

C1 15mfd Cl mtd 

W7 10 ysecicm 
RISE TIME 

o 
SCOPE 

Fig. 2. Utility amplifier commonly used for public-address systems provides better reproduction than the two -tube type. 
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MALLORY Tips for Technicians JJJL1\,,_ 

How to save trouble and money 
in replacing silicon rectifiers 

V B 

CT 

AC+FWAC 

- 
- DC 

125 

TEMPERATURE (CASE) 

When you need to replace silicon rectifiers, it will pay you to 
take a look at what's available from your Mallory distributor 
-at new low price tags. 

Suppose you need to replace a single rectifier. Some service 
technicians have followed an ancient adage that the only kind 
to use "to be sure" is a MIL top hat style. This may have 
been true in the pre -historic days of semiconductors (eight 
years or so back). But not today. Plastic -case Mallory rectifiers 
-Type A and Type T-are every bit as good for entertain- 
ment equipment. And they cost less, fit anywhere, are easy to 
mount. If you insist on a top hat, you can't get a better one 
than the Mallory Type H; but you don't really need it unless 
ambient temperatures reach the egg -frying point. 

Doublers. When one leg of a doubler goes out, better check the 
filter capacitors first. A leaky filter or a sudden current surge 
could be the reason the rectifier failed. Our tip: replace the 
whole doubler-to make sure you won't get a call-back if the 
other half had been pushed beyond its limit and was ready to 
fail. Easiest way to do the job is to install a Mallory VB doubler 
package. These encapsulated units consist of a pair of factory - 
connected, matched rectifiers in series. Just three leads to 
connect instead of four. And the cost is less than that of two 
separate rectifiers. 

The same deal goes for center -tap rectifiers. Our CT packages, 
in either positive or negative center tap configurations, give 
you the assurance of matched rectifier characteristics. Savings 
are identical with what you get on doubler packages. 

How about full -wave bridges? You'll find a lot of these in 
sound equipment, so all the more reason to make sure that 
you deliver a top quality replacement job. It's a cinch to re- 
place four separate rectifiers with a Mallory Type FW pack- 
age-a neat encapsulated unit with only four leads to worry 
about instead of eight, and with four matched rectifiers factory - 
connected inside. And the cost is substantially less than four 
separate rectifiers. 

And best of all, when you use Mallory packaged circuits you're 
sure of getting the best OEM quality. Ask your Mallory dis- 
tributor ... for silicon rectifiers in ratings up to 25 amps, for 
zener diodes, for dual trigger diodes and 
for new Amp -Gate* diodes for battery - 
charging circuits. Mallory Distributor 
Products Company, a division of P. R. 
Mallory & Co. Inc., Indianapolis, In- 
diana 46206. 
*P. R. Mallory & Co. Inc. trademark 
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it's here! most advanced 

color TV test instrument 

ever developed 

OBSOLETES ALL OTHERS 
ELIMINATES ALL GUESSWORK 

LECTROTECH V7 
A sensational new color generator with 4 major Lectrotech exclusives 

plus all of the time -proven standard features ... in one compact, 
portable unit. For the first time. you can install and service color TV 
completely, accurately and faster! Here are the facts: 

EXCLUSIVE-COLOR VECTORSCOPE-Until now, available only 
in $1500 testers designed for broadcast. Accurately measures 
color demodulation to check R -Y and B -Y plus all 10 color 
bars for color phase angles and amplitude. A must for 
total color and those hard to get skin tones. 

EXCLUSIVE-SELF-CALIBRATING - Adjust timing circuit with- 
out the use of external test equipment. No need to return 
unit to a factory for adjustment. 

EXCLUSIVE-DIAL-A-LINE - Now, you can adjust horizontal line 
to any width desired from 1 to 4 lines wide. 

EXCLUSIVE-SOLID STATE RELIABILITY - Only two tubes are 
used in combination with fully transistorized diode -rectifier 
circuit. 

PLUS- the V7 produces all Crosshatch, Dots, Vertical only, Hori- 
zontal only and Keyed Rainbow Patterns. RF at channels 
3, 4 or 5. Video Output (Pos. and Neg. adjustable) for signal 
injection trouble -shooting. Red -Blue -Green Gun Killer. All 
transistor and timer circuits are voltage regulated to operate 
under wide voltage ranges. Lightweight, compact - only 81/4" x 71/2" x 121/2". Net 189.50 

ONE YEAR WARRANTY 

For the full story on the V7, write for complete catalog or 
see your distributor. 

V6 
Complete color bar generator with all the features 4:::_j o of the Lectrotech V7 except the Vectorscope. Only '' 99.50 

Distributors: Phone or Wire Collect. 

LECTROTECH, INC. Dept PF -2 
1221 Devon Ave. Chicago, III. 60626 Area 312 764.7005 

Circle 13 on literature card 

will be no 64-kc excitation. Of course, with substantial 
input noise present, the 64-kc component of the noise 
voltages will pass at a comparatively high level. Al- 
though the 64-kc component is inaudible, it will gen- 
erate sum -and -difference frequencies in nonlinear stages - intermodulation distortion results. 

Effect of Voice -Coil Impedance 

It is customary to load an audio amplifier with a 
resistor for square -wave tests, as shown in Fig. 2. This 
eliminates the annoyance of sound output (often very 
loud) from the speaker. On the other hand, a voice 
coil is not purely resistive- it is also inductive. This 
inductance does have an effect on the square -wave 
response of the system. That is, square -wave response 
is altered if the output transformer is connected to a 
speaker voice coil. 

Rise Time Measurements 

In the amplifier shown in Fig. 2, pattern differences 
are easily evaluated. W5 shows the 2-kc square -wave 
response for resistive and voice -coil loàds. The ringing 
in W5 is much less than in W6. The overshoot is also 
much less. No differentiation appears in W5, but is 
quite evident in W6. For a square -wave test, this ampli- 
fier performs much better with a resistive instead of a 
voice -coil load. 

The rise time of an amplifier is measured by ex- 
panding the leading edge of the reproduced square 
wave, as shown in W7, Fig. 2. Note that the rise time 
remains the same regardless of the square -wave fre- 
quency. In this example, the calibrated sweep control of 
the scope indicates that the rise time is 45 µsec. This 
is comparatively long rise time for an audio ampli- 
fier, but it is typical of utility designs. The high -frequen- 
cy response limit of an amplifier is equal to .35 times 
the reciprocal of the rise time: F,,, = .35/T,. where 
F,.0 is the high -frequency cut-off value, and T. is the 
rise time of the amplifier. In other words, a rise time 
of 45 µsec corresponds to a high -frequency limit of 
7400 cps. 

Should rise time seem excessive, check: 
(1) plate -load resistors for an increase in value; 
(2) grid -circuit resistors for an increase in value; 
(3) all components in the feedback network for any 

change in value. 

Conclusion 

The next installment of this "Advanced Service Tech- 
niques" series will discuss methods for applying square - 
wave tests to high-fidelity amplifiers. Inasmuch as con- 
sumer interest in high -quality audio products is con- 
tinually increasing, the demand for effective mainte- 
nance of these systems will provide the well informed 
technician with an ever-increasing volume of business. 
Learn these techniques now: As the electronics indus- 
try advances, up-to-date knowledge will mean more 
than just added income; it is and will increasingly be- 
come a prerequisite for earning a livelihood. 
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Courier gives you the 
most powerful sales -clincher 
in the CB business: 

a 10 year 
factory 
guarantee! 

Nothing's more potent in closing a sale than a strong 

guarantee by the manufacturer. And now Courier gives you 

the strongest guarantee in the CB world: 10 full years on 

any Courier CB transistorized radio-the TR -6 at $129 and 

the TR -23S at $169. Both complete with microphone and a 

long list of attractive features. 

Even without its ten year guarantee, the Courier line's 

low prices would be enough to ring the Anvil Chorus on the 

6 channels 
COURIER TR -6 

$129 

23 channels 
COURIER TR -23S 

$169 

cash register. But Courier goes even farther-with limited 

dealerships to protect your mark-up. Courier's CB line is no 

football. 
So if you're interested in a CB line with profit, with a 

sales -clinching manufacturer's guarantee, quality and 

features, find out about a Courier CB dealership. Fill in and 

mail the coupon. It may be the best thing you've ever done 

with a five -cent stamp. _ 
,ç ' ' a I .11. electronics communications inc. 

DEPT. PF -6? 

56 Hamilton Avenue, White Plains, N.Y. 

Fa Yes! I'd like to know more about Courier's transistorized 
CB line with the 10 year guarantee, and dealership 

si opportunities. 

Name 

4ë, Firm 

' Address 

City County State 

T2 44774 ` Z X4.7 ̀74 'M 
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Notes on Test Equipment 

analysis of test instruments ... operation ... applications 

by Arnold E. Cly 

Solid -State 
Color -Bar Generator 

The recent increase of color -TV 
sales has stimulated color servicing 
needs, and additional service instru- 
ments and tools are required. The 
technician always welcomes an instru- 
ment that is compact, but it must be 
capable of performing the job for 
which it was intended. The Model 
1245 color generator (Fig. 1), made 
by B & K, meets both of these re- 
quirements. 

Fig. 2 shows a block diagram of 
the 1245 and reveals two basic sec- 
tions of the circuitry. One section con- 
sists of frequency -divider circuits 
which divide the output of a 189-kc 
crystal -controlled oscillator down to 
60 cps. The other section is made up 
of an RF oscillator, modulator, and 
3.563795 -mc crystal -controlled color 
oscillator. 

A fixed relationship between the 
horizontal and vertical sync pulses, 
and all video patterns, is provided by 
the frequency -divider circuits. The 
technique corresponds to that used by 
TV broadcast -station equipment; this 
produces a stable video pattern-a 
must in color convergence. 

The output of the 189-kc oscillator 
is fed to a 189-kc shaper. This stage 
acts as a squaring amplifier for the 
189-kc sine wave from the oscillator. 
One shaper output connects to the 
VERT LINES/COLOR AMPLITUDE con- 
trol, the second goes to the color 

Fig. 1. Small unit provides all signals 
for complete color convergence setup. 

keyer, and the third feeds the 3I.5-kc 
oscillator. 

To produce a vertical line, the out- 
put of the 189-kc shaper is coupled to 
a pulse -generator circuit. This circuit 
produces a narrow pulse and feeds it 
to the VERT LINES control, which in 
turn applies the pulse to the PATTERN 

SWITCH. The VERT LINE and COLOR 
AMPLITUDE controls are ganged to- 
gether, and when the PATTERN SWITCH 

is in the VERTICAL position, the VERT 
LINES control, when turned in a coun- 
terclockwise direction, can completely 
extinguish the vertical -line or dot pat- 
tern and provide a clear raster for 
purity adjustments. 

The square -wave pulse from the 
189-kc shaper is also fed to the plate 
of the color-keyer diode. The 
3.563795 -mc oscillator signal (offset- 
subcarrier) is coupled through the 
PATTERN SWITCH when the switch is 

in the COLOR position) to the cathode 
of the keyer diode. The color -oscil- 
lator signal passes through the keyer 
diode as the 189-kc square -wave pulse 
reaches maximum on the anode. 

The 31.5-kc relaxation oscillator al- 
so receives a synchronizing pulse from 
the I89-kc shaper. The 31.5-kc oscil- 
lator has two outputs. One is used to 
control the horizontal -sync and back - 
porch generator, and the other syncs 
the 4.5-kc relaxation oscillator. 

The 15,750-kc horizontal -sync and 
backporch generator consists of three 
transistors. Two of these form a di- 
vide -by -two multivibrator; thus the 
15,750 -cps signal is derived from the 
31.5-kc output. The resulting signal 
is fed to a differentiating network, and 
10 -microsecond pulses are formed. A 
pulse -shaper transistor and another 
shaping network form 6 -microsecond 
pulses for horizontal synchronization. 

The 4.5-kc output signal is used to 
sync the 900 -cps relaxation oscillator 
which, like the 31.5-kc oscillator, has 
two outputs. One output provides syn- 
chronization for the 300 -cps relaxation 

oscillator, and the other controls the 
frequency of the 450 -cps horizontal - 
line generator. 

A flip-flop circuit, consisting of two 
transistors, produces horizontal lines 
one raster -line thick. The flip-flop is 
turned on when the 900- and 15,750 - 
cps signals coincide: the next 15,750 - 
cps pulse causes the flip-flop to return 
to its original state. The output of the 
450 -cps horizontal -line generator is 
applied to the PATTERN SWITCH and, 
in the appropriate switch position, is 
fed to the video sync -mixer circuit. 

The 3.563795 -mc offset-subcarrier 
signal of the Model 1245 and the 
3.579545 -mc oscillator of the color 
TV set are applied to each of the 
color demodulators of the color re- 
ceiver. Since 15,750 cps separates 
these two signals, the relative phase 

B & K Model 1245 
Specifications 

RF Output: 
5000 uv, adjustable to channels 
3, 4, or 5. 

Video Patterns: 
Dots, crosshatch, horizontal lines 
(14), vertical lines (10), color 
bars (IO). Sequence is yellow - 
orange, orange,. red, magenta, 
reddish blue, blue, greenish blue, 
cyan, bluish green, and green. 

Controls: 
3 gun -killer switches; 5 -position 
pattern switch; ON-OFF switch 
mounted on rear of ganged 
COLOR/VERT LINES control. 

Power Requirements: 
100-140 volts, 60 cps, 9 watts 
(supply regulated by zener 
diode). 

Size: (HWD) 
2'/8 " x 87/8" x 83/8" 

Weight: 
3 lb 

Price: 
$134.95 
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r_r a limited trine only...an irresistible 
& ß'cß bar,a-n: An antique pendant 

n.atch and cha'n with each 10 pack replace- 

nnt rec.ifiers ... ail it a $10.00 saving. Wait 

l she sees if -is h ch -fashion gold -finished 
2ewelry v\.ctch It's yours with the purchase of 

8E 3IV Or 1000 Ply 1 AM IR replacement rectifi- 
e -s. The D pcc< cf EAB-D miniature rectifiers and 

VORLD'S LARGES- RECTIFIER SPECIALISTS 

wa-ch would retail fcr $24.95. . but now 

you pay only $14.95 fo- both. TI -e 1) pack 

of 5A10 -D subminiature rectifiers and 

watci would retail for $27.45... bL t now y.)u 

pay only $17.45 for both. A $10.0C saing for 

you...a beautiful gift for ler. The deal tine 
to stock up on replacemen: rectif ers. Order today 

from your IR cistributor. Offer ends Mach 15, 1966. 

==m INTERNATIONAL RECTIFIER 
DIS-RIBUTOR DIVISION EL SEGUNDO, CALIFORNIA 

Circle 15 on literature card 
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Look for 

the MARCH issue... 

New Tube and Transistor Data 
This new feature will help you keep up 
with the latest changes. 

Inside View of Color Test Equip- 
ment 
se informed on the latest adva in 
color -TV servicing equipment. 

Meter Repair for Steady Hands 
See how an expert works in this wide-open 
and lucrative field. 

plus... 
Symfac 
The Troubleshooter 
Notes on Test Equipment 

. . . and many more features which, by 
helping you save time, will increase your 
profits. 

Subscription Offer 
Enter my subscription to PF REPORTER 

3 Years $10.00 2 Years $8.00 1 Year $5.00 
Bill Me Remittance Enclosed 

Extend Present Subscription 

Print plainly or type below 

Name 
Firm 

Firm Address 
City Zone_Stote- 
Did you receive this issue through 

Distributor Subscription 

Please check business 

classification: 
Independent Radio, TV Serv- 
iceman 

Full time Part time 

Retailer with Service Depart- 
ment 

Industrial Electronics Service 

Owner or Manager 

Service Manager 

Employee 

Other (Specify occupation 
and title) 

189 -KC 
X -TAL 

OSC 

189- KC 

SHAPER 

COLOR 

KEYER 

VERT LINES 
COLOR AMP 

CONTROL 

31.5 -KC 
OSC 

4.5- KC 

OSC 

15, 750 -cps 
HORIZ SYNC AND 

BACK PORCH 

GENERATOR 

900 -cps 
OSC 

3.56 -mc 
COLOR 

OSC 

PATTERN 

SWITCH 

450 -cps 
HORIZ LINES 

GENERATOR 

300 - cps 

OSC 

60 -cps 
OSC 

RF 

OSC 

VIDEO 
SYNC 

MIXER 

RF 

MODULATOR 
RE 

OUTPUT 

Fig. 2. Block diagram reveals signal paths of complete solid-state color generator. 

between them changes from 0° to 
360° during one horizontal scanning 
period. Thus each demodulator has a 
one -cycle output for each scanning 
period. The R -Y demodulator has a 
sine -wave output of maximum positive 
amplitude at 90°; the B -Y output is 
maximum at 180°, and the G -Y is 
maximum at 300°. As explained earli- 
er, the color keyer interrupts these 
signals so they produce ten color bars 
on the CRT. 

The output of the 300 -cps oscil- 
lator provides synchronization for the 
60 -cps relaxation oscillator, which pro- 
vides the vertical -sync pulse coupled to 
the video -sync -mixer circuit. 

Also connected to the mixer circuit 
is the output of the PATTERN SWITCH. 
This switch has five positions: dots, 
crosshatch, horizontal, vertical, and 
color. The output of the video -sync 
mixer is fed to the RF modulator. An 
RF oscillator is coupled to the modu- 
lator, and the modulator output con- 
nects to a shielded cable. The alligator 
clips on the end of the cable connect 
to the TV receiver antenna terminals. 
The RF oscillator is normally set for 
channel 3, but it can be adjusted to 
channel 4 or 5 if desired. The instruc- 
tion manual explains the complete 
procedure to use. 

The Model 1245 has three GUN 
KILLER switches. These switches are 
connected to three leads that have al- 
ligator clips. For connection to the 
receiver, merely attach the alligator 
clip to the CRT control -grid leads so 
the needle of the clip pierces the grid 
lead and makes contact with the in- 
ner conductor. Attach the black lead 
to ground. As each of the three 
switches is moved from the OFF posi- 
tion to oN, a 100K resistor is placed 
from the corresponding lead to ground. 

To return a CRT gun to operation, 
move the particular GUN KILLER 
switch to the oFF position. 

In our lab tests, all the patterns of 
the Model 1245 were stable. The gun - 
killer leads were connectd to the CRT 
control -grid leads with a minimum of 
time, and the killer action performed 
as it should. 

Should the Model 1245 color gen- 
erator be stored at extremely cold tem- 
peratures for extended periods, a few 
minutes may be required for the in- 
strument to stabilize after it is turned 
on. However, we found when the 
instrument was maintained at normal 
room temperature it could be used as 
soon as the ON and OFF switch was 
moved to the oN position. 

The COLOR AMPLITUDE control 
varies the strength of the color -in- 
formation output (color bars) of this 
instrument. This is helpful in deter- 
mining the effectiveness of the TV re- 
ceiver's color -sync circuit. Should the 
loss of color sync he experienced with 
a small reduction in the color informa- 
tion, a fault in the color -sync circuit 
would be suspected. Most color re- 
ceivers will maintain color sync up to 
the point where color just begins to 
drop out of the color bars. 

The crosshatch pattern of the Model 
1245 can be used for linearity adjust- 
ments on either monochrome or color 
TV receivers. Observe the vertical 
lines for equal spacing as horizontal 
linearity is adjusted, and use the hori- 
zontal lines for vertical linearity ad- 
justments. 

An instruction manual, included 
with each instrument, explains how 
to adjust the counter circuits should 
they need recalibration. Also, an ex- 
planation of each function of the in- 
strument is given. 
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Chuck Gravina 
just learned how to 

plan his profits 
the easy way. 

It wasn't hard at all. Chuck took advantage of the all -new expanded Philco 
Tech -Data Business Management Service. He received all the facts in the mail, 
liked what he read, subscribed and received Philco's Profit Planning kit free. 

The kit contains a 24 -page guide on profit planning, plus an accurate, 
easy -to -use profit calculator. Philco designed it especially for service -businessmen 
like you. You get practical, usable information that can help you make 
your business more profitable. 

And Chuck's subscription means a wealth of factory -accurate new product 
manuals - mailed directly to him. So you'll know about the new products 
before they reach the retailers. You'll get monthly information on business 
management and customer relations. And, of course, you'll receive a full year's 
subscription to your Philco Service Businessman's magazine. 

Chuck Gravina knew a good program when he saw it. And he subscribed. 
How about you? Shouldn't you subscribe right now and start planning your own 
profits for 1966? Philco is mailing all the details to thousands of 
service -businessmen right now. Watch your mail for all the information. And if 
you'd like any additional facts, talk to your Philco Distributor or contact 
Parts C Service Department, Philco Corporation, Tioga "C" Sweets, 
Philadelphia, Pa. 19134. 

PHILCO 
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KIT OR ASSEMBLED! 
Either Way, These HEATH Instruments 

Are Your Best Buy! 

v 

HEATHNIT 1966 

o 

EA Heathkit IM -21 Laboratory AC VTVM. 
10 voltage ranges -0.01 to 300 volts 

RMS full scale 10 megohm input Z 

Kit IM -21, 5 lbs $33.95 - Assembled IMW-21 $52.95 

© Heathkit IM -11 VTVM ... Versatile! 
7 AC, 7 DC, 7 Ohms ranges Frequency 

response ± 1 db, 25 cps to 1 mc. 
Kit IM -11, 5 lbs $24.95 
Assembled IMW-11 $39.95 

Heathkit Wide -Band Oscilloscope 
5 mc bandwidth Sweep 10 cps to 500 

kc 5' screen with graticule 
Kit 10-12, 24 lbs $76.95 
Assembled 10W-12 $126.95 

DE Heathkit IM -13 "Service Bench" 
VTVM 7 AC, 7 DC, 7 Ohms ranges 
Extra -large 6' meter Gimbal mounting 
Kit IM -13, 7 lbs $32.95 
Assembled 1MW-13 $49.95 

EE Heathkit Power Supplies 
Kit IP -32, Variable Voltage $56.95 
Assembled IPW-32 $84.95 
Kit IP -20, Solid State $72.95 
Assembled IPW-20 $114.95 
Kit IP -12, Battery Eliminator.... $47.50 
Assembled IPW-12 $59.95 

E Heathkit Audio Generator Switch - 
selected output -10 cps to 100 kc 
Near -perfect sine wave 
Kit IG -72, 8 lbs $41.95 
Assembled IGW-72 $64.95 

Heathkit RF Signal GeneratorCovers 
100 kc to 110 mc. 
Kit IG -102, 6 lbs 
Assembled IGW-102 

$27.95 
$54.95 

HE Heathkit Condenser Checker Check 
capacitors 10 uuf to 1000 mfd. 
Kit IT -11, 7 lbs $29.95 
Assembled ITW-11 $49.95 

FREE CATALOG 

Fully describes these and over 250 other differ- 
ent and exciting Heathkits at savings of 50% 

u '" or more! Fill out the coupon and send for your 
UM FREE copy today! 

ri 
HEATH COMPANY, Dept. 25-2 

Benton Harbor, Mich. 49023 
Please send my free 1966 Heathkit Catalog. 
Enclosed is $ plus postage. 
Please send model(s) 

Name 
(Please Print) 

Address 

CB Transceivers 
(Continued fron page 26) 

ANTENNA 

TO RECEIVER 

INPUT 
SWITCHING DIODE 
(CONDUCTS ON TRANSMIT( 

RESONANT TANK 
SWITCH IN CIRCUIT 

MICROPHONE CASE 

COLLECTOR OF 
o SUPPLY 

VOLTAGE 
TRANSMIT RF POWER TRANS ITOR 

Fig. 10 Electronic antenna switching using a diode. 

the previous discussion of relay switching can be ac- 
complished with only a microphone switch. No other 
switching contacts need be employed. 

Electronic changeover can be made with so-called 
switching diodes. With the application of an appropriate 
DC voltage, such a diode conducts and presents a very 
low resistance path. By removing the DC voltage, the 
resistance of the diode path becomes extremely high. 
Switching diodes are used for switching DC, audio, or 
radio -frequency curents. 

The basic arrangement in Fig. 10 demonstrates the 
use of a switching diode in transferring an antenna be- 
tween transmitter output and receiver input. The reso- 
nant tank circuit is shared by both the transmitter out- 
put stage and the receiver input stage. In the receive 
mode the incoming signal is transferred through capaci- 
tor C2 to the receiver input. The transmit -output tran- 
sistor is nonconducting because its supply voltage is 

switched off; it doesn't attenuate the incoming signal. 
On the transmit mode, the supply voltage is con- 

nected to the transmitter transistors and they operate in 

a normal manner; the RF -output transistor is now con- 
ducting and supplying RF energy to the resonant cir- 
cuit. The same supply voltage also places a positive 
voltage on the anode of the switching diode; therefore, 
the switching diode conducts and places a low - 

impedance shunt across the signal path between the 
resonant circuit and the input to the receiver. Hence, 
the transmit RF energy does not enter the receiver. 

In the receive mode position, it is significant that 

ANTENNA RESONANT TANK CIRCUIT 

r 
TO RECE IVER 

INPUT 

SWITCHING DIODE 

SWITCHING 
DIODE D) 

CARBON MIKE 

PRESS -TO-TALK 
SW 

TRANSMITTER 

RF TRANSISTORS 

+ BIAS 
SWITCHED TRANSMIT 
SUPPLY VOLTAGE LINE 

OFROM RECEIVER 

VOLUME CONTROL 

AUDIO 
AMPLIFIER 

*VOLTAGE TO 

RECEIVE 

TRANSISTORS 

+ SUPPLY VOLTAGE 

AUDIO -OUTPUT 

INDUCTOR 

City State Zip 
Prices & Specifications subject to change without notice. TE -13 
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© Copyright 1965 Channel Master Corp. 

Take Channel Master's latest color 

breakthrough for instance... 

I know for a fact that Channel Master's Color 
Crossfires are the top -selling antennas in TV 
history. But for my hard-earned buck, these 
new Ultradyne Crossfires* are the greatest 
yet. They're really a major breakthrough 
They've got everything because they unite the 
unique VHF color reception power of the fa- 
mous Crossfires with a terrific new Ultradyne 
UHF design principle. The high gain and front - 
to -back ratios in this combo has those so- 
called "log -periodic" type antennas beat a 

mile And with the Channel Master rotator, 
I can get my customers extra channels in any 
direction. Black and white? FM Stereo? They're 
a cinch. What's more, you choose from 6 dif- 

ferent models so Channel Master sure makes 
it easy to pick the right one-with each geared 
to give top signal strength in its area. I also 
like the way that E.P.C. "Golden Overcoat" 
protects the antennas. One thing I can tell 
you from experience: both in design and over- 
all power each of these Ultradynes is way 
ahead of the competition's corresponding 
model. More profitable, too. The way I see it, 
the only color antenna worth putting up is the 
one that gives my customers the most satis- 
faction. I say as long as you have to install 
color antennas-why not put up the best! The 
Ultradyne Crossfire. 

Write for complete Ultradyne literature. j U L TR A D VN E 
4---mlur 

CROSSFIRE` 

Model 3632G 
Most Powerful. 

COLOR TV 

1111111lll..eo 

7 ENGINEERED 

Model 3633G Model 3634G 
Near Fringe. Suburban. 

"The only antennas covered by 5 U.S. patents, or patents pending. 

N 
Model 3635G 
Suburban. 

Model 3636G 
Metropolitan. 

Model 3637G 
Ultradyne Coloray 
for extra 
ghost killing power. 



OR 
I know it's hit 

the roof. 

And brother, 

I'm cleaning up. 

With America's 

best-selling 

antennas 

CHA NNEL 
MASTER 

! 

And don't forget the VHF/FM 

branches of America's most 

successful C OR family. 

Color Crossfires 

Color Crossfire 
Model 3611G 
Fringe VHF. 

Crossfire Coloray 

Crossfire Coloray 
Model 3618G 
For metropolis and suburbs. 

Each perfectly engineered for color and 
designed for maximum power In its area 

More Crossfires* have been sold than any 
other antenna in TV history. A 7 -model series 
of the world's most powerful antennas .. 
now better than ever for color, black -and - 
white and FM stereo; from suburb to fringe 
to super -fringe. Combines our revolutionary 
principle of Proportional Energy Absorption 
with our exclusive Tri -Band Director System 
to deliver the high clean broadband gain 
needed for color reception. Covered by 3 
separate patents. 

Crossfire Coloray* ... ghost -killer extraor- 
dinary! For weak -pocket metropolitan and 
suburban areas. Combines high gain char- 
acteristics of Crossfire with a unique Power 
Equalizer circuit that provides up to 30 to 
1 front -to -back ratios. Exclusive -75 and 300 
ohm impedance insures ideal color recep- 
tion for MATV and co -axial home installa- 
tions. Second model (3110G) available for 
strong -signal areas. Both models protected 
by remarkable money -back guarantee. 

models protected by exclusive E.P.C. "Golden Overcoat" 

Write for the full facts on the Crossfires and the Colorays. C ANN L MAST R 
E L L E N V I L L E, NEW YORK 



positive voltage is not applied to the 
anode of the switching diode; con- 
sequently, it is nonconducting and 
the incoming RF signal is trans- 
ferred to the input of the receiver. 
In effect, the switching diode oper- 
ates as an antenna switch. Of course, 
in an actual two-way radio unit, the 
same activity must also handle a 
number of other switching assign- 
ments such as those in the Raytheon 
TWR-7 shown in Fig. 11. 

The press -to -talk switch, mounted 
in the microphone case, handles 
all the switching activities; it is 
shown in the receive position. One 
pair of the contacts is open, while 
the other is closed and connects the 
loudspeaker to the output of the 
audio amplifier. On the transmit 
mode, this connection is broken and 
the loudspeaker is disconnected; the 
other pair of contacts connects the 
microphone signal thru Cl to the 
audio amplifier. This contact also 
applies a positive voltage to the 
transmit supply voltage line. Let us 
consider the operation of the cir- 
cuit for the transmit and receive 
modes. 

Transmit Mode 

As mentioned previously, in the 
transmit position of the press -to -talk 
switch, the microphone is connected 
to the input of the audio amplifier. 
Also, a positive voltage is connected 
to the transmitter supply voltage 
line. This voltage turns on the trans- 
mitter transistors and also places 
a positive voltage on the anode of 
switching diode D1. This causes 
the diode to conduct and, as shown 
in Fig. 10, places an RF short cir- 
cuit across the feed path to the re- 
ceiver input. Thus, the transmitter 
energy does not enter the receiver; 
rather it sees an appropriate match 
from the output of the last RF power 
transistor to the antenna. The posi- 
tive voltage is also applied to the 
cathode of switching diode D2, cut- 
ting off this diode; therefore, the 
path between the output of the re- 
ceiver and the input of the audio 
amplifier is broken during the trans- 
mit mode. 

Receive Mode 

The loudspeaker is connected to 
the output of the audio amplifier 
and the positive voltage is removed 

from the supply -voltage line to the 
transmitter. Now, the transmit tran- 
sistors are nonconducting and the 
RF power output transistor places 
no significant load on the resonant 
circuit. The removal of the posi- 
tive voltage also cuts off switching 
diode D1 ; it is now nonconducting 
and does not attenuate the incoming 
signal that is coupled via capacitor 
C2 to the receiver input. Also, posi- 
tive voltage is removed from the 
cathode of switching diode D2. In- 
asmuch as positive bias voltage is 
applied to its anode, D2 conducts 
and offers a low -resistance path for 
the demodulated voice signal that 
passes through capacitor C3 from 
the volume control. 

It is anticipated that electronic 
switching will become increasingly 
popular in CB equipment. Such a 

technique can provide less trouble- 
some and more versatile transmit 
receive changeover. More impor- 
tant, with ingenuity in circuit design, 
electronic switching can control cir- 
cuit operations in such a manner 
that a very minimum power demand 
is made. 

CFÌEK-IT 
CIRCUIT TESTER 

FOR ONLY T 1.49DEALER NET 
LESS BATTERIES 

BATTERY OPERATED 
TESTS WITH POWER OFF 

CONTINUITY FUSES SWITCHES 
CHIMESAPPLIANCESMOTORS 

BUZZERS PUSH BUTTONS 
AUTO IGNITION and VOLTAGE 

REGULATORS, ETC. 
ASK YOUR ELECTRONIC 

PARTS DISTRIBUTOR FOR 

MODEL NO. B Z 5 
MANUFACTURED BY 

WORKMAN 
SARASOTA FLORIDA 

OitOlÚl 
PRODUCTS INC 

Circle 19 on literature card 

NOW! Solve Electronics Problems 
fast with New Patented Slide Rule. 

That's right! This amazing new Electronics 
Slide Rule will save you time the very first 
day you use it. It's a patented, all -metal 10" 
rule that features special scales for solving 
reactance, resonance, inductance and cir- 
cuitry problems . . . an exclusive "fast - 
finder" decimal point locater ... widely - 
used formulas and conversion factors for 
instant reference. And there's all the stand- 
ard scales you need to do multiplication, 
division, square roots, logs, etc. 
Best of all, the CIE Electronics Slide Rule 
comes complete with an Instruction Course 

I GET BOTH FREE!1 

( 

Send 
coupon 
today-p 

of four AUIO_PROGRAMMED'lessons. You'll quickly 
learn how to whip through tough problems 
in a jiffy while others plod along the old- 
fashioned "pad and pencil" way. 

Electronics Slide Rule, Instruction Course, 
and handsome, top -grain leather carrying 
case ... a $50 value for less than $20. Send 
coupon for FREE illustrated booklet de- 
scribing this Electronics Slide Rule and 
Instruction Course and FREE Pocket Elec- 
tronics Data Guide. Cleveland Institute of 
Electronics, 1776 E. 17th St., Dept.PF-107 
Cleveland, Ohio 44114. 

*TRADEMARK 

Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. PF -13?, Cleveland, Ohio 44114 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 
promptly and get FREE Pocket Electronics Data Guide too! 

NAMF 

ADDRESS 

(Flame Print) 

COUNTY 

CITY--_-- _ - STATE ZIP 

A leader in Electronics Training...since 1934 
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You'll star 
in TV Guide 

If you're "the right TV serviceman:' 

Get the jump on profitable color set repairs. 
Your Sylvania distributor will put your name, your town, 
your phone number in TV Guide as many as four times this 
year. If you're the right TV serviceman. 

The right TV serviceman-Mr. Right- 
is any Independent Service Dealer who car- 
ries the most advanced replacement parts: 
our color bright 85TM picture tubes and our 
color receiving tubes. He may also carry 
competing brands. So he's in a position to 
give unbiased opinions on color set repairs. 

Circle 20 on literature card 

This is what our double -page, full -color localized ads ex- 
plain to TV Guide readers. Just see your Sylvania distribu- 
tor and the ads will tell all those TV set owners about you. 
How about it, Star? 

Sylvania Electronic Tube Division, Electronic Compo- 
nents Group, Seneca Falls, New York 13148. 

"I YAN I. 
SUBSIDIARY OF 

GENERAL TELEPHONE & ELECTRONICS GTE 
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F' ° e i h 115>Ott 
Q0 A 260 

ió 5.155 , 

VOLT -OHM- MILUAMMETER 
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new 260 =ESE= VOM 
We're at it again ... making the 260° a better buy than ever. This 
latest improvement is built-in meter protection ... standard on reg- 
ular* 260 volt -ohm milliammeters-Series 5 and 5M. 

It prevents mechanical damage to the moving element in the move- 
ment from instantaneous overloads up to 1,000,000°/o, or steady state 
overloads up to 500,000°/o. It also stops overheating or burnout of 
the armature coil, damage to hair springs, and calibration change 
due to high overloads. Otherwise the famous 260 remains unchanged. 

If you now have a Series 1, 2, 3, or 4, 260 VOM, you can install 
your own meter protection. Ask your electronics distributor for a 

Simpson meter "safe/guard®." It takes only minutes to install. 
260-5 with new meter protection $5295 

260-5M (mirror scale) with meter protection $5495 

RANGES (20,000 o/v DC; 5000 o/v AC) 

DC VOLTS: 0-0.25; 0-2.5; 0-10; 0-50; 0-250; 
0-1000; 0-5000 
AC VOLTS: 0-2.5; 0-10; 0-50; 0-250; 0-1000; 
0-5000 
DC MICROAMPERES: 0-50 (250 MV Drop) 
DC MILLIAMPERES: 0-1; 0-10; 0-100; 0-500 
DC AMPERES: 0-10 (250 MV Drop) 
RESISTANCE RANGES: RX1 0-2000 ohms (12 
ohms center) RX100 0-200K ohms (1200 ohms 
center) RX1OK 0-20 megohms (120K ohms 
center) 
ACCURACY: DC, ±2% F.S.; AC, ±3% F.S. 

Write for Bulletin 2072 showing 
the entire line of Simpson VOM's 

*260-5P has both meter and circuit protection except on the 1000V and 5000V DC and AC ranges, and the 10 -amp DC range. Price $79.95 

INSTRUMENTS THAT STAY ACCURATE 

SIMPSON ELECTRIC COMPANY 
5209 W. Kinzie Street, Chicago, III. 60644 Phone: (312) EStebrook 9-1121 

Representatives In Principal Cities ...See Telephone Yellow Pages 
Export Dept: 400 W. Madison St., Chicago, III. 60606 Cable, Amergaco 

In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay 
WORLD'S LARGEST MANUFACTURER O F ELECTRONIC TEST EQUIPMENT 

Circle 21 on literature card 
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"What our business 
needs is a good UHF 
VHF amplif ier' "What 
our business needs is 
a good UHF -VHF amp 
Iifier'"What our bu..': 

"Say no more." 

"You mean there's an amplifier that covers all 
TV channels from 2 to 83?" 
"You bet. In fact there are two-the outdoor U/Vamp-2 
and the indoor V/U-ALL2." 
"Suppose I live in an area where there's only VHF?" 
"Your motto should be 'Be Prepared' because there 
are a lot of new UHF stations soon to come on the air. 
These all -channel amplifiers are obsolescence -proof." 
"Anything I should know about the U/Vamp-2?" 
"Well, the U/Vamp-2 is compact and easy to install 
on.the antenna mast. Has a remote AC power supply." 
"How about performance?" 
"Two transistors give you all the power you need 
for better reception on VHF and UHF. Also protect 
against overload. Lists for $49.95." 
"Supposing I don't want to put an amplifier 
up on my antenna mast?" 
"Then use the V/U-ALL2. Not as effective as the 
U/Vamp-2, but you don't have to climb a ladder .. . 

and it delivers signals to two TV sets. Only $42.50 list." 
"Guess I'll rush down and get one of the new 
Blonder -Tongue UHF/VHF amplifiers." 

(This message was paid for out of the gross profits of 
BLONDER -TONGUE, 9 Ailing St., Newark 2, N.J.) 

Circle 22 on literature card 
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BOOK REVIEW 
Practical Transistor Servicing, Re- 
vised Edition; William C. Caldwell; 
Howard W. Sams & Co., Inc., In- 
dianapolis, Ind., 1965; 190 pages, 
81/2" x 51/2", paperback; $2.95. 

Not only does the small size of 
transistor radios make them hard to 
service, the fact that the majority of 
test equipment found in service shops 
is designed for use in vacuum -tube 
circuits compounds the difficulty. In 
addition, service technicians often 
approach trouble spots using exactly 
the same concepts in transistor cir- 
cuits that they use for vacuum -tube 
circuits. The results of these servic- 
ing procedures are inefficient trouble- 
shooting techniques which increase 
repair time and decrease profit. 

In this revised edition, the author 
has again outlined step-by-step meth- 
ods for profitable, efficient transistor - 
radio troubleshooting; also, tech- 
niques suitable for repairing the new 
transistor AM -FM radios have been 
added. In chapters one and two, the 
discussions of basic transistor theory 
are always treated as means for aid- 
ing the reader to develop the basic 
understanding required for efficient 
troubleshooting. 

Detailed AM transistor -radio trou- 
bleshooting .methods are outlined in 
the third chapter. Signal tracing. 
signal injection, and the advantages 
and disadvantages of each method 
are fully covered. The fact that low 
impedances in transistor circuits limit 
the usefulness of much test equip- 
ment is discussed, and methods for 
getting the most benefit from avail- 
able test equipment are then de- 
scribed. The fourth chapter shows 
methods for profitably troubleshoot- 
ing AM -FM transistor radios. 

Voltage and current analysis of 
normal and malfunctioning transis- 
tor circuits is covered in the fifth 
and sixth chapters. Here, compari- 
sons made between transistor and 
vacuum -tube circuits help clarify 
similarities and differences in symp- 
tom analysis. Special techniques - 
such as the use of a hair drier to 
spot a heat -sensitive transistor - are 
also introduced. The seventh chap- 
ter should be quite useful to the 
technician who doesn't have a transis- 
tor tester; it shows a reliable method 
for testing transistors with a VOM. 

Both AM and AM -FM auto radios 
are covered in the eighth and ninth 
chapters. The tenth chapter is an in- 
formative list of "case histories" that 
illustrate effective test procedures. 

By studying these techniques, the 
technician can learn to service tran- 
sistor radios rapidly and profitably. 
This same information will also he 
advantageous in servicing transistor 
TV receivers and other solid-state 
equipment. 



This new 
Zenith antenna 
doesn't believe 

in ghost% 

Zenith 
Wavemagnet 

indoor 
TV antenna 

Designed for clear, sharp, 
all -channel (2 to 83) reception 

in color or B&W, the Zenith 
Wavemagnet antenna meets the 

quality standards set for Zenith 
"original parts"... your assurance 

of the world's finest performance. 

The VHF and UHF elements are 
heavy chrome -plated. Separate 

lead-in cables for UHF and VHF 
correspond to the input arrangement 
of every new all -channel TV receiver. 

This new design features a special 
network providing substantial step-up 

of basic dipole impedance, resulting 
in a lower voltage standing wave ratio 

(VSWR) than the ordinary VHF indoor 
antennas. This reduces snow effect, 

reflections and ghosts. 

Optimum UHF performance is achieved 
with two full-size UHF loops, arranged one 
behind the other, that are carefully 

phased through a coupling network through 
the entire UHF spectrum from 470 to 890 
megacycles. The increased sensitivity develops 

an exceptionally high front -to -back ratio equal 
to that in many outdoor antennas. This is 

_. remarkably effective in reducing ghosts 
and man-made interference. 

Order the new Wavemagnet antenna 
(Part Number 973-56) and other genuine Zenith 

replacement parts and accessories from your 
Zenith distributor. 

The quality goes in 
before the name goes on® 

Specifications subject to 
change without notice 
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Troubleshooting Synchro Systems (Continued from page 23) 

Stator lead changes. 

With Generator at 0° 
the Motor setting is 

Comparative 

direction 
of 

rotation: 
Rotor leads 

normal 
Rotor leads 

reversed 

S1 and 52 reversed -120° 60° Opposite 

S2 and S3 reversed 120° -60° Opposite 

S1 and S3 reversed 0° 180° Opposite 

S1 to 53, S2 to Si, 
S3 to S2 

-120° 60° Same 

Si to S2, S2 to S3, 

S3 to Si 
120° -60° Same 

Table 1. Angular -settings and rotation -direction changes result from changed leads. 

Who has the 
most complete 
interchangeability 
guide in the 
semiconductor 
industry? 
Semitron has it ... in spades! Our latest Semiconductor Replace- 
ment and Interchangeability Guide features exact replacements 
for over 5000 types of Transistors, Rectifiers, Diodes, etc., each 
exceeding minimum specs. It's the world's most extensive guide 
and price list -a must for every electronic service technician, 
engineer and experimenter. 
For your Guide (Wall Chart or 8 Page Booklet) go to see your 
Semitron distributor for a FREE copy, or send 25C directly to 
Semitronics to cover handling costs. Order your semiconductors 
from the world's largest selection - at Semitronics, where you 
always get more for your money. 

Semitronics 
CORPORATION 

Please send me the Semitron Interchangeability 

Guide for 25c each to cover handling & postage. 

8 Page Booklet 81/2" x 11" 

Wall Chart 22" x 261/2" 

Dept. PF 3 

Name 

265 CANAL STREET 
NEW YORK, N.Y., 10013 Address 

Zip 

PHONE: (212) 226-5401-2 City/State Code 

1 

which causes the rotor in the syn- 
chro motor to turn toward S3 until 
the generator and motor stator volt- 
ages are equal and minimum current 
flows. This system insures that the 
motor and generator rotors are 
aligned and provides sufficient 
torque for positive action. 

Troubleshooting Procedures 

Proper operation includes as a 

first step the proper zeroing, or 

alignment, of the synchro units. 
There are several different methods 
that can be used; only one is given 
here. Referring back to Fig. 3A, 
notice that at electrical zero the S1 - 

S3 voltage is zero. So, the first step 
in zeroing would be to rotate the 
unit until that condition occurs. 
However, when the rotor is set at 

180°, the S1 -S3 voltage is also zero. 
The next step then would be to de- 
termine whether the rotor is at 0° 
or 180°. One method is to connect 
the synchro as shown in Fig. 6A. 
At 0° or 180° the voltmeter reads 
0 volts. Reconnect the units as 

shown in Fig. 6B; if the rotor is at 

0°, a voltage lower than line volt- 
age will be read. If the rotor is at 

180°, a voltage higher than line 
voltage results. Always provide a 

mechanical load when zeroing to 
prevent the unit from running away. 
Improper zeroing would result in 

a constant angular error between 
the two units. 

Troubleshooting synchros is usu- 
ally not difficult, but one of the best 
aids is knowing what occurs when 
various changes are made. So in- 
stead of progressing from a symp- 
tom to its cause, the following ex- 

planations take the opposite ap- 
proach. The various types of trouble 
are listed under several general 
headings. Then for each trouble it 

effects on the system is listed, thus 
giving a more compact summary 
because of the grouping of similar 
troubles. 

Varying Voltages 

Nameplate ratings are given as- 
suming that correct line voltage is 

being applied. If the line voltage 
changes, all voltages will change in 

the same proportion. For example, 
if 105 volts were applied instead of 
115, all voltages would change by 
a factor of: 105/115 = .91. At 
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The cover 
gives you the 
whole story. 

7'S'0 NI 031NINd 

A Product of Generai Motors 

o 

The United Delco box tells you for 
sure you're getting a replacement 
radio part of the same high quality 
as the original. 

And it tells you who authored it, 
too. Namely, Delco Radio. 

So, if you'd like to hang on to your 
reputation and customer goodwill, 
just ask yourself this next time you 
order transistors: 

Do they come individually packed 
in a distinctive box? (Bushel buying 
is for potatoes, not transistors.) 

Do they carry an easy -to -read, 
can't -make -a -goof number? 

Are the numbers-and the transis- 
tors-grouped in such a way that 
you can service more car radios 
with fewer parts? 

Is there a good chance that the 
parts are original equipment on 
nearly half of the car radios on the 
road? 

Delco Radio transistors are all of 
these, and you can get them from 
your United Delco supplier. He 
handles the most widely advertised, 
merchandised and recognized 

Circle 52 on literature card 

V 
ONE pga©1 
MOO& 1.1. AIM 

CARTON PART NO. 
1221705 

name in the 
Delco. 

parts business-United 

That's how your customers know a 
good part when they see it. 

United v 
Delco 

DELCO RADIO. Du of General Motors, Kokomo. Ind. 
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950 
ALL PARTS 

(except tubes) 

Plus Shipping Charge 

QUALITY 24 hrs. 
TV TUNER Service 

SERVICE Most Makes 

UHF - VHF - COLOR - (COMBOS. - 14.50) 
15 YEARS OF TUNER EXPERIENCE 

1 Year Warranty 
Tuners completely 
cleaned and checked 

Open Account on 
approved credit 

Dist. write for price structure 

Pack Tuner Carefully - Insure Package - 
Include all parts 
(Broken or not) 

QUALITY TUNER SERV. 
5142 W. 25th St. 

CHICAGO, ILL. 60650 

ql'+ .% 

MODEL FID 
FREQUENCY 

INDEPENDENT 
DRIVE ANTENNA 
VHF -FM -COLOR 

Circle 27 on liieranar card 

MEET ALL CRITICAL DEMANDS 

WITH TARGET ANTENNAS 

MODEL PW 
UHF -VHF -COLOR -FM 

PASSIVE WAVE 
ANTENNA 

5 8 A easily satisfies your most demanding 
specifications for sharp brilliant reception. 

MODEL PW ANTENNAS 
Passive Wave combined with the best features 
of Log Periodic construction produce a new de- 
sign unequalled in overall operation. Wave 
guide element system in combination with fre- 
quency independent drive effects a new break- 
through in a high gain channel 2 through 83 
antenna. UHF section provides director action at 
VHF high band frequencies in addition to wave 
guide control at UHF frequencies. 

MODEL F10 ANTENNAS 
Eliminate the need for two antennas by using 
this new VHF -FM Color antenna incorporating 
frequency independent drive. (Log Periodic Con- 
struction.) Features a new phase angle control 
director system which provides a triple function, 
greatly increasing performance obtainable with 
ordinary dual band systems. Assures VHF and 
color plus FM listening at their finest. 

Z, 
PAT. PENDING 

_Aire¡ 

. manufacturers of the TARGET ANTENNA 

gi=7) -d 
206 W. FLORENCE ST. TOLEDO, 

Phone: 419-693-0528 
Circle 26 on literature card 

OHIO 43605 

electrical zero, voltage between S1 

and S2 would be: 78 X .91 = 71 
volts. The others would vary sim- 
ilarly. Slightly reduced voltage ordi- 
narily will not harm the units, but 
operation may be slower and more 
sluggish than normal. Should the 
synchro motor have a heavy me- 
chanical load, insufficient voltage 
may reduce torque until the rotor 
cannot turn; in such a case, exces- 
sive stator current may burn up 
both the generator and motor. If 
there is no voltage at all, check the 
fuses or circuit breakers. Each syn- 
chro may be fused separately, or 
one set may be used for all units. 
The first method is preferred be- 
cause current tolerances may be 
decreased, and the other units would 
be protected in case of trouble in 

one unit. 
If line voltage were increased, for 

example to 125 volts, all of the 
voltages would increase by a factor 
of: 125/115 = 1.09. At electrical 
zero, voltage between S1 and S2 
would be: 78 x 1.09 = 85 volts. 
Other voltages would vary similarly. 
Increased voltage may speed up the 
operation slightly, and as a conse- 
quence, increase chatter and oscil- 
lation. With poor damping the syn- 
chro motor may run away and act 
as a conventional motor. 
Opens and Shorts 

As would be expected, open or 
shorted coils or connections result 
in improper operation. For purposes 
here, assume that an open coil pro- 
duces the same effect as an open 
lead connecting to that coil. If both 
rotors were open, there would be 
no operation because there would 
be no induced voltages. If only one 
rotor were open, the operation may 
be almost normal. The motor would 
still follow the generators move- 
ments; it might be at the correct 
setting, or its position might be dis- 
placed by 180°. Operation might be 
sluggish; rotor -core hum and tem- 
perature might both increase be- 
cause of higher current flow through 
the stator coils. 

When a stator coil is open, the 
motor oscillates back and forth be- 
tween two limits as the generator is 
rotated a full 360°. If S1 is open, 
the motor oscillates between 0° and 
120° or between 180° and 300°. 
If S2 is open, the limits are 120° 
and 240° or between 60° and 
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- 60°. If S3 is open, the motor 
oscillates between 60° and 1800 
or between 0° and - 120°. Notice 
that in each case the range of move- 
ment is 120°, and that the axis of 
the open coil is at the center of that 
range. Hum level of the rotor core 
may increase slightly if one stator is 
open. However, if two or more 
stator coils are open in the sanie 
unit, there is no operation at all. 

If a rotor is shorted, the line fuse 
will probably be blown because of 
the short across the AC line. If SI 
and S3 are shorted together the 
synchros will lock at either 0° or 
180°. if S2 and S3 are shorted 
together the synchros will lock at 
120° or 240°. 1f Si and S2 are 
shorted together the synchros will 
lock at 120° or 300°. In all three 
of these cases there will be excessive 
heat and hum. With all the stator 
terminals shorted together there will 
be definite overheating and possible 
damage. Shorted leads are usually 
more plausible than shorted term- 
inals, especially when all of the con- 
ductors are part of a single cable. 
But, as mentioned previously, the 
results are the same. 

A short within a stator coil can 
be determined by measuring all the 
terminal voltages and comparing 
For example, if there were a short 
them with a normal set of readings. 
in the SI coil, the S1 -S3 voltage 
would not be correct, neither would 
the S 1-S2 voltage. But the voltage 
between S2-S3 should be correct. 

Improper Connections 

Improper connections may change 
either the direction of rotation, the 
angular setting, or both. Assuming 
that rotor and stator leads are not 
interconnected both units turn the 
same number of degrees regardless 
of the combination of connections 
being used. Torque is normal, and 
there is no overheating nor damage 
because of the changed connections. 
This four -step summary can be used 
to determine the characteristics for 
any possible set of lead changes. 
I. Reversal of any two stator leads 

causes the units to rotate in 
opposite directions with respect 
to each other. 

2. Changing all the stator connec- 
tions is the same as two rever- 
sals so both units rotate in the 
same direction. 

AFHS 4-88-10 
80 MFD 450V 
30 450 
20 450 

PLN 40 150 
CAN NEG 610366 

Your color TV customer wants nothing less than the best...and now Aerovox 
announces COLOR CERTIFIED Electrolytics for every color TV set now 
being produced. 

Don't lake chances on mis -match ...check the original manufacturer's part 
number in the convenient Aerovox Color TV Cross Reference and get the 
Exact Aerovox Electrolytic replacement you need. 

Your Authorized Aerovox Distributor has them in stock right now in dis- 
tinctively packaged, factory -fresh cartons. Ask him to reach for Aerovox 
COLOR CERTIFIED Electrolytics-the units with etched cathodes built to 
withstand heavy ripple. 

Don't forget-COLOR CERTIFIED Electrolytics to be sure.... 
you pay no more. 

EROI/OX 
AEROVOX CORPORATION 
DISTRIBUTOR DIVISION NEW BEDFORD, MASS. 

Technical Leadership - Manufacturing Excellence 
Circle 28 on literature card 
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3. For any possible connection of 
stator leads the motor rotor 
points in the direction of the 
stator coil that is connected to 
S2 of the generator. 

4. If R 1 and R2 are reversed, the 
direction of rotation is not af- 
fected, but the motor setting is 

changed by 180° from that 
dictated by the stator intercon- 
nections and the generator set- 
ting. 

All of the connection possibilities 
and the results of them are listed 

in Table 1. On the two lower lines 
the generator connection is listed 
first in every combination. For ex- 
ample Si to S2 means that S1 of 
the generator is connected to S2 of 
the motor. Opposite rotation means 
that if the generator is rotated clock- 
wise, the motor will rotate the same 
number of degrees counterclock- 
wise, and vice versa. 

Mechanical troubles can also en- 
ter into operation of a synchro sys- 
tem. These may include worn bear- 
ings or shafts, bearings that are too 

SEND THE HANDY COU- 

PON INDICATING YOUR 

NEEDS 

ROHN 
Manufacturing 

Co. 
BOX 2000 

PEORIA, ILLINOIS 

ROHN 

The mosf Famous Name in 

TOWERS of Ali N/NOS. 
Here are the advantages you get 
when you insist on ROHN TOWERS 

LARGEST FULL RANGE OF TOWERS-you can get any- 
thing from home TV and amateur radio towers to 
heavy-duty communication and micro -wave towers. 
Included are 500 foot self-supporting towers, 1,000 
foot guyed towers, "fold -over" and crank -up towers. 
Regardless of your needs, ROHN can supply it. 

UNQUESTIONED LEADERSHIP IN DESIGN AND MANU- 
FACTURE-you get the latest in advanced tower engi- 
neering. All communication towers are engineered 
to EIA specifications, and are proved by thousands 
of installations. No other manufacturer can surpass 
the quality and fine reputation of ROHN. 

QUALITY MATERIALS AND WORKMANSHIP-Only high- 
est quality steel is used which fully meets the speci- 
fications for the job. ROHN towers are hot -dipped 
galvanized after fabricatIon-a feature ROHN pio- 
neered! 

SERVICE WHEREVER YOU WANT IT-ROHN represent- 
atives are world-wide. Complete erection service for 
communication systems, broadcasting, micro -wave, 
and other needs is available; also competent engi- 
neering service to help you. 

Settle for the BEST In TOWERS-ROHN-today the 
world's largest, exclusive manufacturer of towers of 
all kinds! 

For your needs, contact your local ROHN salesman, 
distributor or dealer; or write direct for information. 

ROHN Manufacturing Co. 
Box 2000 
Peoria, Illinois 
Send me complete literature on the following ROHN Products: 

Home TV Towan Amateur Tyyers 
D Communication Towers AM -FM Broadcasting Towers 

D Micro -Wave Towers Government 

Name 

Firm 

Address 

City State 

tight, loose couplings, worn parts, 
or other similar problems. And, as 
in all types of servicing, visual in- 
spection can be a valuable aid. Such 
inspection may show loose connec- 
tions; broken, frayed, or burned 
wire s; overheated components; 
loose, bent, or broken mechanical 
couplings; "frozen" bearings; etc. 
In some cases the brushes and slip 
rings used to connect the rotor coil 
to the external terminals may be 
worn or broken. 

Conclusion 

Synchros are simple devices; yet, 
unless their operation is thoroughly 
understood, much time can be 
wasted correcting troubles which 
should be easy to troubleshoot. 
Since synchros and synchro systems 
are an integral part of servomech- 
anisms and automatic control de- 
vices, a basic knowledge of synchro- 
system operation is essential for 
industrial maintenance. 

looking for connectors 
to fit your 

nrrtg4 
tape recorder? 

YOUR NEARBY SWITCHCRAFT 

AUDIO DEALER TALKS YOUR LANGUAGE! 

Stop searching. Those hard -to -find minia- 
ture, multi -pin connectors for imported tape 
recorders, dictation machines, audio and 
P.A. equipment are at your local Switchcraft 
dealers now! 2 to 7 pin, male, female .. . 

for Sony, Norelco, Grundig-Majestic, Korting, 
Uher, Panasonic, Telefunken, etc. Original 
equipment precision, quality and fit. 

Write for complete catalog C-503 and a list 
of dealers who stock these connectors. swKtçcaa.A 

IMC.+ 

5573 Elston Ave., Chicago, III. 60630 

Circle 30 on literature card 
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B&K MODEL 970 RADIO ANALYST 

SERVICE AM & FM 
AUTO AND TRANSISTOR RADIOS 

AT A PROFIT! 
Jobs that used to be unprofitable now go so quickly that you can make 
good money handling them! There are millions of auto radios and tran- 
sistor radios in the field-portables, auto and table models, plus hi-fi 
and communications equipment. Instead of turning them away, you can 
turn them into money-makers with the B&K Model 970 Radio Analyst. 

The 970 is effective because it's accurate and complete. Using the 
famous B&K signal injection technique, this all -in -one instrument pro- 
vides the required do power, lets you test power and signal transistors 
in and out of circuit; generates RF and audio signals, and includes a 
rugged, accurate VOM. Four functions in one compact package-with 
solid state reliability, B&K professional quality. 

LOW INVESTMENT-QUICK RETURN 
See your B&K Distributor or write for Catalog AP22-R Net $19995 

B & K MANUFACTURING CO. 
DIVISION OF DYNASCAN CORPORATION 
1801 W. BELLE PLAI NE AVE. CH ICAGO, ILL. 60613 

Export: Empire Exporters, 123 Grand St., New York 13, U.S.A. 

FEATURES: 
BUILT-IN POWER SUPPLY 
Auto Radios-High current, low -ripple, for 
transistor, hybrid, and vibrator types. 
Transistor Portables -11/2 to 12 volts for 
battery substitution-plus separately vari- 
able voltage tap for bias. 

QUICK AND ACCURATE TESTING OF 
POWER AND SIGNAL TRANSISTORS 
In-Circuit-stage by stage DC signal injec- 
tion and sensitive metering of power supply 
current. 
Out-of-Circuit-Direct Beta and Leakage 
meter scale readings. Easy balancing or 
matching. 

VERSATILE SIGNAL GENERATORS 
RF Generators-provide broadcast and IF 
frequencies for both AM and FM bands. 
Audio Generator-for AM or FM modula- 
tion of the RF signals, and for trouble- 
shooting audio circuits. 

RUGGED VOM 
Volt-O1M-Milliammeter-with rugged, 
taut band meter-provides correct ranges 
for easy, fast servicing of all home and 
auto radios, as well as transistor portables. 
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You've got no 
business advertising 
in the Yellow Pages. 

Unless you want 
more business. 

Find it here first-fast. 
Action -People do. 
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geket' 
W2 150V 30- LC 

SYNC INPUT 

WI 3V 30- LC 

.01 

W6 1806 

750K 

.0015 

VERT HOLD 

r 

60V 

K1 

7meg 

DC VOLTAGES taken with VTVM, on inactive channel; 
antenna terminals shorted. *Indicates voltages taken 
with signal present-see "Operating Variations." 

W3 65V 

11 82K 

1 meg 

2.2meg 

BOOST 

VERT SIZE 
(HEIGHT) 

.01 

100052 

22K 

Vertical 
Oscillator 

OV 
*OV 

2 

1 

*12V 
12V 

6BA11 Compactron 

W5 65V 30- LC 

VERT MULT 

VERT OUTPUT 

V2 6GK6 
DO NOT MEASURE 

3-9 

8 

*255V 
255V 

33052 

265V 

VERT 
LINEARITY 
6004 
1004 STOP 

W4 1V 30- LC 

WAVEFORMS taken with wideband scope; TV con- 
trols set to produce normal picture and sound. 
Low -capacitance (LC) probe used throughout circuit. 

Normal Operation 

Triode section of 6BA1 1 (compactron) combines with 
pentode to form vertical-multivibrator-output stage in 
Zenith Chassis 14N26. V2 starts conducting, feeding 
negative pulse thru C6, K 1, and C7 to grid of VI A 
cutting it off. This negative voltage bleeds to ground 
thru R4 and R1 (vertical hold varies time period) 
and negative bias on pin 9 of V 1 A is reduced. At same 
instant vertical -sync pulse is coupled via C2 and ap- 
plied to pin 10 across X1 , assuring VI A will conduct. 
(X1 offers little resistance for VI A conduction; how- 
ever, as negative sync pulse arrives thru C2, X1 con- 
duction ceases, providing infinite load for sync pulse 
to cathode.) Voltage present on C3 and C5 now dis- 
charges through VIA; negative pulse appearing on pin 
11 of 6BA 11 couples thru C5 and R7 causing V2 to 
cease conduction. Plate voltage on V2 increases when 
conduction stops and collapsing field from yoke and 
vertical -output transformer applies a strong positive 
pulse on pin 7 of 6GK6. This positive pulse charges 
feedback network to grid of VI A allowing it to conduct 
for short interval until pulse collapses; remaining charge 
cuts V 1 A off. Negative voltage on pin 9 bleeds to 
ground via R4 and R1 which starts oscillator cycle 
again. During V1 A cutoff, boost voltage feeds thru R2 
and charges C3 at a rate to provide linear drive voltage 
via R5, C5, and R7 to pin 2 of V2. Vertical -linearity 
(R3) determines V2 conduction time. Parabolic volt- 
age (W4) aids linearity. 

Operating Variations 

Pin 10 
V1A 

Pin 9 
VIA 

Pin 1 

VIA 

CW or CCW rotation of vertical -hold 
control causes - .2 volts reading. No 
voltage changes as R2 or R3 is adjusted. 

Variation of -25 to -45 volts is ob- 
served when R1 is adjusted. Rotation of 
R2 or R3 reveals - 30 to -35 volts. 

Range of 30 to 85 volts read with com- 
plete rotation of Rl. Turning R3 reveals 
voltage change of 35 to 74 volts, and ad- 

justing R2 shows spread of 37 to 110 volts. 

Cathode reading varies from 11 to 13 
volts when adjusting R1; R3 causes swing 
from 6 to 14 volts; R2 produces varia- 

tion of 11 to 15 volts. Adjusting R1 and R2 reveals no 
voltage change on pin 2; however, setting R3 for more 
cathode resistance reveals - 1.5 volts. Pin 8 is un- 
changed by control rotation. 

W1 varies from 2 to 10 volts P -P when 
adjusting Rl, while R2 and R3 rotation 
shows no voltage change. Turning either 

control causes swing of 100 to 195 volts P -P for W2. 
W3 and W5 vary from 30 to 55, 40 to 110, and 35 to 
70 volts P -P with rotation of RI, R2, and R3 respec- 
tively. Also, W4 reads .5 to 2, .3 to 1.5, and .8 to 1.5 
volts P -P by moving R 1, R2, and R3 respectively. R1, 
R2, and R3 vary W6 amplitude from 140 to 240 volts. 

V2 

Wave- 
Forms 



Symptom 1 

Symptom 
Analysis 

Extreme Nonlinearity 
Top Stretched- 

Bottom Compressed 

C4 Open 

(Waveshaping Capacitor-.068 mfd) 

Picture up one-third from bottom and appears to have 
foldover and multiple images. Vertical scanning uneven 
with top half of screen extremely stretched. Vertical 
hold will sync picture; however, vertical height and size 
controls have no effect on raster. 

Waveform Analysis 

W3 and W5 amplitude has in- 
creased from 65 to 300 volts P -P. 
Linear slope of W5 has disap- 
peared and resembles square 
wave, accounting for nonlinearit\ 
of sweep. W5 shows six negative - 
going spikes compared to two of 
normal waveform. This indicates 
frequency has tripled, resulting in 
multiple image on screen. W2 
also reveals distortion and in- 
creased amplitude from improper 
feedback. C4 develops linear 
slope of W3 and W5. 

Voltage and 
Component Analysis 10 

GV 
32 

No voltage change pin 2 V2 or pin 10 V1 A. Grid 
6BA 1 1 reads -75 volts indicating strong feedback 
pulse that charges feedback network to greater degree, 
resulting in larger bias. Plate VIA shows 290 volts. 
Defective R2 and R5 could cause abnormal plate volt- 
age, but check good. C5 is okay, verified by pin 2 

voltage. C4 must be culprit and is found open. Normal 
C4 presents low impedance for boost during charge 
time; however, if open, little impedance encountered 
on pin 11, except drop across R2 and R5. 

Bottom Foldover 

Stretched at Top 

Cl Leaky 

(Cathode Filter Capacitor -200 mfd) 

Symptom 2 

Symptom 
Analysis 

Vertical hold will sync picture but must be positioned 
near one end of rotation. Height control affects bottom 
of picture; however, vertical linearity has no influence 
on top of raster. Adjustment of either size or linearity 
controls causes uncontrollable roll. 

Waveform Analysis 

Vv S shows 15 -volt P -P decrease 
in amplitude. Slope of waveform 
reveals nonlinearity with slight 
leveling off near top which r,pre- 
cents foldover portion of picture. 
W3 identical to W5. Result of 
improper feedback noted in W2. 
Amplitude W2 has increased 50 
volts despite decrease grid wave- 
form W5. This indicates grid bias 
V2 has decreased. Parabolic 
waveform W4 increased to 1.8 
volts P -P. Insufficient filtering 
likely; CI strong suspect. 

A 

11 aa59 

10 

3-9 

6 

09 k0 

wsssv a- 

Voltage and 
Component Analysis 

Grid of VI A measures - 60 volts. V2 must be con- 
ducting more, providing greater feedback, causing in- 
creased bias of 6BA I l . Pin 8 6GK6 has insignificant 
voltage change, but pin 1 voltage has dropped 50%. 
reducing bias on V2. This permits conduction to 
start on lower nonlinear portion of drive pulse and ex- 
plains stretched top portion of picture. Negative volt- 
age on pin 2 V2 indicates grid drawing current, result- 
ing in foldover at bottom. Resistance check at pin 1 

shows Cl has 100 -ohm leakage. 

Best Bet: Scope is more conclusive. Best Bet: Scope then VTVM. 



Symptom 3 

Symptom 
Analysis 

Thin Horizontal Line 

No Vertical Sweep 

C7 Open 

(Feedback capacitor-.0068 mfd) 

Narrow horizontal line through center of screen indi- 
cates absence of vertical sweep. Vertical linearity or 
size controls have no affect on bright horizontal line. 
Turning vertical hold produces no change. Rotation of 
controls renders no helpful hints. 

Waveform Analysis 

Scope check re,. cals no wave- 
forms through entire vertical cir- 
cuit. Oscillator stage is inopera- 
tive. Connecting 60 -cps signal 
(W5) from filament of V2 through 
.1-mfd capacitor to pin 2 of 
6GK6 produces partial nonlinear 
sweep on screen. Moving scope 
to grid of VI A uncovers absence 
of feedback pulse W2. Using 
scope to monitor W6 reveals dis- 
torted 60 -cps pulse that was in- 
jected on pin 2 of V2, proving 
that C7 is open. 

Voltage and 
Component Analysis 

OA 
11 *a.sv 

10 

Y.IV 

Pin 2 V2 has zero volts and screen grid has normal 225 
volts. Cathode voltage 6GK6 dropped to 10.4 volts. 
Pin 10 6BA l 1 shows .1 volt, but grid voltage changed 
to -.5 volts and plate has lowered to 6.5 volts. Since 
plate resistor R5 is very large. slight increase in VI A 
conduction will lower plate voltage considerably. Volt- 
age readings are inconclusive and each component in 

oscillator stage would need checking to determine de- 

fective one. Scope analysis and 60 -cps signal injection 
is quick way to pinpoint faulty component. 

Best Bet: Scope and signal injection. 

Top and Bottom 
Compressed 

Compression Equal 

R7 Increased Value 
(Grid resistor -1000 ohms) 

Symptom 4 

Symptom 
Analysis 

Raster equally compressed at tilp and bottom. Vertical 
hold has .iniple range ,nid .ones picture at center of 
rotation. Ileight and linearit\ controls adjustable so 

picture tills screen linearly. Even though controls com- 
pensate for trouble. component breakdown indicated. 

Waveform Analysis 

Scope check of W2, grid of VIA, 
shows waveform has decreased 
slightly in amplitude; however, 
shape of wave hasn't changed. 
P -P voltage of W3 increased 
somewhat. This seems to indicate 
more VI A conduction. W5 re- 
veals waveform identical to W3. 
Scope checks give no help since 
all waveforms are same as nor- 
mal except for slight change in 
amplitude. Voltage and resistance 
measurements must be made to 
determine defect. 

OA 
11 

-30 
9 

10 

*70V Voltage and 
Component Analysis 

Pin 10 VI A measures normal zero volts. Grid 6BA 1 1 

has dropped 6 volts and reads - 30 volts, while plate 
shows slight gain to 70 volts. This indicates some atten- 
uation of feedback pulse, causing VI A to conduct less. 

Screen grid V2 reads normal, but cathode measures 
10.8 volts. Pin 2 6GK6 has acquired -2.5 volts from 
a normal zero reading. Since both height and linearity 
of raster are affected equally, components off control 
grid 6GK6 are suspected. Resistance measurement re- 
veals R7 has increased to 150K. 

Best Bet: VTVM for resistance measurements. 



Symptom 5 

Symptom 
Analysis 

Nonlinearity 

Extreme Bottom Foldover 

C5 Leaky 

(Coupling capacitor-.1 mfd) 

Vertical hold will sync picture but does so near one 

end of its rotation. Attempt to adjust height and linear- 

ity controls prove fruitless and produces uncontrollable 

loss of vertical sync. Very pronounced foldover present 

at bottom of picture. 

Waveform Analysis 

Increased P -P voltage of W2 

reads 200 volts. Feedback pulse 
is greater than normal; also, dis- 

tortion can be noted at top of 

slope near small positive pip. W3 
reveals nonlinear slope drive sig- 

nal (W5 waveshape and P -P 
voltage same as W3). W6 has 
255 volts P -P and slight hump 
can be noted at beginning of 
sharp positive pulse. This repre- 
sents foldover at bottom of pic- 
ture. DC voltage and resistance 
checks are required. 

Voltage and 
Component Analysis 

A 

tV 

II <2n, 

Bias voltage on grid VI A shows increase to - 50 volts 
while pin 10 voltage remains zero. 6BA 11 plate reads 
28 volts, 50% down. This decreased voltage could be 
result of increased tube conduction-larger negative 
voltage on V1 A grid indicates greater feedback driving 
pulse-or defective component in VIA plate circuit. 
Cathode voltage of 6GK6 has jumped to 30 volts. 
Leaky C4 could cause voltage change on pin 1, but C4 
checks okay. Pin 2 measures 24 volts. C5 suspected and 
found leaky. 

Best Bet: Voltage and resistance checks. 

Top and Bottom 
Compressed 

Height Inadequate 

R7 Value Increased 

(Plate resistor -2.2 meg) 

Symptom 6 

Symptom 
Analysis 

Insufficient vertical scanning top and bottom of picture. 
Vertical hold locks picture solid. Linearity control in- 
creases top of raster; however, nonlinearity (stretched 
top) results. Adjustment of size fails to provide com- 
plete vertical sweep at bottom of CRT. 

Waveform Analysis 

Grid V 1 A waveform W2 shows 
good shape and linearity but 
measures only 120 volts P -P com- 
pared to normal 150 volts P -P. 
W3 and W5 are identical wave- 
forms with proper linearity; how- 
ever, their amplitude reveals at- 
tenuation over 50%-reads 30 
volts P -P. Feedback pulse W6 
has normal linearity but below - 
normal amplitude of 160 volts 
P -P. All waveforms have proper 
shape but lack amplitude. Scope 
will not locate trouble. 

22V Voltage and 
Component Analysis 

Cathode VIA reads normal zero volts; pin 9 measures 
-22 volts, 35% change, and plate reveals 22 volts. 
Voltages V2 show no change except pin I which has 
dropped to 10.5 volts. Reduced voltage on pin 11 

6BA11 could result from increased tube conduction 
since grid bias has decreased. Also, plate -circuit com- 
ponent defects can reduce B+ voltage. C4 considered 
okay and not leaky since cathode voltage V2 has ac- 

tually dropped. C5 ruled out because pin 2 voltage 
6GK6 is normal. Resistance check RS measures 9 meg. 

Best Bet: VTVM and component analysis. 
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Offer extended through April 1, 1966 

Get a Color -TV TEST Picture Tube with every 
RCA WR -64B Color Bar/Dot/Crosshatch Generator you buy 
Yes! You read right! 
From now through April 1, 1966- 
with every purchase of an RCA WR -64B 
Color Bar Generator-you get a FREE 
color -TV TEST picture tube for use in 
your color -TV test jig. This is a 21 - 
inch 70° round color -TV TEST picture 
tube, electrically guaranteed six months 
from first installation date. These tubes 
will have minor mechanical (not elec- 
trical) defects ... they're not quite good 
enough to go into a new TV set but per- 
fectly adequate for testing purposes. 

How to get your FREE Color Test Tube 
Simply buy an RCA WR -64B Color 
Bar Generator- THE essential color - 
TV test instrument-between now and 
April 1, 1966. Fill out your warranty 
registration card and attach the red 
identification label on the WR -64B 
carton. Send them to RCA, Test Equip- 

ment Headquarters, Bldg. 17-2, Harri- 
son, N.J. We send you the tube (either 
from Lancaster, Pa. or Marion, Ind.) 
freight charges collect. To allow for 
postal delay, we will honor cards re- 
ceived up until April 15th. 
Don't miss out on this never -before of- 
fer. You've got to have a color -bar gen- 
erator anyway-so be sure you buy it 
now-at the regular price-while you 
can get a FREE color test tube. 

$189.50' 7 
Optional distributor resale price, subject to change with- 
out notice. Price may be higher in Alaska, Hawaii and 
the West. 

RCA WR -64B Color 
Bar/Dot/Crosshatch Generator 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, NEW JERSEY 

The Most Trusted Name in Electronics 
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You earn your FCC 
First Class License 

eiZetoi*S?:í'/iiSY.fJTYfi n -teto 

FEB ERAL COMM UNII'.ATIONSCOMMISSION 

11UWlmitliKe.RMAI4.911 
FIRST C LASS 
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or your money back! 
THERE'S A WORLD OF OPPORTUNITY 
FOR THE MAN WITH AN FCC LICENSE 

All it takes is a few spare hours a week and NRI's FCC License 
Course to open the way to increased opportunities in Commu- 
nications. With an FCC License, you're ready to operate, serv- 
ice and install transmitting equipment used in aviation, broad- 
casting, marine, mobile and Citizens -Band communications. 

What does it take? Men with absolutely no training or experi- 
ence in Electronics complete the course in 10 months. A Tech- 
nician or man with some background can easily cut that time 
in half. And because NRI has a greater enrollment than any 
other school of its type, training costs you less than compara- 
ble courses offered by other schools. Further, YOU MUST PASS 
your FCC exams or NRI refunds your tuition in full. 

Get full details today about NRI FCC License Course plus 9 

other home -study instruction plans offered by NRI, oldest and 
largest school of its kind. Mail coupon for free catalog. There's 
no obligation. No salesman will call. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 

MAIL NOW for FREE CATALOG 

NATIONAL RADIO INSTITUTE 
Electronics Division 
Washington, D. C. 20016 22-026 

Please send me complete information on FCC License Training 
and other NRI courses, as checked below. (No salesman will call.) 

FCC License Radio-TV Servicing 

E Complete Communications E Industrial Electronics 

E Aviation Communications Electronics for Automation 
Marine Communications Basic Electronics 

E Mobile Communications Math for Electronics 

Name Age 
PLEASE PRINT 

Address 

City State Zip 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 

The Troubleshooter 

answers your servicing problems 

Doesn't Like It Hot 

I am having trouble with a Crosley TV Model H- 
17TOBH (covered in PHOTOFACT Folder 279-3). The set 
works normally when it is removed from the cabinet and 
placed on the service bench. The trouble begins in about 
two or three hours, after the set is installed in the cabinet. 

When the set is first turned on. the raster does not fill 
the screen for two or three minutes. After the set operates 
a couple of minutes, everything is normal for about three 
hours then there is a haze on the left side of the screen 
and the raster pulls on the right side. I can get a normal 
picture by adjusting the horizontal -hold control, but in a 

few minutes the trouble occurs again. 
I have replaced the picture tube, horizontal -output trans- 

former, vertical -output transformer, electrolytic capacitors 
C1, C2, and C3, and capacitors C63, C64, and C65. 

DAVID E. RowE 
Cleveland, Ohio 

SYNC 

INPUT 

HORIZ 
LOCK 
10-160 

mmf 

145í WITH 70K STOP 

HORIZ HOLD 
CONTROL 

100K 

255V 

HORIZ AFC HORIZOSC 

SN7GTB 
5 

C66 33mmf 

13 150K 

100K 

-RV 

HORIZ FREO 

2 II( BI 

384 

870 

220mmf 

It sounds as though a component, probably a capacitor, 
is breaking down due to heat. This occurs only when the 
chassis is in the cabinet because the components are ex- 
posed to a lower temperature if the set is operating on the 
service bench. With the set on the bench, you can use a 

heat lamp, directed toward the chassis, to simulate the 
heat conditions that exist within the cabinet. 

You can determine if the trouble is in the horizontal - 
AFC or sync -separator stage by connecting a clip lead 
from Pin 1 of V11 to ground. Adjust the horizontal -hold 
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DMS -3200 Digital Measuring System 

DMS -3200 Main Frame $320 
(shown with DP -100) 

DP -100 
DC Voltmeter 
Plug-in 

$175 

DP -150 
1 MC Counter 
Plug-in 

$175 

DP -170 
Ohmmeter 
Plug-in 

$240 

DP -200 
Capacity 
Meter 
Plug-in 

$240 

HIGHLIGHT FEATURES 

3 -digit Biquinary Tube Read-out 
Plug-in Flexibility 
All -electronic 
Fully -transistorized 
Modular Design 
Fully Field-tested 
Automatic Polarity Indication 
Automatic Decimal Point Indication 

AS A DIGITAL DC VOLTMETER (DP100 Plug-in) 

Range 0.1 millivolts to 1000 volts 
Accuracy ±0.1% FS, ±0.1% of reading 
True integrating voltmeter design 
10 megohms input impedance at all times 

AS A DIGITAL 1 MC COUNTER (DP150 Plug-in) 

±0.005% accuracy: Resolution 1 part in 107 

(Overrange capability with sector read-out 
permits 3 -digit display to be equivalent of a 

7 -digit instrument) 
Frequency measurement range 0.1 cps to 1 me 
Period measurement range 0.1 ms to 999 sec- 
onds 

AS A DIGITAL OHMMETER (DP170 Plug-in) 

Range 0.01 ohm to 1,000 megohms 
Accuracy ±0.1% FS, ±0.2% of reading 

AS A DIGITAL CAPACITY METER (DP200 Plug-in) 

Range 1.0 picofarad to 10,000 microfarads 
Accuracy ±0.1% FS, ±0.2% of reading 

The DMS -3200 is designed for rugged industrial 
and laboratory applications. By utilizing a de- 
sign which has the optimum combination of 
accuracy capability and number of digit display, 
the DMS -3200 meets the general purpose mea- 
surement needs of industry for reliable, pre- 
cision digital measurement equipment in the 
$400-$500 price range. 

THE HICKOK ELECTRICAL INSTRUMENT CO. 10514 Dupont Avenue Cleveland, Ohio 44108 
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more reliability... 
more flexibility... 
more profit ... in 

harman kardon 

COMMANDER 
PA amplifiers 

COMMANDER Model CA -40 with op. 
tional CPR -2 preamplifier for two ad 
ditional microphone channels and 
SS -8 area -speaker selector installed. 

PROFESSIONAL SOUND MEN know that Commander 
amplifiers are honestly rated, deliver all the output 
power promised. Time -proven circuitry plus conserv- 
ative demands upon components add up to a high 
margin of reliability. 

In every Commander (models 15 to 100 watts) 
there are separate inputs for hi -Z and to -Z micro- 
phones, two 70.5 or 25 -volt speaker outputs, two 
auxiliary inputs, and provision for plug-in accessories 
that make this the most flexible and expandable PA 
amplifier line you can recommend and install. 

Model CPR -2 Two -Channel Microphone Preamp Module plugs 
into chassis, provides two additional microphone channels for 
Commander Models CA -40, CA -75, CA -100. Pre-printed control 
mounts are shown at right behind front cover plate. 

Learn how Commander's great versatility and reliability can build 
profits for you ... send coupon for complete information. 

Harman-Kardon, Inc. (A subsidiary of The Jerrold Corporation) 
Commercial Sound Division, Dept. PF -2 
15th & Lehigh Avenue, Philadelphia, Pa. 19132 
Please send me complete information on Harman-Kardon 
Commander PA equipment. 

Name 

Company 

Address 

City State Zip No 

control until the picture floats slowly across the screen. If 
the pulling is present under these conditions, the trouble 
is in the horizontal -AFC or oscillator circuits; should no 
pulling be observed, the defective component is located 
ahead of or in the sync -separator stage. 

Waveform checks and voltage measurements in the 
proper stage should prove helpful in locating the faulty 
component. 

CRT Neck Cracked 

I have in my shop a Dumont color television receiver that is 
11 years old; this set was covered in PHOTOFACT Folder 724-3. 
The picture tube cracked about 11/2" from the socket. I in- 
stalled a new CRT, and a month later the new tube cracked 
in the same place as the old one did. The crack appears as 
though it had been cut with a knife. I hesitate to put another 
new picture tube in this set. I'm wondering if it was a coinci- 
dence that the second tube cracked exactly like the original. 

J. Pools 
Harriman, Tenn. 

It would certainly seem a coincidence that both picture 
tubes cracked in the same place. A possible cause of this con- 
dition is that when the convergence assembly and blue lat- 
eral magnet were installed, especially the blue lateral magnet, 
the neck of the tube may have been scratched. The combination 
of the scratched neck and the pressure of clamping the dynamic 
convergence assembly and blue lateral magnet onto the neck, 
along with the heat of the filaments, could have caused the glass 
to crack. When installing the next tube, make certain the glass 
is not scratched and only enough pressure is applied to the 
neck to hold the assemblies in place. 

ARE YOU CASHING -IN 

ON THE PROFITABLE 1i 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession 

* Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

IL' MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AxR.50/ 

Send me FREE entrance exam. 

Ei Send full details on Home Study Course on FM 2 -way Radio 
Servicing 

El Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address 

City Zone State 
J 
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The SK -3009 transistor that came in this box replaced 
one transistor in original equipment. But, it could 
just as easily have replaced almost 600 different 
transistors. RCA has 16 such replacement transistors 
plus 2 replacement rectifiers comprising the SK Top -of - 
the -Line series. If you stock all 18, you can replace more 
than 4,000 transistors, both domestic and foreign types, and 
over 1,000 selenium or silicon rectifiers. Stock the Top - 
of -the-Line series. The time that you will save in looking 
for replacements alone is well worth the investment. 

RCAs new Top -of -the -Line Replacement Guide SPG-202A 
is an absolute necessity if you are servicing solid-state 
entertainment -type equipment. It lists the 18 RCA 
types and the more than 5,000 types which 
they replace. Ask your RCA Distributor for 
your copy or write: Commercial Engineering, 
Section , RCA Electronic Components and 
Devices, Harrison, New Jersey. 

The Most Trusted Name in Electronics 
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NEW JERROLD 
ALL -SOLI D -STATE 

"DE-SNOWER" Model SPC-132 
...the most powerful 

of all antenna amplifiers 

Do you remember the original and famous Jerrold 
De-Snower? Thousands of De-Snower preamplifiers 
have served fringe -area antenna systems since 1950, 
amplifying weak television signals at the antenna be- 
fore downlead loss. Now every benefit of the original 
De-Snower, and more, is offered by the new SPC-132 
all -solid-state antenna amplifier. 

Jerrold has combined the ultra -sensitive twin -tran- 
sistor preamp, SPC, with a compact three -transistor 
postamp, 132, to give you the powerful double -punch 
performance of this unusual new antenna amplifier- 
with absolutely no tubes to replace. 

30 db high -band gain* 26 db low -band gain* 
Lowest input noise figure Highest output capability 

(100,000 microvolts each of 7 channels) 
Use the SPC-132 on your next "tough -dog" antenna 

system-custom home or multi -set installation. Drive 
as many as 20 to 30 sets from one antenna system. 

Only $97.95 list. Ask your Jerrold 
distributor or write Jerrold Elec- 
tronics, Distributor Sales Divi- 
sion, Philadelphia, Pa. 19132. 
`Measured average production unit 

The nation's foremost manufacturer and supplier 
of television antenna systems and equipment 

JERROLD 
ELECTRONICS 

ing: insufficient sync, defective integrator network, 
resistors increasing in value, and other unstable condi- 
tions. If the vertical hold control has no effect in lock- 
ing the picture in sync, check the resistors in the grid 
and plate circuit of the vertical oscillator. Many times 
when the picture rolls after the set is on awhile, the 
plate supply resistor has changed value. Check the 
voltage on the plate of this tube when the receiver is 

cold and then again when the picture starts to roll. 
Vertical roll can also be caused by leaky coupling 
capacitors or improper setting of the vertical height and 
linearity controls. Remember the height control has 
the greatest effect on the bottom of the picture; the 
linearity control causes the most change at the top of 
the screen. 

If the portable is operating in a fringe area, solid 
vertical sync is a must. Vertical sync can sometimes be 
improved by shunting a resistor of the same value 
across one of the integrator resistors. 

When a receiver has poor vertical and horizontal 
sync, the trouble is in the sync separator circuits- 
before the take-off to thé vertical oscillator tube. Scope 
waveform checks are almost a must for intermittent or 
weak sync troubles. 

Miscellaneous Troubles 

A no -sound, no -picture condition is usually caused 
by power -supply failures. Most portable TV's have a 

fusible resistor or fuse in the AC lead. This resistor, the 
voltage -doubler capacitor, or the rectifiers cause most 
troubles of the power -supply. The locations of some 
of these power -supply components are pointed out in 
Fig. 3. The voltage -doubler electrolytic may dry out or 
lose capacitance, resulting in decreased B+ voltage and 
increased ripple. In the older portables, selenium recti- 
fiers were used in the voltage -doubler circuits, but late - 
model sets use a silicon rectifier. The selenium rectifier 
would increase in resistance or show burnt spots on the 
plates, when defective; also, an unpleasant odor identi- 
fies a bad selenium. Silicon diodes usually short out. 
A good silicon diode will measure ten ohms or less 
in one direction, and several thousand ohms with the 
ohmmeter leads reversed. 

Hum 

Sixty -cycle hum can be caused by dried -out power - 
supply filters, tubes with heater -to -cathode shorts, or a 

shorted audio -output tube. A defective input -filter ca- 
pacitor will cause 60 -cycle pulling in the picture-this 
symptom can be mistaken for AGC trouble. One way 
to separate the two troubles is to remove the VHF - 
oscillator tube. This will show the plain white raster 
and you can see the hum bars going up the screen if 

the input filter is defective. In an AC -DC chassis, re- 
moving one tube causes them all to go out. In this case, 
it is best to turn the channel selector to an unused 
channel and check the rastor for hum bars. Another 
method is to short out the IF input from the tuner. 
Sometimes when the picture is pulling, a 60 -cycle hum 
can be heard in the speaker. Other times the hum may 
not be audible; yet, the input filter is causing the 60 - 
cycle ripple in the picture. A shorted video, IF or 
tuner tube will also cause 60 -cycle pulling in the picture. 
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