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WHY REPAIR TV TUNERS? 

CASTLE REPLACEMENTS 
start at ........ 
Select by part number below. Write, phone or wire order. 

No mailing ... no waiting ... no nonsense! 

) 

95 

® UNIVERSAL REPLACEMENTS 
Prefer to do it yourself? 

These Castle replacement tuners are all equipped with memory fine 
tuning and UHF position with plug input for UHF tuner. They come 
complete with hardware and component kit to adapt for use in thou- 
sands of popular TV receivers. 

'Supplied with mos. length selector shaft (measured from tuner front 
apron to tip) ... you cut to suit. 

STOCK 
No. HEATERS 

SHAFT 
Min.' Max.. 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4" 3" 41.25 45.75 8.95 

CRIS Series 600mA 13/4" 3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4" 3" 41.25 45.75 9.50 

CR6XL Parallel 6.3v 21/2" 12" 41.25 45.75 10.45 

CR1XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 11.00 

® EXACT REPLACEMENTS Purchase outright ... no exchange needed. $1 5.95 ea. 
Castle replacements made to fit exactly in place of original tuner. Available in the following popular numbers. 

ADMIRAL EMERSON 340042-1 LOPTT399Y 
340052-1 LOPTT3S9YA 76-13955-1 

94E210-1 471351 340053-1 OPTT399YA 76-13955-2 
94E210-3 471512 340066-1 OPT T402 76-13955-5 
94E227-2 971515 340067-1 LOPTT402 
94E228-1 471678 34006 9- 1 CPTT403 
94E229-9 471682 340078-1 OPTT404 RCA 94E229-8 471700 340078-2 OPTT404A 
940257-I 340045-2 CPT 0405 KRK1030 
94D257-7 OPTT914A KRK103C 
940257-49 G E 340130-1 KRKI03F 
94E260 -8H KRKIOIL 
94E26C-11 ET86X188 MUNTZ KRK104A 
99E261 -1B ET86X208 MOTOROLA KRK104C 
94E261 -1C ET86X212 PR6352-1 KRKI04F 
94E2o1-ID ET86X213 OPTT123C PR 6364 KRK104L 
940261-4 ETtloX214 OPTT123D PR0376 KRK107A 
94CL73-2 ET86X215 TTI 33A PR9021 KRK107B 
94C273-4 ET86X221 TT131YA PR9044 K RK 1070 
94C273-7 ET86X224 LTT307A PR9045 KRK 10700 
940273-8 ET86X227 RTT322A PR9050 KRK107E 
94 C27 3-9 ET86X230 CPTT332A PR9058 KRKI07F 
940273-10 ET86X23I CPTT338B KRK 108A 
94C273-13 
94C273- 15 

ET86X232 
ET86X236 

DCPTT338B 
CMTT340A OLYMPIC KRK108B 

KRK108C 
940281-1K ET86X242 CMTT340B CL4692- 1 K RIC I 08D. 
94C286 -ID ET86X244 TT348B CL5220- 1 KRK108E 

ET86X255 MTT348A CL28874- 1 KRK108F' 
940283-13 ET86X256 V TT348B CL29559 KRKll3B 
940286 -IL ET86X265 VTT349B CL29 566 KRK 116B 
940286-41 ET86X277 CPT T350B C1.29650 KRK118A* 
940286-5 ET86X281 CPTT356YA CL33579 KRK 118C 
940286- 12 TT361Y CL33858 KRK118D 
940286-16 HEATH KIT OPTT361YB CL34190 
9402 89- 1 CPTT366Y CL34835 KRK123D 

110-17 CPTT366Y0 K29013 USA -IC KRK129AA 
110-24 OPTT366YD K50013USAH-3 KRK124U 
110-25 NCPTT376YA KRK127AA 

CURTIS 110-33 CPTT378YA KRK127AB 
MATHES 110-38 NCPTT378YA PHILCO KRK1278 

OPTTl85Y KRK I27BA 
7A1I OPTT385YA 76-12405-4 KRK 127E 
7A17 MAGNAVOX OPTT386YA 76-13579-5 KRK127L 
7A38 OPTT388YA 76-13579-7 KRK127T 
7A48 3400C9-1 CPTT396YA 76-13579-8 KRK127U 
7A050 340610-1 OPTT390YB 76-13579-9 KRK127W 
7A53-001 340017-1 OPTT394 76-13851-2 KRK 128AB 
7A056- 001 340038-1 SCPTT394 76-13871-1 
7A59-001 340040-1 AOPTT399 76-1 394 5-1 KRK128U 

4700 030H01 175-424 175-721 175-1133 MISC INCLUDING 
KRK133BC 
KRK133D 

970V 049H01 
470V149H01 

175-920 
175-431 

175-722 
175-731 

175-1114 
175-1135 

PRIVATE LABELS 

KRKI330 470V151H01 175-959 175-732 175-1136 TA82 
4700158003 175-601 17 5-73 3 175-1137 TA 124 . 
4700161003 175-602 175-734 175-1138 TA129 

SEARS 470V 188001 175-604 175-715 175-1139 TAI II 
4700188002 175-621 175-736 175-1190 TA1 33 

95 -7 5 470V190001 175-622 175-717 175-1141 TA1 36 
95-111-00 4700191001 175-640 175-738 17 5- 1142 TA I 38 
95-358-0 970019/002 175-641 175-739 175-1193 TA 147 
95 -437 -OA 970V191003 175-642 175-740 175-1144 TA150 

175-693 175-741 175-1195 TA 157 
95-480-30 175-644 175-742 175-1146 25A1241-0028 

ZENITH 175-645 175-743 175-1147 2SA1241-6040 
95-500-0A 175-646 175-744 175-1198 25A1241-0056 
95 -500 -IA 175-167 175-647 175-745 175-1150 25A1241 -006B 
95-500-IB 175-168 175-660 175-746 175-1151 25A1245 -005D 

175-170 175-661 175-747 175-1152 LSA1245-0060 
175-201 175-062 175-798 175-1153 25A1245-009 

SYLVANIA 175-202 175-663 175-750 175-1154 25A1245-011 
175-202A 175-566 175-751 175-1155 25A1246-001 

54-11649-3 175-203A 175-667 175-752 175-1156 25A1246-003 
54-11702-1 175-204 175-668 175-753 175-1157 25A1246-004 
54-17239-1 175-204A 175-669 175-759 175-1160 25A1296 -005A 
59-17436-2 175-206 175- 67I 175-755 175-1161 25A1247-002 
59-17436-3 175-212 175-680 175-756 175-1162 25A1249- 061A 
59-17436-4 175-213 175-681 175-757 175-1163 25A1299 -001E 
54-17436-5 175-214 175-682 175-758 175-1104 LSA1253-001 
54-17778-1 175-216 175-683 175-759 175-1165 2SA1253-001B 
54-23853-3 175-220 175-684 175-760 25A1253 -001D 
54-23857-2 175-222 175-685 175-761 25A1256-0C1C 
59-78093-1 175-228 175-68I. 175-762 175-1168 25A1258 -001A 
54-88897-38 175-230 175-687 175-763 25A'25ä -001C 
54-89093-1 175-232 175-688 175-764 25A1263-001 
54-89720-1A 175-259 175-689 175-1101 175-1172 25A1264 -001B 
54-89720-3 175-256 175-690 175-1102 175-1175 25A1265 -001B 
54-89840-2A 175-262 175-1103 175-1176 25A1268-001 
59-94689-3 175-264 175-708 175-1104 175-1177 2501270-001 
54-97948-6 175-266 175-1105 006-014700 
54-97948-7 175-268 175-711 175-1106 006-015000 

175-272 175-712 175-1108 006-015700 
175-402 175-713 175-1118 006-016500 

WESTING 175-405 175-715 175-1119 006-017300 
HOUSE 175-406 175-716 175-1120 006-017700 

175-412 175-717 175-1121 006-018600 
470V007H03 175-916 175-718 175-1122 006-020100 
47000191405 175-418 175-719 175-1131 006-020900 
470V019M01 175-420 175-720 175-1132 006-021000 

'Supplied with now channel indicator skirt knob, original illuminated dial is not used. 

® OVERHAUL SERVICE - All makes and models. 

VHF or UHF tuner 
TRANSISTOR tuner 
COLOR tuner 

11960 or later) $9.95 
$9.95 
$9.95 

Overhaul includes parts, except tubes and transistors. 

Dismantle tandem UHF and VHF tuners and send in defec- 
tive unit only. 
Remove all accessories...or dismantling charge may apply. 
Your tuner will be expertly overhauled , aligned to original 
standards and warranted for 90 days. 

CUSTOM EXCHANGE REPLACEMENTS 
When our inspection reveals that original tuner is unfit 
for overhaul, we offer an exact replacement 
If exact replacement is not available in our stock we 
custom rebuild the original at the exchange price. 
(Replacements are new or rebuilt.) 

PROFESSIONAL "CONTACT OVERHAUL" KIT 
Do your own minor tuner over- 
hauling by using this professional 
kit of chemicals. Dealer Net 55.50 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT:5715 N. Western Ave., Chicago, III. 60645 Ph. 312-561-6354 

EAST: 130-01 89th Rd., Richmond Hill, N.Y. 11418 Ph. 212-846-5300 

Circle I on reader service card 
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ELECTRONICS 
TECHNICIANS: 

If you really want 
to go places in this 

Age of Electronics... 

Orantfjaln $tíjool of engineering 
bag ronlrrrrp on 

3ofjn Oor 

thr hrgnr of 

({ssomt in Srirnn in fllrttronics (-Inginrrnng 

.,rl,y .......lest.li..,._rl....,.W... Arced. ..-. 

EARN YOUR DEGREE 
AND CET INTO ELECTRONICS ENGINEERING! 

Advance beyond the technician level. Become an engineer. If you are a high 
school graduate and have a good aptitude for electronics and mathematics, 
you can earn the Degree of Associate in Science in Electronics Engineering 

MOSTLY BY STUDYING AT HOME 
while you remain on your present job. Grantham School 
of Engineering (GSE) offers a home -study program, 
followed by a two-week class, for the ASEE Degree. 
This degree is accredited by the Accrediting Commis- 
sion of the National Home Study Council. 

In this college -level program (presented at the same 
level as resident -college engineering courses), the les- 
sons have been prepared especially for home study. They 
have been written, revised, added -to, revised, expanded, 
revised, re -oriented, revised, etc., over a period of many 
years, by home -study experts in the teaching of engi- 
neering, with the one objective of providing a better 
way for technicians to learn engineering. 

This accredited ASEE Degree program includes a re- 
view of basic electronic circuits and systems, a thorough 
coverage of applied engineering mathematics (includ- 
ing algebra, trigonometry, and calculus), classical and 
modern physics, technical writing, computer science, 
electrical networks, and semiconductor circuit analysis 
and design. 

We award the associate rather than the bachelor's 
degree because our educational program covers only 
engineering and engineering -related subjects and does 
not cover general subjects such as English, History, 
Foreign Languages, etc. Notice, however, that the 
ASEE is a degree in engineering rather than the usual 
junior -college kind of associate degree. 

We Teach Better Because We Specialize 
The main purpose of the GSE eduational program is to 
upgrade electronics technicians to the engineering level. 
Therefore, as a GSE student, you are not, for example, 

studying math with accounting students or studying 
physics with medical students. Instead, all of the lessons 
covering all subjects are written for students just like 
yourself - for electronics technicians upgrading to the 
engineering level. This method allows electronics engi- 
neering examples and applications to be tied in with the 
study of all subjects in the curriculum. 

Since all of our students have backgrounds similar to 
yours and the same professional objective as yours, we 
can teach all of the required subjects more directly to 
the point - the way they should be taught (for maxi- 
mum advantage) specifically to electronics technicians 
who are upgrading to the engineering level - not gen- 
eralized to the extent that they apply equally well to a 
dozen different professions ! So our way of teaching elec- 
tronics engineering is more applicable to your need. 

G.I. Bill Approved 
For complete details, mail postcard or coupon. 

Grantham School of Engineering RE -9-71 
1505 N. Western Ave., Hollywood, Calif. 90027 
Gentlemen: 
I have been in electronics for __ .... years. I am interested 
in the Grantham degree program in Electronics Engineer- 
ing. Please send me your free bulletin. 

Name Age 

Address 

City State Zip 

Circle 2 on reader service card 
SEPTEMBER 1971 
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NEW & TIMELY 
Volume 42 Number 9 RADIO -ELECTRONICS ... FOR MEN WITH IDEAS IN ELECTRONICS September 1971 

IONOSPHERIC CHANGES 

MAY AFFECT WEATHER 
LUBBOCK, TEx.-Research 
conducted at Texas Tech 
University by electrical engi- 
neering Professor Thomas F. 
Trost show that radio waves 
entering the ionosphere, par- 
ticularly the "D region", run 
into surprising difficulties. 
The ionosphere is the 40 to 
600 miles up region of the 
earth's upper atmosphere 
overlaying the stratosphere 
and the mesosphere. Within 
the ionosphere are an abun- 
dance of charged atoms 
called "ions"-atoms which 
have gained or lost an elec- 
tron. 

Because long distance 
communications depend on it 
to bounce radio signals back 
to earth, changes in the iono- 
sphere, whether abrupt or 
gradual, can cause distortion 
and interruption of radio sig- 
nals. The changes are often 

related to the emission of 
radiation from the sun. There 
is also an effect on the 
weather. 

In Lubbock, Dr. Trost is 

establishing a low frequency 
receiving station to monitor 
radiowave absorption in the 
"D region." He plans to cor- 
relate this information with 
weather data, temperatures 
and wind velocities obtained 
for the stratosphere at the 
Meteorological Rocket Net- 
work station at White Sands, 
New Mexico. 

Dr. Trost is looking for 
the relation between the ra- 
dio signal's interaction with 
the ionosphere and what sci- 

entists call cyclonic and plan- 
etary waves. The planetary 
waves are the "steering cur- 
rents" for the smaller scale 
cyclonic waves which deter- 
mine our weather. 

TAPE DECK WITH 

DYNAMIC NOISE LIMITER 

NEW YORK, N.Y.-The first 
cassette tape machine to in- 
corporate the new Philips 
Dynamic Noise Limiter 
(DNL) system was an- 
nounced here by Norelco. 
DNL circuitry virtually elimi- 
nates noise and tape hiss, ac- 
cording to Paul B. Nelson, 

Jr., division vice president. 
The DNL system featured 

in the Model 2100 was devel- 
oped by Philips of Holland 
and is an active noise sup- 
pression circuit that operates 
in quiet and silent stretches 
of tape where noise is espe- 
cially noticeable. * 

IN THIS ISSUE 

Nixie readouts are turning up in more and more new 

equipment. We know you'd like to learn more about 

how they work and how they can be used most effectively. 

So turn to page 50 and see what George Flynn has to 

say about digital readouts. 

NEW QUADRAPHONIC 
DISC SYSTEM 

Left Front 

Right Front 

Left Back 

Right Back 

HIGHLY MAGNIFIED GROOVE of quadraphonic record con- 
tains four modes of modulation. 

MONTREUX, SWITZERLAND- 
A compatible quadraphonic 
disc system has been devel- 
oped by Columbia Records, 
which now joins forces with 
Sony Corporation to enhance 
the basic invention and pre- 
pare it for worldwide market- 
ing. 

The system permits four 
channels of sound to be re- 
produced from a two -track 
source. Consumers will be 
able to obtain quadraphonic 
sound from their present hi-fi 

systems by adding a special 
decoder, another stereo am- 
plifier, and two additional 
loudspeakers. 

The basis of the in- 
novation is a new double-he- 
lical modulation concept used 
to encode a quadraphonic 

LEFT CHANNEL 
MODULATION 

program onto a two -channel 
disc. During playback a spe- 
cial decoder re-creates the 
original program of four sep- 
arate channels. Without this 
decoder, the program is 

heard as conventional 2 -chan- 

nel stereo. 
quadraphonic 
played on existing record 
players. 

Quadraphonic sound is 

recorded in the studio on a 
multitrack "master tape" re - 

(continued on page 6) 

Pickup Stylus Tip 

/ 
osition of Modulated Groove 

Therefore, 
disc can 

the 
be 

/ NIGHT CHANNEL 
MODULATION 

TWO VIEWS OF GROOVE of ordinary stereo record. To-and-fro 
motion of the stylus tip in response to the modulation is de- 
picted by the arrows at 45° and 45° to the horizontal. 

/ 
.( Y 

LEFT BACK 

MODULATION 

VIEWS OF THE TWO NEW 
raphonic disc. 

RIGHT BACK 

MODULATION 

MODES of modulation on the quad - 

2 
RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Radio -Electronics 
FOR MEN WITH IDEAS IN ELECTRONICS 

September 1971 Over 60 Years of Electronics Publishing 

TELEVISION 
Antenna Accessories For Better TV Pictures 33 Robert G. Middleton 
Those "little" extras snake a big difference 

Kwik-Fix Troubleshooting Charts 41 , Forest H. Belt 
X & Z color demodulators 

Service Clinic 71 Jack Darr 
Watch those diodes-plus solutions to reader problems 

Dream Workbench 84 Jack Darr 
Part II-White .space, mobility and equipment layout 
Red Drive Control Update 95 

GENERAL ELECTRONICS 
Looking Ahead 4 ,David Lachenbruch 
Current events with future overtones 

Home Appliance Electronics 16 Jack Darr 
New appliance tester 

Equipment Report 22 
Heath GD -29 Electric Oven 

How Digital Readouts Work 5O George Flynn 
Experiments tell how Nixies do their thing 

Everything You Should Know About Resistors 58 Fa rl Waters 
Behind the scenes with this important circuit element 

IC Power Supplies 69 . Walter Jung 
Dual -outputs with the uA723 

NEON GAS AT LOW PRESSURE 

ANODE 

+170V 

OV 
EI 

HEAD 
ON 

TEN CATHODES 

FRONT 

Digital readouts are popping up all over 
the place. Here's a look at how they 
work and what they do. >ee page 50 

INSULATING COATING 

WIREWOUND 
RESISTANCE D ELEMENT 

TERMINALS 

earl, - ) 
MOUNTING FOOT CERAMIC CORE 

HIGH -WATTAGE WIREWOUND 

Resistors are vital to every electronic Equipment Report 91 circuit. Review your knowledge and add 
some new facts. ... see page 58 Triplett 990 Industrial Maintenance Kit 

RADIO 
Sweep Alignment Techniques 62 Jack Darr 
R -E's Service Editor shows how to sweep AM -FM radio troubles 

BUILD ONE OF THESE 
Dual -Function Generator 86 ,Philip Harms 
Use it to troubleshoot and test all kinds of digital equipment 
Simple Touch Switch 53 
24 Alarm Circuits 54 
Five final circuits detect fire and frost 

Grid -Dip Meter Extension 61 ... W. P. Turner 

DEPARTMENTS 

R. M. Marston 

Dual -function generator is a modern in- 
strument used to test and build digital 
circuits. It's easy to make your own. ... see page 36 

Coming Next Month 87 New Books 83 Service Notes 

Corresaondence 24 New Literature 78 Technotes 

New & Timely 2 New Products 74 lry This One 

Noteworthy Circuits 96 
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LOOKING AHEAD 
Volume 42 Number 9 RADIO -ELECTRONICS . . FOR MEN WITH IDEAS IN ELECTRONICS September 1971 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

A cable -TV receiver? 
Some 5.3 million American families, in about nine 

percent of all TV -equipped homes, now get their television 
entertainment via cable. In Canada, the figure exceeds 20 
percent. With the FCC nearing completion of its massive 
study of CATV, ending what has been, in fact, a freeze on 
cable growth in the larger cities, CATV is expected to 
expand rapidly. It's not uncommon to hear forecasts that 
25 to 50 percent of U.S. homes will be cable -connected 
within the next decade or so. 

Yet cable homes view their television on receivers 
that were designed for off -the -air reception. Increasingly, 
cable TV engineers are calling these receivers less than 
ideal for their systems, many of which already are dis- 
tributing more than 12 channels of programming. Among 
their complaints about existing sets: 

1. Many of them don't have adequate adjacent -chan- 
nel interference rejection to permit use of all 12 vhf chan- 
nels (cable systems currently can't use ultra -high fre- 
quencies). 

2. Tuners often aren't shielded enough to prevent di- 

rect pickup of programs off the air in high -signal -strength 
areas, causing ghosts when a cable feeds in on the same 
channel. This often requires a top -of -set channel -con- 
verter. 

3. AFC, when misadjusted, can cause severe adja- 
cent -channel sound interference. 

4. In some cases where a cable feeds in more than 12 

vhf channels (via set -top converter), the receiver causes 
severe reception problems. 

The CATV systems' trade association, the National 
Cable TV Association, has filed a petition with the FCC 
requesting rules and standards for special receivers de- 

signed for cable connection. There is no question that the 
Commission eventually will look into the entire situation, 
and that some day we will use a different type of receiver 
for CATV than we do for direct off -the -air reception. Spe- 

cialized cable receivers-for multi -channel cable recep- 
tion-already are being designed by major television set 
manufacturers. Magnavox is developing a set which can 
pick up 31 channels on vhf. RCA is supplying color re- 
ceivers to two hotels in the new Disney World complex 
near Orlando, Fla., which have no tuners at all. The signal 
is fed directly into the i.f. and channels are selected by a 

switch that feeds signals from a bundle of slim cables. This 
distribution system, developed by Ameco, is called "Dis - 
cade" and accommodates two TV channels on each cable. 
They are about the size of standard RG/59U coaxial an- 
tenna lead-in. 

There are other methods of delivering more than 12 

vhf channels. One is to use two separate standard cables, 
each supplying up to 12 vhf channels. By simply switching 
from cable A to cable B, the viewer can receive a total of 
24 programs. Another system, that currently requires a 

set -top converter, simply carves more channels from the 
vhf band, by adding channels below 54 MHz (Channel 2), 

between 108 and 174 MHz (between the FM band and 
Channel 7) and above 216 MHz (Channel 13). As yet 

there's no standard system-and there may never be- 
making the development of a cable -designed receiver all 

the more challenging. 

Competition for Dolby 
The Dolby Type -B noise -reduction system has started 

to show up in many different brands of cassette recorders. 
Next year you'll see it in a great many more, including 
some relatively modest -priced units, when a simple monoli- 
thic IC version is made available to equipment manufac- 
turers as the result of a cooperative effort by Dolby Labo- 
ratories of London and Signetics Corp. The Dolby system 
requires special processing of the signal while recording, 
and decoding during playback. To take advantage of the 
noise -reducing effects of the Dolby system, the tape you 
play back must have been "Dolbyized" during the record- 
ing process. 

Until now, Dolby has had the cassette noise -reduction 
field to itself. But N. V. Philips of the Netherlands, the 
developer of the cassette system, has come up with its own 
noise -eliminator, which it calls "Dynamic Noise Limiter" 
(DNL). Unlike the Dolby system, DNL operates on play- 
back only-it can be used to cut noise from any standard, un- 
processed recorded cassette. Philips says it adds about $30 
to the cost of a cassette deck, and Norelco will offer the 
first DNL deck in the U.S. at $219.95. Philips plans to 
make the system available to other manufacturers without 
cost. 

The DNL circuit operates in the high -frequency area, 
splitting the signal into two parts. For signals above 4 kHz 
(where tape hiss begins) and more than 38 db below refer- 
ence level, the signals in the two channels are equal but of 
opposite phase and cancel each other. Louder signals are 
permitted to pass, since noise is not noticeable during these 
passages, while niose suppression is complete when there is 
no signal. 

Columbia's 4 -channel system 
Quadraphonic sound received a big boost with the 

introduction of a new four -channel disc system by big Co- 
lumbia Records. At the same time, Columbia's espousal of 
its own proprietary system could further complicate the 
tangle over standards for quadraphonics. Although com- 
plete technical details weren't yet available at press time, 
Columbia's system is of the matrix type-other members 
of the matrix family are the Electro -Voice and Scheiber 
systems. Like the other matrix systems, Columbia's is 
claimed to be completely compatible with two -channel 
stereo and monophonic systems. That is, a Columbia "SQ" 
(for "stereophonic/quadraphonic")disc may be played over 
monophonic or conventional stereo equipment, and a con- 
ventional disc may be played on SQ equipment. For more 
information on SQ see story on page 2. 

In a matrix system, four channels are decoded into 
two for recording or broadcasting, and decoded into four 
for listening. An accessory decoder or a decoder -equipped 
playback system must be used to receive the material in 
quadraphonic sound. The Columbia system may be broad- 
cast on conventional stereo FM and heard in four -channel 
sound by listeners equipped with decoders and the required 
additional amplifier channels and speakers. Columbia says 
that left and right rear sounds are superimposed on the 
conventional stereo disc grooves in the form of two circu- 
lar modulations, left -rear information being contained in a 

(continued on page 14) 
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Have you tried 
our canned 
tuner? 

It's not only great for color television 
sets, it's also great for guided missiles. 

As a matter of fact, Krylon' Tuner 
Cleaner is made with the same solvent 
used in the missile industry. Plus a spe- 
cial lubricating oil. 

Just one little spray leaves a thin, 
non-drying film of lubricant that condi- 
tions contact surfaces and protects 
them from corrosion. 

And that same little spray keeps sur- 
faces self cleaning and water repellent 
without ever harming any plastic sur- 
face. 

Krylon Tuner Cleaner also comes 
with a plastic tube for controlled spray- 
ing in hard -to -reach areas. 

Try it just once. You're sure to de- 
velop a taste for it. 

CRYSTAL 
TUNER / CLEAR 

CLEANER j SPRAY 

».,,a= 
COATING i 

°^d LUBRICANT R ADIO, TV, 
SPRAY ELECTRONICS 

No. 1333 

DOES NOT HARM 'NY KNOWN PLASTICS 

.:'''"''EXTREMELY FLAA 'EXTREMELY 

HEAT OR fLAM,E,,' 
....Pon MAT /e w 

1.nw11 LEyt.,^v' 

Krylon Coatings-from the makers of Elmer's® Adhesives and Mystik ' Tapes. 
Circle 3 on reader service card 
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New &Timely 
(continued from page 2) 

corder and then mixed down 
to a 4 -channel master tape, 
with a later encoding of these 
four channels onto a two - 
channel medium. This is done 
by a special encoder that 
produces four discrete modu- 
lation patterns on the record. 
These modulations are separ- 
ated into four channels by the 
decoder for reproduction over 
four loudspeakers. 

The quadraphonic system 
retains the two basic stereo 
modulations and provides 
two new additional modes of 
modulation for the remaining 
two channels. As the record 
rotates and the groove ad- 
vances, a clockwise helix is 

produced for the left back 
channel and a counter -clock- 
wise helix is produced for the 
right back channel. These 
two helices carry the back 
channel information. 

TAPES SEIZED 

NEW YoRk, N.Y-Thirteen 
Manhattan stores were raided 
by detectives from the office 

of District Attorney Frank S. 

Hogan who charged that 
these "unauthorized mechani- 
cal reproductions of musical 
performances owned by an- 

other were being sold at prices 
far below those of legitimate 
record manufacturers." He 

accused the stores of selling 
pirated and counterfeit tape 
recordings. * 

WWV Has 
Laryngitis 

FORT COLLINS, COLD.-WWV, 
the National Bureau of Stan- 
dard Frequency and Time Sta- 
tion, began broadcasting in its 

new all -voice format on July 1 

(see Radio -Electronics June 
1971). The time announce- 
ments are a model of clarity. 

Unfortunately, however, 
the same cannot be said of 
the voice announcements con- 
cerning radio propagation con- 
ditions and the broadcast 
announcements concerning 
geophysical alerts. The propa- 
gation forecasts are broadcast 
at fourteen minutes past the 
hour, the geo alerts are eight- 
een minutes past the hour. 

The modulation level for 
these voice announcements is 

much too low. In addition, 
the announcements are made 
by untrained announcers 
whose voices are not well 
suited to the microphone. As 
a result, it is difficult, and 
sometimes, impossible, to hear 
the announcements. We can 
only hope that the authorities 
will do something quickly to 
improve the situation. * 

FIVE ALARM CIRCUITS 
For fire or frost alarms see 
R. M. Marston's article 
that starts on page 54. 
They complete this series. 

VIDEOVOICE - NEW 
INTERNATIONAL PICTURE 

NEW YORK, N.Y.-Video- 
voice, a new video commu- 
nications system permits busi- 
nessmen in the U.S. and 
overseas to exchange vir- 
tually instantaneous views of 
products, charts or other sub- 
jects as they talk. It was dem- 
onstrated between Tokyo and 
New York City by RCA 
Global Communications, Inc. 

Representatives of RCA 
Globcom and Kokusai Den - 
shin Denwa (KKD) ex- 
changed a series of black - 
and -white TV pictures over 
the same 3 -kHz bandwidth 
circuits they were using for 
voice communications. KKD 
handles Japan's international 
communications. Videovoice 
is an accessory available to 

subscribers of leased -channel 
communication links. 

The service can be con- 
ducted as a 2 -way exchange 
of visual information by hav- 
ing transmitting and receiving 
units at both ends of the link 
(duplex) or as a one-way 
(simplex) service with a re- 
ceiver at one end and trans- 
mitter at the other. 

The system combines live 
camera, frame -freeze and 
slow -scan TV techniques. 
When the subject is live and 
in motion, it is displayed on 
the camera monitor. The sub- 
scriber selects the desired 
scene and presses the "freeze" 
button to stop the action. The 
scene viewed at the instant 

(continued on page 12) 
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the new 

Fincd 

HOME TV/ FM 
MULTIPLE SET AMPLIFIERS 

Amplifies TV/FM signals for distribution to every 
set in the house! 
Solid state design meets the most demanding reception conditions 
Five different models for every reception requirement. 

SAFE! DEPENDABLE! INEXPENSIVE! 

FOR COLOR TV ... BLACK & WHITE TV ... 
FM/FM STEREO 

G-922 

300 ohm system, VHF -UHF - 
FM, 300 ohm input and four 300 

ohm outputs using twin lead wire. 
List $43.95 

G-923 
ohVm stem 

UHF- 
FM, 75 ohm 

input and, 
four 75 

ohm outputs 
using coaxial cable. 

List $46.95 

G-924 75 ohm system, 
VHF -UHF - 

FM, 75 ohm 
input and 
single 75 

ohm output 
using coaxial cable. 

List $45.95 

G-920 
$ 

300 ohm sys- 
tem, VHF- 

FM only, 
300 ohm 

input and four 
300 ohm outputs 

using twin lead wire. 

List $33.95 

G-921 ' 
Js 

75 ohm sys- 
tem, VHF - 

FM only, 
both 75 ohm *' and 300 ohm 

inputs and four 75 
ohm outputs using coaxial 

cable. List $39.95 

M 

WRITE DEPT. 210-8 FOR CATALOG NO. 20-594. 

THE FINNEY COMPANY 
34 W. Interstate Street 
Bedford, Ohio 44146 
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You get more 
for your money 
from NRI- 
America's oldest and largest Electronic, 
Radio-TV home -study school 

Compare if you like. You'll find-as have so 

many thousands of others-that NRI training 
can't be beat. From the delivery of your first les- 

sons in the remarkable, new Achievement Kit we 

send you, to "bite size," easily -read texts and 

carefully designed training equipment ... NRI 

gives you more value. 

All this is yours-from Achievement Kit to the 
only Color TV specifically designed for training 
-when you enroll for NRI's TV-Radio Servicing 
course. Other courses are equally complete. 
But NRI training is more than kits and "bite - 
size" texts. It's also personal services which 
have made NRI a 50 -year leader in the home - 

study field. Mail the postage -free card today. 

Shown below is a dramatic, pictorial example of 

all of the training materials included in just one 

NRI Course. Everything you see pictured below is 

included in low-cost NRI training. Other major 

NRI courses are equally complete. Text for text, 

kit for kit, dollar for dollar-your best home 
study buy is NRI. 

Approved under GI BILL 
If you served since January 
31, 1955, or are in service. 
check GI line in postage - 

free card. 

I 
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GET A FASTER START WITH NRI'S 

NEW EXCLUSIVE ACHIEVEMENT KIT 

The day we receive your enrollment application we 

nail out your Achievement Kit. It contains everything 
you need to make an easy, fast start in the Electronics 

training of your choice. This attractive, new starter kit 

is an outstanding, logical way to introduce you to home - 

study as NRI teaches it ... an unparalleled example 

of the value of NRI training ... training that is backed 

up by a dedicated staff and the personal attention you 

should expect of a home -study school. It is your first 
of a number of special training aids carefully devel- 

oped by the NRI laboratories to make your adventure 
into Electronics absorbing, meaningful. What's in the 

Achievement Kit? Your first group of lesson texts; a 

rich vinyl desk folder to hold your study material; the 

industry's most complete Radio-TV Electronics Dic- 

tionary; valuable reference texts; lesson answe sheets; 

pre -addressed envelopes; pencils; pen; engi- 

neer's ruler-even postage. No other school 
has anything like the NRI Achievement Kit. 

OVER 50 YEARS OF LEADERSHIP 

SEPTEMBER 1971 

LEARNING BECOMES AN ABSORBING 

ADVENTURE WITH NRI TRAINING KITS 

Electronics comes alive with NRI training kits. What 
better way to learn than by doing it? That's why NRI 

pioneered and perfected the "home lab" technique of 
learning at home in your spare time. You get your 
hands on actual pars and use them to build, experi- 
ment, explore, discover. NRI invites comparison with 
training equipment cffered oy any other school. Begin 

NOW this exciting prograrr of practical learning. It's 
the best way to understand the skills of the finest 
technicians-and make their techniques your own. 

Whatever your reason for wanting to increase your 
knowledge of Electronics ... whatever your field of 
interest ... whatever your education ... there's an 

NRI instruction plan to fit your needs, at low tuition 
rates to fit your budget. Get all the facts about NRI 

training plans, NRI training equipment. Fill in and 

mail the attached postage -free card today. 
No salesman will call. NATIONAL RADIO 

INSTITUTE, Wasiington, D.C. 20016. 

IN ELECTRONICS TRAINING 

Accredited by the Accrediting Commission of the National Home Study Couttir 
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New &Timely 
(continued from page 6) 

the "freeze" button is pressed 
is stored in RCA's new sili- 
con -target storage tube and 
then read out at the required 
speed for transmission over 
voice -frequency links. 

At the remote end, the 
subscriber receives the call in 

the video mode and can view 
the transmitted picture for up 
to 15 minutes or until a new 
one is transmitted. In a sim- 
plex operation the trans- 
mitting party must cease talk- 
ing during the 30 -second 
video transmission period. 
Full two-way conversation 
can be resumed after the pic- 
ture has been received and is 

being displayed. A 2 -way dis- 
cussion can be carried on 
during picture transmission in 
a duplex system. 

The target in the new 
storage tube is an array of 
600,000 silicon dioxide stor- 
age elements in a 1 -cm 
square area of a silicon wa- 
fer. Stored information, pic- 
tures or printed matter, can 
be read out 30 times per sec- 
ond for up to 15 minutes be- 

fore the information on the 
target must be regenerated. 

The information is writ- 
ten in normal raster fashion 
on the target by a high -veloc- 
ity scanning electron beam. 
The beam places on each in- 
dividual silicon dioxide stor- 
age element, in turn, an elec- 
tron charge proportional to 
the amplitude of the in- 
coming video signal. 

To read out the data, a 
low -velocity scanning beam 
sweeps the target. At those 
points where the stored infor- 
mation is dark the scanning 
beam is repelled from the 
target by the combined 
charges on adjacent silicon 
dioxide elements. And, con- 
versely, the beam is attracted 
to the silicon wafer at points 
where the picture is bright. 
The electron beam current 
reaching the silicon wafer is 

then amplified and used to 
modulate the electron beam 
in a standard CRT at the 
normal TV scanning rate, 
even though the information 
may have been stored at a 

different scanning rate. 
Thus, the display CRT 

continually receives informa- 
tion from the storage tube. 
Since it can store information 
at one scanning rate and be 
read out at another, the stor- 
age tube can serve as an in- 
terface between narrow band- 
width systems that provide 
video information rather 
slowly and wide bandwidth 
display systems that require 
the transmission of high- 
speed video information. * 

ANTENNA ACCESSORIES 

Getting a first-rate color 
TV picture on the screen 
doesn't stop with the an- 
tenna installation. But that 
is where it starts! 

Along with the antenna 
there are amplifiers, boost- 
ers, lightning arrestors and 
a myriad of other "little" 
extras that make the differ- 
ence between sharp clear 
pictures and so-so recep- 
tion. For complete details 
read Bob Middleton's story 
starting on page 33. 

Silent Alarm 
NEW YORK, N.Y.-Members 
of an independent taxi asso- 
ciation in New York City 
will be the nation's first cab 
drivers to use a new RCA ra- 
dio system to flash a silent 
alarm to their headquarters 
in case of a robbery or other 
emergency. By pressing a hid- 
den switch a driver can sig- 
nal, without the passenger's 
knowledge, to his radio dis- 
patcher. 

The alarm is part of an 
RCA two-way radio system 
which relays messages in 
number code as well as by 

(continued on page 14) 

True 4.Channel Sound 
(s42.50 per 20watt channel) 

There are several components on the market that 
you can take home and get true 4 -channel sound out 
of today. 

All are expensive. 
Except ours. 
We call ours QAUDIO.* It's an amplifier and player 

with 4 discrete channels. And we designed it primarily 
to play the new 8 -track 4 -channel cartridges. 

But we also give it the 
capability of playing ordinary 
8 -track stereo cartridges, 
because there are a lot more 
of them around today than 
there are 4 -channel car- 
tridges. And QAUDIO makes 
even ordinary stereo car- 
tridges sound fuller and richer 
than they ever have before. 

But of course it takes a specially 
recorded 4 -channel cartridge to 
give you the real QAUDIO expe- 
rience, and there's no point in try- 

i 
ing to describe what that's like. It's simply something 
that has to be experienced. 

And you can experience it today-at a price that's 
almost as unbelievable as the sound: $169.95. (That's 
$169.95 for a true 4 -channel amplifier -player with 
80 watts of total music power.) A QAUDIO unit for 
your car or boat is just $129.95. 

We'll be happy to send you the names of dealers 
near you demonstrating 
QAUDIO, together with a 
brochure describing it in 
detail. 

Write to Toyo Radio 
Company of America, Inc., 
1842 B West 169th Street, 
Gardena, Calif. 90247. 

- 
ii 

@anima 
BY TOYL 

A SHOCKING EXPERIENCE IN SOUND. 

12 
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Naturally Every Speaker 
Wants to be Loved. 

But few manage it as well as the 
Quam Model 8C6PAX. A 
jillion of these speakers 
have already been in- 
stalled in factories, offices, 
restaurants, and other 
locations. What's the 
secret of success? It's the 
Sensuous Sound! 

The Quam 8C6PAX 
knows that music often has 
to compete with inherent 
situational sounds. It must 
manage to be audible without being 
obtrusive. It has to have what it takes. 

ensuous 

ßpeakr 
bY"Q' 

What Does It Take? 

To be the Sensuous Speaker, you 
have to be well -engineered and 
well -manufactured. 

Do you have a 6 oz. ceramic 
magnet? Get one! And get a dual 
cone, too. A frequency response of 
50-20,000 Hz. will also heap you, 
the way it has the 8C6PAX. 

Fitting In 

Don't try to be too deep. The 
8C6PAX has just the right shallow 
construction. At three inches, it can 

fit almost anywhere. Transformer 
mounting facilities add to its appeal. 

The Easy Way 
Maybe it sounds like too much 
trouble for you to become the Sensuous 
Speaker. 

Especially when Quam has already 
done all the work ... and made all this 
delectable sound available for you. 

Model 8C6PAX. The Sensuous 
Speaker. At your distributor. Now. 

QUAM-NICHOLS COMPANY 
234 East Marquette Road 

Chicago, Illinois 60637 
(312) 488-5800 

Circle 6 on reculer service card 
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New &Timely 
(continued from page 12) 

voice. When a driver presses 
the switch, automatic equip- 
ment in the dispatch room 
prints out a log showing the 
taxicab's identifying number, 
the time of the message, and 
sounds a bell as an additional 
alert. The system's clock is 

engineered to log incoming 

calls in time increments of 
one -tenth second. 

The RCA system, known 
as Voice -PLUS for its dual 
capability, also automatically 
transmits a return signal from 
the dispatcher that lights an 
"acknowledge" lamp on the 
cab's dashboard. 

THIS RADAR ANTENNA TEST MODEL has been built by 
Westinghouse under an Air Force program to develop an im- 
proved radar screen for the U.S. Designers had to give special 
consideration to the problem of signals reflected from every- 
thing on the earth's surface-ground clutter-which can over- 
whelm radar reflections from low -flying aircraft. Reduction of 
sidelobe energy was used to suppress ground clutter. 

CCTV AIDS POLICE 
MOUNT VERNON, N.Y.-With 
the assistance of a closed- 
circuit television system in- 
stalled at police headquarters, 
law enforcement agents were 
able to arrest a suspected 
burglar. 

The monitoring system 
consists of two screens located 
at the local police station and 

linked with cameras in the 
business district. Noticing a 
man "acting suspiciously" at 
the door of Joe's Pizzeria, 
half a mile from his screens. 
the officer on duty quickly 
dispatched a radio car and 
two other policemen in time 
to seize the man on a charge 
of attempted burglary. R -E 

LOOKING AHEAD 
(continued from page 6) 

clockwise helix, right -rear in a counterclockwise motion. 
The first equipment for the Columbia SQ system will 

he built by Sony. A simple matrix decoder will retail for 
about $55. A more sophisticated version, called a "logic" 
system-which increases directionality by adding amplifi- 
cation to the predominant channel-will initially sell for 
about $165. Columbia's SQ discs will cost one dollar more 
than conventional stereo records. 

The Electro -Voice matrix system has a headstart in 
the marketplace-equipment is available under several 
brandnames, about 50 discs are on the market, and per- 
haps a dozen FM stations are transmitting programs using 
this method. Whether the two systems can be brought into 
compatibility remains to be seen. R -E 

RAYTHEON irM 

your silent partner 
You and our tubes make a great team. Great because 

it's a close sales partnership. So close that you, 
the independent serviceman, are our only outlet. 

We don't compete with service trucks. Or 
captive business. That's helped you make us the 

largest independent tube supplier in the business. 
Together we've come a long way. 

You've found it's good business to do business with us. 
And because your business is good, ours is. 

Let's keep it growing together. 
Circle 7 on reader service card 
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SONY achieves true integration 

In all tco many transistor integrated amplifiers, the 
preamp stage does not quite live up to the per- 
formance of the amplifier section. 

Not in Sony's new TA -1130. Thanks to an FET 
front end, this integrated package has a preamp 
stage that really does full justice to its output section. 

Why FET's 
For the same reason that we use them in our tuners 
and receivers, and in our studio professional con- 
denser microphones; because FET's have a far 
wider dynamic range than ordinary transistor types. 

And the preamplifier needs that range. Because it 
has tc be sensitive enough to handle the lowest - 
output, moving -coil car- 
tridges, yet still accept the 
highest output cartridges 
without overloading. (The 
power amp has it easier: 
you keep its input level 
fairly constant with your 
volume control.) 

Power to Spare 
But if the power amplifier 
doesn't need that range, 
it does need power. The 
output section of TA -1130 
has t: 230 I HF watts (into SONY F.E.T. Amplifier 
4 ohms),with continuous power rated at 65+65 watts 
into 8 ohms. (With all that power, we made sure that 
both transistor and speaker protection circuits were 
included.) 

Circle S on rea 

Nothing Stands Between You and the Sound 
Both sections are powered by balanced positive 
and negative supply voltages (not just positive and 
ground), so there need be no coupling capacitors or 
interstage transformers between you and the sound. 

Without them, the TA -1130 can extend its power 
band width down to 7 Hertz, and actually exceed its 
rated damping factor of 100 all the way down to 5 Hz. 

An Abundance of Audiophile Conveniences 
Of course, the TA -1130 has all the control facilities 
that you could ask for: low and high filters, tape 
monitor, a speaker selector, and even an Auxiliary 
input jack on the front panel. The selector switch is 

Sony's instant -access knob - 
and -lever system. 

There's even provision 
to use the TA -1130's power 
amp and preamp sections 
separately, to add equal- 
izers, electronic cross- 
overs, or 4 -channel adapt- 
ers to your system. 

In fact, you can even get 
the power output section 
separately, as the model 
TA -3130 basic amp. It 
makes a great match for 
our TA -2000 preamp, too. 

Your Sony dealer has both models available, and 
at prices-$359.50 for the TA -1130; $239.50 for the 
TA -3130. Sony Corporation of America, 47-47 Van 
Dam Street, Long Island City, New York 11101 
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CUSTOM 
TAPE 

COMPONENTS 

Model 87. Compact, inexpensive, yet 
highly reliable two speed, two motor 
open reel tape transport ideally suited 
for most manual recording/playback ap- 
plications. Interlocked tape motion and 
record controls, pause and cue controls. 
Monaural or stereo head configurations. 
Available also three motor, electrically 
controlled series 230 tape transports. j 

Broadcast quality transports for all NAB 
type endless loop tape cartridges. Three 
models - manual, semi -automatic or 
automatic for broadcast, industrial or 
commercial applications. Single or dual 
speed, in monaural or stereo head con- 

figurations. 

Matching electronics for above. RP 84, 
professional solid state, monaural re- 
cord and playback preamplifier for tape 
transports with two or three heads. 
Selectable equalization from 1-7/8 to 
15 ips. A -B monitor switch. Mixing of 
line and mike inputs. Bias synch provi- 
sion for multi -channel applications. 
Phone jack, VU meter, record light. 
30-18,000 Hz ± 3dB at 7.5 ips. Also 
model PB -10 playback preamplifier and 
model PA94F, 8 watt playback ampli- 
fier. 

For free catalog and price information 
write 

PRODUCTS OF SOUND RESEARC,-t 

TELEX® 
COMMUNICATIONS OIV,SION 

9600 ALDRICH AVENUE SOUTH 

MINNEAPOLIS, MINNESOTA 55470 

HOME APPLIANCE 
ELECTRONICS 

by JACK DARR 
SERVICE EDITOR 

THE "ANALYZER" IN AUTOMATIC HOME APPLIANCES 

THE PRINCIPLE OF "I HE "ANALYZER" HAS 

been known and used by electronics 
men for a long time. This is an in- 
strument which can be connected, 
plugged in, etc., to a machine, and used 
to make several different kinds of tests. 
Now, we're seeing "electric -appliance 
analyzers" showing up. With the nu- 
merous kinds of fully -automatic home 
appliances on the market today, this can 
be a great time saver. We'll probably see 
more of them in the future. 

The first one I saw was a unit made 
by the Robinair Mfg. Co., Montpelier, 
Ohio, for use with various Frigidaire 
washers, and both gas and electric 
clothes dryers. Incidentally, the ap- 
pliances themselves are designed for fast 
and easy diagnosis and repair, mostly in 
the home. This is a welcome trend, and 
one which should be adopted by a lot of 
other people; hopefully soon. 

All of these units have removable 
"control consoles"; all wiring is con- 
nected by plugs and sockets. The con- 
sole can be lifted off, by loosening a 
couple of simple clips, and the Analyzer 
plugged in. This allows a very rapid iso- 
lation of the trouble to one of two 
places; the controls themselves or the 
"machinery". All operations of the unit, 
in all parts of the cycle; can be started, 
stopped and controlled by the Analyzer. 
By running the unit through one full 
cycle, everything can be checked and 
any defective parts located. 

A rotary selector switch on the 
Analyzer panel takes the place of the 
motor -driven timer in the unit. By set- 
ting this to various positions. every func- 
tion of the unit can be operated nor- 
mally and checked out: High, medium 
and low -speed agitation of the washer; 
high or medium -speed spinning, hot or 
rold water temperature-these can all be 
tested very quickly and easily. 

Pilot lights on the Analyzer panel 
show which function is in operation. 
High, low and medium motor speed; hot 
or cold water; spin or agitate. There is 

even an "Overload" light warning that 
there is something jammed up in the 
mechanism, and putting an abnormal 
load on the motor. (A stray sock in the 
drain pump, a dry bearing, or even a 
motor with shorted turns in the windings 
will show up.) The starter relay can also 
be checked out, with its own pilot light. 

If the machinery checks out in 
good working order, this clears it from 
suspicion. The trouble is pinned down to 
something in the control console which 
isn't working properly. The console it - 

sell can be tested with the Analyzer and 
the pilot lights. The Analyzer is plugged 
into an ac outlet, and the console 
plugged into it. Now, by running the 
timer, selector switches. etc through a 
full cycle, the Analyzer immediately 
shows up any defective switches, relays, 
controls or open wiring. The pilot lights 
indicate which functions are operating at 
any given time. 

The Analyzer can be used, along 
with "actual operation" tests, to check 
out the numerous safety features pro- 
vided on these machines. They have a 
"lid -switch", which should stop the ma- 
chine instantly if the lid is lifted while 
it's in operation. 

Another (and welcome) feature of 
these units is an "Out -Of -Balance" 
switch. Those of us who worked on the 
prototypes of these machines back in the 
late 1920's well remember what hap- 
pened when a load of clothes got too far 
"off -center" in the first spin-dryers! The 
machine jumped straight up into the air, 
wiggled, and took off toward the lowest 
point! 

In fact, one of these machines had 
such a tendency to "walk" while spin- 
ning that it was known, not affection- 
ately, among repairmen as the "Gallop- 
ing Goose"! Another one came equipped 
with a huge block of cement, 6 inches 
thick and about 4 feet square, fitted with 
four bolts, to which the unit was fas- 
tened. (After this, the machine didn't 
vibrate-the house did!) It took four 
husky men to carry this monolith into 
the house and get into place! 

This, thank goodness, has been 
eliminated. These units have an "Out -of - 
balance" switch, which is designed to 
open, stopping the machine quickly 
(there is a brake on the drum!), if the 
vibration exceeds a certain number of 
G's. A test procedure is used; this is 
done by putting a deliberately unbal- 
anced load in the machine, and running 
it. to make sure that the out -of -balance 
switch will stop it, in the right amount 
of time. 

Electronic heat -sensors are used in 
both gas and electric dryers, as heat - 
limit controls. If they get too hot, it 
shuts off all power. On electrically - 
heated dryers, this is done by opening a 
relay. On gas -heated types, the main gas 
valve is always a solenoid type: these are 
always built so that if the power is cut 
off, the valve closes. This is a "fail-safe" 
feature; there are a lot of these in mod- 
ern appliances. We will talk about them 
in future columns. R -E 

Circle 9 on reader service card 
16 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


NEW 

ter,,, 

IR -18M solid-state 12 -speed 
chart recorder kit NEW GR-371MX 

solid-state 

s.er 

NEW GD -29 microwave oven kit 

., 
25" square -corner 
color TV kit 

NEW IB-101Is 
sol id -state 
15 MHz frequency 
counter kit 
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NEW IB-102 175 MHzz-- "" 
solid-state 
frequency 
scaler kit 

NEW 

=Ertl 

NEW 

.. ... ,,,.. 

. 

IM -105 solid-state 
VOM kit 

-*I.., 
r 

?*.s 
10-102 solid-state 
5" scope kit 

Seven new Heathkit®improvement ideas for home or shop 
NEW ! Heathkit 1R -18M 10" chart recorder kit provides 12 different 
chart speeds...instant pushbutton selection from 5 sec/in. to 200 
min/in. Digital logic delivers accuracy unobtainable with ordinary 
gear trains. Two input ranges permit accurate measurements from 
Q-1 & 0-10 mV full scale. Hi -Z input minimizes loading. 3 -terminal 
floating input. Light -operated modulator eliminates problems of a 
mechanical chopper...operates at 240 Hz to reduce 60 Hz noise. In- 
ternal temperature -stabilized reference voltage eliminates trouble- 
some reference battery. Coarse & Fine zero controls allow fast, 
accurate pen positioning. Other features: versatile pen holder that 
accepts virtually any writing instrument & hinged top for easy paper 
loading. For the best value going in a chart recorder, order your 
1R -18M now. Kit IR -18M, 15 lbs., 149.95* 

N EW! GR -371 MX 25" solid-state ultra -rectangular color TV. Check 
out the competition for standard features like these: 25" square cor- 
ner Matrix picture tube for the biggest, brightest, sharpest color pic- 
ture ever... high resolution circuitry plus adjustable video peaking 

Automatic Fine Tuning. -.pushbutton channel advance..."Instant- 
On"...Automatic Chroma Control ...factory assembled 3 -stage solid- 
state IF and VHF & UHF tuners for superior reception, even under 
marginal conditions...adjustable noise limiting & gated AGC...ad- 
justable tone control... hi-fi sound output to internal speaker or your 
hi-fi system. Plus your choice of installation in one of the three 
beautiful Heath cabinets or custom wall mounting capability. And 
the exclusive Heath self-service features let you do all normal ad- 
justment & servicing, saving hundreds of dollars in service costs. If 
you want the finest, this is it... order your 371MX now. Kit GR -371 MX, 
125 lbs. 579.95* 

NEW! GD -29 microwave oven...the most modern way to prepare 
food. Cooks up to 70% faster with better vitamin retention. Cooks on 
glass, ceramics, even paper plates. low profile design fits under cup- 
boards easily, yet has one of the largest oven capacities in the indus- 
try. Operates anywhere on standard 120 VAC current. Kit includes 
specially prepared cookbook. Kit GD -29, 97 lbs. 379.95* 
Roll -around cart gives oven easy mobility, Model GDA-29-1, 24.95* 

NEW ! IB-102 Scaler and IB-101 Frequency Counter combination 
give you frequency measurement capability to 175 MHz at low, low 
cost. IB-101 counts from 1 Hz to over 15 MHz. Hz/kHz ranges & over - 
range indicator let you make an 8 -digit measurement down to the 

last Hz in seconds. 5 -digit cold -cathode readout...extremely low in- 
put triggering...all solid-state with 26 ICs, 8 transistors. NEW IB-102 
Frequency Scaler can be used with virtually any counter on the 
market to extend your measurement capability well into the VHF 
range...at a price far below the cost of a 175 MHz counter. 10:1 and 
100:1 scaling ratios give resolution down to 10 Hz...1:1 ratio provides 
straight-thru counting for frequencies in range of counter. Exclusive 
Heath input circuit triggers at very low levels - at 100 MHz less than 

30 mV is needed. A handy Test switch gives a quick, accurate check 
of proper operation. All solid-state; fully regulated supplies; conven- 
ient carrying handle/tilt stand. Extend your frequency measurement 
capability now with these two new kits. Kit IB-101, 7 lbs.....199.95* 
Kit IB-102, 7 lbs. 99.95* 

NEW! I0-102 solid-state 5" scope ideally suited for general purpose 
service & design work. Features wide DC -5 MHz response, 30 mV/cm 
sensitivity and 80 ns rise time. Switch -selected AC or DC coupling 
for greater versatility. Frequency -compensated 3 -position attenu- 
ator. FET input provides hi -Z to minimize circuit loading. Recurrent, 
automatic -sync type sweep provides five ranges from 10 Hz to 500 
kHz with vernier. External horizontal and sync inputs are also pro- 
vided. One volt P -P output provides an accurate comparison voltage 
source. Additional features include a big 5" CRT with high visibility 
trace; 6x10 cm ruled graticule that can be replaced with a standard 
camera mount; solid-state zener-regulated supplies for extra display 
stability and 120/240 VAC operation. An excellent all-around scope 
that belongs on your bench now. Kit 10-102, 29 lbs., 119.95* 

NEW! IM -105 solid-state portable VOM...an extremely rugged, high- 
ly accurate, low cost meter for hundreds of applications. High impact 
Lexan. case and ruggedized diode & fuse protected taut -band meter 
movement will suffer extreme abuse and still maintain specifica- 
tions. 95° wide viewing area provides high resolution. 3% DC accu- 
racy; 4% AC accuracy; 3% DC current accuracy. Temperature 
compensated. 8 DCV ranges from 0.25 to 5000 V full scale 7 ACV 
ranges from 2.5 to 5000 V full scale...6 DC current ranges from 0.05 
mA to 10 A full scale...5 ohms ranges from xl to x10k with center 
scale factor of 20...5 dB ranges from -10 to +50 dB. Other features 
include DC polarity reversal switch; front panel thumbwheel ohms 
zero; self -storing handle and fast, easy assembly. A lot of meter at a 
little cost...that's the new IM -105. Order yours now. Kit 1M-105, 7 
lbs., 47.95* 

See these kits at your local Heathkit Electronic Center ... or Send for Free Catalog 
CALIF.: Anaheim, 330 E. Ball Road; El Cerrito, 6000 Potrero Avenue; La Mesa, 8363 
Center Drive; Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.; 
Woodland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: At- 
lanta, 5285 Roswell Road; ILL.: Chicago, 3462-66 W: Devon Ave.; Downers Grove, 
224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Wellesley, 165 Wor- 
cester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 101 Shady Oak 
Rd.; Mo.: St. Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); 
N.Y.: Jericho, L.I., 15 Jericho Turnpike; New York, 35 W. 45th Street; OHIO: Cleve- 
land, 5444 Pearl Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318 
Roosevelt Blvd.; Pittsburgh, 3482 William Penn Hwy.; TEXAS: Dallas, 2715 Ross 
Avenue; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil- 
waukee, 5215 W. Fond du Lac. 
Retail Heathkit Electronic Center prices slightly higher to cover shipping, local 
stock, consultation and demonstration facilities. Local service also available 

whether you purchase locally or by factory mail order. 

HEATH COMPANY, Dept. 20-9 
Benton Harbor, Michigan 49022 

Enclosed is $ 

a Schlumberger company 
, plus shipping. 

Please send model (s) 

D Please send FREE Heathkit Catalog. D Please send Credit Application. 

Name 

Address 

City State lip 
*Mail order prices; F.O.B. factory. 

Prices & specifications subject to change without notice. CL -411 
r- 
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How to prepare for 
today's competitive 

job market, tomorrow's 
new opportunities 

in electronics 

18 

Competition for jots and promotions 
is severe in the electrcnics industry to- 
day. But experts say that exciting new 
electronic products will create thousands 
of new jobs in the next law years. 

One thing is certain: in good times 
or bad, the best opportunities come to the 
man with an acvancad, specialized 
knowledge of electronics He has a bet- 
ter chance of survival in 3 recession and 
will profit more in timez of prosperity 
than the man with ordinar¡ qualifications. 

But how can you get the additional 
education in electronics you need to 
protect your future-and the future of 
your family? Going back b school isn't 
easy for a man wilt a j .b and family 
obligations. 
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CREI Home Study Programs offer 
you a practical way to get more educa- 
tior without going back to school. You 
study at home, at your own pace, on 
your cwn schedule. And you study with 
the assurance that what you learn can 
be applied on the job immediately to 
make you worth more money to your 
employer. 

You're eligible for a CREI Program 
if you work in electronics and have a 
higi school education. Our FREE book 
gives complete information. Mail post - 
pail card for your copy. If card is de- 
tacied, use coupon or write: 
CREI, Dept. E1409B, Wisconsin Ave. & 
Tilden St., Washington, D.C. 20016. 

College Credits for CREI Students 
Recently CREI affiliated with the New York Institute of Tech- 

nology for the express purpose of making it possible for CREI 
students to earn college credits for their studies. The New York 
Institute of Technology is fully accredited by the Middle States 
Association of Colleges and Universities and is chartered by the 
New York State Board of Regents. 

For the many CREI students who are not interested in college 
credits, but simply in improving their knowledge of advanced elec- 
tronics, this affiliation with NYIT will provide additional assurance 
of the high quality of CREI home study education. 

If you want to know more about earning college credits for 
CREI study, check the appropriate box when you mail the postpaid 
card for complete information on CREI Programs. 

Accredited Member of the 
National Home Study Council 

Free book tells all about CREI 
programs. For your copy, tear 
out and mail postpaid card or 

write: CREI, Dept. E14098 
Wisconsin Ave. & Tilden St.. 

Washington. D.C. 20016 

CREI, A Division of the McGraw-Hill 
Continuing Education Company 
Dept. E1409B, Wisconsin Ave. & Tilden St , Washington, D.C. 20016 

Please mail me free book describing CREI Programs. I am employed 
in electronics and have a high school education. 

Name Age 

Address 

City State Zip Code 

Employed by 

Type of Present Work G.I. Bill 

I am interested in: College credits for CREI study. Space Electronics 
Electronic Engineering Technology Computers Industrial Electronics 
Nuclear Engineering Technology Electronics Systems Engineering 
Non -technical course in computer programming. CATV Engineering 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 

SEPTEMBER 1971 21 

www.americanradiohistory.com

www.americanradiohistory.com


hers 
pliers 
ALL THE TYPES YOU NEED IN 

A FULL RANGE OF SIZES. 

From 4" miniature electronics 
to 10" utility. Precision made 
in USA. Forged alloy steel 
construction. Cleanly milled, 
perfectly aligned jaws. Hand - 
honed, mated cutting edges. 
Most with Cushion Grip 
handles. 

.emer-., 

---- r 

NOW 
INCLUDING 

°It 

5" Bent Thin Chain Nose. For handling fine wires 
in close quarters. No. 79CG 

51/2" Thin Needle Nose. For firm gripping and 
looping of wires. No. 57CG 

4" Full Flush Cutting Diagonals. Snap cuts to 
the extreme tip. No. 84CG 

5" Midget Slip Joint. Narrow jaws for close 
quarter work. 3 openings to 1/2". No. 50CG 

REQUEST CATALOG 

nationwide availability through local distributors 

XCELITE, INC., 10 Bank St., Orchard Park, N. Y. 14127 

In Canada contact Charles W. Pointon, Ltd. 

Circle 11 on reader service card 

EQUIPMENT REPORT 
Heathkit GD -29 Electronic Oven 

For manufacturer's literature, circle No. 20 on Reader Service Card. 

e 
AN ELECTRIC OVEN IS MAGIC. IT CAN'T 

possibly do the things that it does do. 
An electronic oven that you build 
yourself defies belief-bunt it does exist 
and we have built one. 

The Heathkit GD -29 is more an 
appliance kit than an electronics kit. 
It's easy to build: we completed our 
test unit in just under ten hours. And 
very little of that time was spent on 
electronic assembly-most of it went 
toward mechanical assembly. There 
seemed to be more stainless -steel self - 
tapping screws in the kit than we had 
ever seen in one place before. 

Actually, we found the construc- 
tion very satisfying. It's fascinating to 
watch the oven take shape as you work. 
The magnetron unit is preassembled 
which further simplifies construction. 

But the most fascinating part of 
all came when we started "cooking 
electronically." It's a whole new world. 
You can boil a glass of water in one 
minute. You can take a Cornish game 
hen out of the freezer, pop it in the 
oven, and sit down to a piping hot 
dinner fifteen minutes later. A baked 
potato takes a mere 4 minutes, and 
you cook right in the dishes you serve 
from-no more pots and pans. 

For those with economy in mind, 
because the electronic oven cooks so 
fast, it uses only a fraction of the total 
electric power you would use to cook 

the same food in a conventional electric 
oven. But you can read all about this 
in the "Cookbook" that comes with 
the oven. 

Once you have made sure you've 
got all the parts and have completely 
unpacked the kit you'll assemble the 
high -voltage chassis first. Then it's on 
to the oven assembly and front -panel 
controls and indicators. There's a 35 - 
minute, 2 -speed timer, an on -off switch 
and four indicator lights. 

When you turn the unit on, the 
oven door unlocks and the "power on" 
light goes on. When you open the door, 
the "door -open" lamp lights and power 
is disconnected from the magnetron, 
so even if you open the door in the 
middle of the cooking cycle the micro- 
wave power is off. The fourth lamp is a 
"hi -temp" that lights if the magnetron 
overheats. This is usually caused by a 
dirty air filter that takes only minutes 
to clean. 

Because stray microwaves might 
be harmful, several safety precautions 
are designed into the oven and make 
it foolproof. 

There are two safety interlocks, 
either one will turn off the magnetron. 
One operates whenever the door switch 
is triggered (you cannot open the door 
without releasing the door switch). 
The other is a microswitch that oper- 
ates as soon as the door starts to open, 
it detects movement of the door guide. 
Also, the closed oven door is sealed 
against microwave leakage by a com- 
bination of a conductive vinyl seal and 
a Teflon -coated capacitive plate. 

To sum up, the unit goes together 
in a matter of hours and works well- 
start work on a Saturday morning and 
you can be cooking Sunday dinner in 
the oven. R -E 

SPECIFICATIONS 

Power Output 
Power Requirements 
Frequency 
Microwave Leakage 
Magnetron Tube 
Stirrer 
Interlocks 

650 watts minimum 
105-125 Vac, 60 Hz, 15A 
2450 MHz -±-50 MHz 
1 mW/cm2 or less 
Litton Industries L-5201 
3 blades, rotates at about 65 rpm. 
Door guide microswitch; door latch 
switch 

Timer 0-35 minutes, split scale 
0-5 minutes in 1 -minute steps 
5-35 minutes in 1 -minute steps 
Forced air 
7-17Yio" high; 15-1/" wide; 14" deep 
15-1/2" high; 25-1/2" wide; 14-a/a" deep 
75 pounds 

Cooling 
Cooking Space 
Outside Dimensions 
Weight 
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THE SANSUI QS -1 

QUA DPHONIC SYNTHESIZER g 

SANSUI QS -1 

4 -CHANNEL SOUND FROM ANY 2 -CHANNEL SOURCE 
Senses and recovers the ambient information 

hidden in your stereo discs, tapes and broadcasts 

After having discovered that the ambient components of the original total sound 
field are already contained in hidden form, in conventional stereo records, tapes 
and broadcasts, Sansui engineers developed a method for sensing and 

2 ch input 
recoveringthem.Thesesubtle shifts and modulations, if re -introduced, sansei 

L quadphonia 
breathtakingly recreate the total of the original sound as it existed in the R matrix 

recording or broadcast studio. 
The heart of the Sansui Quadphonic Synthesizer" is a combination of a unique 

reproducing matrix and a phase modulator. The matrix analyzes the 2 -channel 
information to obtain separate direct and indirect components, then redistributes Phase -modulated signals 

these signals into a sound field consisting of four distinct sources. 
This type of phase modulation of the indirect components, applied to the additional 

speakers, adds another important element. It sets up a complex phase interference fringe in the 
listening room that duplicates the multiple indirect -wave effects of the original field. The result is 
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through 
Mn in the accompanying illustration) and reproducing them through a corresponding number 
of channels and speakers. 

nnse moa"i.,on 

IF L F R 

fR.L R.R 

The startling, multidimensional effect goes beyond the four discrete sources used in conventional 
4 -channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the 

dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area 
at the center. And that is exactly the effect obtained with live music! This phenomenon is one 

of the true tests of the Quadphonic system. 

The Sansui Quadphonic Synthesizer QS -1 has been the talk of the recent high-fidelity shows at which 
it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you 

can do that now at your Sansui dealer. Discover that you can hear four channels plus, today, 
with your present records and present stereo broadcasts. $199.95. 

Sa.zsu12_ 

`Patents Pending 

SANSUI ELECTRONICS CORP. 
Woodside, New York Gardena, California 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan Frankfurt a M. West Germany 
Electronic Distributors (Canada), British Columbia 
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the tape that 
turned the 

cassette 
into a 

high-fidelity 
medium 

TDK 
Until TDK developed gamma ferric oxide, cassette 

recorders were fine for taping lectures, conferences, verbal 
memos and family fun-but not for serious high fidelity. 

® 

III 
0. Tot< :-., so c -so 

V V 
TDK SUPER DYNAMIC 

(SD) TAPE 

4EMBF9 

INSTITUTE OE 

HIGH FIDELITY 
INC 

H I, 

to, 

Today you can choose among 
high -quality stereo 

cassette decks. 

?DEC CAMINIMET11 C--01110 

111111111111111E111 i.:,,. 
111111111111111111111111 r 190 1,90 

MED . Mnm 
m m n 10090 no 

En 

The new magnetic oxide used in TDK Super Dynamic 
tape distinctively differs from standard formulations in such 
important properties as coercive force, hysteresis -loop 
squareness, average particle length (only 0.4 micron!) and 
particle width/length ratio. These add up to meaningful 
performance differences: response capability from 30 to 
20,000 Hz. drastically reduced background hiss, higher 
output level. decreased distortion and expanded dynamic 
range. In response alone, there's about 4 to 10 db more 
output in the region above 10.000 Hz-and this is 
immediately evident on any cassette recorder, including 
older types not designed for high performance. There's a 
difference in clarity and crispness you can hear. 

Available in C6OSD and C9OSD lengths. 

TDK ELECTRONICS CORP. 
LONG (BLAND CITY, NEW YOR1K 11103 

Circle 13 on reader service card 

Now Weile 
helps you 
de -solder 
faster and 
easier. 

4' 
COOPER 
INDUSTRIES 

De -solder and re - 
solder cleanly with 

one hand and with less 
chance of heat damage. 
Stainless steel tube prevents 

clogging, and there's a choice 
of six metal tip sizes. 

For straight soldering, you can't 
beat Weller's 25 watt and 40 watt 
professional soldering irons. They 

have stainless steel barrels, popular 
pencil shape and double -coated, in- 
dustrial -grade interchangeable tips. 
Ideal for service work, kits, hobbies. 
The Weller de -soldering tool is 
available nationwide through local 
electronic parts distributors. 

TheCooperGroup 
CRESCENT- KEN -TOOL- LUFKIN WELLER 

C respondence 

OSCILLATOR CIRCUIT 
The circuit below is an oscillator 

that I found through a misconnection. 
I don't know if this circuit was known 
before, but I haven't seen it. 

+6- i2V 

OUTPUT WAVEFORMS 

A -L1_,1 L 

D 

The circuit's interest lies in its 
simplicity and the fact that the pnp- 
transistor is reversed, collector is con- 
nected to +. The frequency of the cir- 
cuit is 1-2 kHz, but if you connect a 
0.01µF capacitor between the pnp- 
transistor collector and emitter, the 
frequency will be about ten times as 
high. 

I have tried it with several types 
of transistors, both germanium and 
silicon, and the circuit will oscillate 
with almost any type. 
JAN STRAND 
Skurup, Sweden 

RADIO DIAGRAMS NEEDED 
I recently bought two old radios 

and I'm trying to rework them. But 
I've run into a problem and need some 
schematics. The radios are: 

Stromberg -Carlson 
Chassis PC #30317 
Radio Receiver #430-11 

and 
Columbia Phonograph Co. 
Columbia Radio Receiver 
Model C4, Serial #6781 

24 
Circle 14 on reader service card 

RADIO -ELECTRON ICS 

www.americanradiohistory.com

www.americanradiohistory.com


Now -Just 3 RCA Hi -Lite "V" Type Color 
Picture Tubes Replace185 Types 

Replaces 92 types 
18VABP22 19HCP22/ 490ASB22 
18VACP22 19HKP22 490BAB22 
18VA0P22 19HFP22 490BCB22 
18VAHP22 19HJP22 490BDB22 
18VAJP22 19HKP22 490BGB22 
18VAQP22 19HQP22 490BHB22 
18VARP22 19HRP22 490BRB22 
18VASP22 19HXP22 4900622 
18VATP22 19JBP22 490CHB22 
18VBAP22 19JDP22 490CUB22 
18VBCP22 19JHP22 490DB22 
19E XP22 19JKP22 490E1322 
19EXP22/ 19JNP22 490EB22A 

19G VP22 19JQP22 490F B22 
59EYP22 19JYP22 490G622 
19EYP22/ 19JZP22 490HB22 

19GWP22 19KEP22 490J822 
19FMP22 19KFP22 490JB22A 
19FXP22 490AB22 490KB22 
19GLP22 490ACB22 490KB22A 
19GSP22 490ADB22 490LB22 
19GVP22 490AEB22 490MB22 
19GVP22/ 490AFB22 490NB22 
19EXP22 490AGB22 490RB22 

19GWP22 490AHB22 490S622 
19G WP22/ 490AHB22A 490TB22 
19EYP22 490AJB22 490UB22 

19GXP22 490AJB22A 490VB22 
19GYP22 490AKB22 490WB22 
19GZP22 490ALB22 490XB22 
19HBP22 490AMB22 490YB22 
19HCP22 490ANB22 490Z622 

490ARB22 

Replaces 22 types 
19VABP22 21FJP22A/ 
19VACP22 21GVP22 
21AXP22 21F KP22 
21AXP22A 21GUP22 
21AXP22A/ 21GUP22/ 

21AXP22 21FBP22A 
21CYP22 21GVP22 
21CYP22A 21GVP22/ 
21FBP22 21FJP22A 
21F BP22A 21GXP22 
21FBP22A/ 21GYP22 

21GUP22 21GZP22 
21FJP22 21HAP22 
21FJP22A 

Replaces 71 types 
23VACP22 25AEP22 25BRP22 
23VADP22 25AFP22 25BSP22 
23VAHP22 26AGP22 25BVP22 
23VALP22 25AJP22 25BWP22 
23VAMP22 25ANP22 25BXP22 
23VANP22 25AP22 25BZP22 
23VAQP22 25AP22A 25CBP22 
23VARP22 25AP22A/ 25CP22 
23VASP22 25XP22 25CP22A 
23VATP22 25AQP22 25FP22 
23VAUP22 25ASP22 25FP22A 
23VAWP22 25AWP22 25GP22 
23VAXP22 25AXP22 25GP22A 
23VAYP22 25AZP22 25RP22 
23VAZP22 25BAP22 25SP22 
23VBAP22 25BCP22 25YP22 
23VBCP22 258 DP22 25WP22 
23VBDP22 25BFP22 25XP22 
23VBEP22 25BGP22 25XP22/ 
23VBGP22 25BHP22 25AP22A 
23VBHP22 25BJP22 25YP22 
23VBJP22 25BMP22 25YP22/ 
23VBRP22 25GP22 25BP22A 
25ABP22 25BP22A 25ZP22 
25ADP22 25BP22A/ 

25YP22 

Here's the way to save yourself time, give your customers faster 
service and improve your profit. Stock these three RCA Hi -Lite 
color picture tubes and have immediate replacements for the 
fastest moving industry types - 185 of them. 

RCA Hi -Lite types are all new, made to OEM specifica- 
tions and contain the newest RCA manufacturing technology, 
including Perma-Chrome and the latest X-ray attenuating glass. 

It adds up to a big plus for you. Order these three RCA 
Hi -Lite tubes, and other types you may need, from your RCA 
Distributor. He also has the complete RCA Interchangeability 
Guide, available free of charge. 
RCA I Electronic Componentsj Harrison, N.J. 07029 

l'i a Electronic 
Components 

SEPTEMBER 1971 25 

www.americanradiohistory.com

www.americanradiohistory.com


Be Safe with DeltAlert 
The Proven Crimestopper 

Everyone knows crime is increasing steadily. In fact, statistics show that one out of 
every six homes will be victimized this year. What can you do about it? The DeltAlert 
Ultrasonic Burglar Detection & Alarm System was developed to help protect you 
and your family. DeltAlert effectively monitors and blankets up to 300 sq. ft. of 
space. utilizing the sonar principle to pick up even the slightest motion. When 
DeltAlert is activated, horn and lights automatically begin operating. The loud ear - 
shattering blasts of the high intensity horn, coupled with light drives away even the 
boldest intruder. At home 
or work, protection 
begins with the 
DeltAlert Alarm and 
Detection System. 
It's maintenance 
free, and to 
install you 
simply plug 
it in. Order 
yours today. 
and start 
enjoying the 
feeling that 
comes with 
DeltAlert 
protection. 

$69.95 

Here Are 8 Reasons to Put 
The Mark Ten B On Your Car 
The Mark Ten B CD System with exclusive VARI SPARK' Circuitry will give you 
these substantial dollar saving advantages: 1) Eliminate 3 out of 4 tune-ups; 
2) Improve combustion, reduce contaminants; 3) Install in ten minutes; 4) Instant 

start in all weather; 5) Dramatic increase in performance; 
6) Handy switch with redundant contacts for instant 

return to standard ignition; 7) Two-piece hous- 
ing with neoprene seals provides total 

dust and moisture 
protection; 8) Use 

on ANY 12 -volt, 
negative -ground 

engine. Put the 
Mark Ten B on 
your car today. 

It will pay for 
itself in dollars saved. 

Superior Products 
At Sensible Prices 

Please send me literature immediately. Enclosed is $ 

Please send' DeltAlert(s) @ $69.95 ppd. 
DeltaHorn(s) @ $24.95 ppd. 

_Mark Ten B @ $59.95 ppd. 

_Standard Mark Ten (Assembled) @ $44.95 ppd. 

_6 Volt: Neg. Ground Only .Positive Ground 

_12 Volt: Specify Negative Ground 

_Standard Mark Ten (Deltakit) @ $29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

Car Year Make 

PI Name 

Address 

Mark Ten B 
(12v neg only) Only $59.95 ppd 

Standard Mark Ten $44.95 ppd' 

-MIW1aBIZMI' 
Ship Oppd. D C.O.D. 

1 
1 
1 

DELTA 
1111 City/State 7ip PRODUCTS, INC. if 

P.O. Box 1147, Grand Junction, Colorado 81501, (303) 242-9000 
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Circle 15 on render service card 

I don't know the year on these 
radios for sure, but I believe the Strom- 
berg -Carlson was made in the late 
1930's and the Columbia in the 1920's. 

If you or perhaps a reader have 
a schematic or know where I might 
locate one I would appreciate your help. 
I'm willing to pay a reasonable price 
for them. Thanks for your cooperation. 
GENE PITTMAN 
Apt. 70, 632-31 Ave. N. 
Columbus, Miss. 39701 R -E 

M.1" 

"Stop pushing that button and go tell 
him to stop beeping his horn . . ." 

"... That's the spring off my sweeper, 
I put it there so you'd fix it . . . 

r 
ANOTHER SUPERB , 
VALUE 
from Olson 

Electronics 

ONLY 

$12 
DELUXE 

TRANSISTOR 

CHECKER 

Compact, self-contained, self -powered dy- 

namic transistor checker. Test may be 

made "in circuit" or out of circuit. Iden- 

tifies and checks PNP and NPN types, plus 
power. Complete with instruction manual, 

service tips and transistor drawings. 
Olson Electronics, Dept. LU, 

260 S. Forge St., Akron, Ohio 44308 

I enclose $12, plus $1 for postage 

and handling. Send me the TE -199 

Transistor Checker. 

Send me the next seven issues of 

the Olson Catalog, without cost or 

obligation. FREE 
Name 

Address 

City 

State Zip 

L Circle 21 ort reader service card 
RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Update your Radio/TV Radio/II/skills 
with these aids Completely up-to-date, written by experts and 

easy to follow ... they are "best sellers" to 
radio/TV technicians and amateurs alike. 

COLOR -TV FIELD -SERVICE 
GUIDES 

Invaluable for 
servicing Color -TV 
in the customer's 
home. Each volume 
contains 80 dia- 
grams covering over 
3,000 chassis 
sensibly organized with 
detailed chassis layout charts on one page 
and specific adjustment procedures on op- 
posite page. Indexed for instant reference. 

Vol. 1 No. 20796-$4.95 
Vol. 2 No. 20807-$4.95 
Vol. 3 No. 20847$4.95 

TRANSISTOR AUDIO 
AMPLIFIERS 
By Jack Darr 

AUTOR 
4MPUFIERS 

Gives you a good, work- 
ing knowledge of tran- 
sistor circuits found in 
audio equipment of all 
sizes. Shows how the 
circuits work normally, 
what changes take place 
when trouble occurs, and how to 
service the solid-state equipment. An invalu- 
able guide for all who service transistor cir- 
cuits. No. 20838-55.50 

1 

1-2-3-4 SERVICING AUTO- 
MOBILE STEREO 
By Forest H. Belt 
& Associates 

Explains the simple 
1-2-3-4 servicing meth- 
od, shows how easy it 
is to apply the method to 
automobile stereo, fm multiplex, and tape car- 
tridge systems. Clear, easy -to -read illustrations, 
charts and schematics to make servicing easy. 
No. 20737-$3.95 

STUDY GUIDE 
FOR CET 
EXAMINATIONS 
By J. A. Wilson, 
CET and 
Dick Glass, CET 

A comprehensive re- 
view of the material 
covered by the CET 
(Certified Electronics Tech- 
nician) examination. It's almost 
a "must" for gaining a CET desig- 
nation, for passing a state or local licensing 
exam, or as a "brush -up" in applying for a 
position in the electronics field. Includes ques- 
tion -and -answer sections and a 50 -question 
test in each chapter. No. 20834-$5.95 

1-2-3-4 SERVICING 
TRANSISTOR COLOR TV 
By Forest H. Belt 
and Associates 

.p.4. 
'Rzsa 

eiebrtyr. 
teNee rg,, 

Details the simple 1-2-3-4 
servicing method and steps that get 
transistor Color -TV sets fixed easily 
every time. No. 20777-$4.95 

and right 

UNDERSTANDING 
OSCILLATORS 
By Irving 
M. Gottlieb 

What you want to 
know about oscilla- 
tors ... how they work, their many personali- 
ties and variations, strong and weak points, 
how they are used in practical applications, 
how to service them. A most useful text for 
engineers and technicians. No. 20837-$4.50 

99 
ELECTRONIC . 
PROJECTS 
By Herbert 
Friedman 

An intriguing, easy -to - 
follow book for hobbyists as well 
as those experienced in elec- 
tronics. Covers sixteen groups of 
projects, including audio, photog- 
raphy, automotive, remote con- 
trols, lamp and motor control cir- cuits, etc., many of which can be built inexpensively. No. 20818- 
$3.50 

101 QUES- 
TIONS AND 
ANSWERS 
ABOUT CB 
ANTENNAS 
By Jim Ashe 

Best overall guide to the selection 
and installation of the proper an- tenna for your Citizens band radio. 
An ideal guide for beginners, it 
also answers questions about how 
to improve performance and range 
of already operating equipment 
and to repair and maintain CB an- tennas. No. 20749-$2.95 

You'll find everything 
you want to know about 

Radio or TV 

in the modern Sams 
Technical Library. 

Send for our free catalog. 

Howard W. Sams 8 Co., Inc. 
4300 W. 62nd St., Indianapolis, Ind. 46268 

r 

L 

CITIZENS 
BAND RADIO 
HANDBOOK, 
4th Edition 
By David 
E. Hicks 

Now that two-way radio is avail- 
able to any citizen, this revised 
edition answers the many problems 
and questions of all who use, or 
plan to use, CB equipment. Covers 
how to obtain a CB license, oper- 
ating procedures, equipment, ac- cessories, circuit analysis, servic- 
ing data, trouble -shooting hints, 
etc. No. 20839-$4.95 

SECOND-CLASS 
RADIOTELE- 
PHONE 
LICENSE 
HANDBOOK, 
4th Edition 
By Edward 
M. Noll 

Information needed to pass the 2nd 
class FCC radiotelephone exam. 
Questions and answers are based 
on the FCC exam for Elements I, 
Il and Ill. Also covers communica- 
tions theory and practices, solid- 
state two-way equipment. FCC 
Rules and Regulations, operating 
practices and procedures, refer- 
ence date, etc. No. 20824-$6.50 

HOWARD W. SAMS & CO., INC. 
Order from your Electronics Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. RE -091 
4300 West 62nd Street, Indianapolis, Indiana 46268. 
Send books checked at right. $ 
Please include sales tax where applicable. 
E Send FREE 1971 Sams Book Catalog. 

enclosed. 

Name 

Address 

City State Zip 

(Please Print) 

20796 20834 

E 20807 20837 

20847 20818 

20838 20749 

E 20777 E 20839 

E 20737 20824 

'91 

SEPTEMBER 1971 
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How to 
become a 

"Non -Degree 
Engineer" 

Exciting careers in the new industries of 

the Seventies are waiting for men with 

up-to-date electronics training. Thousands 

of real engineering jobs are being filled 

by men without engineering degrees 

provided they are thoroughly trained 

in basic electronic theory and modern 

application. The pay is good, the future 

is bright ...and the training can now 

be acquired at home-on your own time.. 

ELECTRONICS, the Science of the 
Seventies, has created a new breed of pro- 
fessional man-the non -degree engineer. 
Depending on the branch of electronics 
he's in, he may "ride herd" over a sophisti- 
cated computer installation, run a powerful 
TV transmitter, supervise a law enforcement 
communications control center or work side 
by side with distinguished scientists fighting 
pollution or doctors seeking a medical 
break -through. 

But you do need to know more than 
soldering connections, testing circuits and 
replacing components. You need to really 
know the fundamentals of electronics. 

How can you pick up this necessary 
knowledge? Many of today's non -degree 
engineers learned their electronics at home. 
In fact, some authorities feel that a home - 
study course is the best way. Popular 
Electronics said: 

"By its very nature, home study develops 
your ability to analyze and extract informa- 
tion as well as to strengthen your sense of 
responsibility and initiative." 

CIE Method Makes It Easy 
If you do decide to advance your career 
through home study, it's best to pick a 
school that specializes in the home -study 
method. Electronics is complicated enough 
without trying to learn it from texts and 
lessons that were designed for the classroom 
instead of the home. 

Cleveland Institute of Electronics con 
centrates on home study exclusively. Over 
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the last 35 years we have developed techni- 
ques that make learning at home easy, even 
if you once had trouble studying. Your 
instructor gives the lessons and questions 
you send in his undivided personal atten- 
tion-it's like being the only student in his 
"class." He not only grades your work, he 
analyzes it. And he mails back his correc- 
tions and comments the same day he gets 
your lessons, so you read his notations 
while everything is still fresh in your mind. 

Students who have taken other courses 
often comment on how much more they 
learn from CIE. Says Mark E. Newland of 
Santa Maria, California: 

"Of 11 different correspondence courses 
I've taken, CIE's was the best prepared, 
most interesting and easiest to understand. 
1 passed my 1st Class FCC exam after 
completing my course, and have increased 
my earnings by $120 a month." 

Always Up -To-Date 
Because of rapid developments in elec- 
tronics, CIE courses are constantly being 
revised. This year's courses include up-to- 
the-minute lessons in Microminiaturization, 
Laser Theory and Application, Suppressed 
Carrier Modulation, Single Sideband Tech- 
niques, Logical Trouble -shooting, Boolean 
Algebra, Pulse Theory, Solid -State Devices ... and many more. 

An FCC License ... or Your Money Back 
CIE'S AUTO -PROGRAMMED® Lessons 
are so successful that better than 9 out of 10 
CIE graduates who take the FCC exam pass 

it. This is despite the fact that, among 
non -CIE men, 2 out of every 3 who take the 
exam fail! That's why CIE can promise in 
writing to refund your tuition in full if you 
complete one of its FCC courses and fail to 
pass the licensing exam. 

This Book Can Help You 
Thousands who arc advancing their elec- 
tronics careers started by reading our 
famous book, "How To Succeed in Elec- 
tronics." It tells of many non -degree engi- 
neering jobs and other electronics careers 
open to men with the proper training. And it 
tells which courses of study best prepare you 
for the work you want. 

Let us send you this 44 -page book free. 
Just fill out and mail the attached postpaid 
card. Or, if the card is missing, mail the 
coupon, or write directly to: Cleveland In- 
stitute of Electronics, 1776 East 17th Street, 
Cleveland, Ohio 44114. 

NEW COLLEGE -LEVEL 
CAREER COURSE 
FOR MEN WITH PRIOR 
EXPERIENCE IN ELECTRONICS 
ELECTRONICS ENGINEERING...covers 
steady-state and transient network 
theory, solid-state physics and circuitry, 
pulse techniques, computer logic and 
mathematics through calculus. A col- 
lege -level course for Men alreadywork- 
ing in Electronics. 

r 

L 

CIE 
Cleveland Institute 
of Electronics 
1776 East 17th Street 
Cleveland, Ohio 44114 
Please send me without cost or obligation: 

Your new illustrated 44 -page book, "How To 
Succeed in Electronics." 

Your book on "How To Get a Commercial FCC 
License." 

I am especially interested in: 

Electronics Technology 
D Electronics Technology with Laboratory 
D Broadcast Engineering 

D First Class FCC License 
Electronic CommunicatioflS 

D Industrial Electronics 
Electronics Engineering 

Name 

Address 

City 

State 

Zip Age 

(please print) 

D NEW REVISED G.I. BILL BENEFITS: All CIE 
courses are approved for full tuition reimburse- 
ment under new G.I. Bill. If you served on active 
duty since January 31,1955, OR are in service now, 
check box for G.I. Bill information. 

Accredited Member 
National Home Study Council 

RE -94 

7 
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When you're in a hurry, it's nice to know Sylvania has the parts. 

Only 34 tubes and ECG solid-state components will 
solve practically all of your high -voltage rectifier re- 
placement problems. 

And they're all available from your Sylvania dis- 
tributor. 

Because tubes are tubes, we can't promise to reduce 
the number you'll have to carry. But, with the Sylvania 
line, your distributor will have the tube you need when 
you need it. 

In semiconductors, the story is different. Just 124 

ECG solid-state devices including transistors, diodes 
and integrated circuits will replace over 41,000 differ- 

ent types. In the high -voltage section alone, only 8 
ECG rectifiers and tripiers will take care of almost 
every job. 

And they save a lot of space in your tube caddy. 
When your distributor is stocked with Sylvania 

receiving tubes and ECG semiconductors you'll have 
the parts you need. And you'll get them fast. 

It's like having a complete warehouse built into 
your telephone. 

And that should help you make a fast getaway. 

Ein SYLVANIA 
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TV Antenna Accessories 
For better pictures on the TV screen 

use the accessories that can deliver them 

by ROBERT G. MIDDLETON 
TV ANTENNA ACCESSORIES ENSURE OPTIMUM RECEPTION AND 
also account for a substantial portion of the technician's sales 
volume. Major accessories include mounts of various types, 
masts, standoffs, lightning arresters, ground clamps and 
rods, lead-in tubes, clamps of various kinds, straps, plates, 
brackets, clips, connectors, and incidental hardware. Other 
basic accessories are exemplified by multi -set couplers, 
band separators, matching transformers, antenna couplers, 
interference filters and traps, preamplifiers, distribution am- 
plifiers, and distribution systems. 

Lightning arresters 
Any survey of TV antenna accessories should start 

with lightning protection, since this is often ignored by the 
beginning technician. Sometimes a mast or tower is buried 
in the ground, and in such instances it is usually able to 
'unload" electrical discharges safely. On the other hand, a 
mast or tower mounted on a concrete base, an insulating 
support or structure should have a ground wire connected 
directly to a cold -water pipe or equivalent low -impedance 
ground connection. If the mast is used as a radio antenna, 
for example, the ground wire can be connected to a 
lightning arrester, as seen in Fig. 1. 

When a cold -water pipe is not available, drive a 
ground rod into moist soil. A copper -plated steel rod 5/B 

inch in diameter and eight feet long is suitable. Article 810 
of the National Electrical Code gives specifications for 
safe installation of antenna systems. Grounding conductors 
should not be smaller than 17 -gage copper wire. Local elec- 
trical codes may be more stringent, and take precedence 
over the NEC. Also place a lightning arrester at the point 
where the lead-in enters the building. A typical arrester is 
shown in Fig. 2. 

Run a ground wire from the lead-in arrester to a Cold- 
water pipe (or ground rod). Usually a ground strap or 
clamp is used to connect the wire to the pipe as in Fig. 3. 
Electrical codes generally stipulate that where more than 
one ground connection is used, each of the separate 
grounds should be interconnected when coaxial lead-in is 
installed use a lightning arrester specifically made for coax. 

Fig. 4 

INPUT 
FROM 

AMP 

SE71 SET Z 

INPUT 
FROM ANT 

TERMINAL 
CONNECTIONS 

Fig. 1 

Fig. 2 

A Fig. 3 

ANTENNA 

300 OHM 
TWINLEAD 

COUPLER 

300 OHM 
TWINLEAD 

TO TV OR FM 
RECEIVERS 
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Multi -set couplers 
One of the most widely used TV antenna accessories 

is the multi -set coupler that permits operating more than 
one receiver from the same antenna. The simplest couplers 
use a resistive network (Fig. 4) to feed a signal from a 

300 -ohm source to two or more 300 -ohm loads. Although 
this design is satisfactory in strong -signal areas, its in- 

sertion loss is prohibitive in weak -signal areas. Note that 
the insertion loss of a multi -set resistive coupler becomes 
greater as the number of outlets is increased. For example, 

a four -set coupler (Fig. 5) has a greater insertion loss than 

a two -set coupler. 
When a resistive coupler is usable, but not entirely 

satisfactory, a transformer -type coupler will often provide 

the needed "edge". A properly designed transformer cou- 

pler has less insertion loss than a resistive coupler, while 

providing impedance matching and reasonable isolation be- 

tween the individual receivers. Fig. 6 shows the con- 

figuration for a typical four -set transformer -type coupler. 

If only three of the outlets are needed, it is good practice to 

connect a 300 -ohm resistor as a dummy load across the 

terminals of the outlet not in service. 
An alternate solution is to install a preamp, as in Fig. 7. 

The one on the left has a cartridge amplifier (Fig. 8). 
The advantage of the cartridge is not only its easy replace- 

ment, but also possible substitution with interference filter, 

trap, or matching -transformer cartridges. A cartridge am- 

plifier can boost the signal 10 times on vhf channels, and 4 

times on uhf channels. Beginners, sometimes, do not know 

that the same booster installed at the receiver will give a 

poorer signal-to-noise ratio than if it is installed on the 

antenna mast. The reason for the difference is that noise 

enters along the lead-in, reducing the signal-to-noise ratio. 
A bandpass-filter type of coupler for 75 -ohm cables is 

in Fig. 9. The markers point to inductors with adjustable 

cores. This feature is useful when you want to introduce a 

"tilt" into the frequency response of the coupler. For ex- 

ample, if high -band signals are weaker than low -band sig- 

nals, or vice versa, this difference can be more or less com- 

pensated by appropriate tilt adjustments. Equalizating the 

high and low bands provides operating convenience by 

minimizing the need for the viewer to readjust the receiver 
controls. 

Antenna couplers 
Antenna couplers combine the signals from two or 

more antennas and feed the combined signals to a single 

lead-in. Fig. 10 shows an antenna coupler arrangement for 
combining the outputs of a vhf -FM antenna and a uhf 
antenna; feeding the combined signals to a 300 -ohm lead- 

in. The coupler is mounted on the antenna mast, in the 

same manner as a preamplifier. A more elaborate type of 

antenna coupler is in Fig. 11. This kind of coupler corn - 
VHF -FM UHF 

Fig. 10 
VHF 

300 ohm 300 ohm 

COUPLER 

300 ohm TO 
TWINLEAD RECEIVER(S) 

UHF 
Fig. 11 

FM 

300 OHM 300 OHM 300 OHM 

300 OHM 1TO 
TWINLEAD RECEIVER(S) 

Diagrams courtesy RCA 

300 ohm BROADBAND TV ANTENNA 

X300 ohm TWINLEAD 

TELEVISION 
SET 

Winegard 

Fig. 9 Ir 

4 SET 

COUPLER 

TELEVISION 
SET 

TELEVISION 
SET 

Channel Master 

TELEVISION 
SET 

Fig. 5 

OUTLET I 

OUTLET 2 

OUTLET 3 

OUTLET 4 

Fig. 6 

Fig. 7 

Fig. 8 

34 
RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Y j. 

FM 

INPUT 

RMS 

Finco 

Fig. 17 

VHF 

Finco 

RCA 

ANTENNA 

1300 OHM 
TWINLEAD 

I SPLITTER l 

300 OHM 
VHF FM UHF TWINLEAD 

ITV -FM RECEIVER 

Fig. 12 

Winegard Fig. 13 

RCA 

Fig. 14 

Fig. 15 

A Fig. 16 

bines the outputs of separate vhf, uhf, and FM antennas; 
feeding the combined signals to a 300 -ohm lead-in. 

Splitters 
When an 82 -channel TV antenna is connected to a 

receiver with separate vhf, uhf, and FM terminals, a split - 
ter is commonly used. The splitter is connected between the 
lead-in and the receiver, as in Fig. 12. Bandpass coupling 
networks are used. They provide low insertion loss, proper 
impedance matches, and good isolation between the indi- 
vidual outputs. Splitters for the vhf and uhf bands are 
shown in Fig. 13. In these examples, a 75 -ohm single -ended 
input is transformed into two 300 -ohm double -ended out- 
puts. This type of unit is mounted on the back of the 
receiver. 

As we showed earlier, passive networks do not use 
active devices. In turn, they are basically bilateral, and sig- 
nals fed into the outputs will appear combined at the in- 
puts. This class of device can therefore be used either as a 
splitter or as a mixer. These "trunk line" units commonly 
have a 75 -ohm coaxial input, and 75 -ohm coaxial outputs. 
A companion device is a back -of -the -set matching trans- 
former (Fig. 14). 

Distribution amplifiers 
A distribution amplifier combines the features of a 

preamplifier and a multi -set coupler. Fig. 15 shows two four - 
output solid-state distribution amplifiers which can be used 
in place of the four -set coupler of Fig. 5. These amplifiers 
provide a gain of 7 dB per ouput over the vhf and FM 
bands. They are active devices, and the available gain permits 
connecting additional receivers into the system. This type 
of amplifier is designed to be mounted indoors, in an attic 
or basement. In weak -signal areas, the signal-to-noise ratio 
can be improved by installing a mast -mounted preamplifier 
to drive the distribution amplifier. 

Antenna rotators 
An antenna rotator is desirable in many locations, and 

essential in some. Rotators can he broadly categorized into 
light and heavy duty types. Although a rotator normally is 
long-lived, a small offset type of rotor loaded with a large 
and heavy antenna may not last very long. A rotator 
should be mounted as close to the antenna as practical, and 
never more than five feet below. This minimizes wind shear 
forces exerted on the rotator. Lightning protection must 
also be included. 

A typical rotator unit is shown in Fig. 16. Beginners 
sometimes forget that a rotator must operate under heavy 
icing conditions during the winter season. Therefore, 
choose a unit with ample motor torque to anticipate "worst 
case" situations. In some installations, the control must be 
located at a considerable distance from the rotator. In turn, 
the line drop will be greater than usual, unless heavier wire 
is used. No. 20 wire is adequate for runs up to 75 feet. 
Longer runs should use No. 18 wire. Note that control 
units usually have pilot lights (Fig. 17) which occasionally 
must be replaced. 

Specialized rotators that can be operated by two or 
more controls located in different areas of a building are 

(continued on page 81) 

Fig. 18 
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R -E's Dual -Function Generator 
by PHILIP HARMS 

NEED A PIECE OF TEST GEAR TO CHECK 
out some of the many new digital 
projects you've been thinking of build- 
ing? Once you get beyond the basic 

Use this pulse and square -scare tool, an oscilloscope, the next best 

enerutor with your scope to item on the test bench is a pulse -and 
square -wave generator to develop the 

check out those digital logic circuits digital test signals. If you decide to 
buy one, the price tag is rather high 
and it's easy to get a lot of extra frills 
that pinch the pocketbook but add 
little to the function and basic purpose 
of the instrument. The dual function 
generator (DFG) described in this ar- 
ticle, generates both square waves and 
pulses, giving you more than adequate 
control over their parameters. In addi- 
tion, the instrument includes features 
lacking in test gear around the $800 
bracket. Total construction cost is un- 
der $50 even if you start from scratch 
and buy everything. 

The DFG provides complete con- 
trol over pulse amplitude, width, fre- 
quency and time delay from a gener- 
ated sync pulse. The sync pulse can be 
used as a second pulse when ne- 
cessary. The square -wave portion of 
the DFG is also amplitude and fre- 
quency controlled; both outputs have 
hefty drive capability with over a watt 
of pulse power available. As an added 
feature, IC compatible outputs are 
also provided. These two outputs are 
baselined at 4.5 volts and generate sig- 
nals with high current -sink capability, 
necessary for DTI_ and TTL digital 
integrated circuits. Risetime and fall - 
time specifications are fast enough for 
the choosiest ICs. 

INSIDE THE GENERATOR you can see how the two small 
circuit boards are positioned-power supply on the left, main 
generator board on the right. 

Construction 
The DFG is self-contained in a 

12" x 7" x 3" aluminum chassis with 
all controls and input/output jacks lo - 
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cated on the front face for a low, 
slimline appearance. All circuitry is 
contained on two PC boards, one for 
the regulated power supply and the 
second for the generator electronics. 
The printed circuit boards can be 
made from the layouts shown or can 
be purchased from the supplier listed 
in the parts list. 

If you don't want to go the PC 
board route, the generator can be 
built on perf boards using flea clips; if 
good solid grounds are used the speci- 
fications should not degrade. 

First, build up the two PC 
boards. Make sure the transistors are 
located exactly as shown in the com- 
ponent layout drawing, observing ei- 
ther the flat portion of the plastic case 
or the emitter tab in case of the TO -5 
metal -cased devices. Next, mark off 
the front panel and layout the con- 
trols, switches and jacks. Since the 
front panel is a tight squeeze to get 
everything included, be sure you have 
adequate clearance between the con- 
trols before drilling. The slots for the 
two lever switches are made by drill- 
ing a line of holes and filing. Solder 
the applicable capacitors to the two le- 
ver switches and the frequency decade 
switch before mounting on the front 
panel. Dry transfer letters can be used 
to label the front panel; use the photo- 
graph of the front panel as a guide. 

Wiring of the DFG is not critical 
but to insure good results, heavy wire 
should be used to connect all ground 
points. A heavy ground wire should 
be connected to the chassis from the 

TI 

generator module. While it looks neat, 
suppress the desire to bundle wires go- 
ing from the generator module to the 
front controls. Bundled wires have a 
knack of causing cross -talk. Short, 
point-to-point wiring is the best bet. 

Capacitors Cl i through C20 
should all have a 10% tolerance to 
insure realistic results for the fre- 
quency, delay and width decades. Ca- 
pacitors with this tolerance are avail- 
able from any of the electronic 
supply houses or the builder can fab- 
ricate a set by paralleling several 
smaller values to arrive at the correct 
value. For example, I paralleled a 0.1 
µF and a 0.047 µF to come up with 

SPECIFICATIONS 

Frequency: 10 Hz to 100 kHz; 4 dec- 
odes (pulse) 

5 Hz to 50 kHz: 4 dec- 
ades (sq wave) 

Amplitude: 0- 12V, adj, (pulse & sq 
wave) 

Pulse Delay: 0.1 to 100 µsec; 
3 decades 

Pulse Width: 0.1 to 100 µsees; 
3 decades 

Rise time: 20 nsec (pulse) 
35 nsec (sq wave) 

Falltime: 40 nsec (pulse) 
50 nsec (sq wave) 

Output Impedance: 47 ohms(pulse) 
470 ohms (sq wave) 

TWO OPTIONAL CIRCUITS are on the 
right. They can be easily added to the 
dual -function generator. 

POWER -SUPPLY CIRCUIT is shown be- 
low. It is a fully regulated, full -wave 
arrangement. 

POWER SUPPLY BOARD r 

LM I I 

12.6V 

AC 
C22 
005 

C21 
220Oµ F 

25V (a 

B - 
TO 

CHASSIS 
GROUND 

R46 
I8051 

D9 
I5V, 400mW 
ZENER 017 

+ 2N1613 

C24 
.005 

TO 
R36, R38 
R40 (E3 

-1 

+14V 
TO A 

a composite to form capacitor Cll. 

Test before using 
After construction is complete, 

test the unit with a good oscilloscope 
to insure all functions are operating 
normally. If a milliammeter is handy 
connect it between the power supply 
and generator modules. It should read 
about 60 mA with no loads on the 
outputs. Check the outputs with a 
scope and verify all of the controls are 
working correctly, full frequency 
range can be achieved and all pots are 
wired correctly. The pulse delay func- 
tion can be checked by connecting the 
SYNC OUT signal to the sync input of a 
triggered scope and verifying the out- 
put pulse is delayed, as set by the de- 
lay pot and decade switch. 

One important point should be 
kept in mind when testing and using 
the pulse generator controls. The 

IK 

o o 

+14V 

3.9vZENER 
DIODE 

3.9µF, 10V TO 
I SYNC 

INPUT 

MANUAL PULSE OPTION 

3.9V DC 

MC9709P 
4 

IK 

3.9V 
ZENER DIODE 

SCHMITT TRIGGER OPTION 
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DFG is specified as having a max- 
imum output duty cycle of about 
80%. It is necessary to understand 
fully the meaning of this limitation, 
since a misunderstanding can quickly 
lead to some strange signals on a 
scope. 

The reciprocal of frequency is 
time (Frequency = 1/Time). For ex- 
ample, one period of 20 -kHz is 50 - 
µsec in time duration. If you re- 
quire a pulse frequency of 20 kHz, 
the pulses will be spaced in 50 ',sec 
increments. If the distance between 
successive risetimes of the pulses is 50 
µsec, it is impossible to squeeze a 75 

µsec pulse in this interval. For the ex- 
ample, an 80% duty cycle simply 
means that you can't get more than a 
40 -µsec pulse in a 50 -µsec interval. If 
you try to exceed the duty cycle 
slightly (say 110% ), the generator 
simply cheats on every other pulse. 
One pulse will be full width while the 
second one will be narrow. If you go 
overboard with the duty cycle, the 
generator will simply ignore every 
other pulse and put out a frequency 
half of what you have adjusted. Ex- 
ceeding the duty cycle doesn't hurt the 
DFG in the least, although to do so 
can upset scope triggering and give 

the appearance of instability. While 
wringing out the DFG it's a good idea 
to set up this condition so you'll know 
what to expect, and won't be surprised 
later. 

Applications 
The dual outputs for each func- 

tion provide versatile drive capability 
which will match with any type of cir- 
cuit, either IC or discrete transistors. 

The IC outputs are wired directly 
to transistor collectors and thus pro- 
vide excellent current sinking capabil- 
ity, necessary for interface with DTL 
or TTL. These outputs are character - 

PARTS LIST 
R1, R2-150 ohms, '/s watt 
R3, RU, R21, R23, R29, R32-2200 ohms, '4 

watt 
R4, R9, R13, R15, R16, R19, R30, R39, R41- 

1000 ohms, '/4 watt 
R5. R6, R28. R45-470 ohms, '/4 watt 
R7, R18, R22-4700 ohms, '4 watt 
R8-220 ohms, '44 watt 
R10, R12, R14, R24-3300 ohms, 1/4 watt 
R17, R31-680 ohms, 1/4 watt 
R20-1500 ohms, V4 watt 
R25, R33-2000 ohms, '/4 watt, 5% 
R26, R34-820 ohms, '/4 watt 
R27-1200 ohms, '/4 watt 
R35-330 ohms, 1 watt 
R36-500 ohms, potentiometer, linear taper 
R37-56,000 ohms, '4 watt 
R38, R40-10,000 ohms, potentiometer, linear 

taper 
R42-100 ohms, potentiometer, 1 watt, linear 

taper 
R43-47 ohms, 1 watt 
R44-500 ohms, potentiometer, linear taper, 

with spst switch 
R46-180 ohms, '44 watt 
C1-0.01 µF 
C2-6.8 µF, 20 Vdc (Sprague 196L 
C3, C8, C9, C10-330 pF ceramic 
C4, C7, C14-150 pF, 10% (CDE CD15 or 

equal) 
C5, C6-330 pF ceramic 
Cil -0.15 µF, 10% (CDE DMF-1P15-10 or equal 

UJT OSC 
(QI) o- o 

o 

Ex -r 
SYNC 

IC 
SQUARE 

WAVE 
OUT 

INVERTER 
DRIVER 
(Q9,I1) 

C12-0.015 4F, 10% (CDE DMF-1515-10 or 
equal) 

C13-.0015 µF 10% (CDE CD -19 or equal) 
C15, C18-180 pF 10% (CDE CD -15 or equal) 
C16, C19-.0018 µF 10% (CDE CD -19 or 

equal) 
C17, C20-0.018 µF 10% (Sprague 192P or 

equal) 
C21-2200 µF, 25 Vdc (Sprague 39D or equal) 
C22, C24-0.005 µV 
C23-75 µF, 30 Vdc (Sprague 39D or equal) 
S1 -2 -pole, 5 -position rotary switch (Mallory) 
S2, S3 -2 -pole, 3 position lever switch (Cen- 

tra la b) 
S4-spst switch on R36 
71-12.6 Vac filament transformer (Triad 

F25X) 
LM1-12 V pilot lamp and assembly 

Diodes 
Dl, D2, D3, D4, 05, D6. D7-IN4454 diode 
D8-MDA960-1 diode bridge 
09-15 V Zener diode, 400 mW 
Q1 -2N4870 unijunction transistor (Motorola) 
Q2, Q4, Q6, Q9, Q10, Q13, Q14, Q16 -2N4123 

transistor (Motorola) 
Q3, Q11 -2N4125 transistor (Motorola) 
Q5, Q7, Q8, Q12 -2N4420 transistor (TI) 
Q15 -2N2219 transistor (TI) 
Q17 -2N1613 transistor (Motorola) 
F1 -'/2 -amp fuse and fuseholder 
J1, J2, J3, J4, J5, J6 -see text 

Miscellaneous Other Parts 
Knobs, PC boards, mounting hardware, TO -5 

finned radiator 

IC 
SQUARE 
WAVE 

OUT 

FLIP-FLOP 
(Q4,6) 

PULSE 
SHAPER 
(Q2-3) 

SYNC 
OUT 

INVERTER 
DRIVER 
(Q13) 

DELAY 
MONOSTABLE 

(05, 7) 

WIDTH 
MONOSTABLE 

(Q8,12) 

PULSE OUT 

I 

EMITTER 
FOLL Q15 

INVERTER 
014 

COMPLETE SCHEMATIC of the generator is on the facing page. The parts list and a block diagram of the unit are above. For a detailed description of how it works see the box copy at the right. 

t 
INVERTER 

DRIVER 
010 

IC 
PULSE 

OUT 

HOW IT WORKS 
The DFG used a unijunction re- 

laxation oscillator as the basic fre- 
quency source. Frequency is deter- 
mined by the combination of the 
series resistance R36 and R37 and 
the decade switching of C11-14. 
The UJT output at base -1 is routed 
through the sync selector switch 
(S1 -a) and to transistors Q2 and Q3, 
which shape the rounded UJT out- 
put. The pulse at the collector of Q3 
is provided as a sync pulse for ex- 
ternal test equipment. In addition 
this pulse is differentiated and 
routed to monostable multivibrator 
Q5 and Q7. The one-shot time pe- 
riod of this circuit is controlled by 
R38 (PULSE DELAY) and switching 
capacitors via S2. The period of Q5 - 
Q7 determines the delay between 
the sync pulse and the output pulse 
leading edge. 

The pulse at the collector of Q7 
is differentiated to trigger a second 
monostable multivibrator, Q8 and 
Q12. The one-shot period of this 
circuit determines the output pulse 
width and is controlled by PULSE 
WIDTH controls R40 and switch S3. 

Transistor Q10 inverts the output 
pulse and develops a signal which is 
baselined at about 4.5 volts for digi- 
tal IC requirements. The output, 
which is tied to the collector of Q10 
is capable of high current sinking. 
The output of the Q8-12 one-shot 
is inverted by Q14 and provided as 
an output, using Q15 as an emitter 
follower for power boost purposes. 

The circuitry containing Q4 and 
Q6 is connected as a conventional 
flip-flop with the output states 
switching each time an input pulse 
is present. The flip-flop is triggered 
by the differentiated sync output 
pulse. Transistor Q9 inverts and 
shapes the flip-flop collector signal 
while Q11 increases the drive capa- 
bility for current -source require- 
ments. Q13 provides an output 
baselined at 4.5 volts with high cur- 
rent sink ability. 

The DFG is powered by a series 
regulated 14 Vdc power supply. 
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A set of two circuit boards is available 
for this generator. The glass -epoxy 
boards can be ordered from Photolume 
Corp, 118 E 28 St., N. Y., N. Y. Part 
number R -E 971, 56.00, postpaid. 

POWER SUPPLY parts layout (above left) 
shows how components are positioned on 
the circuit board. The circuit board pat- 
tern is at the left. The actual board should 
measure 21/2 inches between the corner 
mounting holes. 

MAIN GENERATOR BOARD (above right) 
shows parts layout. The circuit board 
pattern (right) should be enlarged to 3 

inches square. 

A32rÿ?: 

::{*; o:oi;.h>.¿b':'u{:'tr 
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ized by fast falltimes, which are ne- 

cessary for flip-flop clocking; the rise - 

time, while slower, is still good enough 
for IC use. The outputs will sink at 

least 50 mA of current and probably 
will handle more. Current drive capa- 
bility in the high state is sufficient to 

drive RTL type IC's. 
The adjustable outputs have 

enough power capability to drive pulse 
transformers, SCR's or other circuitry 
directly without additional buffers. 
The pulse output is routed through an 

emitter follower for optimum current 
drive. A watt of pulse power is avail- 

able when going into a 50 -ohm load. 

Both outputs are short-circuit pro- 
tected with series resistors; the IC out- 
puts as well can be short-circuited. 

Optional modifications 
While the basic DFG has all of 

the requirements for a complete lab - 

rated unit, two modifications not in- 

cluded in the author's original pro- 
totype will increase capabilities even 

further. 
One option is a manual pulse 

mode which allows you to generate 
one pulse each time the button is 

depressed. The circuit can be mounted 
on a small piece of perf board inside 
the unit and the circuit output con- 
nected through a MANUAL position on 

the frequency decade switch to the in- 

put sync circuit. The circuit is a cross - 

coupled gate arrangement which is 

normally used to eliminate contact 
bounce in switches and relays. When 
using this circuit a single pulse will be 

generated, useful when stepping 
counters or registers one step at a 

time. When monitoring the square - 
wave outputs, a step function will be 

generated since the output will change 
states whenever the button is de- 
pressed. 

A second option expands the 
capability of the SYNC IN circuit, use- 
ful to lock the generator to an ex- 

ternal signal. The SYNC IN signal can 
be any type of signal, periodic or ran- 
dom in frequency. The generator is 

synced whenever the input passes 
through about I volt. For signals with 

a dc component, the signal can be ac 

coupled with a 0.01-µF capacitor. The 
sync generator (Q2 and Q3) does a 
good job of shaping the incoming sig- 
nal but is restricted in low -frequency 
response. Low -frequency signals tend 
to set up oscillations while going 
through the active region of Q2, 
creating unstable pulses or sometimes 
a chain of pulses. If you expect to be 
syncing to low -frequency pulses, a 
Schmitt trigger circuit can be added 
which will allow the DFG to be 
locked to signals down to below 1 Hz. 
A Schmitt trigger circuit used the 
technique of hysteresis to prevent ac- 
tive region oscillation. One way of 
thinking of hysteresis is to think of a 
transistor equivalent of an anti -bounce 
circuit as discussed before. 

Since the ICs used for the op- 
tions are powered off of a nominal 4- 
Vdc supply, a Zener diode is used to 
divide down to the correct voltage. 
The Zener diode in the input of the 
MC9709P IC is to prevent the input 
from exceeding 3.9 volts; anything 
over this value is dropped across the 
series resistor. R -E 
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X and Z Color Demodulators 
-Tube Type 

Kwik-FîxT picture and waveform charts 
Forest H. Belt £x 4ssociates 

SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST 

SYMP10IV PIC DESCRIPTION ',JL-MGE WAVEFORM 

lifihifihl 
- MAGENTA- - GREEN.: 

urn 
ORANGE-- BLUE----- 

1111 

No color 

No blue; only 
red and green 
visible 

Both screens - 
pin -6 

All V2 voltages 

WF3 
WF5 

WF5 

PART 

R1, R2, R7, 
C2, Li, Tl 

R4, R6, R9, 
Cl, L2, L4 

No red; only 
blue and green 
visible 

All VT. voltages WF4 R3, R5, 
R8, L3 

Red very weak 

Pink glaze over 
whole screen; 
colors very 
weak 

No 
help 

Vi-pG,te-pin-5 

WF5 

WF4 

Cl 

C3 

Left half magenta; 
right half light 
green 

Blue glaze over 
whole screen; 
colors Lery 
weak 

Left half orange; 
right half light 
blue 

No 
help 

No 
help 

No 
help 

Notes on following page 

WF5 

WF5 

WF2 
WF5 

_2 

R2 
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NOTES FOR SYMPTOM GUIDE: 
Use this guide to help you find which key voltage or wave- 
form to check first, or to guide you to the causes of symp- 
toms that don't have voltage or waveform clues. 
Study the screen and the action of TINT and COLOR con- 
trols. The most helpful clues to the fault are to be found 
at the key test points indicated opposite whatever symptom 

you observe. 
Make voltage or waveform checks when indicated for 
screen symptoms. 
Use the Voltage Guide or Waveform Guide to analyze the 
results of your tests. 
For a quick check, test or substitute the parts listed as the 
most likely cause of the symptoms you observe. 

DC VOLTAGES AS GUIDES 

Voltage change to zero very low low slightly low slightly high high 

VI -cathode- 
pin -2 
Normal 1.6 V 

R5 open 
R7 open 

R3 low C2 leaky 
C3 leaky 

R3 open. high 

V1 -plate- 
pin -5 
Normal 220 V 

R8 open 
C3 shorted 

R8 high R5 open 
R7 open 

R3 open 

VI -screen- 
pin -6 
Normal 165 V 

R5 open 
R7 open 
C2 shorted 

R7 high C2 leaky R7 low 

R6 open 
R7 open 

R4 low C2 leaky 
C4 leaky 

R4 open 
R4 high V2 -cathode- 

pin -2 
Normal 1.2 V 

R9 high R6 open 
R7 open 

R4 open 
V2 -plate- 
pin -5 
Normal 220 V 

R9 open 
C4 shorted 

R7 high C2 leaky R7 low 
V2 -screen- 
pin -6 
Normal 165 V 

R6 open 
R7 open 
C2 shorted 

NOTES: 
Use this guide to help you pinpoint the faulty part. 
Measure each of the six key voltages with a vtvm or fetvo,n. 
For each, move across to the column that describes the 
change you find. 

THE STAGES 

This version of a color demodulator is typical of some 
middle-aged color sets. Each pentode gets two signals: 
chroma sidebands and a 3.58 -MHz continuous wave. 

The secret of operation is a phase shift between the 

CW fed to the X stage and that fed the Z stage. One stage 

extracts mainly red chroma or R -Y. The other, on a demo- 

dulation axis around 90 degrees away, extracts blue 

chroma or B -Y. 
The CW signal comes from the set's color oscillator, 

held in phase with the station transmitter by the burst or 

color -sync circuitry. The chroma sidebands come from a 

bandpass amplifier, often supplemented by an extra stage 

of color amplification. 
The X demodulator drives an R -Y amplifier which 

may be labeled red color -difference amp. The Z stage drives 

a B -Y or blue color -difference amplifier. 
SIGNAL BEHAVIOR 

Color sidebands or chroma from the bandpass amp 
are developed across load resistance R1, the COLOR control. 

Notice which parts might cause that change. 
Finally, notice which parts are repeated in the other volt- 
age changes you find. 
For more guides to further narrow down the faulty part, 
see the Waveforms Guide. 

(Chroma in the schematic waveforms is a keyed rainbow 
series.) The slider of R1 couples a certain amount of the 
chroma through Ll to grid -pin -1 (the control grid) of 
both tubes. With the tubes fed in direct parallel, the phase 
of input chroma is identical for both. 

Meanwhile, TI couples CW from the 3.58 -MHz os- 

cillator. This color -reference signal goes directly to third - 
grid -pin -7 of V 1. This same CW also goes through phase - 
shifting network L2 -C1 -R2 before it is applied to third - 
grid -pin -7 of V2, the Z demodulator. The network imparts 
a phase shift of about 60 degrees to that branch of the CW 
signal. 

The phase of CW and the operating level of V1, the X 
stage, demodulate whatever red is in the color sidebands at 

grid -pin -I. The operating level is slightly different in the Z 
stage; that and the shifted phase of CW in V2 demodulate 
whatever blue is in the sidebands. (Green is part of both 
signals, and is separated by a subsequent circuit and stage.) 

Capacitors C3 and C4 and coils L3 and L4 filter out 
(waveforms on next 2 pages, copy continues on page 45) 
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WAVEFORMS AS GUIDES 
V p -p low I V p -p high 

I V 
p -p zero I Changed Shapes 

WF1 Normal 25 V p -p 

Taken at third -grid -pin -7 of X demodulator V1. Direct phase from 3.58 -MHz CW output 
transformer Ti. Viewed here at horizontal sweep rate, scope synced externally by pulse 
from lead clipped to insulation near output -tube plate cap. Scope shows sine waveshape if 
swept nearer 3.58 MHz. 

T1 
R2 

mistuned 
open 

T1 open 
Cl shorted 
R2 shorted 

WF2 Normal 

Taken at 
can't see 
output 
sweep 

25 V p -p 

third -grid -pin -7 of Z demodulator 
that here. This waveform or WF1 

transformer T1: adjust core for maximum 
about 500 kHz to view sine wave. 

V2. Phase has been 
can be used as 

amplitude 

shifted 60 degrees, 
guide for adjusting 

of the waveform. 

but you 
3.58 -MHz 
Set scope 

Ti mistuned R2 open Ti open 
Cl shorted 
R2 shorted 

0.2 V p -p 
L2 open 

WF3 Normal 

Taken at 
color -bar 
proximately) 
on COLOR 

7 V p -p 

control -grid -pin -1 
generator. Examined 

energy, in phase 
control. 

of either tube. 
with a vectorscope, 
that rotates 

This is the chroma 
this signal 

with respect to 3.58 

signal from a keyed 
proves to be 3.56 

MHz. Amplitude 

rainbow 
-MHz (ap- 

depends 

T1 faulty Cl shorted 
R2 shorted 
R1 open 

1 V p -p 
Ll open 

y 

I 

fi t 

WF4 Normal 

Output of 
of the chroma 
shifted with 

15 V p -p 

the X demodulator, 
input signal; 

the receiver's 

taken following 
third bar goes 

TINT control. Amplitude 

the 3.58 -MHz 
furthest negative. 

depends on 

filter. This is the 
Phase of these 

COLOR setting. 

R -Y content 
bars can be 

C3 leaky R3 shorted C2 shorted 
C3 shorted 
Cl shorted 
R2 shorted1 14R'' 1 

1 

i 

3.5 V 

its 
4.5 V p -p 
R8 low 

4.5 V 10Vp-p 
L3 open 

p -p 
R8 open 
R7 open 
R5 open 
R3 open 
R1 open 

p -p Il faulty 
L1 open 

15Vp-p 
L3 shorted 
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WAVEFORMS AS GUIDES 

ti 

WF5 Normal 15 V p -p 

Output of the Z demodulator, taken following the 3.58 -MHz filter. This is the B -Y content; 
the furthest negative -going bar is the sixth. Phase is movable by the receiver TINT control, 
and amplitude is variable by the COLOR control. This signal and WF4 later produce a G -Y 

signal too. 

C4 leaky R4 shorted C2 shorted 
C4 shorted 
C1 shorted 
R2 shorted dw.reeá 

üiMW4IIwM 
! 

elated 

} if 

ii M, ; , 
; e 1 

7 V p -p 
R9 open 
R7 open 
R6 open 
R4 open 
R1 open 

6 V p -p 
L2 open 

15 V p -p 
L2 shorted 

10 V p -p 
L4 open 

15 V p -p 
L4 shorted 

Hi Ille I 

Ii it 

1. fillt 
114#11teNT 

I 

3.5 V p -p 
T1 faulty 
L1 open 

15 V p -p 
Cl open 

6Vp-p 
Cl shorted 

14 V p -p 
R2 open 

6Vp-p 
R9 low 

NOTES: Use direct probe with the scope. Set scope sweep to just 

Use this guide and the Voltages Guide to help you pin down under 8 kHz, to display two cycles. 

fault possibilities. Check the five waveforms at the five key test points. 

Feed a keyed rainbow signal into receiver antenna ter- Note amplitude. If it's low or high, check the parts listed 

urinals, with generator COLOR set just above 100%. under those columns. 

Turn the receiver COLOR control about two-thirds up, TINT Note waveshape. If there's a change that matches one 

control to midposition. shown, check the parts indicated. 
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any 3.58 -MHz signal remaining after demodulation. L3 
and L4 dc -couple the color -difference signals to amps. Dc 
coupling is generally used all the way to the CRT cathodes. 

Capacitor C2 decouples both tube screen grids. Resis- 
tors R5 and R6 suppress any tendency to parasitic self - 
oscillation the screen circuits may exhibit. 

Each tube plate has its own supply circuit. Plate volt- 
age for V1 comes through R8; for V2, through R9. Both 
resistors connect to the main 240 -volt dc line. 

The screens get dc power from 240 volts too. But 10K 
resistor R7 drops the value to a mere 165 volts. R5 and R6 
carry screen current, but are too small to be significant to 
dc operation. 

Both tubes use cathode bias. A slightly larger resistance 
value in the cathode circuit of V1 puts somewhat more 
bias on that tube than on V2. The bias difference turns 
the demodulation angle an extra 30 degrees or so. 

First and third grids in both tubes rest at zero volts 
dc. The control (first) grids go to dc ground through LI 
and R1. The third grids reach dc ground through R2, L2, 
and the secondary of T1. 

The plates are dc -coupled through coils L3 and L4 to 
the stages that follow. 

STATION AND CONTROL EFFECTS 
Viewed with an ordinary scope, the CW signal shows 

no change if station (or rainbow generator) signal is re- 
moved. Phase of the CW is no longer locked in that case, 
but only a special vector scope would show that. 

On the other hand, chroma amplitude depends on the 
color signal level in the program (or generator signal) re- 
ceived. The COLOR control setting determines how much 
chorma reaches the control grids of V1 and V2. Amplitude 
of output waveforms, too, depends on the COLOR pot set- 
ting. 

The set's TINT or HUE control affects placement 
(phase) of the bars-that is, whether maximum red is 
third as it should be or is in some other position, and 
whether maximum blue is sixth or somewhere else. Like- 
wise, alignment affects phase of the normal waveforms 
shown. 

Dc voltages are unaffected by station or controls. 
QUICK TROUBLESHOOTING 

Once you're familiar with the waveforms, the scope is 
a revealing diagnostic tool. But don't overlook the color 
picture tube. With a keyed rainbow signal, you can figure 
out a stage in trouble from the color -bar sequence on the 
CRT. If red is missing, the X demodulator may be at fault; 
if blue is gone, check the Z demodulator. 

Save dc checks for screen -circuit or bias faults. Even 
then, waveforms or the CRT may suggest which stage. R -E 

G -E G1 COLOR CHASSIS 
The picture tube socket in the G- 

1 chassis has special built-in spark 
gap consisting of a brass plate placed 
close to the socket terminals (see dia- 
gram). Unusually high voltage on a 
socket terminal will arc to the brass 
plate and not to an adjacent terminal, 
thus protecting the picture tube and 
associated components. 

Arcing does not necessarily mean 
that the socket is defective. It usually 
indicates trouble in associated circui- 
try. For example, cases of continuous 
arcing in the CRT socket have been 
traced to an open 47-megohm resistor 
(R284) in the focus divider circuit. 

BRASS PLATE 

SOCKET TERMINALS 

FOCUS LEAD 

GROUND LEAD 

REAR VIEW OF SOCKET (COVER REMOVED) 

To obtain best focus, this resistor is 
connected through a jumper to either 
boosted B -plus, +280 volts or to 
chassis ground. A bad solder con- 
nection at the jumper or an open 
R284 causes the voltage on the focus 
anode (pin 9) to rise, causing an arc 
inside the socket. 

If you run across a G-1 chassis 
with a continuously arcing CRT 
socket, compare the socket pin volt- 
ages against those on the schematic. 
The focus voltage on pin 9 should be 
between 3,000 and 5,000 volts, with 
respect to chassis ground. If it is over 
5,000, there is an open circuit some- 
where between the focus control 
(R253) and the low -voltage end of 
the focus voltage -divider circuit.-G- 
E Portafax 

PULSING VERTICAL PICTURE 

The picture in a RCA KCS136A 
chassis would collapse and then fill 
out repeatedly. A new 6EM7 vertical 
tube and adjustments of the vertical 
hold, height, and linearity controls did 
not help. 

All voltages on the base of the 
6EM7 were quite close to normal. We 
started to make resistance checks in 
the vertical circuit and luckily found 
the HEIGHT control open. This control 
is part of a printed component 
(PC101). The whole printed com- 
ponent was replaced and the pulsing 
picture was cleared up.-Homer Da- 
vidson 

RCA KCS 176, - 

These chassis have a removable 
power line cord to facilitate cabinet 
back replacement and to insure a good 
ac interlock connection. 

To replace the cabinet back (rear 
cover): 

1. Release power cord by remov- 
ing interlock clip through slot in cabi- 
net back with a screwdriver as shown 
in the left drawing. 

CABINET BACK 
(BOTTOM) 

1aQOQaaa1111aaavll 
nnnnnnnAnnn nlllinnn 
oopoaaooa000auaaaa 

/ 0 0 

CLIP 

V503 -o V503 -b VERT 
1/2 6EM7 lie 6EM7 OUTPUT 
VERT OSC 260V TO 

VERT 
265V OUTPUT 

5 
0022 

IK 

TRANS 

{ 

.047 .022 
R518 27K 

2.2MEG 

r10022 
I.2MEG IMEG 

OPEN 
HEIGHT 
CONTROL 

HEIGHT (CONTROL 
PART OF PCIOIA) 

177 POWER CORD 

2700 
jVER' 

LIN 
1.2K 

2. Replace and secure cabinet 
back. 

3. Insert power cord and then re- 
place interlock clip through slot in 
cabinet back as shown in the drawing 
on the right. Clip can be seated with a 
screwdriver. (Caution: For customer 
safety, this clip must be replaced and 
seated properly after servicing.)- 
RCA Television Service Tips R -E 

SLOT IN BOTTOM 
OF CABINET BACK 

0000/ 
nflfro/ 

ariani 

POWER 
CORD 

IMO 
REPLACE 
CLIP AND 

SEAT 
PROPERLY 
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Your 
paycheck 
b 

says 
ou you 

It tells you more than how much you make. It tells 
you how far you've come. And if your paycheck 
looks very much the same as it did last year, or the 
year before, it simply means that you look very 
much the same as you did last year and the year 
before. 

But times change, and you should be changing 
with them. Old dull jobs are disappearing. New ex- 
citing ones are being created. There are challen- 
ging new fields that need electronics technicians 
...new careers such as computers, automation, 
television, space electronics where the work is 
interesting and the earnings are greater. 

RCA Institutes has one of the nation's largest and 
most respected home study schools devoted to 
electronics. They can get you started even if you've 
had no previous training or experience. RCA Insti- 
tutes has developed a faster, easier way for you to 
gain the skills and the knowledge you need for a 
fascinating, rewarding electronics career. And you 
don't have to quit work and go back to school. 
With RCA Institutes Home Study Plan you can do 

both. You set your own pace depending on your 
schedule. 
Check over these RCA benefits: 

You get Hands -On Training-over 300 experi- 
ments and as many as 25 kits with some pro- 
grams. 
You get RCA's unique "Autotext" method of 
learning - individual programmed instruction, 
the easy, taster, simplified way to learn! 
You get the widest choice of electronics 
courses and programs-everything from Elec- 
tronics Fundamentals right up to Solid State 
Technology and Communications Electronics. 
You get a selection of low-cost tuition plans! 

Sounds great, and it is! For complete information, 
without obligation, send in the attached postage 
paid card...or return the coupon below. That will 
say a lot about you. 
Veterans: Train under new GI Bill. Accredited Mem- 
ber National Home Study Council. Licensed by N.Y. 
State-courses of study and instructional facilities 
approved by the State Education Department. 

riften Institutes 
Home Study Dept. 758-109-0 
320 West 31st Street, New York, N. Y. 10001 

Please rush me FREE illustrated catalog. 
I understand that I am under no obligation. 

Name Age 
(please print) 

Address 

City State Zip 

Veterans: Check here 

If reply card 
is detached- 
send this 
coupon today 
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HOW 

DIGITAL READOU 

WORK 

Nixies* are easy to work with 

once you understand them. 
And they're not too 
complicated. 

by GEORGE FLYNN 

'Nixie is a registered trademark 
of the Burroughs Corp. It is a 
brand name for their gas -filled 
readout tubes. 

If you've ever seen a digital voltmeter or 
a frequency counter you've probably 
seen Nixie tubes, because their use in di- 
gital instruments of all kinds has become 
widespread. Several other types of read- 
out tubes are also used in some in- 
struments, but more Nixies and Nixie - 
type devices are used than all other 
kinds put together and multiplied by ten. 
And for a very simple reason-the 
Nixie does a good job of displaying 
numbers and it does it cheaper than any- 
thing else. 

Since Nixies seem certain to be 
around for a long time, and since any- 
body who associates with electronic 
types is bound to cross lances with this 
baby some time or other, it is worth tak- 
ing a good hard look at what the thing 
really is. What does it do? How does it 
work? What makes it act up? 

The basic job of any readout tube 
is to display numbers and/or letters and 
other symbols. The numbers, however, 
are more significant than letters in many 
applications, and thus a great deal of the 
art of letting machines talk to man deals 
primarily with numbers, plus a few sym- 
bols. Nixie -type devices, in particular, 
have been developed primarily to dis - 

NEON GAS AT LOW PRESSURE 

ANODE 

+170V 

HEAD 
ON 

FIG. 1-COLD-CATHODE GLOW TUBE 
has a shaped cathode for each number 
and an anode of very fine wire. When 
viewed head on, a lighted cathode is seen 
clearly while unlighted cathodes and the 
anode are almost invisible. 

play numbers rather than letters. 
The typical Nixie is a cold -cathode 

gas glow tube that has an anode and ten 
cathodes, as in Fig. 1. (Variations, in- 
cluding tubes with plus sign and minus 
sign, are also available). Each cathode 
has an activated surface that allows it to 
emit electrons readily. Connect a voltage 
source to the anode and to any one 
cathode-leave the others open-and 
raise the voltage slowly. At a relatively 
low voltage the cathode will begin to 
glow over a small portion of its surface. 
Continue raising the voltage and the 
glow will spread until the whole cathode 
is lit and a number -0 through 9 de- 
pending on which cathode you latched 
on to-will be clearly visible, even from 
many feet away. 

If the voltage is raised still further, 
the glow will creep down from the acti- 
vated cathode surface and along the 
connecting lead and on to the socket 
pin. When this happens, you'll know 
you've gone too far. Lower the voltage 
until only the cathode area glows. You 
are now within the correct operating re- 
gion for the tube. 

Careful experiments with the current 
and voltage characteristics of the Nixie 

TEN CATHODES 

FRONT 

have established the normal operating 
region shown by Fig. 2-a. The drawing 
allows for all the variables -element 
spacing, cathode activity, gas pressure, 
etc.-that cause individual tubes and in- 
dividual cathodes within the same tube 
to differ slightly from each other. The 
minimum current needed to completely 
light a cathode of a Type B5991 Nixie 
(one of the most common varieties) is 
1.5 mA. The maximum current for com- 
plete lighting but without creeping glow 
is 3 mA. When a cathode is drawing 1.5 
mA, the voltage across the tube-E, in 
Fig. 1-is a function of the specific tube 
and specific cathodes and can be as low as 
135 volts, but will not be more than 159 
volts. When a cathode is drawing 3 mA, 
E, again depends on the specific tube 
and cathode and will range from 144 to 
168 volts. Two other electrical charac- 
teristics of the tube are worth noting. 
Operating the device with the voltage 
slightly high will not cause any smoke, 
but you may see the creeping glow. Op- 
erating at slightly low voltage can lead 
to only partial lighting of the cathode. 
Not good but not always awful. 

Now a circuit designer working 
with Nixie indicators likes to run the de - 
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vices right in the middle of their normal 
operating range; the middle is 2.25 mA 
with the anode riding at about 155 volts. 
Then, if the supply voltage varies, but 
not too much, the tube will still operate 
satisfactorily. 

Note in Fig. 2-a that the operating 
curves are striaght but that the voltage 
drop across the tube increases as cath- 
ode current increases. Any specific tube, 
such as tube X or Y, will have a curve 
parallel to the high and low limits. Note 
in Fig. 2-b that if you extend the oper- 
ating curves to the left until cathode 
current is reduced to zero, you intersect 
the voltage axis at about 123 volts for 
the low -limit line and at about 146 volts 
for the high limit. Individual tubes will 
vary between these limits. Thus you 
have to buck out anywhere from 123 to 
146 volts before the tube conducts sig- 
nificantly. 

The fact that the operating curve 
for a given tube is a straight line tells us 
the device is acting like a resistor-once 
it starts conducting. These characteristics 
are duplicated by the equivalent circuit 
of Fig. 2-c; a resistor in series with a 
perfect battery and a perfect diode. The 
circuit applies only to the normal oper- 
ating region of the tube-that is, when it 
is conducting 1.5 to 3.0 mA. When the 

(BO 
HIGH LIMIT 

160 - 

ó 140 

120 
w 

o 

180 

LOW LIMIT 

TUBE X 

TUBE Y 

0 1.5 

IK IN MA 

ET (HIGH LIMIT) 

160. 
:. 140- 0 

120 

b 

ÉT (Y) 
(LOW LIMIT) 

3.0 

Y 

c 

1.5 

IK IN MA 

30 

123 TOT 
146 

FIG. 2-The normal operating region is 
shown at a, tube equivalent voltage at b, 
equivalent circuit for one cathode at c. 

tube is operated below 1.5 mA, the 
equivalent series resistance begins to in- 
crease and is nonlinear. The actual V -I 
curves also have a negative -resistance re- 
gion when conduction begins. 

Once the operating current and 
voltage have been set, the operating cir- 
cuit can be designed. Fig. 3-a is a typical 
circuit that consists of a voltage source, 
a current -limiting resistor and one cath- 
ode of the indicator tube. Point A on 
the operating curve, Fig. 3-b, represents 
a low -voltage cathode being run at high 
current, while point B represents a high - 
voltage cathode running at low current. 
Drawing a load line through A and B 
and extending it to intersect the voltage 
axis gives minimum E,, and associated 
R,,: minimum E,, is 170 volts, and R,,- 
from the slope of the load line-is 8200 
ohms. With these values, and since the 
operating point for any cathode is at the 
intersection of its operative curve and 
the load line, most cathodes will operate 
close to the optimum current of 2.25 
mA, and only an occasional cathode will 
operate near A or B. But if E should 
sag to 160 volts, as shown, a cathode 
that normally operates at point B will 
now operate at point B or at a current 
of only about 0.75 mA. Partial glow. 

If, on the other hand, E,, should 

Eb -ET 
O 1K 

200 RL=8.2K 

180 
170 

ó 160 > 
140 

W LOW Eb 
120 

b 

220 

200 

180 
-J ó 
z 160 

W 140 

120 

1,5 

IK IN mA 

HIGH Eb 

3.0 

t RI_ .22K 

0 
c 

15 

IK IN mA 
3.0 

FIG. 3-ACTUAL CIRCUIT for operating 
a Nixie uses a load resistor to set the 
cathode current. 

OTHER KINDS OF READOUT 

While cold -cathode tubes are 
presently the most popular readout 
tubes, they have many challengers. 
One of the limitations of the shaped 
cathode approach is the limit on the 
number of symbols you can put into 
one envelope. Ideally, you would 
like to put the whole alphabet- 
capitals and lower case-plus num- 
bers 0 through 9, plus punctuation 
marks. With this capability you can 
have real communication from ma- 
chine to man. But you can cram only 
so many cathodes into one envelope 
-16 is probably the maximum for 
good visibility. 

A second major approach to the 
problem is to break the shapes of the 
numbers and letters into small parts 
and then to construct a character by 
energizing the correct segments. The 
seven -segment type shown here is one 
way to do this. With seven segments- 
each of which is a small elongated 
neon tube or other light emitting 
source-you can form all the numbers 
plus some of the capital letters. But 
put three 7 -segment displays side by 
side and try to display, say, 8B8, or 

n 
0 0 0 0 

o 

nC 0 0 0 0 

t 

0 0 0 0 
0 0 0 

JC ] O O 

7 -SEGMENT 5X7 ARRAY 

B88. You can't do it because you 
can't distinguish between a B and an 
8 with only seven segments. Only nine 
letters can be formed that will not 
be confused with numbers (What are 
they? For answer,* see below.). 

Going beyond 7 -segments is the 
35 -dot array -35 light -emitting di- 
odes formed into a matrix 7 diodes 
high by 5 wide. With 35 dots you can 
form all the 64 characters of the ASCII 
code. In the future you can expect 
to see arrays of 7 x 9 and even 
larger. 

Another approach is to use a 
miniature crt and write the symbols 
by moving the beam to form the 
shape desired. An advantage of this 
technique is that you can stretch the 
tube out and then write more than one 
symbol side by side. Once the mes- 
sage being generated by the machine 
starts to get complicated, large crts 
are used, or else a teletypewriter is 
used to print out messages. Large, 
complicated displays of this type, 
however, are a whole different world 
away from simple readout tubes. 
*(Answer: A+C+E+F+H+J+L-j- 
P+U) 
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rise to 180, a cathode that normally op- 
erates at point A will be shifted out to 
point A to a current of about 3.6 mA 
and into creeping glow. 

To avoid this high sensitivity to 
changes in E,,, many Nixies are operated 
with E,, close to 200 volts rather than at 
170 volts. Draw the load line, Fig 3-c, 
from the actual E through the center 
(2.25 mA) of the operating curves. The 
slope of the line gives R,, of 22,000 
ohms. With these values, the circuit will 
tolerate a change in E of about ± 5% 
(10 volts) without the load line drifting 
out of the operating region. 

But R,, should be set close to its 
calculated value. As R1, changes, the 
slope of the load line changes, and this 
again can lead to either partial or creep- 
ing glow. Current flow for any set of 
conditions can be calculated from the 
equation given in Fig. 3-a. 

Partial glow 
By now you may have decided that 

a Nixie is nothing more than a glorified 
neon indicator tube. You are partly 
right, but only because we've been talk- 
ing about energizing just one cathode at 
a time and leaving the other cathodes 
open. Since the open cathodes can't 
draw any current, they can't act up very 
much. 

Put a Nixie into a circuit, however, 
and you usually want to drive it with a 
transistor, not a rotary switch. The cir- 
cuit shown in Fig. 4 is recommended by 

FIG. 4-TRANSISTORS are usually used 
to drive Nixie cathodes. 

manufacturers of the indicators and uses 
an npn transistor for each cathode. 
When one of the transistors is turned 
on, it becomes a low resistance and 
grounds its associated cathode, turning it 

on. The other transistors are off and 
present a very high impedance to the 
flow of current from anode to cathode 
and thereby to ground. 

Assume that the transistor for the 
cathode of numeral "1" is turned on, 
and "1" is lit. What is the voltage at the 
collectors of the off transistors-such as 
for numeral "0"? 

If the transistors were perfect, they 
would act like infinite resistances and no 
cathode currents would flow unless the 
transistor was on. But transistors are not 
perfect and there is a leakage current 
from the off cathodes through the off 
transistors. 

The magnitude of the off current is 
a function primarily of the leakage cur- 
rent characteristic of the transistor, 
while the voltage at the off cathodes is 
determined by the collector breakdown 
voltage of the transistor. What the cir- 
cuit requires is a transistor with low leak- 
age current and high collector break- 
down voltage. 

Extensive experiments have been car- 
ried out to determine what levels of 
leakage current and voltage can be toler- 
ated before objectionable glow is gener- 
ated by numerals that are supposed to 
completely off. Figure 5 shows typical 
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FIG. 5-INTERFERENCE between one 
cathode and another depends on how 
close the two are and how closely their 
shapes match. 

°0" ON DRAWING 
2.25 mA 

leakage current flows through off cath- 
odes as a function of cathode voltage, 
which is called the "prebias voltage". 
Numeral "0" is on, which means that its 
cathode is grounded (or has on equiva- 
lent prebias voltage of zero) and current 
through "0" cathode is 2.25 mA. Now 
look at the curve for cathode "2". When 
its prebias voltage is 140 volts, and if E,, 
is 170, then the voltage available to "2" 
is 170-140 or 30 volts, and the current 
flow is way down around zero. 

Let the voltage on "2" drop to 100 
and the current rises to well over 100 
µA. As the prebias voltage drops fur- 
ther, leakage current continues to in- 
crease until eventually "2" will start to 
turn on. 

When you perform the same tests 
on cathode 6 ("0" still on) you get lesss 
leakage current but the shape of the 
curve is approximately the same. Why 
should you get a different current flow 
for "6" than for "2"? Look at the actual 
arrangement or stacking of the cathodes 
as indicated in Fig. 1. Cathode "2" is 
physically close to cathode "0". Further, 
the top of cathode 2 is the same shape 
as the top of 0: the result of nearness 
plus conformance of shape results in 
high leakage current for "2" when "0" is 

on-some of the action at "0" makes 
"2" nervous. But look at the curve for 
"3" when "0" is on: practically nothing. 
Now look where "3" is in the stacking- 
it's as far away from "0" as it can be 
and it's on the other side of the anode as 
well. 

If you perform the same tests with 
the rest of the cathodes, you get similar 
curves. When "8" is on, it has more ef- 
fect on 4 and 7 than on 0 and I. 

All right, you say, so you get a 
little leakage-who cares? We now go to 
the second set of experiments, which try 
to answer the question, "How much 
leakage current causes an objectionable 
glow from cathodes that are supposed to 
be off?" 

Fig. 6 shows how some observers 
judged the effects of leakage. Again, 
cathode "0" is on and the others are off. 
Based on the leakage characteristics for 
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FIG. 6-BOTTOM POINTS for each cath- 
ode indicate first appearance of a glow. 
Top points show where glow becomes 
excessive. 

"0" (Fig. 5), we know cathode "2" is 
going to bomb out first if anything does. 
Observers report that barely perceptible 
glow appears on "2" when the leakage is 
about 110 µA, while its associated pre - 
bias voltage is 120 V; when the prebias 
drops to 70 V, the leakage is about 250 
µA and the glow on "2" is obvious and 
"probably objectionable". 

But look at cathode "3". To get a 
glow at all you have to take the prebias 
down to 35 V-it's almost turned on. 
But as soon as "3" does start to leak, it 
really acts up-it only needs about 35 
µA to become a clown. 

Turn the 10 cathodes on one at a 
time and measure all other cathodes to 
find objectionable glow limits and you 
come up with 90 dots as shown in Fig. 
7. According to this drawing you will 
never have a bad glow if you keep leak- 
age current below 20 µA, or if you held 
the prebias at 70 volts and above. And 
if you can hold leakage below 2µA, (at 
all operating temperatures), says Bur- 
roughs, you won't ever get a noticeable 
glow even for sensitive combinations 
(such as "0" on and 3 at prebias of 35). 
And for most tubes, 60 volts prebias- 
instead of 70-is good enough. 

One situation which almost defies 
analysis is, "What happens when one 
cathode is on and two or more start 
glowing?" You can expect that two little 
glows (or three or four) may be worse 
than one little glow but probably better 
than one big glow. Play safe and keep 
the glows down. 
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FIG. 7-OBJECTIONABLE GLOW occurs 
for the 90 different combinations of one 
cathode on and other supposedly off. 

Ionizing peculiarities 
Neon indicator tubes must be 

treated with due respect to the 
limitations of cold -cathode devices. Many 
of the limitations are not serious-that 
is. they are easily overcome-but they 
can cause a lot of tree -climbing or head - 
bashing -against -the -wall action if not un- 
derstood. 

One of the major variables of the 
neon indicator tube is turn -on time. 
which is the same as ionization time. 
Cold -cathode devices depend upon ex- 
ternal radiation for initial ionization. 
You can apply rated voltage between 
anode and cathode and wait, but nothing 
will happen until a cosmic ray or an 
energetic particle from an atom under- 
going radioactive decay strikes the cath- 
ode and starts the electrons flowing. 
Once started, the ionization is self-sus- 
taining through the action of the elec- 
trons jumping around. 

The starting incident does not need 
to be an energetic particle. Ordinary 
light-natural or man made, and bright 

enough to allow easy viewing-provides 
enough energy at the cathode surface to 
insure ionization under most conditions. 
Ionization can also be made more cer- 
tain by applying increased voltage across 
the tube (without exceeding ratings) or 
by applying the voltage fast rather than 
slow. In addition, ionization time is af- 
fected by how long the tube has been 
sitting around without being turned on. 
The longer it's been inactive the lazier 
it is. 

Burroughs Corp. says that ioniza- 
tion time will almost always be less 100 
µsec in normal applications and with 
usual light levels. But the variations in 
the characteristics of cold -cathode tubes, 
plus the variations in local lighting and 
background radiation, are such that ioni- 
zation time may be as short as 1 sec or 
as long as several seconds. 

What happens when you want to 
use a Nixie in a coal mine in total dark- 
ness? In this case it may be more a ques- 
tion of what will not happen-the in- 
dicator may never turn on. But there's 
really no need for this type foul-up if it 
is known beforehand that the tube is go- 
ing to be used in absolute darkness. The 
manufacturers have developed a special 
tube that contains a small amount of ra- 
dioactive Krypton 85 gas, which is rela- 
tively inactive but emits a particle suf- 
ficiently often to cause the tube to turn 
on within 50 msec usually, and within 1 

sec pratically always. 

How to dim 
Cold -cathode indicator tubes are 

bright enough for use in fairly strong 
light. Sometimes, however, the tubes are 
too bright-as in radar rooms and air- 
craft cockpits-and dimming methods 
are needed. Reducing the voltage across 
the tube may produce slight dimming 
but runs into the problem of failing to 
completely light some cathodes. 

The simplist way to reduce bright- 
ness is to use an optical filter in front of 
the tube. If continuously variable bright- 
ness control is not needed, optical filters 
can work well. Polaroid filters are avail- 
able, in fact, that reduce brightness and 
reflections at the same time. 

If electrical control of brightness is 
needed, two techniques are available. In 
the first method a cathode is turned on 
for awhile, then off, then on again, etc, 
at a regular rate or frequency. If the 
fixed frequency is 50 Hz or higher, the 
tube appears to be on continuously, and 

the apparent brightness is a function of 
on time to off time-the duty cycle. The 
maximum duty cycle is 1.000, or contin- 
uously on. The minimum duty cycle is 
determined essentially by the ionization 
time -100 µsec for reliable operation- 
which gives an on -to -off ratio of 1 part 
in 200, or a duty cycle of 0.005 (or 
0.5%). 

The second way to control bright- 
ness also uses the concept of duty cycle 
but in this case the on -time of a cathode 
is fixed-again, 100 µsec minimum-a 
the period between on -pulses is varied. 
If the on pulses arrive once every 100 
msec (or whatever the on time is set to) 
the tube is on continuously, the duty 
cycle is 1, and brightness in maximum. 
If only 50 on -pulses per second, (min- 
imum rate for flicker -free viewing) are 
applied, the duty cycle is 0.005, (with 
100 sec on -time) and brightness is way 
down. 

Both methods give the same results 
but the fixed frequency method causes 
less power dissipation-because less 
switching is required-in the drive cir- 
cuits. Usually the on -pulses are applied 
via the anode. The tubes are often 
driven from a 200 -volt supply and the 
anode voltage only has to be lowered to 
below 110 volts to turn the tube off. 
Anode control also eases the breakdown 
voltage requirements of the drive tran- 
sistors in the cathode circuits. 

Do you remember the story about 
the little girl who read a book about al- 
ligators, and when her teacher asked her 
how she liked it. said: "This book told 
me more about alligators than I wanted 
to know." 

While more could be said about the 
cold -cathode indicator tube-and about 
its competitors who are fighting for a 
chance to be seen-we've about run out 
of space. 

One recent development should be 
mentioned. The tubes are usually driven 
by combination decoding/driving circuits 
that figure out which cathode of a given 
tube is to be turned on. Since the decod- 
ing/driving circuits can account for 
50% or more of the cost of a numerical 
display, efforts have been made to use 
one decoder/driver for more than one 
tube-that is, multiplexed operation. 
This has led to the development of high - 
current tubes that operate with from 5 
to 15 mA and at somewhat higher volt- 
age. The multiplex type tubes are not in- 
terchangeable with the regular type. R -E 

Touch Switch 
This simple touch switch can turn on appliances, lamps, etc., with a 
finger touch. R features safe, low -voltage operation. The touch plate 
may be an etched circuit board as shown, or simply two copper tacks 
close enough that both can be touched simultaneously. The touch - 

plate circuit must be isolated from the ac line. 

PARTS LIST 
1 HEP 320 or 2N5060 silicon controlled recti- 

fier (SCR) 
1 10,000 ohms, '/2 watt, 10% resistor 

1 0.5-µF. 25 -volt (or higher) capacitor 
6 1.5 -volt batteries (9 volts) 
1 500 -ohm relay 
1 Touch plate 

B+ 
9V 

TO 
CONTROLLED 
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!Zqburglareasy-to alarms 
These five burglar alarm circuits complete 
this series of articles. Just about every 
kind of alarm has been described 

by R. M. MARSTON 

IN THIS FINAL SECTION OF THE ALARM 

circuits article you will find fire or over - 
temperature alarms and frost or under - 
temperature alarms. They complete your 
circuit book and you should now have 
alarm circuits that provide almost any 
kind of protection you should desire. 

In the alarm circuit of Fig. 10, the 
LDR can be any type that gives a resist- 
ance in the range 200 to 10,000 ohms 
when illuminated by the light beam. R1 

should have a maximum value roughly 
double that of the LDR resistance under 
the above conditions and is used to set 
the circuit sensitivity at the required 
level. 

Temperature -operated alarms 
Temperature -operated alarm sys- 

tems can be used as automatic fire or 
overheat alarms, or as frost -warning or 
underheat alarms. They can be used to 
sound an alarm whenever a temperature 
goes above or below a precisely preset 
value. 

The four practical alarm systems that 
follow use inexpensive negative -tempera- 
ture -coefficient thermistors as their tem- 
perature -sensing elements. These devices 
act as resistors that have a value dic- 
tated by temperature; they present a 

high resistance at low temperatures, and 
a low resistance at high temperatures. 

The four circuits have all been de- 
signed to work with thermistors that 
present a resistance of roughly 5000 
ohms at the desired operating tempera- 
ture. All circuits are highly versatile, 
however, and will operate perfectly well 
with any negative -temperature -coefficient 
thermistors that present a resistance in 

the range 1000 to 20,000 ohms at the 
required temperature. Table 1 lists a few 
of the many thermistors that may be used 
in these circuits at different temperature 
levels. 

Fig. 21 shows the practical circuit of 
a simple fire or over -temperature alarm. 
Here, TH, (the thermistor) is connected 
in the form of a bridge, together with 
R1 -R2 and R3; Q1 is used as the bridge - 
balance detector and SCR driver. R1 is 
adjusted so that the bridge is slightly out 
of balance, with the voltage of the 
R1-TH, junction slightly lower than 
that of the R2-R3 junction, at tempera- 
tures just below the required operating 
temperature. Q1 is thus cut off under 
this condition, and passes negligible cur- 
rent into the SCR gate, so the alarm is 

inoperative. 
When the temperature increases to 

the required trigger level, TH,'s resist- 
ance falls slightly and thus causes the 
voltage of the RI-TH, junction to fall 
as well. Under this condition Q1 turns 
on sufficiently to trigger the SCR, so the 
alarm turns on and self -latches. R I can 
thus be adjusted so that the alarm turns 
on and self -latches when the tempera- 
ture rises to any desired value within the 
operating range of the thermistor. 

The circuit in Fig. 21 can be modi- 
fied so that it acts as a frost or under - 
temperature alarm. which turns on when 
the temperature falls to a preset value, 
by simply transposing the TH, and R1 
positions. 

Fig. 22 shows an alternative version 
of the simple frost or under -temperature 
alarm. The circuit is very similar to that 
of Fig. 21, with TH, connected in the 
form of a bridge, and Q1 used as a bal- 
ance detector. The circuit is set up by 

first adjusting R1 so that approximately 
half the supply voltage appears on Q1 
base at the required trigger temperature; 
R3 is then adjusted so that the alarm 
turns on when the temperature falls to 
the required trigger level. 

Figure 23 shows an alternative ver- 
sion of the fire or over -temperature 
alarm. The circuit is roughly similar to 
that of Fig. 22, since the thermistor is 
wired in the form of a bridge, and Ql is 
used as a bridge -balance detector. In this 
circuit, however, Q l's output is ampli- 
fied and inverted by Q2 before being ap- 
plied to the SCR gate; the alarm thus 
turns on only when the temperature 
rises to the required level. The circuit is 
set up in a similar way to that in Fig. 
22. 

An interesting feature of the cir- 
cuits in Figs. 22 and 23 is that they both 
employ identical thermistor and R1 volt- 
age divider networks, but one circuit 
turns on when the temperature falls to a 
preset value, while the other turns on 
when the level rises to a preset value. 
These two circuits can thus be put to- 
gether to form a combined over-tem- 
perature/under-temperature alarm. Fig- 
ure 24 shows the practical circuit of 
such an alarm. 

Here, Q1 and Q2 form the over - 
temperature sensing side of the circuit, 
and Q3 forms the under -temperature 
sensing side. In use, the circuit is set up 
as follows: First, set R2's slider to the 
positive supply line, and R3's slider to 
ground. Now adjust RI to develop half 
the supply voltage on Q1 base at the 
normal or mid -temperature level. Now 
adjust R2 so that the alarm sounds when 
the temperature rises to the required 
high trigger level. Finally, adjust R3 so 
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20. 
R4 
I 

2N3702 

R1-see text 
R2, R3-5.600 ohms, 1/2 watt 
R4, R5-1000 ohms. 1/2 watt 
R6-470 ohms, 1/2 watt 
D1 -1N4001 
LDR-see text 

T 
eR2 

5.6K 

ALARM 

R3 R5 
5.6K IK 

DI 

IN4001 

SCR 

CI06FI 

PARTS LIST 

Ql, Q2 -2N3702 
SCR-C106F1 Sl-spst normally closed 
Alarm Device 
Circuit board C and circuit board A 
set up as in Fig. 5. 

+4.5 TO 13.5V 

S I 
RESET 

R6 
470 f/ 

21. 

/ 
SI LOAD DI R5 R2 

SC R 

g 

k TN I 

R4 

RI 
SEE 
TABLE I. 

TH I 

SEE 
TABLE I. 

PARTS LIST 

R1-see table 
R2, R3, R4-1000 ohms, 1/2 watt 
R5-470 ohms, 1/2 watt 
D1 -1N4001 
Q1 -2N3702 

SCR-C106F1 
S1-spst normally closed 
TH1-see table 
Alarm device 
Circuit board D 

+4.5 TO 135V 

DI 
1N4001 

R5 

470f1, 

SI 
RESET 

22. 
t 

SI LOAD DI R5 R2 R3 

SCR QI g b 
TH I c 

k RI e 

R4 

R3 

WIPER 

TH I 

SEE 
TABLE I. 

RI 
SEE 
TABLE I. 

PARTS LIST 

R1-see table 
R2-220 ohms, 1/2 watt 
R3-potentiometer, 1000 ohms 
R4-1000 ohms, 1/2 watt 
D1 -1N4001 

+4.5V TO 13.5V 

DI 

IN4001 

R5 
SCR 4701/ 
CI06F1 

Q1 -2N3702 
SCR-C 106F1 Sl-spst normally closed 
Alarm device 
Circuit Board D 
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23. 

R4 

Q 1 
e 

b 3 
e 

PARTS LIST 
R1-see table 
R2-1200 ohms 
R3-potentiometer, 10,000 ohms 
R4-10,000 ohms, 1/2 watt 
R5-220 ohms, 1/2 watt 

R5 

02 

2N3702 

R3 
22051 10K 

R2 
1.2K 

R4 
10K 

Ql 

2N2926(0) 

R6-1000 ohms, 1/ watt 
R7-470 ohms, 1/ watt 
D 1-1 N4001 
Q1 -2N2926(0) 
Q2 -2N3702 
SCR-C106F1 

TH I 

SEE 
TABLE I 

RI j SEE 
ii TABLE I 

ALARM 

+4.5 TO 13.5V 

SI 
RESET 

DI R7 
4700. 

IN4001 

;*)SCR 
C106F1 

R6 
I 

SI-spst normally closed 
THI-see tab e 
Alarm device 
Circuit board C arid circuit board 
A set up as in Fig. 5. 

24. 

PARTS LIST 
R1-see table 
R2-potentiometer, 10,000 ohms 
R3-potentiometer, 1000 ohms 
R4-1200 ohms, 1/2 watt 
R5-220 ohms, 1/ watt 

t 
SI LOAD DI R9 R5 

SC R 
g 

3 

A 

RE 
C' 

R3 

Q3 
b 

e c 

02 

2N3702 

R7 
2200. 

e R6 

2N2926(0) 

OK 

SET HIGH 
TEMP 

R4 
1.2 K 

I0K 

01 

TH I 

SEE 
TABLE I 

2N3702 

03 

ALARM 
R5 
22051 

R3 
I 

+4.5 TO 13.5V 

DI 

N4001 

SET LOW 
TEMP 

CIo6FI 
SCR 

RI 
SEE 
TABLE I 

R8 
IK 

R6-10,000 ohms, 1/2 watt 
R7-220 ohms, 1/2 watt 
R8-1000 ohms, 1/2 watt 
R9-470 ohms, '/2 watt 
DI -1N4001 
Q1 -2N2926(0) 

SI 
RESET 

R9 
4700. 

02, Q3 -2N3702 
SCR-C106F1 
SI-spst normally closed 
TH1-see table 
Alarm device 
Circuit boards C and D arranged as shown 

Full size pattern for circuit board A used Full size pattern for circuit board B used 
in the 24 alarm circuits r s=o, 

8 

in the 24 alarm circuits 
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OPERATING TEMPERATURE 
RANGE 

-40°C to -12°C 

-15°C to +10°C 

+5°C to +25°C 

+20°C to +50°C 

+40°C to +70°C 

+60°C to +105°C 

+60°C to +85°C 

+80°C to +100°C 

+95°C to +130°C 

+90°C to +110°C 

+100°C to +140°C 

+100°C to +140°C 

SUITABLE THERMISTOR R1 VALUE 
TYPES 

KD2107 (RCA). 10,000 ohms 

KD2108 (RCA), or 
VA1066S (MULLARD). 

K02108 (RCA), or 
VA1066S (MULLARD). 

KD2108 (RCA), or 
VA1066S (MULLARD). 

VA1055S (MULLARD). 

VA1055S (MULLARD). 

VA1056S (MULLARD). 

VA1056S (MULLARD). 

VA1056S (MULLARD). 

VA1067S (MULLARD). 

VA1067S (MULLARD). 

KD2109 (RCA). 

25,000 ohms 

10,000 ohms 

5000 ohms 

10,000 ohms 

5000 ohms 

25,000 ohms 

10,000 ohms 

25,000 ohms 

10,000 ohms 

25,000 ohms 

5000 ohms 

Note: The KD2107-9 thermistor types are available in the RCA experimenters 
kit, KD2110. 

AIIALIII1Í! 
COMPONENT MOUNTING STRIP. Each strip contains 3 sections 
for diodes, capacitors or resistors; 1 transistor section and 1 SCR 
section. 

The following alarm parts are avail- 
able from Photolume Corp., 118 E 28 
St., N.Y., N.Y. 
Kit RE671-PC consisting of 1 -panel of 
4 alarm circuit boards; 1 -panel of 3 
component mounting strips; 100 plug- 
in -connectors . . $6.25 postpaid. 
Kit RE671-T consisting of 1 SCR; 1 di- 
ode; 4 transistors (2 npn, 2 pnp) and 1 

photocell . . . $3.75 postpaid. 

Full size pattern for circuit board C used Full size pattern for circuit board D used 
in the 24 alarm circuits in the 24 alarm circuits 

that the alarm sounds when the tempera- 
ture falls to the required low level. The 
circuit is then ready for use. 

The four temperature -operated 
alarms that we have looked at so far are 
all very useful circuits, but suffer from 
one slight snag. This snag is that, if the 
thermistor is placed remotely from the 
electronic circuitry (so that the thermis- 
tor and the circuitry operate at different 
temperature levels), the precise oper- 
ating points of the circuits will be affec- 
ted by variations in the operating tem- 
perature of the transistor circuitry. This 
is because the V,,, characteristics of the 
Q1 (and Q3) bridge -balance detectors 
are temperature dependent. In practice, 
this may result in the trigger points of 
the circuits shifting by one or two de- 
grees centigrade when the transistor cir- 
cuitry is operated through the range 
0°C to +30°C. These circuits are thus 
not suitable for use in precision appli- 
cations, unless the circuits and thermis- 
tors are operated at the same tempera- 
tures. R -E 

BROKEN PLASTICS 

Plastic radio cabinets or knobs 
which are broken or cracked present a 
problem sometimes to a technician 
trying to do a first-class repair job. Of 
course there are glue products on the 
market-but who has the right glue at 
the right time? An amazingly simple 
solution I have found for making 
these last-minute repairs is GC Ce- 
ment Solvent. 

As a person might expect, one 
important thing to be taken into con- 
sideration before attempting to make 
plastic repairs is to know what kind of 
plastic is involved. Phenolics, such as 
Bakelite, are thermosetting types of 
plastic and will not be dissolved by ke- 

APPLY SOLVENT 

tone solutions. Radio cabinets made 
from this material are not as popular 
today, however, as those of styrene, 
G.E. Lexan (a polycarbonate), the 
ethyl celluloses and the vinyls. 

The drawing shows a broken 
portion of a printed -circuit type plas- 
tic mounting stud, popular in many 
cabinet styles. By merely applying a 
drop or two of solvent to the surface 
of each broken, chipped, or cracked 
cornice, stud, or knob, allowing a few 
seconds for the sections to get tacky, 
and, applying pressure, you've got the 
job done.-George D. Philpott 
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all ,.nn,about ANVesistors 
Resistors are essential to proper operation 
and control of electronic gear. 
Read about basic types and how they are used. 

by FARL JACOB WATERS 
THE FIRST COMPONENT YOU RUN INTO 
when studying electronics is the resistor. 
Learning electricity and electronics be- 
gins with Ohm's Law. It says that the 
ratio between the electromotive force, 
(voltage) and the current within a cir- 
cuit is a constant value. So if voltage is 

increased from 100 to 200 volts the cur- 
rent also doubles from a possible 10 mA 
to 20 mA. The ratio E/I stays constant 
at 10,000 (100/0.010 or 200/0.020). And, 
since this ratio indicates the current de- 
veloped within a circuit by a given volt- 
age it is also a measure of the limiting 
factor-the resistance of that circuit. 

In this article we are interested in 
components that introduce specified 
amounts of resistance into an electronic 
circuit. These components are called re- 
sistors. These devices do not store or 
hold electrons but do limit the quantity 
of electrons passing through a circuit. 
And when a current passes through a re- 
sistor the force-voltage-is diminished. 
Resistors make no distinction between 
alternating currents and direct currents 
and cause no phase shift between the al- 
ternating current variations and the alter- 
nating voltage variations. 

Resistor uses 
As transistors have become popular 

as the controlling device in electronic 
circuits, the current limiting character- 
istic of resistors has become important. 
The controlling factor in a transistor's 
operation is the base current and the cir- 
cuit must include a device to limit that 
current. A basic transistor circuit has a 
resistor, R,,, in series with supply volt- 
age V,,,, and the base -emitter junction 
(Fig. 11. Since the forward biased base - 

90K 
Rb 

FIG. 1-TRANSISTOR BIAS RESISTOR 
(R,,) holds base current to safe limits. 

emitter junction has a very low resis- 
tance the normal 9V supply, V,,,,, would 
cause a 250 -mA base current if resistor 
R were not used. Such a base current 
would be excessive. With resistor R,,, 

about 90,000 ohms, in series with the 
supply voltage, base current is limited to 
an acceptable 0.1 mA. 

Vacuum -tube heaters are often con- 
nected in series, directly across the 117 - 
volt ac source. However, a circuit, that 
has eight tubes, each rated at 12.6 volts. 
should be fed only 100.8 volts (12.6 x 
8). Thus, there is an extra 16.2 volts to 
be consumed by some other means. Fig. 
2 shows resistor Rl used as a voltage 

VI V2V3V4V5V6 V7 V8 

117 VOLTS 

FIG. 2-LINE-DROPPING RESISTOR (Rl) 
prevents heater -string overvoltage. 

dropping device to reduce the 117 volts 
to the required 100.8 volts. 

A third use of resistors is in voltage 
dividers. In parallel with a voltage 
source, the battery in Fig. 3, two resis- 

BATT= 
EBATT 

R1 
2K 

R2 
IK 

E1 

E2 

FIG. 3-VOLTAGE DROPS are in direct 
proportion to ratio of the resistances. 

tors divide that voltage in direct propor- 
tion to the resistor values. That is; if R1 
in Fig. 3 is 2000 ohms and R2 is 1000 
ohms, the voltage across R1 is twice that 
across R2. 

E1/E2 = R1/R2 
where El is the voltage across R1 
E2 is the voltage across R2 

and El H-- E2 - EATT 
where EATT is the total voltage of the 
battery. 

In the early days of electronics, 
vacuum tube circuits were powered by 

FIG. 4-CATHODE BIAS RESISTOR 
makes cathode more positive than grid. 

three batteries-the A battery, the B 
battery, and the C battery. The C bat- 
tery was a biasing battery that kept the 
tube's grid negative with respect to the 
filament. With progress the grid was 
placed at ground or zero potential and a 
resistor used between the cathode and 
ground potential (Fig. 4). Then with the 
normal movement of electrons from the 
plate through the voltage supply, cath- 
ode resistor Rk, and back to the cath- 
ode; the lower end of Rk (point B) is 
negative with respect to its upper end at 
point A. Since point B is the same as the 
grid; the grid is negative with respect to 
the cathode at point A and it is unneces- 
sary to use the bias battery. 

Another vacuum tube circuit per- 
mits the grid to become positive for 
brief intervals of time and to draw elec- 
trons. Found in class -C rf amplifier cir- 
cuits, the positive grid draws current 
through the grid -leak resistor (R,,, in 
Fig. 5) and develops a bias voltage. 

FIG. 5-GRID-LEAK BIAS. Positive drive 
pulses develop negative grid bias. 

With gridleak capacitor C,,, becoming 
charged to a similar voltage value and 
then tending to discharge through re- 
sistor RR this bias voltage remains com- 
paratively constant. 

During operation capacitors Cl and 
C2 of a power supply filter, Fig. 6, are 

CHOKE 
7.000 

C2 R 

FIG. 6-BLEEDER RESISTOR (R) stabi- 
lizes voltage and discharges Cl and C2. 

charged to a value that equals the out- 
put voltage. In most transistor equip- 
ment and home radio receivers that ca- 
pacitor charge is not large enough to be 
very dangerous but similar circuits in 
television receivers and in transmitting 
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equipment can produce a fatal shock, 
even after the equipment has been 
turned off. This possibility is eliminated 
by placing resistor R (a high valve) 
across filter capacitors Cl and C2. 

The energy stored or accumulated 
within a capacitor or an inductor charg- 
ing or discharging through a resistor can 
be used to measure time. In the circuit 
of Fig. 7-a any charge on capacitor C 
discharges through resistor R at a de- 
creasing rate. After a time t equal to R x 
C seconds the charge remaining on ca- 
pacitor C equals 37% of its original 
level. Therefore; if one end of Fig. 7-a is 

aI 

1 

C 

a b 

FIG. 7 -R -C TIMING CIRCUITS. Parallel 
circuit la) charges and series circuit 113) 

discharges to 63°C in R x C seconds. 

connected to the grid of a vacuum tube 
and is negative enough to cut off the 
plate current, after time t or R x C sec- 
onds the decreased charge on capacitor 
C can permit anode current to flow 
again. In this manner the R -C com- 
bination establishes the time during 
which the plate current is off. On the 
other hand, the voltage across capacitor 
C equals 63% of that voltage applied to 
the resistor and capacitor series com- 
bination (Fig. 7-b) after a period of 
time equal to R x C seconds. 

Power dissipation 
In mechanical terms power is de- 

fined as the rate at which energy or 
work is expended -ergs per second, 
joules per second, or watts. 

Power, P = W /t 
where W is the energy expended in t 
seconds. Work W also equals the prod- 
uct of force f and the distance s through 
which that force acts. Substituting 
known and absolute electrostatic values 
of force alters the power equation to: 

Power, P = EI 
= I2R 
= E -R 

where E is the voltage 
I is the current 
R is the resistance 

Resistance is analagous to mechani- 
cal friction. And friction has the effect 
of adding mass to the object being 
moved. Overcoming friction, as in rub- 
bing two sticks together, produces heat. 
Resistance is the same as friction to the 
movement of electrons. So the move- 
ment of electrons, a current, through a 
resistor also develops heat. Current 
through a resistor expends a major por- 
tion of its energy in overcoming the 
"friction." Just as rubbing of sticks can 
start a fire, heat produced within a re- 
sistor can burn that resistor and break 

the current path. Of course, if the stick 
rubbing occurs over a great length of 
the stick's surface, the heat dissipates or 
leaves the stick before it can get hot 
enough to burn. Similarly, if the resistor 
has enough surface to dissipate the heat 
rapidly enough, the resistor will not 
burn. 

Since both the dissipating surface 
area of a resistor and its resistance value 
are related to the length and the cross- 
sectional area, there must be a correla- 
tion between these dimensions. A resis- 
tor that has a cross-sectional area of one 
unit and a length of ten units that can 
dissipate 1.0 watt could dissipate 2.0 
watts if either the length or the cross- 
section area is doubled. But if we double 
the cross-section the resistance drops to 
I/z of its original value. Inversely; the 
resistance value doubles if the length is 
doubled. We can double a resistor's dis- 
sipation by increasing both the cross-sec- 
tional area and the length by a factor of 
1.414. Resistance and power dissipation 
depend on the resistor's physical dimen- 
sions. 

Although normally operating elec- 
tronic circuits are seldom thought to 
have surges of current, nearly all circuits 
are subjected to some surge currents. 
Most surge currents exist only until the 
various components become fully effec- 
tive. For example; before a counter volt- 
age is developed across the load impe- 
dance and biasing voltages are produced, 
the plate current of a vacuum tube cir- 
cuit can be quite large. In other situ- 
ations, component failures or high volt- 
ages can produce surge currents. It is 
common to multiply the expected power 
dissipation of a resistor by a safety -fac- 
tor. A 10,000 -ohm resistor carrying 10.0 
mA, would be expected to dissipate 1.0 
watt (10,000 x 0.0001). But with a 
safety -factor of 2 the resistor should be 
rated at 2 watts or better. Commonly a 
safety -factor of 2 is considered ade- 
quate; however, safety -factors may be as 
great as 5. Naturally a safety -factor of 5 
is not going to be used if it will increase 
the cost of an electronic gadget from 
$10 to $12 or if its size would be sub- 
stantially changed. 

Although the voltages used with 
vacuum tube circuits are consider- 
ably larger than those used in transistor 
circuits the currents are rather small in 
either. In tube type voltage amplifiers 
the largest current, the cathode current, 
seldom exceeds 10 mA. Therefore, a re- 
sistor of 10,000 ohms would produce a 
dissipation of 1.0 watt (FR = 0.0102 x 
10,000). But closer to a practical value 
would be a cathode current of 5.0 mA 
and an expected dissipation of I/4 watt. 
Transistor voltage -amplifier circuits 
commonly have collector and emitter 
currents of about 1.0 mA so resistors as 
large as 250.000 ohms have expected 
dissipations of only 11/4 watt. 

Oscillators are designed as power 
amplifiers with outputs of I or 2 watts 
and transistor versions use resistors pri- 
marily as voltage dividers with expected 
dissipations of 1.0 watt. The currents 
found in pulse generator circuits are 
similar to those in voltage amplifiers 
while pulse amplifiers have currents much 
like power amplifiers. Switching circuits 

are not often encountered by the aver- 
age person but their currents can be 
quite large and require resistor dis- 
sipations of 10 watts or better. 

In rectifier power supplies the re- 
sistors serve primarily as `bleeders' car- 
rying about 770 of the maximum output 
current. Dissipations required by bleeder 
resistors in some larger pieces of elec- 
tronic equipment may be 5, 10, or even 
50 watts. Bleeder resistors in the power 
supply section of broadcast transmitters 
have dissipation ratings up to 1000 watts 
or better. 

Resistor values 
Just as clothing is made in only cer- 

tain sizes, resistors are available only in 
specific values. Resistors are manufac- 
tured in the wide range of values shown 
in Table 1. In designing electronic cir- 
cuits, resistor values are chosen from 
lists like that given in Table I. If design 
calculations indicate that a resistor 
should be 6000 ohms the designer would 
choose either the 5600 -ohm value or the 
6200 -ohm value. The choice must be 
based upon the effect that an increase or 
a decrease in resistance might have on 
other components or on the overall op - 

TABLE 1 

RESISTOR VALUES 

Ohms Ohms Ohms Ohms 
0.24 24 2400 240k 
0.27 27 2700 270k 
0.30 30 3000 300k 
0.33 33 3300 330k 
0.36 36 3600 360k 
0.39 39 3900 390k 
0.43 43 4300 430k 
0.47 47 4700 470k 
0.51 51 5100 510k 
0.56 56 5600 560k 
0.62 62 6200 620k 
0.68 68 6800 680k 
0.75 75 7500 750k 
0.82 82 8200 820k 
0.91 91 9100 910k 
1.00 100 10k lmeg 
1.1 110 11k 1.lmeg 
1.2 120 12k 1.2meg 
1.3 130 13k 1.3meg 
1.5 150 15k 1.5meg 
1.6 160 16k 1.6meg 
1.8 180 18k 1.8meg 
2.0 200 20k 2.0meg 
2.2 220 22k 2.2meg 
2.4 240 24k 2.4meg 
2.7 270 27k 2.7meg 
3.0 300 30k 3.0meg 
3.3 330 33k 3.3meg 
3.6 360 36k 3.6meg 
3.9 390 39k 3.9meg 
4.3 430 43k 4.3meg 
4.7 470 47k 4.7meg 
5.1 510 51k 5.1meg 
5.6 560 56k 5.6meg 
6.2 620 62k 6.2meg 
6.8 680 68k 6.8meg 
7.5 750 75k 7.5meg 
8.2 820 82k 8.2meg 
9.1 910 91k 9.lmeg 

10.0 1000 100k 10meg 
11 1100 110k llmeg 
12 1200 120k 12meg 
13 1300 130k 13meg 
15 1500 150k 15meg 
16 1600 160k 16meg 
18 1800 180k l8meg 
20 2000 200k 20meg 
22 2200 220k 22meg 
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eration of the circuit. In many instances 
the choice becomes a matter of ex- 
perimenting to determine which value 
gives greater amplification or less dis- 
tortion; which value gives the largest 
output or the poorest efficiency, etc. 

Resistors are manufactured to dif- 
ferent tolerances. The actual or true 
value of a resistor is within a given per- 
centage, or tolerance, of the value in- 
dicated on the unit. Common com- 
position (carbon) resistors are 
manufactured to a 5% or 10% toler- 
ance. A 6200 -ohm resistor with a 10% 
tolerance may have a true value any- 
where between 6820 ohms (10% above) 
and 558(1 ohms (10% below). There are 
resistors that are manufactured to very 
close tolerances-within I9 or less- 
but they cost more. Most electronic cir- 
cuits function well with 10% resistors. 

As a matter of quicker and simpler 
identification of resistors and their val- 
ues a system of color coding has been 
devised as shown in Fig. 8. 

Resistor types 
There are two basic types of resis- 

tors-fixed and variable. Fixed resistors 
have only one value and are further 
classified with regard to material and 
construction. The most common and 
least expensive fixed resistor is the car- 
bon resistor. Actually the resistance ma- 

terial of these so-called 'carbon' resistors 
is a composition of different materials 
that has a higher resistivity than or- 
dinary carbon or graphite. Fig. 9 shows 

MOLDED PROTECTIVE 
INSULATION LEAD TERMINAL CRIMPED 

TO ELEMENT 

) 

LEAD 

CARBONIZED ROD RESISTOR ELEMENT 

COMPOSITION TYPE 

MOLDED PROTECTIVE 
INSULATION 

CARBON FILM 
(ON OR INSIDE GLASS TUBE) 

ELEMENT - 
LEAD JOINT 

DEPOSITED -FILM TYPE 

FIG. 9-CARBON RESISTORS. Composi- 
tion and deposited -film types. 

the construction of a modern 'carbon' 
resistor. The ratings of 'carbon' resistors 
range from I.i to 2 watts and from a 
few ohms to a few megohms. 

Fig. 10 shows the basic construction 
of two types of fixed wire -wound resistors. 
They are made by winding a length of 

RESISTOR COLOR CODES 

COLOR DIGIT MULTIPLIER TOLERANCE 

BLACK 0 1 ±20% 

BROWN 1 10 ±1% 

RED 2 100 ±2% 

ORANGE 3 1000 ±3%* 

YELLOW 4 10000 GMV* 
GREEN 5 100000 ±5% (EIA alternate) 

BLUE 6 1000000 ±6%* 

VIOLET 7 10000000 ±12-1/2%* 
GRAY 8 .01 (EIA alternate) ±30%* 

WHITE 9 .1 (EIA alternate) ±10% (EIA alternate) 

GOLD 1 (JAN and EIA preferred) ±5% (JAN and EIA preferred) 

SILVER .01 (JAN and EIA preferred) ±10% (JAN and EIA preferred) 

NO COLOR ±20% 

' GMV = guaranteed minimum value, or -0 + 100% tolerance. 
±3, 6, 12-1/2, and 30% are ASA 40, 20, 10, and 5 step tolerances. 

1ST SIGNIFICANT 
2ND I FIGURES 
MULTIPLIER 
TOLERANCE 

Resistors with black body color are com- 
position, non -insulated. 

Resistors with colored bodies are compo- 
sition, insulated. 

Wire -wound resistors have the 1st digit color 
band double width. 

1ST) SIGNIFICANT 
2ND I FIGURES 

MULTIPLIER 
TOLERANCE 

BODY -END -DOT SYSTEM 

1ST I SIGNIFICANT 
2ND I FIGURES 

MULTIPLIER 
TOLERANCE 

BAND SYSTEM BODY -END -BAND SYSTEM 

FIG. 8-RESISTOR COLOR CODING. Colored bands indicate value and tolerance. 

INSULATING COATING 

WIREWOUND 
RESISTANCE 

ELEMENT 

TERMINALS 

o 

o 

MOUNTING FOOT CERAMIC CORE 

HIGH -WATTAGE WIREWOUND 

WIREWOUND RESISTANCE ELEMENT 

LEADS CRIMPED MOLDED 
TO ELEMENT INSULATION 

LOW -WATTAGE WIREWOUND 

FIG. 10-WIREWOUND RESISTORS. Heat 
dissipation requires good air flow. 

resistance wire onto a round porcelain 
form. Metal pieces are built into that 
porcelain form to serve as terminals. Af- 
ter winding the resistance wire onto that 
porcelain form an enamel containing 
powdered glass is baked on the unit to 
produce its vitreous enamel coating. 
Giving good mechanical protection and 
good heat dissipation this vitreous 
enamel is very smooth and usually 
brown in color. 

Some small wattage wire -wound re- 
sistors are coated with a ceramic mate- 
rial (the same ceramic material being 
used for the core). An adjustable or 
fixed third terminal is sometimes pro- 
vided on wire -wound resistors. With 
large dissipation ratings of up to 200 
watts and resistance values from 1.0 to 
100,000 ohms: wire -wound resistors 
serve as cathode resistors, voltage divi- 
ders in transistor power amplifiers, and 
bleeder resistors in rectifying power sup- 
plies. Ceramic wire -wound resistors, 
with their ratings printed on the grayish 
white colored body, have better in- 
sulation for high -voltage uses. 

Precision resistors with tolerances 
within I ró of the value indicated on the 
unit are often metalized types. The re- 
sistive material is actually a film of 
metal or carbon deposited on a glass or 
other insulating core. Since this film is 
deposited by either electrolysis or spray- 
ing the thickness and resulting resistance 
can be very accurately controlled. Met- 
alized type resistors usually look like 
carbon resistors and are often color 
coded in a similar way. However, these 
'precision' metalized resistors (Fig. 9) cost 
4 to 10 times more than 'carbon' resistors 
and are not used except where this pre- 
cision is a must. 

Just as it isn't practical to operate 
an automobile at a constant speed, it is 
not always practical to operate some 
electronic equipment at constant levels. 
Often it is desirable to change sound 
volume, television picture brightness, 
amplifier gain. etc. Variable resistors 
(potentiometers) are used to make such 
adjustments. Some adjustable resistors 
have wire -wound elements like those 
shown in Fig. 11. Others have corn - 
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A grid dipper is a great piece of 
test equipment and should be available 
wherever rf equipment is to be de- 
signed, constructed, or serviced. 

Probably the one most inconve- 
nient feature of all grid -dip meters is 
its physical size. This holds true for the 
two -unit commercial models as well as 
the more common self-contained 
types. It is not so much that they are 
large but rather that the head will not 
always fit into the nooks and crannies 
which seem to be designed into most 
equipment. At lower frequencies the 
coil assembly is usually long enough 
to reach to within shouting distance of 
the desired circuit but as the fre- 
quency is increased the dipper coil 
shrinks to perhaps an inch protruding 
from the case. Try getting this even 
near a circuit buried 2 or 3 inches 
deep in a chassis and you will fully 
appreciate the magnitude of the prob- 
lem. 

HIGH -WATTAGE 
WIRE WOUND 

ADJUSTABLE 

WIREWOUND 
TRIMMER 

POT 

FIG. 11-ADJUSTABLE WIREWOUNDS. 
The trimmer is for PC board mounting. 

position (carbon) elements. Doughnut 
shaped cores are used in wire -wound 
variable resistors. A circular groove in a 
bakelite base is used to form the com- 
position type element. A variable con- 
tact rotates with an arm extended from 
a center shaft. 

Most variable resistors are mounted 
with a nut on the threaded bushing sur- 
rounding the shaft. Variable resistors 
vary in size from 1.0 to 8 inches in 

FIG. 12-CARBON POTENTIOMETER for 
most controls on hi-fi and TV sets. 

diameter and up to 2 inches or better in 
thickness. With resistance values of from 
less than 1.0 ohm to several megohms, 
power dissipations extend from less than 
1.0 watt to 500 watts. 

In radios and sound equipment 
variable resistors are used primarily as 
voltage dividers (Fig. 12) to control 
volume, or as variable resistances to al- 
ter the gain or frequency response of an 
amplifier. In television receivers variable 
resistors are also used to control contrast, 
brightness, horizontal and vertical hold, 
linearity, hue, etc. (Fig. 13). Since most 
of these uses are in circuits with com- 
paratively small current the composition 

RESISTANCE 
WIRE 

UNIVERSAL PIVOTED 
METAL -GRAPHITE 

CONTACT 

TEMPERED STEEL 

CONTACT ARM 

CERAMIC HUB 

COMPRESSION 
SPRING 

R§ - 

VITREOUS 
ENAMEL 

CERAMIC CORE 
AND BASE 

SHUNT PIGTAIL 

NON -TURN 
/PROJECTION 

LARGE 
SLIP RING 

FIG. 13-WIREWOUND POT or rheostat, 
generally used for power control. 

type is the most popular. However, to 
control individual loudspeakers the cur- 
rents and the power dissipations exceed 
the limits of the composition variable 
resistors and wire -wound units must be 
used. Often these are ganged to make 
"L" and "T" pads. R -E 

Grid -Dip Meter Extension 
Use an old ball-point pen to make a handy accessory 

to your grid -dip meter 
by W. P. TURNER 

There is a way of relieving the 
difficulty which requires neither a 
great deal of time or expense. It is 
only necessary to use some of the 
basic theory which each of us was re- 
quired to know in order to get a ham 
license. Required are perhaps a 3 -ft 
length of small coax (RG -174/U, 
0.1" diameter), 6 inches of hookup 
wire and a ballpoint pen casing. The 

PICKUP LOOP BALLPOINT 
I TURN, I/2 IN. DIA PEN CASE 

2 TURN 
L INK 

COAX 

innards of the pen are removed and 
the business end reamed slightly to ac- 
cept the ends of a 1 inch diameter 
one -turn link of hookup wire. Inside 
the barrel of the pen the ends are sol- 
dered to the coax, insulated, and ce- 
mented in place. The remaining wire 
is formed into a 2 turn link which fits 
snugly on the coil form of your grid 
dipper. This link is soldered to the op- 
posite end of the coax and secured.. 
Shrinkable tubing is perfect to cover 
the joint. 

The next time can't get the dip- 
per's coil close to the circuit you want 
to check fear not. Merely slip the link 
over the coil form, place your probe 
so as to allow coupling into the de- 
sired circuit and proceed as usual. The 
only difference will be a more or less 
fixed load on the oscillator which 
doesn't effect its ability to indicate 
resonance. Best results are obtained 
with minimum coupling. E -E 
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Sweep Alignment Speeds Troubleshooting 

To fix FM or AM radios fast use sweep alignment. 
R -E's service editor shows how to do it right 

THIS IS THE FIRST OF SEVERAL 

plain -language articles about all kinds of 
circuit alignment. In all except the most 
basic radio receivers, there are a number 
of circuits that must be tuned to precise 
frequencies. Since it is virtually impos- 
sible to construct tuned circuits that 
have exactly the desired amount of ca- 

pacitance and inductance and, since 

tubes and transistors may add different 
amounts of stray inductance and capaci- 
tance, trimmer capacitors and variable 
inductances are used to compensate for 
small differences in the characteristics of 
each tuned circuit. 

The process of adjusting the circuits 
to precise frequencies is called align- 
ment. The results of alignment is a re- 
sponse curve that shows how the output 
of a circuit(s) varies with frequency. 

The simplest curve is the bell - 
shaped response of a single tuned circuit 
or of a number of circuits tuned to the 
same frequency; as in the i.f.'s of an 
AM or FM receiver. The i.f. stages in a 
TV set often consist of a number of cas- 
caded circuits, individually tuned to 
provide equal output over a band of fre- 
quencies while attenuating some adja- 
cent frequencies by specific amounts. 
Not all response curves are bell -shaped. 
A discriminator used for FM audio de- 
tection is aligned to produce a sym- 
metrical "S" while a discriminator in afc 
and aft circuits has a distorted -S re- 
sponse when correctly aligned. Some of 
the more common types of response 
curves are shown at the top of this page. 

Alignment is simple. You don't 
have to know how a resonant (tuned) 
circuit works as long as you know how 
it reacts. (It helps to know how it 
works, of course.) But, if you know 
how these circuits react when they are 
working, and what they do when they're 
not working, you can test, repair and 
align them. 

The "fault symptoms" are easy to 
recognize, with the proper tests. It is 

really as easy as ABC. So, let's begin, as 
usual, with 

A 
Alignment involves tuned cir- 
cuits. So, let's see how tuned 
circuits work. Each consists of 

inductance and capacitance. They're all 
resonant at one frequency. Even if you 
see only a coil, the capacitance is still 

by JACK DARR 
SERVICE EDITOR 

there; it's the capacitance between turns 
of the coil. Capacitors, too, will resonate 
with their own lead -inductance. 

Figure 1-a shows a tuned circuit 
with a capacitor and inductor connected 
in parallel across a signal source. This is 
a parallel resonant circuit. If we feed in 
a band of frequencies only the resonant 
frequency will be passed at full ampli- 
tude; signals above and below resonance 
will be attenuated or removed entirely. 
In Fig. 1-b we have a series -resonant cir- 

SIGNAL IN SIGNAL OUT 

SIGNAL IN 

O 

SIGNAL OUT 

b 

FIG. 1-a-PARALLEL-RESONANT CIR- 
CUIT passes the resonant frequency. b - 
SERIES -RESONANT CIRCUIT traps the 
resonant frequency. 

cuit-inductance and capacitance in 
series across the signal source. When this 
circuit is used in this manner, it atten- 
uates signals at its resonant frequency 
and passes all others. The characteristics 
of series -resonant and parallel -resonant 
circuits are interchanged when they are 
inserted in series with the signal path. 
Now, a series -resonant circuit passes a 
signal at its resonant frequency and re- 
jects all others; while a parallel -resonant 
circuit becomes a "trap", rejecting a sig- 
nal at its frequency and passing all oth- 
ers. Thus, resonant circuits can be used 
alone, or in combination, to give us 
what we need-selectivity. 

quency, then vary this signal above and 
below resonance. If we put a detector on 
the output, so that we can read the out- 
put signal voltage, we will get something 
that could be plotted on paper. and 
come out looking like Fig. 2. This is a 

OUTPUT 

PEAK 

Low HIGI- 

RESONANT 
FREQUENCY 

FIG. 2-WAVEFORM AT OUTPUT of 
resonant circuit when a sweep -frequency 
signal is applied to its input. 

response curve. Below the right fre- 
quency, the signal is cut off; above the 
right frequency, it's cut off. Right at the 
peak frequency, it is amplified. 

Now, here we go for the most impor- 
tant fact in 'B'. All circuits have a bell - 
shaped response curve like this (! If they 
don't, they're not working. This is called 
a peak; sometimes used as a noun, 
sometimes as a verb, but it means the 
bell -shaped curve is there when you 
sweep a resonant circuit. 

Variations: If the circuit is fixed, 
and we vary the applied frequency, we 
get a bell -shaped curve. If we leave the 
frequency fixed, and vary the size of ei- 
ther the coil or capacitor, we get the 
same thing. 

Remember this, the most important 
thing about it-this represents the ampli- 
tude of the output when the input signal 
frequency is varied back and forth 
across the resonant frequency. In other 
words, this is an "amplitude vs fre- 
quency" curve, and it shows a peak with 
a rounded top. 

Now, how do we get curves 
That's how it works. Now, how 
can we tell if it's working 
properly? The easiest way is to 

like this? More important, 
what good is it? How can we 

in testing? This is where we get use it, 
feed in a signal at the resonant fre-down to the real nitty-gritty! 

62 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Peaking or Sweeping 
There are two ways of aligning a 

tuned circuit. One is by feeding in a sig- 
nal, at the proper resonant frequency, 
and then tuning all coils or capacitors 
for maximum output. We connect an 
output indicator across the output of the 
circuit(s), and simply tune all adjust- 
ments for a peak. This is called peaking. 

After you finish, you can draw the 
bell -shaped curve, if you want to. Just 
tune the signal generator below the reso- 
nant frequency until the output has 
fallen to zero. Now, start back up. mov- 
ing the signal -generator dial say 1.0 kHz 
at a time. Log the amplitude of the out- 
put on a piece of graph paper. When 
you finish, you'll have something that 
looks like Fig. 3. 

When you connect up all of the 
dots, you'll have the bell -shaped curve. 
Although you can't see it (yet) the de- 
sign of the circuits will be such that sim- 
ply peaking each adjustment will give 
you the right curve. This is actually 
done in radio receiver i.f. stages, and 
similar uses. Single -frequency alignment, 
like this is called peaking, because you 
simply adjust each stage for maximum 

OUTPUT 
AMPLITUDE 

FREQUENCY HIGHER 
FIG. 3-HOW TO DRAW A SWEEP CURVE 
using the conventional, non -sweep, signal 
generator you have on your bench. 

or peak response. 
There's another way. If we feed in a 

signal which is being varied or swept 
back and forth across the resonant fre- 
quency, we can connect the output to a 
scope so that we can actually see the 
curve. The input to the resonant circuit 
is an FM signal, and the process is 
called sweeping the signal, because it 
sweeps back and forth across the the de- 

sired frequency. More (MUCH more!) 
on this in just a minute. Let's finish up 
peaking methods first. 

AM radio alignment 
To start with the simplest alignment 

of all, peaking the i.f.'s of an AM radio, 
all we need is a single -frequency rf sig- 
nal generator, and the output indicator. 
If we use an AM -modulated rf signal, 
we can connect an ac voltmeter across 
the speaker voice coil and read the de- 
modulated AM signal, or use the Well - 
Calibrated Ear to judge the loudness of 
the modulation heard from the speaker. 
A dc vtvm connected to the avc bus 
reads the avc voltage developed by the 
detector. This dc voltage is directly pro- 
portional to the amount of rf signal ap- 
plied to the detector. 

AM radios have only two sections 
to align; the fixed -frequency i.f. stages 
(Fig. 4) and the variable -tuned "front 
end"; meaning the rf, oscillator and 
mixer. The i.f. must be aligned first. 

l.f. alignment 
The first step is to disable the os- 

cillator by shorting the stator of the os - 
(continued on page 68) 

At this point, let's stop to get 
in a very important thing. never 
Never NEVER NEVER Try to make 
alignment adjustments on a DEAD 
set!! You must be able to get a sig- 
nal through it first. This applies to 
ALL types of electronic equipment. 

Remember this; if a set has 
been working, and suddenly quit, 
you have a bad part somewhere, 
NOT an alignment problem! They do 
not suddenly "jump" out of align- 
ment, all by themselves. Find the 
bad part, replace it, then make sure 
that you can get a signal through to 
the output before you try any align- 
ment adjustments. You can use 
your alignment equipment to make 
signal -tracing tests; the signal gen- 
erator is a handy way of finding out 
how far the signal is getting 
through the circuits. 

In a lot of cases, you'll find 
sets which have been, quite liter- 
ally, "screwed up" by previous 

WARNING! 
"technicians" (???) They failed to 
find the real trouble, then got out 
their little screwdrivers and started 
turning everything in sight. Result, 
a set which now is so badly out of 
alignment that a signal can't get 
through! 

When this happens, you begin 
by fixing the trouble. Then, start 
with the last tuned stage, for ex- 
ample the last i.f. transformer in a 
radio. Put an output indicator on it, 
although you can use a modulated 
signal and simply listen, for the 
time being. Get the last stage tuned 
up, roughly, then move the signal 
generator to the input of the stage 
ahead of it; tune this up, and keep 
on until you reach the antenna. Af- 
ter this, you can hook up an output 
indicator, and align all of the cir- 
cuits for the proper overall re- 
sponse. This method applies to any 
type of electronic equipment using 
tuned circuits: radio, TV, etc. 

In fact, I firmly believe that a 
minimum of 80% of the alignment 
work you will have to do will be 
from this cause! I have run into 
hundreds of them, some so badly 
off that they had no output at all. 
In these, you'd find things like trim- 
mer capacitors screwed down so 
tightly that it was almost impossible 
to turn them. Someone had "found 
all of them little screws loose, and 
tightened 'em up!" 

I have, on several occasions, 
checked TV sets that were ten and 
even fifteen years old, which I knew 
from personal experience had not 
been tampered with; checking the 
alignment of these sets showed 
that they were still practically per- 
fect! Because of the design and 
construction of TV i.f.'s, etc, they 
seldom "get out of alignment" all 
by themselves. They have help! So, 
make sure the set is in good working 
order before realigning it. 
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Train on this 
315 sq. in. 

picture 
color TV 

and get the 
skills that 

mean a 
high -paying 

career! 

SoIifl$tate the newest fleveIonent 

Count on NTS traìnìng to always 

leature the latest electronic equipment. 

Now included in two 
exciting NTS color TV courses, 
this set is the largest, most ad- 
vanced color television made. 
Guided by the NTS "Lab -Project 
Method" of combining profes- 
sional kits and easy -to -follow 
lessons, you build this color TV 
step by step - learning TV Serv- 
icing as you go! NTS has suc- 
cessfully trained thousands of 
men at home for rewarding 
careers as electronics techni- 
cians. Prepare for the great 
opportunity fields of TV-Radio 
Servicing, Computers, Communi- 
cations, and Automation. 

This solid-state color set 
contains: 45 transistors, 55 di- 
odes, 2 silicon controlled recti- 
fiers, and 4 advanced Integrated 
Circuits representing an addi- 

tional 46 transistors and 21 di- 
odes. The first solid-state color 
TV this large - yours to keep! It 
features Automatic Fine Tuning; 
"Instant On"; an Ultra -Rectangu- 
lar Screen (25 in. diagonal meas- 
urement) that lets you see the 
complete transmitted image for 
the first time -a full 315 square 
inches; exclusive built-in Self 
Servicing features which elimi- 
nate the need to buy costly test 
equipment; exclusive design 
Solid -State VHF Tuner with an 
MOS Field Effect Transistor; 3 - 

stage Solid -State IF; Automatic 
Chroma Control; Adjustable 
Noise Limiting and Gate Auto- 
matic Gain Control; High Resolu- 
tion Circuitry; Matrix Picture 
Tube; and a specially formulated 
Etched Face Plate that eliminates 
unwanted glare, and heightens 
contrast. Colors are more vivid, 

fresh tones more natural, and the 
picture is sharper than ever be- 
fore. By training on this unique 
color TV, you'll gain the most 
up-to-date skills possible in TV 
Servicing! 

Other valuable equipment you 
build and keep includes an AM 
SW Radio, Solid -State Radio, 
FET Volt -Ohmmeter, and Elec- 
tronic -Tube Tester. All included 
in your tuition. You learn trouble- 
shooting, hi-fi, multiplex sys- 
tems, stereo, and color TV 
servicing. Step right into a tech- 
nician's job at top pay or open a 
business of your own! For com- 
plete details on all NTS elec- 
tronics courses, mail the coupon 
today for the full -color NTS Cat- 
alog. No obligation. No salesman 
will call. 
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Build this set , 

and learn 
solid-state 
circuitry- the 
electronics 
of today! 

in color TV - comes lo home lraìnìng. 
NTS ELECTRONICS & 
COMPUTER TECHNOLOGY 

Build this exclusive NTS Compu- 
Trainer! Loaded with integrated cir- 
cuits, it shows you the how, what, 
and why of computers. Learn this 
exciting field faster, more thorough- 
ly. You also assemble and learn to 
operate an FET 
Volt -Ohmmeter 
and 5" 
wide band 
Oscillo- 
scope. 

NTS BLACK & WHITE 
TV AND RADIO SERVICING 

Learn all phases of television, radio, 
stereo, and hi-fi. You receive this 74 
sq. in. picture Solid -State B&W TV, 
Lo-Silho "Superhet" Radio, FET 
Volt -Ohmmeter, Solid -State Radio, 
Electronic Tube Checker, and Signal 
Generator. 
Start 
earning 
extra 
money 
even be- 
fore you 
complete 
the 
course! 

NTS ELECTRONICS 
COMMUNICATIONS & F.C.G. 

Gain the security and prestige of 
owning an F.C.C. First Class Radio - 
Telephone License! Two compre- 
hensive NTS courses cover the big 
opportunity field of transmitting and 
receiving. You build 14 kits, includ- 
ing a 5 watt AM Transceiver, 6 
Transistor Pocket Radio, and FET 
Volt -Ohmmeter. 
Learn 2 -way 
radio, Citizens 
Band, micro- 
waves and 
radar. 

NTS INDUSTRIAL & 
AUTOMATION ELECTRONICS 

Automation is the future of industry 
and you can play an important part! 
Learn industrial controls by training 
on the NTS Electro -Lab - a com- 
plete workshop. You also build and 
operate this 5" wide band Oscillo- 
scope. And you 
perform experiments 
that involve 
regulating motor 
speeds, temperature, 
pressure, liquid 
level, and much 
more. 

Classroom Training 
at Los Angeles. You can take classroom 
training at Los Angeles in sunny South- 
ern California. NTS occupies a city block 
with over a million dollars in technical 
facilities. Check box in coupon. 

APPROVED FOR VETERANS 
Accredited Member: National Associ- 
ation of Trade & Technical Schools; 
National Home Study Council. 

NATIONAL TECN /l SCHOOLS 
WORLD-WIDE TRAINING SINCE 1905 

4000 South Figueroa Street, Los Angeles, Calif. 90037 

r 
Please rush Free 
Color Catalog and 
Sample Lesson, plus 
Information on course 
checked below. No 
obligation. No sales- 
man will call. 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 
L] Master Course in Color TV Servicing [j Color TV Servicing (For Advanced 

Technicians) 
Master Course in B&W TV & Radio 
Servicing 
Master Course in Electronic 
Communication 
Practical Radio Servicing 
FCC License Course 
Master Course in Electronics 
Technology 
Industrial and Automation Electronics 
Computer Electronics 

Ll Basic Electronics 
High School at Home 

Nt5 t,ulUf 

rr tal,,.t s 

1.l 1 

Dept. 206-091 

Name Age 

Address 

City State Zip 
rI Check il interested in Veteran Training under new G Bill. 
LI Check il interested only in Classroom 1 -rare -ling at los Angeles. 
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SWEEP ALIGNMENT 
(continued from page 63) 

cillator section of tuning gang to 
ground. Smaller radios usually have so 
little front-end selectivity that the i.f. 
signal can be fed directly to the antenna! 
It will get through to the mixer, and on 
through the i.f. stages. If it won't, couple 
the rf signal generator loosely to the 
mixer stage. Ordinarily, it will get 
through if the end of the signal -gener- 
ator output cable is clipped to something 
close to the mixer input. You can hear 
the 400 -Hz modulation in the speaker, 
and tell whether you're getting through 
or not. 

After this, hook up the output in- 
dicator. and you're ready to go. Set the 
signal generator to the correct inter- 
mediate frequency. In most sets, this will 
probably be about 455 kHz, many car 
radios have the i.f. around 262 kHz. 
(Incidentally, car radios have excellent 
front-end selectivity and you'll have to 
feed your signal to the mixer!) To be 
sure, check the schematic diagram. This 
will usually show the i.f. used. 

Adjust the rf output of the signal 
generator to show a small reading on 
the output indicator. Using too much 
signal input will cause the avc to reduce 
the gain, and this will actually flatten the 
normal peaks. If your meter -reading 
goes too high while tuning the i.f. stages, 
reduce the rf output of the signal gener- 
ator; don't switch to a higher meter 
scale. This way, you will be sure that 
you're getting the sharpest peak in the 
tuning. 

But, what if it doesn't peak? 
Now, we come to the most impor- 

tant fault -reaction of all. As I said, this 
works in all tuned stages. Let's assume 
that we have three i.f. transformers, 

FROM 
CONV 

TLOOSE- 
COUPLE 

I ST I .F. 
I.F.T. SIGNAL 

I 

100 

.05* 

2.2K 

I ST I.F. 
AMPL 

.05* .05* 

I 

each one double -tuned (both primary 
and secondary are tunable). When we 
tune up the first and third transformers, 
our reading rises to a peak, and drops 
off on either side. These transformers 
are good. They will "peak" (verb). 

But! when we turn the secondary 
adjustment of the second i.f. trans- 
former, it shows a peak; the primary ad- 
justment doesn't. No matter where we 
turn the trimmer screw, the meter read- 
ing doesn't change. Now we've found 
something! This transformer is "flat", no 
peak. This shows that something is 
wrong. 

Right at the moment, we don't 
know exactly what, but we do know that 
this transformer is defective. The reso- 
nating capacitor may be shorted or leak- 
ing; the winding may have corroded and 
developed a "high -resistance joint" (puts 
high resistance in series with the wind- 
ing). It is not open, for if it were, we 
wouldn't get any signal through the 
transformer. An ohmmeter check of the 
bad winding will often show up the type 
of trouble. Zero resistance indicates a 
shorted resonating capacitor. 

Next, make sure the B+ and avc 
bypass capacitors are ok. Check by 
bridging with a good one; if this clears 
up the trouble, the capacitor's open and 
must be replaced. If the bypass capaci- 
tors are ok, replace the transformer. Af- 
ter this, recheck the alignment. If the 
primary now shows a normal peak, fine! 

Oscillation when peaked 
There is one other fairly common 

trouble which shows up during align- 
ment, but is not necessarily due to de- 
fective transformers, etc. Quite the op- 
posite, in fact. The symptom of this is 
unmistakable: all transformers will 
peak, but when you reach the peak read - 

ADJUST = 
FOR MAX 

I.F. SIGNAL 

2 ND -- - - 
_L. 

L_,----- 
.O5* -I 

05* 
4.7K 

.05 * 

18K 

68 

AVC LINE 

2ND I.F. 
AMPL 

3 RD I . F. T. 

..IIr 
odi 1 

IQ 

0 

2K 

TO 
VOL 

CONI 

* = DET 

6-)I-6 - .02 

22K 

* BYPASS CAPACITORS - 6V 

CONNECT DC VTVM HERE 
OR AC METER OR SCOPE 

ACROSS VOICE COIL 

FIG. 4-TYPICAL AM RADIOS have two sections to align: fixed -frequency 
and variable -tuned front end. 

IOµF v 

i.f. stages 

ing on the meter, it suddenly jumps to a 
very high value; the meter often slams 
off -scale. Detuning the tuning adjustment 
will bring it back on -scale. 

This is due to lack of bypassing at 
the "bottom" (B+ and avc ends) of the 
tuned circuits! The tuned stages are go- 
ing into oscillation. They are actually 
generating a signal! This comes on 
through the last stages and shows up as 
a very high meter reading. The cause of 
this, as in any oscillation, is feedback. If 
the bypass or filter capacitors are open, 
some signal appears on to the dc supply 
lines, avc, etc. This signal gets into other 
stages, and causes oscillation. 

Oscillation starts because your sig- 
nal level is highest when the stages are 
peaked. When they are detuned, the sig- 
nal is not great enough to cause the 
feedback. So, you can detune one stage, 
reducing the signal level, and get the sig- 
nal on through; however, you'll find that 
none of them can actually be peaked as 
they should. 

Cure: check filters and bypass ca- 
pacitors by bridging. You'll find one or 
more that will make the oscillation stop. 
When you do, replace it. (In many small 
ac/dc tube radios, the output electrolytic 
filter capacitor serves as a "bypass" for 
all tuned stages. So, if this goes down in 
capacitance, the set will oscillate. Re- 
place both filter capacitors.) 

Remember, if you find a circuit 
that is supposed to peak, but won't, 
you've found the trouble. It does not 
matter whether this is a simple radio i.f., 
a TV i.f. transformer, a color bandpass 
transformer-any of them. Any tunable 
circuit which will not peak isn't work- 
ing! 

AM radio front-end alignment 
After we've got the i.f.'s all tuned 

up, all there is left to do is align the 
front end. This includes the mixer, os- 
cillator and rf stage, if any. (Scarce in 
small transistor portables; always used in 
car radios.) There are two types of ad- 
justment made here. One is the same old 
peaking we've just done, and the other is 
similar, but for a different purpose. Re- 
move the oscillator shorting clip lead. 

The local oscillator of the radio 
must be set so the frequency of the sta- 
tions tuned in matches the figures on the 
dial. When the pointer says "1,000 kHz", 
that's what you get. The converter or 
mixer input and the input to the rf am- 
plifier (if any) must be tuned to the fre- 
quency of the desired station while the 
oscillator is (usually) tuned to a fre- 
quency equal to the desired signal plus 
the intermediate frequency. When tuning 
across any band, the tuned circuits must 
be adjusted to maintain a constant dif- 
ference in frequency (equal to the i.f.) 
between the oscillator and other circuits. 
Since the oscillator tuning must track 
with the tuning of the mixer and an- 
tenna circuits, adjustment of these cir- 
cuits is called tracking. 

Tracking is a 3 -step process. First, 
run the dial pointer all the way up and 
down the dial. At the low end, make 
sure that it stops exactly on the calibra - 

(continued on page 82) 
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II7V 
AC 

dual outputs 
with uA723's 

Two more regulated -output 
supplies. These have dual 
outputs delivering positive 

and negative voltages 

by WALTER G. JUNG 

POSITIVE 
REGULATED 

OUTPUT 

NEGATIVE 
REGULATED 

OUTPUT 

FIG. 1-DUAL-OUTPUT CIRCUITS take 
advantage of center -tapped power trans- 
formers. Both outputs track precisely. 

IC Power Supplies 
HERE IS THE FINAL SECTION OF OUR 
discussion off IC power supplies. It is com- 
pletely concerned with dual -output sup- 
plies. Two circuits you can use are pre- 
sented. 

Now suppose we had a regulator 
that was the mirror image of our posi- 
tive regulator. We could regulate nega- 
tive leg voltages in the same manner as 
we've done for the positive voltage. 

The big advantage to taking this ap- 
proach is that it allows us to use a single 
transformer in a center -tapped bridge 
hookup, thereby saving a complete 
power transformer in some applications 
(see Fig. 1). We can make the negative 
regulator quite simple by slaving its out- 
put to the positive supply, forcing it to 
be equal and opposite. This means the 
negative output voltage will always be 
equal and opposite to the positive volt- 
age. So by adjusting the positive poten- 
tial we will be adjusting the negative one 
also, as it tracks the positive. 

To see how this is done turn to Fig. 
2, a dual (±) 12 -volt supply with a 
100 -mA output from both sides. 

In understanding this regulator, it 
might be well to think a moment of 
what is desired of this negative voltage 
supply. We already have a good positive 

DI -D2 
1N4001 

C1 
250 
µF 

Ti 

TRIAD F -41X 

FI 
I/2A 

D3-04 
IN4001 

SI 

QI 

117 VAC 2N49I 8 

C2 
.02 
DISC 

C5 
250/...F 

R7 

12 -volt supply using the µA723. This is the 
upper portion, basically the same as Fig. 
1, page 49 of the July issue. What we 
would like is a negative voltage that is the 
mirror image of this one, or -12 volts. 

If we had a dc power amplifier 
which could supply a lot of current, we 
could feed it the +12 volts and get out 
-12 volts, couldn't we, the -12 volts 
being supplied from an unregulated 
minus voltage. Well, what we have boils 
down to just about that. The µA709 IC 
and pnp emitter follower QI form the 
power amplifier, and the +12 -volt line is 
used as a signal input to the µA709. Re- 
calling our illustration of a feedback am- 
plifier (see Radio -Electronics, June, 1971, 
page 58), we recognize R4 as R,,, and R5 
as Rf. This is an inverting amplifier with 

Rf 10,000 
a dc gain of -1 asR 

10,000 1 

It regulates the -12 -volt output by 
exactly reproducing the + 12 -volt output 
inverted. The unregulated input changes 
and ripple appearing across C5 (the 
negative supply's unregulated input) do 
not appear on the output because of the 
degeneration inherent to the IC and the 
extremely low output impedance provided 
by the 100% negative feedback. 

RI +I2V 

3 
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7 6 10 

ICI 
723 

2 

C6 
.005 

DISC 

6 

4.711 

C31 
.001 DISC + 

TANTALUM 

C7 
4 

220p F 

02 

A.A.A. 

R6, 4.7 S). 

NOTES; 
I. PIN NOS. FOR BOTH IC's FOR TO -5 PACKAGE 
2 USE CLIP -ON HEAT SINK (NF -207) ON ICI 

,>R2 
í4.7K 

I 

R3 
6.8K 

+ 

C4 
100 
µF 

D5, D6 

7IN914 

C8 
IOOµF 

COMMON 
a. 

R4 
I0K 

R5 
10K 

-12V 

FIG. 2-DUAL 12 -VOLT SUPPLY 
delivers 100 mA both positive 
and negative legs. 
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Since this negative voltage regulator 
is really an amplifier amplifying what- 
ever it is fed from the positive input, it 
logically follows that changes in the 
positive supply will appear equal and in- 
verted on the negative supply. If you ad- 
just the positive output from +12 to 
+10, the negative will move from -12 
to -10, following or "tracking" the posi- 
tive supply. 

Another practical detail of the cir- 
cuit is current limit transistor Q2-used 
to bias off the regulator under overload 
conditions. This transistor works like the 
scheme used in the µA723. When the out- 
put current passing through Q1 becomes 
higher than a predetermined limit, Q2 
turns on and removes bias from Q1, 
limiting the output current and pre- 
venting damage. Additional protection 
for the input stage of the µA709 is pro- 
vided by the back to back diodes (D5 - 
D6) across its input terminals which 
limit excess voltage under overload con- 
ditions. The µA709 uses the standard 
frequency compensation networks 
(R8,C6,C7) . 

By using this idea of a tracking 
complementary regulator we've elimi- 
nated many of the components of a sec- 
ond regulator. We've saved a second 
power transformer and simplified the 
negative regulator. This particular cir- 

7 

1N914 
06 

D7 

1N914 

RI8 

C13 
I000µ F 

C12 
IµF 
TANTALUM 

NEGATIV E 

OUTPUT 
-3 TO -I5V 

AT 2A 

FIG. 3-FINAL. POWER -SUPPLY CIRCUIT is a general- 
purpose wide -range supply. It will deliver 3 to 15 volts from 
each of its outputs. One output is positive, the other nega- 
tive. 

cuit version (±12 volts 100 mA) is 
ideal for powering operational ampli- 
fiers circuits (using more 709's) which 
we'll be talking of later on. 

As a finale for our power supply 
discussions on the µA723 IC we'll develop 
that general-purpose wide -range supply 
we mentioned earlier. This circuit is 
basically the same as the dual supply of 
Fig. 2, but has a variable voltage fea- 
ture of 3 to 15 volts. In addition the 
current output of both legs is raised to 2 
amperes. Since the voltage variation 
from 3 to 15 volts is something we have 
not covered as yet, we'll talk about that 
feature first, then the supply as a whole. 

The schematic of this wide -range 
general-purpose supply is in Fig. 3, and 
as before we notice many similarities to 
the previous circuits. The µA723 upper 
portion is a 2 -amp regulator similar to 
Fig. 1 in some respects. The main dif- 
ference is in the voltage determining 
components. From our earlier circuits 
we recall that dividing the reference 
voltage of the µA723 gave us voltages 
lower than 7.15 volts, and scaling the 
output divider gave voltages greater than 
7.15. But suppose we wanted a range of 
voltage from below 7.15 volts to well 
above, could we do this in a single cir- 
cuit? The answer is yes and Fig. 3 is an 
example of such a hookup. 

This circuit uses a combination of 
reference voltage division (R1 -a -R3) and 
output scaling (R1 -b -R11) to both create 
a variable reference voltage at pin 3 and 
scale this voltage up. R1 -a and R1 -b are 
a ganged pair of pots connected so that 
as the resistance of R1 -b increases, R1 -a 
moves towards pin 4's potential (7.15 
volts). Assume for a moment that R1 -a 
is at maximum and pin 3 has the full 
reference voltage of 7.15 volts on it. 
Then with the full resistance of R1 -b in 
the circuit the output voltage will be de- 
termined just as we calculated in the 
July issue. It will be the voltage across 
R1 -b + R9 plus the voltage across R3 
(7.15 volts). The values of RI -b and R9 
are chosen to give 15 volts out with 7.15 
volts on pin 3, the maximum output. In 
addition, the resistance of R9 serves as 
trim control for fine adjustment. 

As the wiper of R1 -a moves to- 
wards R3, two things happen to lower 
the output voltage. The voltage at R1-a's 
arm will be less than 7.15 because of the 
division. And R1 -b will be a smaller re- 
sistance also, so these two things lower 
the output. At the other extreme of rota- 
tion RI -b is shorted and RI -a -R3 is at 3 
volts, the lower limit of the circuit. With 
this range of voltage adjustment of the 
positive regulator, it is easy to make the 

(continued on page 94) 
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afpc troubles in 

color sets 

Mysterious color -sync problems 
are often in the 3.58 -MHz 
oscillator's control circuits 

By JACK DARR 
SERVICE EDITOR 

This column is for your service 
problems-TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self-ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

RE's SERVICE CLINIC 
MANY CASES OF "MYSTERIOUS" COLOR - 

sync trouble or even a loss of color, can 
be traced to obscure faults in the afpc. 
Spelled out, this is Automatic Frequency 
and Phase Control of the 3.58 -MHz os- 
cillator. Not really so obscure, of 
course, since there's no such thing as a 
fault which will not show you definite 
symptoms if you make the right tests, in 
the right places, with the right equip- 
ment! 

Let's look at this circuit and see 
where these key test points are, what the 
normal reactions are; and most impor- 
tant, what the fault -reactions are. A typ- 
ical afpc circuit is in the diagram. The 
burst is fed into a center -tapped trans- 
former secondary winding. The signal is 
now 180° out of phase at each end of 
this winding. A diode is connected to 
each end, through small capacitors. The 
other ends of the diodes are tied to- 
gether and a pair of matched resistors is 
connected across the diodes. The 3.58 - 
MHz oscillator signal is fed to the junc- 
tion of the diodes. 

This is a simple phase -detector, and 
you get no long detailed explanation of 
how it works! You've been working with 
it for too many years. It's nothing but a 
plain old horizontal of Circuit. 

If it's working, you get a balance 
between the voltages developed across 
the diodes and a zero dc voltage at the 
center -tap of the resistors, when the 
color (or picture) is locked in. If it isn't 
working, the dc voltage is off -zero and 
the control circuit pulls the oscillator 
off -frequency instead of locking it in! 
Notice the direct similarity between 
color out -of -sync and a picture out of 
horizontal sync. Diagonal lines just as 
before, but now the picture stays on and 
the color breaks up into diagonal lines 
or rainbows of red -green -blue. 

What we need 
What do we have to have to make 

this work? First, burst. In this circuit, 
the burst comes from the burst -amplifier 
plate through an isolated primary wind- 
ing. In others, it may come to one end 
of the center -tapped winding, with the 
other end grounded. 

We must have a good stout burst 
signal in this winding, 180° out of phase 
at the ends, and that's all. The amplitude 
of this signal is important. Check the 
schematic to see what is normal for the 
one you're working on. Average values, 
at least 50 volts p -p and sometimes 
more, up to perhaps 100 volts p -p. 

Second, we need the 3.58 -MHz os- 
cillator signal. This is taken off at the 
phase -shifted Z -demodulator tap of the 

oscillator output coil in this one. It may 
come from other points in other circuits, 
but it's gotta be there. The presence or 
absence of either of these signals is easy 
to detect with a scope. 

Right now all we need to know is 
"Are they there?" Never mind the phase 
for a while. There's an awfully simple 
way of telling whether it's in -phase or 
not. Just look at the picture! 

Quick -checks 
The fastest way, and one of the 

easiest tests you can make, is to read the 
dc voltage developed across each diode 
with a color -bar signal on the set's an- 
tenna input. You can do this on a TV 
signal, but the bar -dot gives you a 
steady, controllable input signal. This 
must be read with a vtvm or tvm. As 
you can see, the voltage will be positive, 
on the cathode of diode A, and negative 
on the anode of diode B. These voltages 
mast be equal and opposite! 

If they're not, the circuit won't bal- 
ance. Your voltage at the key test point, 
the cener-tap of the two resistors, will 
not be zero and the 3.58 -MHz oscillator 
will be pulled off -frequency. In normal 
operation, this voltage is zero. If the os- 
cillator drifts one way, the phase -detec- 
tor develops a negative voltage and pulls 
it back. If it drifts in the other direction, 
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SAVE $ $ $ 
Build Your Own Components 

on our plated epoxy P.C. boards 

RADAR ALARM 
(RE -June, July '70) $69.50. Multiple Sensors -range 10-35 ft. 

IC VOLUME EXPANDER 
(RE -Mar. '70) 1 Channel Kit $26.00. Stereo 
Kit $48.00. Power Supply $7.00. 8 or 15 db 
noise reduction from any source. 

IC MULTIPLEX ADAPTER 
(RE -Mar. '70) $21.00. Distortion G.5%. 45 
db separation at 1 KHz. 

DLA-1 AMPLIFIER 
(RE -April '69) Single Channel P.C. board 
$3.75. 125 watts/channel. Distortion <.2%. 

UP -1 PREAMPLIFIER MODULES 
Complete Plans plus kit price list $6.00. 
S/N ratio -75 db. Distortion <.02%. Use 
as tape head, phono cartridge, tone control 
driver, or output stages. Designed for single 
to 4 channel use. 

7.14.9211.3.441V.13/7-EliC ra 
19039 HIGHWAY 99 SOUTH 

SEATTLE, WASH. 98188 
(Add $1.00 for postage and handling) 

Circle 17 on reader service card 

AR guarantees 
its published 
specifications 
At Acoustic Research we believe 
that the publication of complete 
performance data on our high fi- 
delity components is obligatory. 
Otherwise, our guarantee would 
have little meaning. 

Find out just what AR guarantees 
that its products will do. Mail the 
coupon below, and detailed tech- 
nical literature will be sent to you 
free of charge. 

I,/ Acoustic Research, Inc. 
24 Thorndike Street 
Cambridge, Mass. 02141 
Dept. RE -9 

Please send measured performance data 
on AR products to 

Name 

Address 

the detector develops a positive voltage 
and pulls it back. 

Why weak color -sync? 
If you have weak color sync, check 

these voltages. You may find that your 
reactance -tube grid is reading about 2.0 
volts positive or negative. If so, this is 
wrong! The chances are that someone 
has run a setup adjustment on the os- 
cillator, and pulled the oscillator back to 
a point where it will make color, by 
main strength and awkwardness. This is 
something like driving a car with one 
front tire flat. You can hold it on the 
road, but you have to exert a steady pull 
on the wheel; and if you let go for a 
moment, POW! The set will have a ten- 
dency to lose color sync on scene 
changes, station changes, etc. 

Isolation tests 
Since you have a servo -loop type of 

control system, you must break the loop 
and check one part at a time to check it 
reliably. Ground the grid of the reac- 
tance tube. This clamps it at zero volt- 
age, or at the point where it ought to 
run. It also eliminates any afpc action; 
the oscillator is free wheeling. 

With a color -bar signal on the 
screen, tune the reactance coil in the re- 
actance -tube plate circuit. This varies 
the frequency (and phase) of the os- 
cillator. If you can get the normal reac- 
tion on this test, the oscillator is capable 
of running on -frequency. The normal re- 
action, as the reactance coil is tuned 
through its full range, is small and nu- 
merous rainbows to start with; getting 
fewer and larger as you approach the 
correct point; then gradually straight- 
ening up and momentarily locking on 
the right colors. (Third bar red, in the 
bar pattern.) 

Going on in the same direction, it 
should fall out of sync again, making 
more and more rainbows. Some reac- 
tance coils will tune far enough to kill 
the 3.58 -MHz oscillator or throw it so 
far out of phase that the color will drop 
out entirely. 

Does this sound something like ad- 
justing a horizontal oscillator with 
afc? It should! It's exactly the same 
method, substituting color rainbows for 
slanting lines in the picture! 

Diode tests 
If the oscillator will set up and lock 

in momentarily, it's ok. If taking the 
ground off the reactance -tube grid 
makes the color fall out instead of lock- 
ing tightly in, you've got diode prob- 
lems. A voltage reading on the grid will 
probably show you a voltage quite a bit 
off zero. 

Now, read the dc voltages on the 
diodes. These should be equal and oppo- 
site. This is easier to see on the grid test - 
point, since you can use a lower voltage 
scale, preferably a zero -center. (In- 
cidentally, even if you do not have a 
zero -center scale on your vtvm, you can 
set the needle to center -scale or some- 
where near center with the zero -adjust. 
Then you can see quite accurately 
whether the key voltage goes positive 
or negative.) 

Normal reaction 
This key voltage should be zero. 

You should also be able to make it go 
positive or negative by adjusting the 
core of the reactance coil. The deviation 
should be the same on each side. For 
instance, ±6 to 8 volts seems to be a 
good average range. 

If you find this voltage will go from 
about -8 volts up to -1 volt, then turns 
around and goes back toward negative 
again, you almost certainly have unba- 
lanced diodes. The fastest way to check 
this is to substitute a matched pair of 
replacement diodes. Use the factory re- 
placements if possible. If both voltages 
now read the same polarity, turn it off 
and reverse one of the diodes! 

If new diodes won't help 
If the replacement diodes won't 

make the voltage zero, try a new crystal. 
This is not common, but in a few cases 
the resonant frequency of the crystal 
will be off just enough to make it impos- 
sible to balance the circuit properly. If 
the oscillator frequency seems steady 
enough after it is adjusted, but the volt- 
age is not correct and won't "cross 
zero," this would be the next thing. 

All of the little capacitors in this 
circuit should be checked, of course. 
One that causes some odd problems is 
the feedback or neutralizing capacitor 
from the plate to grid of the reactance 
tube. In the set from which this was 
taken, this is a 3.9 pF, NPO. Any type 
can be used for testing, but for replace- 
ment, an exact duplicate must be used. 
The temperature -coefficient is very im- 
portant; this one is an NPO, meaning 
zero drift in capacitance with tempera- 
ture change. 

The killer detector 
Another circuit, not shown here, is 

fed from the same transformer winding. 
This is the killer detector. It uses the 
same diodes, connected in the same way, 
with the pair of resistors, etc. However, 
this one is fed 3.58 -MHz signal from a 
different point, at the X -demodulator 
takeoff. This is 90° (in this one) out of 
phase with the Z -demodulator takeoff. 

This circuit is intentionally unba- 
lanced, and it will develop a high nega- 
tive voltage at the junction of the two 
resistors. It is used to signal the presence 
of burst in the incoming signal, and 
makes the color -killer open the color 
channel and let the signals through. 

This is not as critical as the phase 
detector, of course, but it can cause 
trouble. If you have "no -color" prob- 
lems, such as the killer cutting off the 
bandpass amplifier on color programs, 
check these diodes. If one of them 
should open, for example, it could upset 
the killer bias. 

If you know what this thing does, 
and how it does it, it's not at all difficult 
to fix. Just pretend you're working on a 
plain old horizontal afc circuit! It'll be 
a lot easier. 

MULTIPLE SYMPTOMS 
I've got more symptoms in an old 

RCA KCS -113 than you can shake a stick 
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at! The sound is garbled, there's no pic- 
ture, and half of the screen is black; the 
left half, vertically! It would work for a 
while then go into this kind of trouble. 
-A.S., Miami, Fla. 

Try bridging some of the filter 
capacitors. C121, the input filter, is a 

good "likely suspect." Multiple symp- 
toms like this are usually caused by an 
open filter in the dc power supply, 
which is the only thing common to 
every stage in the set. 

SUBSTITUTE FOR 6AD7 

I need a 6AD7 tube for an old radio, 
and I can't even find it on the lists. Do 
you know of another type that will re- 
place this thing? I'll change the socket if 

I have to.-T.W., Cupertino, Calif. 
You'll have to! There's no direct 

replacement for the 6AD7 triode -pen- 
tode. However, a type 6BM8 looks as 
if it has almost the same character- 
istics. You'll have to use a 9 -pin min- 
iature socket. Connect just as the orig- 
inal was, plate to plate, etc. 

REPLACEMENT FOR 

3 WINDING IFT 

I need a replacement i.f. transformer 
for a Magnavox CR -703 radio. Can't get 
one anywhere. Can you help?-D.G., Los 
Angeles, Calif. 

Yep. Your original i.f. trans- 
former has a tertiary winding. This is 
switched by the "AM -BROAD: AM - 

SHARP" selector switch, to provide a 
wider bandpass. To replace the trans- 
former, you'll have to give up this fea- 
ture. 

A stock J. W. Miller 455 -kHz i.f. 
transformer, No. 14-C1, is the proper 
replacement. It is an exact duplicate as 
far as mounting is concerned. Ignore 
the tertiary winding, and hook it up as 
a straight i.f. and it will work nicely. 

PLUG IN TRANSISTORS? 

Do you know of anyone who is mak- 
ing a TV set with all plug-in transistors? 
-T. W., Columbus, Ohio. 

No. 

HORIZONTAL OSCILLATOR 
PROBLEM 

I'm having trouble with the horizon- 
tal oscillator in a Silvertone 5177 color 
chassis. I've checked all parts, and re- 
placed the oscillator coil with a Miller 
6349, which I was told is the correct re- 
placement for the original Sears 10-88-5 
coil. "Everything's ok, but it still won't 
work!"-T.N., Redondo Beach, Calif. 

Someone told you a big fib! 
Check the connections of a Miller 
6349 coil. This is an exact replace- 
ment for an RCA 112866 coil or 
something like it, but not for this one. 
While it is a Synchroguide coil, the 
connections are not correct. What you 
need is a Miller 6359 coil. See if it 

won't work a little better. (Note: It 
did! Reader confirmed this later.) 
SLOW STARTING COLOR, 

HEATH GR -227 
The color in a Heath GR -227 color 

TV is "slow -starting". The picture comes 
on in the normal time, but there is no 
color for about 4 to 5 minutes, then Pow! 
Once it comes on, it stays.-M. C., 
Canada. 

Lots of things. However, I'd try 
a new 6GH8 3.58 -MHz oscillator 
tube first. I have seen a lot of tubes, 
back in the good old days, which 
checked good but wouldn't oscillate! 
6A7's, etc. This has caused trouble 
even in modern sets. If the tube 
doesn't help, check plate resistors, etc. 

NO PEDAL TONE 

I have no pedal tones on a Hammond 
Model M organ. Others work fine, but no 
sound from the foot -pedals. What could 
cause this?-L. N., New Jersey. 

In the early 'L' series, this was 
usually due to a bad 6BA96 Pedal am- 
plifier tube. This is on the amplifier 
chassis, between the restifier tube and 
the 6V6's. In the 'M' series, it's in the 
same place. 

There are also a couple of added 
controls on the M's. Check the pedal 
cutoff control and the pedal keying 
contact. Also, the flexible wire to the 
pedal drawbar above the upper man- 

ual. (Don't forget to check the 6BA6 
tube and its voltages, too.) 

COLOR SHIFT 

I am getting an intermittent color 
shift in a Setchell-Carlson 3CL83. Blues 
change to green, and reds to purple, 
usually when the whole screen is mostly 
one color. I've tried exchanging the color - 
difference amplifier tubes, etc, without 
any luck. At times, it loses color entirely. 
Any ideas?-R. M., Washington. 

This chassis uses a 6AL5 as the 
color -sync phase detector, in a straight 
"RCA circuit". I believe this tube 
could be causing the phase shift 
trouble. (If colors change, you're get- 
ting a phase -shift, and it is almost cer- 
tain to be in the 3.58 MHz oscillator.) 
I have found many of them which 
would show "grid emission" on a tube 
tester capable of reading this quantity! 

This reading, of course, is ac- 
tually a slight leakage in the tube- 
probably mount contamination or 
something like that. In any case, it in - 
dictates trouble. Since any unbalance 
or leakage in the color -sync phase de- 
tector will cause a phase shift of the 
3.58 -MHz oscillator, this could be it. 
Try a new 6AL5, checked beforehand 
for leakage. Also check the 3.58 -MHz 
output transformer for any sign of 
leakage in the phase -shifting capaci- 
tors, drift in the resistors, poor 
ground connections, etc R -E 

'ncludes finished walnut console. Amplifier, 
speaker system, optional accessories extra. 
Only $1256 1f you build your own console. 

The 9 / 424e/GOrgan Corp., Dept. RE -94 
43 West 61st Street, New York, N.Y. 10023 

D Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

D Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE _ ZIP_ 
L 

e 

J 

You couldn't touch an organ like this in a 

store for less than $3500-and there hasn't 
been a musical instrument with this 
vast variety of genuine Theatre Organ 
voices since the days of the silent 
movies! Haunting tibias, biting strings, 
blaring reeds-the whole A to Z gamut 
of real pipe sounds that make the sim- 
plest playing a thrilling experience and 
give the professional organist every- 
thing he needs. If you've dreamed of 

the grandeur of authentic big -organ sound in 
your own home, you won't find a more satis- 
fying instrument anywhere-kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of 
assembly without the slightest knowledge of 
electronics or music, for design and parts qual- 
ity from the ground up, and-above all-for 
the highest praise from musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of 
the five Schober Organ models, beginning at 
$499. 50. No charge, no obligation-but lots of 
food for a healthy musical appetite! 
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NEW PRODUCTS 
More information on new products is available from the manufacturers 
of items identified by a Reader Service number. Use the Reader Service 

Card on page 103 and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

HEAT GUN, model HG201, with cone 
attachment provides TV service tech- 
nicians with a tool for quickly locating 
and testing bad resistors, capacitors and 
coils. This flameless gun can also locate 
hairline cracks in PC boards. The tool 
eliminates the long delays for com- 
ponents to heat up for testing. A pat- 
ented directional air diffuser which ehm- 

inates back pressure enables the cone 
attachment to concentrate heat in 31" 

diameter. The heat gun weighs less than 
six pounds and is equipped with an ad- 
justable removable stand that supports 
the gun in various positions.-Master 
Appliance Corp., 1745 Flett Ave., Ra- 
cine, Wisc. 53403. 

Circle 31 on reader service card 
TOOL CASE, TC100, attache case kit 
for working tools. Designed for equip- 
ment of service technicians and field en- 
gineers. A 3 -panel hinged tool holder is 

attached inside the lid, stands upright 
when case is opened, and can be re- 
moved. Straps and pockets hold up to 59 
individual small tools, such as screw- 

drivers. Compartments accommodate 
kits, test meters, parts boxes, and addi- 
tional larger tools such as hack saws. 
Room for service manuals, etc. Can be 
purchased with a standard assortment of 
tools or custom -stocked to fit individual 
requirements.-Xcelite Inc., Orchard 
Park, N.Y. 14127. 

Circle 32 on reader service card 
DESOLDERING TOOL, DS -40, re- 
moves soldered components from printed 
circuit boards or conventional circuits. 
Complete tool includes 40 -watt power 
handle, desoldering head assembly with 
rubber vacuum bulb and tip with .063 
opening, two -wire cord. May also be 
used to resolder new components in 
places where old ones have been re- 
moved. Hollow tip fits over wire leads 

giving 360° contact. Replacement tips 
available in a variety of sizes. Also avai- 
lable in 3 -wire models. $14.50.-Weller, 
div. Cooper Industries, 100 Wellco 
Road, Easton, Pa. 18042. 

Circle 33 on reader service card 

AM -FM TUNER CARTRIDGES, models 
30-3075 and 30-3076 for auto stereo 
tape players, slip into the cartridge load- 
ing slot of all auto 4- and 8 -track tape 
cartridge players. The 30-3075 is pow- 
ered by an internal 9 -volt transistor -ra- 
dio battery, connects to car's external ra- 
dio antenna by an adapter which can be 
permanently attached. The 30-3076, a 

multiplex tuner, has a mode selector 
switch, an indicator light, and a switch 
to adjust input circuitry for nearby and 
distant FM stations. Model 30-3075 is 
$45.00; model 30-3076 is $54.00.-GC 
Electronics, 400 South Wyman St., 
Rockford, Ill. 61101. 

Circle 34 on reader service card 

CASSETTE DECK RECORDER, Wol- 
lensak model 4760, incorporates Dolby 
noise suppression circuitry and patented 

bi -peripheral drive system responsible for 
low wow and flutter characteristics. Fre- 
quency response 60-15 kHz. Other fea- 

tures are end -of -tape guard to lift the 
pressure roller when the end of tape is 
reached or a jam occurs, dual calibrated 
illuminated VU meters, separate input 
level controls with master gain, regulated 
dc supply voltage. A microphone preamp 
accessory is available for $20.00. The 
cassette deck is under $300.00.-3M 
Company, St. Paul, Minn. 55101. 

Circle 35 on reader service card 
DIGITAL FREQUENCY ME- 
TER/SYNTHESIZER/SIGNAL GEN- 
ERATOR, type 107A. This solid-state 
unit operating from either 12 Vdc or 115 
Vac weights 22 lbs. Aimed primarily at 
the mobile -radio maintenance field, as a 
heterodyne frequency meter, the 107A 
will measure carrier frequencies of 
nearby transmitters, or signals picked up 
on a receiver, either AM, FM, TV, SSB, 
or CW. Coverage on FCC -assigned fre- 

quencies is continuous from 10 kHz to 
above 500 mHz. Guaranteed accuracy in 
the field is better than 0.0001%. Readout 
is better than 0.00002%. As a synthesizer, 
any frequency from below 1,000 Hz to 
9,999.9 kHz can be generated, in steps 
of 100 Hz, phase locked to the internal 
crystal standard.-Lampkin Labora- 
tories, Inc., Dept. 233, 8400 Ninth Ave. 
N.W., Bradenton, Fla. 33505. 

Circle 36 on reader service card 
CAPACITORS. J2 new metal -encased 
tubular electrolytic capacitors added to 
the TVA ATOM line. Range from 
11/16" in diameter x 2-5/16" in length 

to 144" in diameter x 3-3i" in length. Ca- 
pacitance values from 1,000 to 10,000 
µF, in a voltage range of 1 to 50 Vdc.- 
Sprague Products Co., 81 Marshall St., 
North Adams, Mass. 01247. 

Circle 37 on reader service card 
TV ANTENNA ACCESSORIES KITS, 
twenty-four kits in the line, complete, ex- 
cept for the antennas. Six basic mounting 
types, chimney mounts, wall brackets, 
roof mounts, tri -mounts, tripod roof tow- 
ers, brace mounts. The antenna can be 
selected on basis of reception require- 
ments in the area. Each kit is available 
with either 5- or 10 -ft masts, and either 
300 -ohm vhf flatline wire, or uhf/vhf 

74 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


foamline wire supplied. $7.69 to $20.41 
price range of individual kits.-South 
River Metal Products Co., 377-379 Turn- 
pike, South River, N.J. 08882. 

Circle 38 on reader service card 

DVOM, model 6028. Lightweight, por- 
table 2-1 digit dvom operates on 
105-125 Vac, 60 Hz, 4 watts or optional 
battery pack. Unit has 10 -ohm full-scale 
range; gives 10-megohm input resistance 
on all oc and dc volt ranges; full -proof 
100% overrange, out -of -range and reverse 
polarity indications; a zero adjust control 
for low (1 is resi'tance measurements 

that can "zero out" lead resistance; over- 
load protection; and frequency com- 
pensator on ac. Readout consists of 2 
cold -cathode display tubes and 3 neon 
lamps indicating "0" and "5" half digits 
and a "1" over -range digit. $275.00.- 
Triplett Corp., Dept. PR, Bluffton, Ohio 
45817. 

Circle 39 on reader service card 

AUTO BURGLAR ALARM, Sens-o- 
m.uiic Cyclone S12C. This solid-state 
alarm with police -type siren is an install - 
it -yourself device with electronic sensor. 

Complete kit contains 12 -volt siren, key 
lock, hardware, spare switches and 
decal. No relays used. Alarm sounds if 
intrusion is made through any door, 
trunk, etc. Any action which disturbs a 
dormant electrical system will set off the 

SEPTEMBER 1971 

siren. Also S12M sensor module only, for 
use with siren, relay and accessories; 
SI2B marine kit with salt water protec- 
tion.-Monroe Timer Co., 1969 West- 
chester Ave., Bronx, N.Y. 10462. 

Circle 40 on reader service card 

FM MONITOR RECEIVER, Duo -Scan, 
covers low- and high -band vhf channels, 
and features dual -conversion circuitry 

and a double ceramic filter system. An 
IC limiting system produces a sym- 

metrically "hard" pattern to reduce 
noise. Sensitivity is 0.4 µV for 12 dB SI - 
NAD. The receiver has eight channels, 
each with a "lock-out" push button to 
permit bypassing of that channel. A 
built-in power supply allows both 12 
Vdc mobile and 117 Vac base operation. 
$169.95.-E. F. Johnson Co., Waseca, 
Minn. 56093. 

Circle 41 on reader service card 

NUTDRIVERS, S-818 and S-1018. Two 
long -reach nutdrivers available in two 
sizes, 'i" and 5/16" hex. Drivers extend 

lma 

18" out of handle for use in servicing 
Jeepset hex nuts and bolts. Feature all 
hollow shafts, tempered sockets, and 

YOU MAY BE MISSING 
THE MOST VALUABLE 

TOOL ON YOUR BENCH 

ncn 

RCA 

RCA 
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Plain Talk 

RCA 

R VICE 

DATA 
Rcn 

Ren 
RCA 

Ran 

777- 

A SUBSCRIPTION INCLUDES 

A COMPLETE "FILE" YEAR OF: 

COLOR TELEVISION DATA 

B & W TELEVISION DATA 

RADIO DATA 

PHONOGRAPH DATA 

TAPE RECORDER DATA 

SERVICE TIPS 

PARTS TIPS 

PERIODICAL ISSUES OF 
"PLAIN TALK" 
"GOLDENROD" BULLETINS 

SERVICE DATA INDEX 

r- DON'T DELAY! SUBSCRIBE TdBAY I 
Please acknowledge my request for a Service Data Subscription; 

"File -1971" Service Data including 2 binders $19.95 

E "File -1971" Service Data subscription $14.95 

L (Binders available separately-$2.95 each) Number desired 

NAME 

STREET ADDRESS_ __ 

CITY 

Amount enclosed' 

STATE ZIP CODE 

Your order will be processed promptly upon receipt of your check 
or money order in the amount indicated above. SEND TO: 
RCA SALES CORP., 600 N. Sherman Drive, Indianapolis, Ind. 46201 
ATTN: Technical Publications, 8-106. 
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Win 
Fabulous Free Gifts 
selling up to JERROLD antennas & systems 

Spectrum '71 is designed to focus your atten- 
tion on the broad spectrum of JERROLD high 
profit "better reception" products. When you 
sell up to the best in antennas and Master An- 
tenna TV systems, you earn more profit ... plus 
fabulous free gifts. 

Ask your distributor for details on Spectrum 
'71 or write Jerrold Electronics Corporation, 
Distributor Sales Division, 401 Walnut Street, 
Philadelphia, Pa. 19105. 

Focusing on one thing... 
better reception 

a GENERAL INSTRUMENT company 

Circle 62 on reader service card 
76: 

large break -proof, shock -proof Corn- 
fordome handles. $4.80 each.-Vaco 
Products Co., 510 N. Dearborn St., Chi- 
cago, Ill. 60610. 

Circle 42 on reader service card 

AUDIO TAPE, Primes Audio 2 and 
Audio 5, in 1 mil and 1-h mil tapes on 
7 -inch reels. Sound reproduction ranges 
from less than 20 to more than 20,000 

llz. The Mylar base material of the tape 
with magnetic coating is control wound 
on wrap -resistant reels. Coating is 
lubricated to minimize head, transport 
and guide wear.-Wabash Tape Corp., 
Huntley, Ill. 60142. 

Circle 43 on reader service card 

MICROPHONE MOUNT, model A55M. 
This isolation mount is the smallest yet 
designed to control mechanically in- 
duced mike noise. Created for use with 
several Shure model microphones, the 

noise isolation of these mikes is increased 
by at least 20 dB when used with the 
A5531 mount. Can be used on desk 
stands, floor stands, lecture podiums, and 
for boom operation in studio applica- 
tions. $25.00.-Shure Brothers, Inc., 222 
Hartrey Ave., Evanston, Ill. 60204. 

Circle 44 on reader service card 

DIGITAL COUNTER TIMER, model J- 
407, has five gate interval 10 MHz fre- 
quency mode, measures frequency, pe- 
riod, ratio, tinier and count, and has 
range multipliers and control inputs. 

Timing frequencies from 1 kHz to 1 

MHz; 1 -MHz crystal oscillator. Solid - 
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state circuitry. Display variable from 0.2 
sec. to 6 sec. (approx.) with switch posi- 
tion for hold. Power requirements: 115 
Vac, 60 Hz, 12 watts. $249.00.-Pulsar 
Labs, Box 8066 Como Station, St. Paul, 
Minn. 55108. 

Circle 45 on reader service card 

RECEIVER, model Til1R-I6HL[T. 
Three -band FM Monitoradio/Executirc 
Scc:nner with modular solid-state circui- 
try monitors up to 16 frequencies of the 
uhf and high and low vhf bands. Fea- 
tures read-out scanning lights with corre- 
sponding push-button control for any 
coc:i7)ination of frequencies in the 30-50, 
148-174 and 450-470 MHz bands. 

'1 I ree -speed scan process can either 
,apple programmed channels at a 15 
channels per second rate, bypass selected 
channels, or operate in manual mode. 
Sensitivity is 0.5 microvolt for low 
hands, 0.6 microvolt for high band. 0.7 
microvolt for UHF band. $219.00-Re- 
gency Electronics, Inc., 7900 Pendleton 
Pike, Indianapolis, Incl. 46226. 

Circle 46 on reader service card 

TRANSISTOR ADAPTER, model TRA - 
1, converts any vom into a transistor and 
diode tester. Will test pap and npn 
types, high- and low -power transistors, 
for shorts, leakage, open and crurent 
gain. Tests diode for open, short. for- 
ward and reverse currents. A swIRI ing 

system eliminates transferring of leads. 
The TRA -I has built-in socket, flexible 
alligator clip leads for transistors that do 
not fit the socket, self-contained two 
"AA" batteries included. Instructions 
come with unit. $15.95.-Coletronics 
Service, Inc., 1744 Rockaway Ave., 
Hewlett, N.T. 11557. R -E 

Circle 47 on reader service card 

DID YOU MISS 

Bob Middleton's article on how an- 
tenna accessories can help you get 
the best possible reception 

. see page 33 
George Flynn's description of how 
readout tubes work and some ex- 
periments you can conduct 

.... see page 50 
Walter Jung's IC Power Supplies. 
You'll find two dual -output fully 
regulated circuits .... see page 69 

The RCA portable 
color bar generator 

Performs like the big ones 
Costs only $75* 

Provides color bar, dot, cross hatch, and blank 
raster patterns 
All solid state circuitry including ICs 

Pattern signals, R F output frequency and color 
subcarrier all crystal -controlled 
Battery operated, AC adapter available 
Lightweight - less than 20 oz., only 61/2" wide x 
4" deep x 3" high 

For all the technical specs get in touch with your 
RCA Distributor. RCA I Electronic Components I 

Harrison, N.J. 07029. 
R Optional User Price 

SEPTEMBER 1971 
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You have 24 hours to live. 
Today, that is. So what are you doing with 
your time? Are you helping another human 
being toward the dignity you want for 
yourself?Are you doing anything to overcome 
the hate in this world-with love? These 24 
hours can be a great time to be alive. 
If you live right. 

Break the hate habit: love your neighbor. á:ßt 
eeuGio 

Advertising contributed for the public good °' 

, 
133113333311331 tl13331 1133113331331 1131133311 

Two new B&K digitals that don't 
stand a chance of a ghost. 

Ghosts, blurs, wiggles, jitters ... whatever 
you call them, you won't get them with our 
two new digital color generators. You 
can converge, install or trouble -shoot color 
TV's quickly and accurately. Because these 
two units employ totally new concepts that 
take the trouble out of trouble -shooting. 

Integrated circuit flip-flops perform all 
binary counting functions. Just no way they 
can jump a count. Result: Crisp, clean, 
stable test patterns. 

And all IC's (nine of them) and transistors 
are silicon devices, which means they can 
withstand severe weather changes with no 
effect on performance. 

The 1243 is a basic 6 pattern color 
generator. The deluxe 1246 has nine 
patterns, three more than the 1243, and 

(Ask your distributor 
or write us for 

complete catalog) 

1. B&K Model 
1246 Color 
Generator 
$149.95 

2. B&K Model 
1243 Color 
Generator 

$99.95 

also features a 41/2 MHz sound carrier, 
crystal controlled RF for channels 3 and 
4, gun killers, and comes with its own 
instant -use case. 

All the accuracy and reliability of a 
computer in these compact units, and 
they're guaranteed to be maintenance free, 
making your job a lot easier. 

So don't get a CBG that may come back 
to haunt you. Get one of B&K's new digital 
generators: They don't have a chance of 
a ghost. 

Products of 
DYNASCAN CORPORATION 

1801 W. Belle Plaine 
Chicago. Illinois 60613 

The new standard of stability 

.F 

/MA 
MODEL 1243 DIGTAL 

i C COLOR GENERATOR 

NEW 
LITERATURE 
All booklets catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader Service Card on page 103 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 
BOOK CATALOG, Spring 1971. Over 170 cur- 
rent and forthcoming books described in the 
illustrated 20 page catalog. Subject areas include 
schematic/servicing manuals, broadcasting, basic 
technology, CATV, computer technology. TV, 
radio and electronics servicing, audio and hi-fi 
stereo, hobby and experiment, amateur radio, 
test instruments, appliance repair, and transistor 
technology.-Tab Books, Blue Ridge Summit, 
Pa. 17214. 

Circle 48 on reader service card 
DISTRIBUTION AMPLIFIER CATALOG. 
Solid-state TV amplifier distribution systems and 
couplers are illustrated, with specifications, in 
this brochure for TV reception needs in homes, 
apartments, hotels, and institutional buildings. 
Includes mixer -coupler -signal doubler systems, 
distribution amplifiers, antenna -mounted ampli- 
fiers, antenna stacking amplifiers, splitters, traps 
and matching transformers.-Kay-Townes, Inc., 
P. O. Box 593, Turner Chapel Rd., Rome, Ga. 
30161. 

Circle 49 on reader service card 
CIRCUIT-STIK BROCHURE, describes Quik- 
Circuits, sub -elements of 1 oz. copper electro - 
deposited on thin epoxy glass substrate with 
adhesive backed copper and insulative tape, 
sheets and donut pads. Describes all sub -elements 
available with illustrations and prices.--Circuit- 
Stik, Inc., 1518 W. 132nd St., Gardena, Calif. 
90249. 

Circle 50 on reader service card 
CAPACITOR CATALOG, gives complete listing 
of the line by type, with an alphabetical numeri- 
cal index, of electrolytic, paper -film, fim, ceramic, 
mica, and ac motor capacitors, instruments, and 
hardware. Descriptions and ilustrations included. 
-A.R.P. Div., Aerovox Corp., 740 N. Belleville 
Ave., New Bedford, Mass. 02741. 

Circle 51 on reader service card 
SCIENCE, OPTICS, SPACE CATALOG, No. 
715. 148 page edition lists thousands of hard -to - 
find bargains in optical and scientific equipment. 
Features scientific tools, components, lenses, 
prisms, mirrors, accessories, instruments such as 
lasers, comparators, magnifiers, microscopes, 
photo attachments, lighting items. New in the 
catalog are industrial safety items. Also shows 
computer kit, fiberscope.-Edmund Scientific Co., 
380 Edscorp Bldg.. Barrington, N.J. 08007. 

Circle 52 on reader service card 
MIKE CATALOG, #AL314D, describes mikes, 
mixers, and related products for public address 
and tape recording. Includes illustrations, speci- 
fications, and guide to types and selection. Shure 
Bros., Inc., 222 Hartrey Ave., Evanston, Ill. 

Circle 53 on reader service card 
GENERAL CATALOG, FR -71-72, lists over 
14,000 products from all operating divisions. 
The 312 -page inventory includes chemicals, ser- 
vicing tools, printed circuit materials, automotive 
connectors and hardware, replacement parts, 
knobs and antennas, electronic hardware, chassis 
punches, plugs and jacks, connectors, adapters, 
switches, hi-fi, stereo, tape and phono in- 
stallation and maintenance accessories, replace- 
ment antennas.-GC Elctronics, 400 So. Wy- 
man St., Rockford, III. 61101. 

Circle 54 on reader service card 

Write direct to the manufacturers for in- 
formation on item listed below: 
ELECTRONIC COMPONENTS, 1971 Short 
Form Catalog. Over 4000 product listings cov- 
ering jacks, plugs, switches, connectors, molded 
cable assemblies, audio accessories. Illustrated 
36 -page catalog with descriptions and a numer- 
ical -alphabetical index.-Switchcraft, Inc. 5555 
E. Elston Ave., Chicago, III. 60630. RE 
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Ur Mail 
This 
Card 

Today 

LAFAYETTE 1972 Catalog 720 Our 51st Year 

Your Complete Buying Guide 
to Everything in Electronics 

BETTER THAN 

EVER 

468 
Pages 

* Radios 
* Cassette 

Recorders 
* Stereo Hi-Fi 
* Citizens Band 
* Tape Recorders 
* Phonographs * Cameras 

and More 

Do A Friend A Favor 

Give Him This Card To Send For His 

FREE LAFAYETTE CATALOG 
STORE LOCATIONS 

52 Convenient Store Locations in Ten states: 
NEW YORK CONNECTICUT VIRGINIA 
NEW JERSEY PENNSYLVANIA MARYLAND 
MASSACHUSETTS OHIO GEORGIA 

ILLINOIS 

Associate Stores From Coast -To -Coast. Visit the Lafayette store nearest 
for fast,.ersonalized se . r O ni s. 

LAFAYETTE Radio ELECTRONICS 
Dept. 17091 P.O. Box 10 
Syosset, L.I., N.Y. 11791 Mail 

The Coupon 
Today for 
your FREE 

1972 
LAFAYETTE 
CATALOG 

720 

Please Send the FREE 1972 LAFAYETTE CATALOG 720 

Name 

Address 

City State Zip 

MAIL THIS CARD 
TODAY FOR YOUR 

1972 LAFAYETTE 
CATALOG 720 

Name 

Address 

City 

State 

Dept. 17091 

Zip 

(Please Give Your Zip Code No.) 

Name 

Address 

City . 

State 

MAIL THIS CARD 
TODAY FOR YOUR 

FREE! 
1972 LAFAYETTE 

CATALOG 720 

Zip 

Dept. 17091 
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Your 

Complete 

Electronic 
Bu in Guide 

Stereo Hi-Fi Citizens Band Ham Gear Tape Recorders Test 
Equipment TV and Radio Phonographs, Accessories Intercoms 
and PA Closed Circuit TV Tubes and Parts Cameras Auto 
Accessories Musical Instruments Tools Books 

LAFAYETTE 
LEADS IN EVLY% 

PHASE OF 

Serving The Public 
Since 1921 

4168 Pages 

Shop At the 
"World's Hi-Fi & 

Electronics Center" 
For Widest Selection, 

Low Prices 

A NEW ERÁÏÑ1II-F1 
A CHANNEL 
1911° STEREO SOUND 

9,e/ 
Mail The 

Card Today 

Do A Friend A Favor ... 
Have a friend interested in hi-fi or electronics? Send us his 
name and address and we will send him his own personal 
copy of the FREE 1972 LAFAYETTE CATALOG 720 
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AN11NNA ACCESSORIES 
(continued from page 35) 

also available. They show the direction of the antenna on 
all controls simultaneously. This type of rotator is a con- 
venience where two or more TV receivers are to be used. 

Interference filters and traps 
When TV interference is a problem, it is often pos- 

sible to reduce or eliminate the trouble with suitable inter- 
ference filters or traps. A typical back -of -the -set filter is in 
Fig. 18. A filter that cuts off below 50 MHz, and also 
rejects from 110 to 170 MHz will often reduce interference 
from neon lights, ham radio, diathermy machines, and 
some other sources. Another type of trap, designed as a 
band -reject filter can reduce interference from strong local 
FM stations. Both fix -tuned and adjustable units are avail- 
able. A typical tunable interference trap can be peaked up 
at desired point in the FM band, or can be adjusted to 
attenuate one, two, or three low -band TV channels. This 
feature is helpful when a powerful FM or TV transmitter 
is nearby. High -band TV channel traps are also available. 

Although there is no sharp distinction between a filter 
and a trap, the filter generally has a comparatively broad 
frequency characteristic. A trap is basically designed as a 
series or parallel LC resonant circuit. On the other hand, a 
filter uses both series and parallel reactances, as in Fig. 19. 
From a practical viewpoint, the essential consideration is to 
load a filter correctly. For example, R,, could be specified 
at 300 ohms, or at 75 ohms. When a filter works into an 
incorrect value of load resistance, its frequency character- 
istic becomes distorted, and it operates improperly. 

L1 LI 

2 2 

LOW-PASS 

2C 2C 

HIGH-PASS BAND-PASS 

Fig. 19 

Note in passing that there is also no sharp distinction 
between a filter and a booster, or preamplifier (Fig. 20). 
That is, if a bandpass filter configuration is supplemented 
by a transistor, the combination is termed a booster or a 

DE-SNOWER 
MODEL 058 

PREAMPLIFIER VHF Ti' & FM 

usE win( 
MUD 
REMOTE WEP SUPPLY 

pOWE 
A MONA t) 

Fig. 20 

preamplifier. However, it is basically a filter with an in- 
sertion gain instead of a filter with insertion loss. A TV 
preamplifier operates as an interference filter inasmuch as 
signal frequencies below the vhf range are usually rejected. 
Similarly, a preamplifier designed for vhf application usu- 
ally rejects uhf signals. (continued on page 88) 

Sharper, brilliant 

Jitter -Free intensity or 

pulse markers! 

. 

SMG -39 LECTROTECH 

sweeper marker generator 
A precision sweeper with quality and features found only in 
high priced laboratory instruments. The SMG -39 utilizes post 
injection markers for fast, accurate alignment of any tele- 
vision receiver when used with any standard oscilloscope. 
The SMG -39 provides all needed bias' and linear sweeping 
signals for accurate alignment. Unique marker display en- 
ables accurate marker positioning for superior receiver align- 
ment. VFO facility provides any additional marker from 39 
MHz to 49 MHz for protection from future obsolescence, may 
also be used for spot alignment. 

Exclusives 
Jitter -Free Intensity or Pulse Markers VFO Variable Marker 

4 Bias Supplies including - 67 Volts 

Marker Options 

A4n. 
Pulse Vertical Pulse Horizontal 
(Overall Chroma). (Typical I.F. 

response). 

Benefits 
Clean, bright Jitter -Free pulse markers All markers of 

equal amplitude regardless of position on response curve. 
Adjustable marker amplitude Marker location accurately 

determined with brilliant pulse or intensity markers (a must 
in AFT alignment) All signals have blanking included for 
zero base line 

Intensity 
(Typical I.F. 
response). 

FULL TWO YEAR PARTS WARRANTY 

Solid state, glass epoxy circuit boards. 
SMG 39 Complete with all cables. NET 33950 

See your distributor or write Dept. E-9 

LECTROTECH, INC. 
4529 North Kedzie Avenue Chicago, Illinois 60625 

Circle 66 on reader service card 
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Unusual 
tools, hard - 

to -find items. 

Send for 
free catalog! 

i. 
0 

á; 

NC /\ National Camera 
"Dept. 084 

Englewood, Colorado, 80110 

Diversified 
collection - 

r, 
tools of all kinds 

precision instruments 
essential shop items 

. convenient 
one -stop shopping 

from your desk. 

Circle 67 on reader service card 

SWEEP ALIGNMENT 
(continued frone page 68) 

MIXER 

ANT 
TRANS 

nr 

II 

ANT TRIMMER 
ADJUST FOR 
MAX AT 1400 

kHz TUNING 

SHORT THIS 
POINT TO 

GROUND WHEN 
ALIGNING 

I.F. CIRCUITS L___ 

.02 - 
OSCILLATOR 

5.6 
K 

2.2 K 

04 

)1 

58051 

L 

.01 

F. T. 

t I I, 
.31.. I 

J 

8.2K 

22052 

27K I00K 
.004 

2.7K 

Clever KIe 
Test probes designed by your needs- 
Push to seize, push to release (all Kleps spring 
loaded). 
Kleps 10. Boathook type clamp grips wires, 
lugs, terminals. Accepts banana plug or bare 
wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue 
gripper. Accepts banana plug or bare lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3 -segment auto- 
matic collet firmly grips wire ends, PC -board 
terminals, connector pins. Accepts banana plug 
or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not 
lab quality). Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connec- 
tion. Molded phenolic. Doubles as scribing 
tool. "Bunch" pin fits banana jack. Phone tip. 
WA" long. $ .19 
All in red or black - specify . 

For additional information, write for our com- 
plete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, and minia- 
ture components. 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 
123 Spencer Place, Mamaroneck, N.Y. 10543 

TO I ST 

I. F AMPL 

T05 

AVC LINE 

CONNECT DC 
VTVM HERE 

OR AC METER OR 
SCOPE ACROSS 

VOICE COIL 

-- 9V 

LOW -END PADDING 
ADJUSTMENT 

SET FOR MAX AT 
580 kHz WHILE 

ROCKING GANG 

OSC TRIMMER 
ADJUST FOR MAX 

AT 1400-1500 kHz 

FIG. 5-TUNING UP THE FRONT END 
isn't hard when you know what to do. 
Basic adjustments are shown here. 

tion mark, which is a little extra mark 
just past the lowest figure. The ganged 
capacitor should be completely closed. 
If this set uses variable -inductance tun- 
ing, the cores will be all the way inside 
the coils. If the pointer isn't exactly on 
the calibration mark, slide it along the 
dial cable until it is. 

Now, we're ready to go. Tune the 
radio dial to a point near the high end. 
This is usually somewhere around 1,400 
kHz, although the actual frequency isn't 
too important. 1,500 kHz is ok, too. Set 
the signal generator to the same fre- 
quency. If you do not hear the signal in 
the output, retune the radio until you 
do. If it comes in anywhere else, say at 
1,300 kHz, the dial is out of calibration. 

Leave the signal generator at 1400 
kHz. Tune the radio dial to 1400 kHz. 
Now, locate the oscillator trimmer ca- 
pacitor (Fig. 5). In sets with ganged ca- 
pacitors, this will be a small variable ca- 
pacitor on the smallest section of the 
gang. This is always the oscillator sec- 
tion; the other is the mixer, or rf. If this 
is a small radio, with a sealed -up tuning 
capacitor, as in some of the transistor 
types, look it up in the service data. 
(Not a bad idea in all cases.) 

Check to see which way you need 
to turn this. If the pointer indicated 
1300 kHz on the 1400 kHz signal, you 
have too little capacitance in the os- 
cillator circuit. Turn the oscillator trim - 

(continued on page 85) 
Circle 72 on reader service card 
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NEW BOOKS 
HOW TO REPAIR SOLID-STATE IMPORTS, by 

Paul Lawrence. Tab Books, Blue Ridge Summit, 

Pa. 17214. 160 pages, 81/2 x 11 in. Leather- 

ette, $7.95, Paperbound, $4.95. 

This guidebook is a large, diver- 
sified collection of schematics and ser- 
vice data representing the most popular 
foreign -made home entertainment equip- 
ment, including radios, TV's, phonos, 
and tape recorders. The author begins 
with a general look at imports, and how 
they differ from domestic brands, as 

well as how to obtain parts and service 
data. The second chapter goes into basic 
circuit descriptions, audio, RF, IF, con- 
verters. detectors, TV, tape recorders, 
etc. Chapter three describes servicing 
tips that will help unbend the kinks 
which often get in the way. The author 
reveals many shortcuts-what to look 
for, where to find it, and how to fix it. 

There's also a chapter which offers help 
when a schematic isn't available. It con- 
tains numerous tips to help the service 
technician get a clear picture of what 
the circuit should and should not be 
doing. 

T.V. TECH AID, COLOR TELEVISION AND B&W 

TELEVISION, TIPS FOR TECHNICANS. Edward 

G. Gorman, Publisher, T.V. Tech Aid, P.O. Box 

603, Kinks Park, N.Y. 11754. 150 pp., color 

manual; 115 pp., b8w manual; 8-W' x 11". 

Soft cover, $5.95 each. 

The color manual recaps the 
troubles printed in the 1970 mailings of 
T.V. Tech Aid, and the black -and -white 
manual compiles troubles of a recurring 
nature. Outlines manufacturer, model, 
symptoms, possible causes, cure, with 
diagram of each individual problem. Index 
of symptoms makes these manuals handy 
reference works for all service technicians. 

ADVANCED ELECTRONIC INSTRUMENTS AND 
THEIR USE, by Sol D. Prensky. Hayden Book Co., 

116 W. 14th St., New York, N.Y. 10011. 208 
pages, 6 x 9 in. Hardcover, $9.50, softcover, 
$6.95. 

Background in sophisticated, gen- 
eral purpose laboratory instruments cur- 
rently used in industry and research. 
Covers major instrument groups used 
for sensing, measurement, or control 
monitoring. Basic electronic principles, 
practical applications, and specific exam- 
ples of typical, representative in- 
struments are discussed. Over 140 
photos and diagrams for devices such as 
femtometers, frequency synthesizers, 
solid-state multimeters, including FET 
types. digital voltmeters, sampling and 
storage oscilloscopes, analog and digital 
computation elements, radiation survey 
meters. Text emphasizes standardization 
and calibration procedures.-MCL 

HANDBOOK OF ELECTRONIC TEST EQUIP- 
MENT by John D. Lenk. Prentice -Hall Inc., Eng- 
lewood Cliffs, N. J. 07632. 61/2 x 9' in. 460 
pages. Hardcover. $15.00. 

A detailed coverage of all types of 
electronic test equipment. Includes dig- 
ital, microwave and laboratory test 
equipment. Presents basic principles and 
operating procedures and describes what 
test instruments are available, what they 
do and general calibration techniques- 

PROFITS * 
SECURITY * 
PRESTIGE * 

CALL COLLECT WRITE: 

A. A. Bernabei 
Vice President 

Allied Radio Shack 

2617 West 7th St. 

Fort Worth, Texas 76107 

Phone (817) 336-7163. 

OR 

DICTIONARY OF TELECOMMUNICATIONS, by 
R. A. Bones. Philosophical Library, Inc., 15 E. 

40th St., New York, N.Y., 10016. 5 x 71/2", 

200 pp. Hardcover, $15.00. 

Wide range of definitions, including 
many based on British Standards recom- 
mendations, supplemented by appendices 
including units and abbreviations. 
wavelengths and frequency bands, and 
signal reporting codes. Includes concise 
explanation of terms, diagrams and 
graphs. Basic text for students as well as 
engineers and technicians.-ML 

BASIC ELECTRON DEVICES by E. George 
Griffith. Rinehart Press, Holt, Rinehart and 
Winston, Inc., 383 Madison Ave., New York, 
N. Y. 10017. 6 x 9 in. 212 pages. Softcover. 
$3.95. 

A basic course on basic electronic 
devices. Provides a source of ready ref- 
erence for electrical engineers, tech- 

nicians and engineering assistants. In- 
cludes a presentation of the underlying 
physics of solid-state devices and transis- 
tor action. The majority of basic devices 
in use today are described, including 
several that are obsolete but still in com- 
mon use.-LS 
ELEMENTARY COBOL PROGRAMMING, A STEP 

BY STEP APPROACH by Gordon B. Davis and 
Charles R. Litecky. McGraw-Hill Book Co., 330 
W. 42nd St., New York, N. Y. 10036. 81/2 x 11 

in. 164 pages plus worksheet section. Softcover 
$5.95. 

Written to allow the student to acti- 
vely learn COBAL, this manual presents 
a series of examples in writing and exec- 
uting a modular set of problems. The 
student is encouraged to learn on his 
own by self -testing quizzes and through 
the structuring of the problems. All ma- 
jor COBAL features are covered. R -E 

UNIQUE NEW WAY TO SELF EMPLOYMENT WITH EXECUTIVE LEVEL INCOME! 

Get together with the world's largest electronics store chain: 

$15,000-$20,000 GETS YOU IN 
BUSINESS FOR YOURSELF* 

*One-time investment in physical inventory and store fixtures-no fees, no royalties, no hidden costs! 

Joint Allied Radio Shack in a rare opportunity to capitalize on the 
zooming demand for everything in consumer electronics. First in the 
field, we have over 950 stores nationwide but must expand to meet 
the growing market ($10 billion in 1971 alone!) and need energetic 
men and women to operate new or existing stores. Why not be your 
own boss in a Joint Venture with YOUR OWN Allied Radio Shack Store? 
Minimum cash needed is $15,000-$20,000-which represents an in- 
vestment in physical inventory and store fixtures-NO fees at all! You 
operate as a true businessman with the profit and income potential 
strictly up to you! 

In this Joint Venture, your success is our success -50 -year -old Allied 
Radio Shack will train you and provide the "know-how," back you 
with creative merchandising, exclusive products, and the best local and 
national advertising in the business. You'll sell famous products 
available nowhere else: Allied® and Realistic© brand audio and CB, 
Knight -Kit® and Science Fair® electronics and hobby kits, Archer® 
Antennas and Radio Shack batteries to name a few-everything priced 
"right" for big sales, good profits for you. 

Enjoy the prestige and extra security of being associated with the 
Tandy Corporation (parent company of Allied Radio Shack), rated 
"Number One" in the nation in annual sales growth and earnings per 
share among firms in retailing (Forbes Magazine, 23rd Annual Report 
on American Industry). If you want to win with a winner and start 
a lucrative career today, act NOW. 

SEND ME FULL JOINT VENTURE DETAILS Dept. JV-10 1 
I Name Phone 

Street- I 

CiCity State Zip I I I I J 
SEPTEMBER 1971 
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6: 

. 130 

12 
HOUR 

sie De . 

CATALOG 
ON REQUEST 

TYMETER" 
A, A G,.nc. 

a, 9:37 

DIGITAL 
CLOCK MOVEMENTS 

DIGITS RESETTABLE INDIVIDUALLY 

Available in 50, 60 cy., oil voltoges, AC. UL 
opproved motor, cord. One Yeor Guarantee. 

#100-24H 

24 Hour 

CLOCK 

Made in U.S.A. 

Complete Line: Delay, Interval 
and Cycle Timers, Digital Computers 

PENNWOOD NUMECHRON CO. 
TYMETER ELECTRONICS 

7749 FRANKSTOWN AVE.. PITTSBURGH, PA. 1S7011 
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TV TECH SPECIALS 

90 Degree Color Yoke 
Repl. Y 109-DY95 AC $8.95 
Magnavox Yoke #361290 
equiv. to DY92 AC $8.95 
20 Assorted Controls $3.95 
10 1N34A Diodes $1.00 
20-1 Amp. 1000 PIV (Epoxy) ...$3.95 
20-2 Amp. 1000 Ply (Epoxy) ...$4.95 
6500 P1V Focus Rect..... 3 for $2.00 

RCA COND. AXIAL LEADS 
50 Mfd. 50 V 4 for $1.00 
500 Mfd. 50 V 4 for $1.89 
1000 Mfd. 50 V. 4 for $2.50 
40 Mfd. 150 V. 4 for $1.29 
80 Mfd. 150 V 4 for $1.89 
100 Mfd. 250 Volts 4 for $1.98 
2 Mfd. 450 V 6 for $1.49 
4 Mfd. 450 V 6 for $1.69 
10 Mfd. 450 V 6 for $1.98 
16 Mfd. 450 V 6 for $2.29 
30 Mfd. 450 V. 6 for S2.98 
10 Mfd. 600 V 4 for $2.29 
20 Mfd. 600 V. 4 for $2.69 

RCA COND. CANS 
50-30 mfd. 150 V 3 for $1.29 
300 Mfd. 150 V. ,., 2 for $1.59 
125 Mfd. 350 V. ... 3 for $1.98 
80 Mfd. 450 V. 4 for $2.39 

SEND FOR FREE CATALOG 
Tubes Up To 80% Off 

Minimum Order $15.00 
Send Check or M.O. 

TV TECH SPECIALS 
P.O. Box 603 

Kings Park, L.I.. New York 11754 
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a 
new 
PHASE 
in electronics 

The Phase ASG-200 Audio Sweep Generator 
provides a source of audio frequency functions: 
sine,. square, triangle, positive sawtooth (with 
variable negative slope), and negative sawtooth 
(with variable positive slope). Frequency is 
variable from 0.02 Hz to 20 KHz for all functions. 
Dial accuracy is within 2%. The low distortion 
level and simple, straight forward, solid-state 
circuitry, rugged construction, and ease of Kit 
operation, makes this Audio Sweep Generator 
ideal for high fidelity audio systems maintenance 
and checkout. 

$ 84.85 

Factory Assembled 
and Tested $108.09 

Send Today 
for complete information & specifications on our complete line of 
electronic test equipment - assembled or kits - that feature unique 
functions - quality & low cost. 

phase 

315A Boston Avenue, 

Medford, Massachusetts 02155 

DREAM 
White space, 

layout complete the 
by JACK DARR 

There's a saying about newspaper 
ads, with large areas of white space at- 
tracting more attention than crowding 
the whole thing with fine print. We can 
use the same principle, in avoiding 
crowding. How many shops have you 
seen where every inch of the bench (the 
working area) was covered with radios, 
TV sets and assorted electronic gradoo 
in various stages of disrepair? (You 
wouldn't happen to be standing in one 
right now, would you?) When a new job 
comes in, the technician has to push 
something aside to get room to set it 
down. 

This is the Cardinal Sin in our busi- 
ness! I've seen it happen in a great many 
shops, including the one with my name 
over it, too many times. There's only 
one cure for this, and it is SELF DIS- 
CIPLINE! Figure out how many sets 
you can have on your bench at once; 
then DON'T bring another one in until 
you get one finished and moved out! My 
own bench, 20 feet long, proved by ac- 
tual experiment to hold not more than 
two TV sets at the same time, for most 
efficient working. 

With the bench jammed up like 
this, you're always reaching over some- 
thing; you can't get to the test equip- 
ment; and, worst of all, you actually 
don't have the needed "elbow -room" to 
work most efficiently. So, up with the 
willpower; keep the bench as clear as 
possible, and you'll be amazed at the 
difference, not only in ease of working, 
but of total output of work for the day! 

You'll notice that I did not indicate 
any place for parts -storage. You can 
make this up to suit yourself. However, 
here's one very useful hint; do NOT use 
any of the space on the bench itself for 
parts storage! Store parts on end walls, 
or on the wall opposite the bench; you 
can simply turn around and reach the 
part you need. On the bench, the chan- 
ces are they will be covered up by the 
set you're working on, by some of the 
test equipment itself, etc. The extra 
room available will let you put up 
shelves, bins, cabinets, etc, to keep each 
class of parts instantly available, without 
them getting in the way of the actual 
diagnosis/repair operation. 

Small but very helpful item: when 
you tear a set down for repair, put all of 
the small parts; knobs, bolts, etc., into a 
little box, and stick this inside the empty 
cabinet. They'll be there when you're 
ready to put it back together. If the set 
must be held for parts, slide the chassis 
back in the cabinet, and put the whole 
thing out in the Storage -In area. Put a 
scratch -paper tag on it "Waiting Fly- 
back", etc. The customer's name will 
also help in finding the thing faster. 

Mobility 
Most of the things we handle are 

big; TV sets, stereos, etc. So, use a sys- 
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WORKBENCH 
mobility and equipment 
second part of this article 
SERVICE EDITOR 

tern that will make them easier to )Hove. 
The best way I've found for this is carts, 
mounted on good-sized caster wheels. 
Make the overall height (don't forget to 
include the casters!) the same as your 
bench -top. 

The tops are made with vertical 
'"slats" of 1 x 4; this is for bracing, and 
also to give you access to the underside 
of a big chassis, to get the mounting 
bolts out without having to take it off 
the cart. Table -model TV sets can be 
"driven up" to the bench and slid off 
onto it, with very little effort. Big con- 
soles can be set on the cart, balanced, 
and left there while the chassis is moved 
to the bench, connected with those ex- 
tension cables. 

TOP 
VIEW 

i 

LEGS 

r 

LEGS 

ä 

SAM E 
HEIGHT 

AS 
BENCH 

The sets can be loaded directly 
from the truck onto the cart, which is 
then pushed into the Storage -In area. 
From there it's wheeled up to the bench, 
fixed, then wheeled back out into the 
Storage -Out area for reloading on the 
truck and delivery. 

The total number of carts will de- 
pend on the amount of business you are 
doing! In my own one-man shop, I had 
six of them, and this came out pretty 
well. I could have used two more, in the 
rush seasons. If you find yourself having 
to move sets off the carts onto the floor, 
make up a couple more carts! 

For that very important area where 
you have all the fun (the place where 
you get the money!) set aside a space 
for the book-keeping department; 
records, job -tickets, files, and so on. This 
can be outside of the shop -area proper, 
in an adjoining room. This depends on 
your floor layout. 

SEPTEMBER 1971 

Test equipment layout 
Now, we get to the most important 

area of all; the workbench, and the test 
equipment. The object of this is the 
same as all the rest; to get the equip- 
ment set up so that you can work in the 
most efficient way, with the least wasted 
time, and so on. 

The basic principle of this is to get 
the test equipment divided into FUNC- 
TIONAL GROUPS. The instruments 
that are used together should be to- 
gether. For instance, one group could be 
TVM, parts testers, tube tester, transistor 
tester. Another could be sweep gener- 
ator, bar -dot and scope, and so on. 
There will be a little "Overlap" of use, 
of course; you'll use the scope for both 
diagnosis and alignment. So, these really 
shouldn't be "fixed", but easily movable. 

Probably the oldest layout in the 
world is a workbench, with a shelf 
above it for the best equipment. The unit 
under repair is below the test in- 
struments. This is a good method, and is 
probably in use by more shops than any 
other. It is efficient, as long as the unit 
being repaired isn't too big! It's fine for 
small radios and TV's. However, for 
color TV and other big chassis, you may 
find that the thing covers up the test 
equipment! 

So, we worked out a variation of 
this. Some of the equipment is placed on 
the shelf, and other units mounted on 
wheeled carts. These can be rolled to 
any position needed. Here again, we 
must group the cart equipment into 
functional groups. For instance, all 

parts -testers could be on one cart, and 
all sweep equipment on another, and so 
on. These carts, too can be hand -made 
out of lx4's, of any dimensions needed. 

Every technician works just a little 
bit differently. So, it's very likely that 
none of these ideas will exactly suit your 
preferences. So change 'em! Use a com- 
bination of the different methods, and 
experiment until you find the one that is 
the best for you. Right now, I have 
some instruments on the shelf, and some 
on a cart. I'm planning some changes, 
too just as soon as I get through with 
this article. (All sweep -alignment equip- 
ment is going on a cart, with an "old but 
good" second-hand scope permanently 
connected up.) Try out different ways, 
and use the one that lets you get out the 
most work in the least time, with the 
least effort. Keep notes. 

Bench width 
One small, but important factor, 

when you're building a workbench, is 
the depth (front -to -back measurement) 
of the "free space" that is the actual 
working area. My own bench is now too 
shallow, although it was fine 15 years 
ago when it was built! I made it 4 feet 
deep, but my shelf is 2 feet deep, and 
now I don't have enough depth to put 
color -TV chassis, etc., on it with perfect 
safety! I run a cart up to the edge to 
support the "overhang". (I have a feel- 
ing that the shelf is going to get cut 
back about a foot!) Most test equip- 
ment, with the exception of a scope, will 

(continued on page 95) 

NO COMPETITORS 
Nobody else but EMC designs in so much value 

Full -view meter gives 
i direct, clear-cut qual- 

ity indications. 

Three heavy-duty 
controls for quick 
set-up of all tests. 
Check a fistful of 
tubes in the time 
it often takes to 
test one. 

12 slide switches for 
Individual selection of 
tube pins provides 
versatility in testing. 
prevents obsolescence. 

Compact, light- 
weight portahil- 
ity. Use it on the 
bench or in the 
field. 

Full compte. 
ment of sturdy 
sockets accepts 
compactron (12 - 
pin). nuvistor, 
novar, 10 -pin, 
9 -pin, octal, loetal, and miniature 
tubes. 

Precise pro- 
gramming. 
Only one socket 
per tube -base 
configuration 
prevents acel. 
dental plug-in. 

fHE MODEL 213 saves you time, energy, money Checks for shorts, leakage, intermittents, and quality Tests 
all tube types including magic eye, regulator, and hi-fi tubes Checks each section of multi -purpose tubes sep- 
arately Gives long, trouble -free life through heavy-duty components, including permanently etched panel Your 
best dollar value in a tube tester. Available in high -impact bakelite case with strap: $35.40 wired; $22.90 in kit 
form. Wood carrying case (illustrated) slightly higher. 

EMC 
ELECTRONIC MEASUREMENTS CORPORATION 

625 Broadway, New York 12, New York 

r 
E M C, 625 Broadway, New York 12, N. Y. 

Rush me FREE catalog describing all EMC 
value -loaded test instruments and name of 
local distributor. 

NAMF 

ADDRESS 

CITY 7ONE_STATF cc 
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-9 
QUIET 
ZONE 

SILENCE 

10? . 

Na s AND .N 
CLEAN 
T00? 

Then use Quietrole ... the choice of 
better servicemen everywhere for 
cleaning and lubricating all T.V. mov- 
ing parts. 
Spray Pack guarantees silent, smooth 
operation, with absolutely no harmful 
aftereffects for both color, and black 
and white sets. 
Also available in bottles 
if you prefer. ,y 

Product of 

QUIETROLE 
COMPANY 
Spartanburg, South Carolina 

Circle 73 on reader service card 

SWEEP ALIGNMENT 
(continued from page 82) 

mer down, or in; add more capacitance 
until you hear the signal with the dial - 
pointer at the right place. Actually, you 
usually don't have to even look: just 
stove the trimmer a little either way, un- 
til you hear the signal then stop. 

This is, in a way, a peaking process. 
However, what the oscillator trimmer 
does is "walk" the peak back and forth 
along the radio dial. You won't lose any 
of the signal amplitude until you walk 
this peak far off frequency. 

Rf and mixer peaking 
Now, you've gut the dial showing 

the right frequency. Next, align the rf 
and mixer stages for maximum gain or a 
peak, and you're done. The oscillator 
trimmer should not be moved any more. 
Find the rf or mixer trimmers, and ad- 
just these for maximum meter reading. 
A good way of getting the test signal, 
for this part, is to put the signal -gener- 
ator output cable on the bench, a couple 
of inches away from the loop antenna. 

Once again, use the smallest test 
signal you can. To reduce the signal in- 
put, just push the signal generator cable 
a little farther away from the loop. The 
low signal lets you tune the rf/antenna 
trimmers for the sharpest peak. 

Low -end tracking 
In many of the older radios, and in 

the better grade receivers of today, espe- 

/e/eoaf/c_ COLOR TEST 
JIG KIT 

II 

i,' _ ` 

... From 

NOW... 
ECONO 
TEST 

- to Service '; Solid 
Color 

"Telematic" 

JIG 

State 
Television 

KIT 

Solid State 

Model: 5995 ECONO JIG KIT 
EJ -390 NET less Picture Tube 

4995 For Standard Tube Type 
Model: ECONO JIG KIT 
EJ -190 NET Less Picture Tube 

Also available a complete line of solid state yoke adaptors and cables. 
ASK YOUR DISTRIBUTOR FOR INFORMATION 

THEMATIC DIV., U.X.L. CORP., 2245 PITKIN AVE., BKLYN., N.Y. 11207 

Circle 74 on reader service card 

cially short-wave and communications 
types, you will find a low -frequency ad- 
justment for the oscillator. The really 
good ones will have low -end adjustments 
for the antenna, rf and mixer coils, too. 
In a lot of these, you'll find that the high 
end of the dial is tuned with "trimmers"; 
small adjustable capacitors-and the low 
end is tuned by varying the inductance 
of the coil with an adjustable iron core. 
(Side note: a "variable" capacitor or 
coil is one that is tuned by a knob, or 
by hand. An "adjustable" trimmer or 
coil -core requires an alignment tool.) 

When working with these more 
complex radios, be sure that you have 
the alignment instructions. These are ab- 
solutely necessary; you must know the 
location of each adjustment, and what 
frequency it is to be tuned to. In some 
of the more elaborate SW receivers, you 
may have 15 or 20 adjustments! 

With these dual tuning adjustments, 
we can now get much better "tracking" 
over the entire dial. "Tracking" means 
that the dial -pointer indicates the correct 
frequency over the whole dial. In the 
smaller and cheaper radios, calibration 
is set at one point, and the dial is 
slightly off over all of the rest. 

To make this adjustment, set the 
dial calibration, and tune up the 
rf/mixer/antenna at the high end first. 
Then, tune the radio and signal -gener- 
ator to a frequency near the low end of 
the dial, and adjust the low -end tuning. 
Then, go back to the high end and re- 
check the calibration; since these adjust- 
ments interact to some extent, the high - 
end will be slightly off. You'll generally 
have to repeat these at least three times 
to get the best results. 

In many radios, only the oscillator 
has a low -end adjustment; an adjustable 
iron core in the oscillator coil, for ex- 
ample. When you find one of these, you 
use a method known as "rocking" the 
dial, to get maximum results. Align the 
high end as before. Then, tune to the 
low end of the dial, and set the signal 
generator at a point about 50-100 kHz 
from the last figure (550 kHz, set at 
600 kHz, for example). 

Note the reading on the output me- 
ter. Now, turn the receiver dial in either 
direction, and watch the meter. If the 
reading goes up, adjust the core of the 
oscillator coil for maximum, then 
"rock" the dial again. Your rf/mixer 
coils are tuned to a slightly different fre- 
quency from the oscillator, at this end 
of the dial! So, you're actually moving 
the oscillator over to match them, since 
you can't tune them. Keep rocking the 
dial and watching the meter, until you 
note the meter reading starting to go 
down. When you see this, back up, and 
find the absolute maximum output meter 
reading you had; leave it set at that 
point. Now, go back up and recheck the 
calibration at the high end. You'll usually 
have to move the oscillator trimmer just 
a little bit, but the rf/mixer trimmers 
will probably be OK. 

In a later article, we will do sweep 
alignment-a quicker and more exact 
method of aligning circuits in all types of 
radio and TV sets. R -E 
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MINIATURE RELAYS 

COMING NEXT MONTH 

OCTOBER 1971 

HI-FI STEREO 4 -CHANNEL 

There are important things happening in the 
October issue-all of them related to the latest 
in solid sound. 

Build R -E's 4 -Channel Stereo System 
You'll see them on the cover and read how to build 
them inside. First there's a 4 -channel power ampli- 
fier. It delivers 35 watts per channel ....rms watts! 
And you build it with four new hybrid POWER IC'S 
(one per channel). Almost a one -evening project. 
Then there's a matching 4 -channel preamp. It's 
also built with IC's-one IC for each pair of chan- 
nels. The hardest part of building it is punching 
the holes in the chassis. 
Put them together and you're all set for exciting 
4 -channel sound. 

4 -Channel Adapters 
A report on what's available now; what they do and 
how you will be using them tomorrow. Block dia- 
grams show how to set up the equipment and 
illustrate effects you can expect to hear. 

Which Way 4 -Channel 
What's new; what's happening; what's next in the 
exciting new arena of solid sound. Take a guided 
tour around the next corner and get a sneak pre- 
view of future sound, now. 

PLUS... 

Instant Circuits 
Jack Darr's Service Clinic 
IC Popourri 
Kwik-Fix Troubleshooting Charts 

DPDT 
24 V DC 

3,g.,x3.13x413 

ACTUAI. SIZE 

PRINTED C IR( UIT OR 

SOCKET MOUNT 

Stock No. 89130 2/1.00 5/2.00 

MOTOR SPEED & LIGHTING CONTROL 

8 Push button selected controls. stop & start in- 
dicator lights. Overrun of lamons blender manu- 
facturer. Used for controlling speed of drills, saws, 
fats. lathes. lighting etc. Stock No. 85002 ready 
to use. 3.95 ea. 2'7.00. Stock No. B5003 slight 
factory seconds, easily repaired. 2.95 ca. 2/5.00 
Wiring diagram furnished. 

COMPUTER GRADE CAPACITORS 
82049 3500 Mfd. 55 volt 41/4" x 13,i" 

5.65 ea. 5/53.00 

B2062 40,000 Mfd. 10 volt 3" x 414" Brand new 
$1.25 ea. 6 $7.00 

$1.00 FREE WITH $10.00 ORDER 

MINIMUM ORDER $3.00 

Lots of other items-send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will be refunded. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

Circle 75 on reader antice card 

I'll send you 2 FREE BOOKS 

describing the opportunities 
in Electronics. 
My TOLL -FREE Number is 

800-321-2155 
(in Ohio, call 800-362-2105). 

For details about the famous CIE 
home -study courses in Electron- 
ics, see our ad on pages 28-31. 

Cleveland Institute of Electronics 
1776 East 17th Street. Cleveland, Ohio 44114 

SEPTEMBER 1971 
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UNEXCE[LED! THE UM ANTENNA 

UHF -VHF -FM 
COLOR 

Combination 
UHF -VHF -FM Antennas 

Juretiot rattatmanca. 

Tuned and engineered featuring a LOG PERIODIC 
VHF section incorporating a PATENTED MAGNETIC 
WAVE design for UHF. Discriminate between de-. 

sired signal and unwanted noise. An absence of 
minor lobes and extremely high front to back ratio 
are characteristics of these antennas. Mechanical 
features include all new fittings and special alloy 
aluminum tubing for added strength. Six models 
available. 

Write or phone for complete information. 

S G. A ELECTRONICS, INC. 
210 W. Florence St. Phone (419) 693-0528 Toledo, Ohio 43605 

Corle 76 on reader service card 

Putitto 
Work! 
NEW AND 
FROM ONLY 
THE INDUSTRY'S 
IMESFPRICED 
PROFESSKINAL 
FEÌ-TVM. 

Model 239 
X3995 

KIT 

Use the battery powered Solid State EICO 239 on your 
bench or in the field. Check semiconductor and vacuum 
tube circuits. 11 Megohm DC input impedance. Read AC 
rms and DC voltages in seven steps from 1 to 1000 volts 
on large 41/2" meter. Measure and read peak -to -peak AC 
to 2800 volts. Check resistance from 0.29 to 1000M9 on 
seven ranges. Provides a total of 28 useful ranges on 12 
accurate scales. Automatic battery check. Includes exclu- 
sive DC/AC ohms UniprobeTM. Factory Assembled, $59.95. 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo. EICOCRAFT 
Projects, Environmental Lighting, Burglar/Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 

ANTENNA ACCESSORIES 
(continued from page 81) 

Flush -mounting outlets 
TV/FM outlets like those in Fig. 21 provide con- 

venient, permanent arrangements for connecting receivers 
to antenna downleads, multi -set couplers, booster couplers, 
or drop taps. In turn, portable receivers can be moved 

Fig. 21 

from one room to another and quickly connected to the 
antenna system. Flush -mount models mate standard elec- 
trical boxes, or they may be mounted on plaster straps. If 
an antenna rotator is used, a five -pin rotor socket can be 
inserted below the three -pin TV/FM socket. 

Conclusion 
TV antenna accessories represent a significant source 

of income for the technician, as well as ensuring optimum 
reception and providing a professional type of installation. 
This article provides a helpful introduction to the subject. 
Manufacturers can supply detailed data on their products, 
and are generally very cooperative when consulted on un- 
usual installation problems. R -E 

SERVICE NOTE 
REPEATING PICTURE PROBLEM 

A General Electric biw model M782YMD came in 
with good sound and no picture. With the scope we found 
a video detector was shorted. Replacement of the video 
detector cured the no -picture problem. 

Within ten days the same receiver came in with the 
same condition. Again we found a shorted video diode. A 
new one was installed. It lasted two days during a bench 
test. In this particular circuit very little voltage was applied 

vD2 n5V 
VIDEO6AFII 

+ 
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r 
I VIDEO DET--., 
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r 
}} 

I I 

II 

II 

I 
I 

ii 

I II 

I L 
L 

6 
pF 

J 

-.5 V 

SHORTED DIODE , 

J 

10 

9 

Ion 

to the video diode. What was burning out the video diode? 
The 6AF11 amplifier was checked in the tube tester. 

When rapped real hard, a short would momentarily occur 
between screen grid and grid terminals. This placed the 
screen voltage across the diode (see diagram). Replace- 
ment of the video amplifier and a new video diode finally 
cured the repeating no -picture problem. -Homer L. Da- 
vidson R -E 
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UNIQUE ALL -NEW 
PARTS & KIT CATALOG 

1971 CATALOG NO 212 

504* A01oW114IX 

ELECTRONIC 

PARTS 
ACCESSORIES AND KITS 

PREVIEWING OUR SCIENCE FAIR" AND KNIGHT -KIT" PRODUCTS FOR '72 

ta 

jeaeir 

b. 

Electronics 
for Everyone! 
/Of Builders' Hobbyists' 
Hams' Experimenters' 
And All Klnds of 

Do- it -Yourselfers and 

Fix -it Men 

100's of Exclusive Bargains not in other srores or catalogs! 

A valuable money -saving, time -saving 
Buying Guide for kit builders, hobbyists, 
experimenters, Hams, "fix -it men;' every 
student and teacher of electronics. 1000's 
of bargains in everything frcm "AA" 
batteries to Zener diodes and all the 
"pieces and parts" in between. Like hard - 
to -find phono needles and accessories, 
recording cassettes, cartridges and ac- 
cessories, replacement speakers, micro- 
phones, headphones, cables and con- 
nectors and-you name it! Plus-our ex- 
clusive Science Fair® and. Knight -Kite 
products for '72. Allied Radio Shack is 
the one chain of stores that really cares 
about selling the "little things;' too. We've 
proved it by publishing this special catalog 
-and by stocking its items in our over 
950 stores coast -to -coast! 

IF CARDS ARE TORN OUT 
write Allied Radio Shack 

2725 West 7th St. 
Fort Worth, Texas 76107 

sae 
fee 

QQQQoon 

MAIL CARD NOW! 

/ILL/ED RAO/05HAfK 

2725 West 7th St. 

Fort Worth, Texas 76107 

Dept. RE -5 

ALL -NEW PARTS, KIT 
& ACCESSORY CATALOG! 

NAME (print) 

STREET APT. 

ROUTE and BOX NO 

CITY 

STATE 

THIS CARD IS FOR YOU 

eMaNN 
ZIP 

III111111 mix 

MAIL CARD NOW! 

/ILL/ED R40105/141K 

2725 West 7th St. 

Fort Worth, Texas 76107 
Dept. RE -5 

ALL -NEW PARTS, KIT 
& ACCESSORY CATALOG! 

NAME (print) 

STREET APT 

ROUTE and BOX NO. 

CITY 

STATE 

THIS CARD IS 

ZIP 

FOR A FRIEND 
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ALLIED RA0/OSNACK 

ALL -NEW PARTS, KIT 
ACCESSORY CATALOG! 

ALLIED RAO/OSHACK 

ALL -NEW PARTS, KIT 
& ACCESSORY CATALOG! 

-n 

FREE 
ALLIED RADIO SHACK 

CATALOG SAVES YOU 

MONEY ON ALL THIS 

6ptP lAtOloSHv 
ELECTRONIC 

PA IRTS 
AND KITS 

i.e. II 
ANTENNAS BATTERIES DIODES 
CAPACITORS SEMICONDUCTORS 
WIRE/CABLE EDUCATIONAL KITS 
GRILLE CLOTH FIBER OPTICS IC's 

JACKS KNOBS OSCILLOSCOPES 
L -PADS P- BOXES RESISTORS 

ULTRASONIC ALARMS PHONES 

VHF ANTENNAS AND MORE ! ! ! 

/ILL/ED RAO/O SHACK 

8A TANDY CORPORATION COMPANY 

EVERYTHING IS SO EASY 
TO FIND ... AND EASY TO BUY! 

How many ARS stores are in your state? 

20 5 4 8 1 1 13 7 19 34 29 4 6 

69 12 

53 

8 

%% 
5 la 1 * 

C_ 24 

25 

3 

16 4' l 
1 

14, 

16 9 © 
15 

10 
26 

* Regional Warehouse 

. . . Over 950 stores . . . in 747 cities 

. . . in 49 states! Six big warehouses 
keep these stores stocked to the rafters 
... no wasted trips when you're an ARS 
customer. If a store's not near you 
(unlikely!) you can use this catalog to 
shop by mail! 

We service what we sell-nationwide! 

MAIL CARD TODAY 
THERE'S A CARD FOR YOU . . 

AND A CARD FOR A FRIEND! 
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EQUIPMENT REPORT 
TRIPLETT 990 INDUSTRIAL MAINTENANCE ANALYZER 

For manufacturer's literature, circle No. 22 on Reader Service Card 

THE TRIPLETT 990 INDUSTRIAL MAIN- 

tenance Analyzer is one of those outfits 
that can do almost anything. I had a lot 
of cornball similes for this, but decided 
against using them. Suffice it to say that 
I didn't find any standard test, and sev- 
eral unusual ones, that it would not 
make! 

When I got it, I found a beautiful 
shiny "attaché case"; the inside is lined 
with very thick foam padding. Each part 
has its own slot, even the test leads. It 
should withstand a pretty high -G shock. 

Right in the middle of it is the 
heart of the set; a special model of one 
of Triplett's vom's, a Model 900. This is 

a new version of the 630, with special 
scales for the new tests which can be 
made with this instrument. It has an 
automatic overload protector device; a 
very fast -acting relay, which trips a pop- 
up reset button on the panel. This 
latches open; you must push the RESET 

button to get it back in operation (being 
more careful next time!) Besides this, 
meter -protection diodes are shunted 
across the movement for bypassing possi- 
ble transient spikes which could slam the 
needle before the relay can open. By the 
way, if you try to reset the protector, 
with the overload still connected, it 
won't go on. The overload must be re- 
moved first. So, this is pretty well fool- 
proof. 

The basic vom has dc volts ranges of 
0-2.5, 10, 50, 250, 1,000 and 5,000 volts; 
at 20,000 ohms per vol.t Dc millivolts 
can be read on an 0-250 mV scale; for 
checking small thermocouples, etc. Ac 
volts ranges of 0-3, 10, 50, 250, 1,000 
and 5,000 volts; at 5,000 ohms per volt 
are used. 

For current tests, the Model 900 has 
a terrific range; from 100 microamperes 
to 100 amperes. Starting with an 0-100-µA 
range, it goes to 0-10, 100, 1,000 dc mA, 
then to 0-10 amperes direct, and to 100 
amperes using a special heavy-duty shunt 
furnished with the kit. If you need other 
ranges, shunts for 0-25 and 0-50 amperes 
dc can be used. 

In all kinds of electrical and elec- 
tronics maintenance work, ac current 

readings are very important. This tells 
you how much power the unit is draw- 
ing, and tells you whether it is over- 
loaded, underloaded or normal. The 
990, with the Model 10 Clamp -on Am- 
meter Adapter, will read ac current over 
a wide range; from 0-6, 12, 30, 60, 120 
and 300 amperes on the stock scales. 

The Model 10 Clamp -On is at- 
tached to the vom by a long lead. This 
makes it much easier to use, since the 
clamp -on unit is no bigger than the palm 
of your hand. This must be clamped 
over only one wire in a circuit to read 
currents. For reading lower currents, 
like those drawn by small appliances, 
motors, etc., another adapter is used. 
This is the Model 101 "Line Separator". 
A plastic case has line -plug prongs, and 
three receptacles on the other end. The 
wires are separated, and a "hole" pro- 
vided in the case for clamping on the 
Model 10. This is plugged into an outlet 
and the appliance under test plugged 
into the other end. 

The center receptacle on the Model 
101 is DIRECT, and you read on the 0-6 
ampere scale of the vom. The other two 
outlets are DIVIDE BY 10 and DIVIDE BY 

20; the original 0-6 ampere scale now 
reads 0-0.6 amperes or 0-0.12 amperes. 
Your "lowest readable deflection" on the 
meter is 0.04 amps which ought to be 
far enough down for anything! 

The ohmmeter ranges of the 900 
start with R xl 0-1,000 ohms, 4.4 ohm 
center -scale, and then to R x10, R xlk 
and R x 100k, and "megohm scales" of 
0-1 and 0-100 megohms; 2% accuracy. 

Now for the fun; the accessories! 
With the Model 901 Tachometer Gener- 
ator, you can read rotational speed in 
ranges of 0-500 and 0-5,000 rpm, on 
specially calibrated scales. The tach gen- 
erator is a compact device looking like a 
tiny drill, with interchangeable soft rub- 
ber tips, cone and inverted -cone. 

A dual -range thermometer is also 
provided. A temperature probe no 
larger than a standard test -prod is used. 
The end is held against the object whose 
temperature is to be checked. The tem- 
perature ranges from -50 to +100°F, 
and +40 to +300°F can be read, from 
solid surfaces, liquids, or in air. (I used 
this to check the case -temperature of a 
suspected power transistor!) 

The "sound -man" and audio work 
was not forgotten, either. The 900 vom 
has an OUTPUT jack, with blocking ca- 
pacitor, as well as a full set of dB scales, 
four of them from -20 to +11 dB, and 
up to +49 dB, across a 600 -ohm line. 
The standard ac/dc voltage and current 
scales of the vom will handle anything 
found in receiver or transmitter test 
work, tube or solid-state. 

A small but very comprehensive in- 
struction booklet gives full details (and 
many safety precautions!) for making 
all of these tests. The Ingenious Engi- 
neer will undoubtedly find many other 
uses for this kit of instruments. R -E 

ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it' 

WE ARE THIS SURE: you sign no 
contracts-you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -9 P.O. Bra 1189, Panama City, Fla. 32401 

Circle 79 on reader service card 

TESTER 
OWNERS 

WE HAVE THE 

LATEST TUBE 

DATA A N D 

ADAPTERS 
FOR -IN - 

Don't let your 
tube tester 
become 
obsolete 

CUP AND MAIL COUPON TODAY 

COLETRONICS SERVICE INC. 
1744 Rockaway Ave., TD -71 
Hewlett, N.Y. 11557 

Enclosed find $3.50 for latest data. 

Enclosed find $5.00 for 1-yr. subscription 
(Latest Data Plus 2 Supplements.) 

Specify Model No Make 

Name 
Address 
City State Zone 

SEPTEMBER 1971 91 
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A RELIABLE, GUARANTEED 

ELECTRONIC IGNITION SYSTEM 

for less than S25 

(03 see 

electronic 
dee 

ignition system 
Here is a completely assembled 
electronic ignition system that 
you can install on your car in 
twenty minutes and get better 
performance - improved gas 
mileage. Saves tune-ups by in- 
creasing plug and point life. 
Guaranteed by America's fore- 
most manufacturer of electronic 
ignition systems. Install tomor- 
row's ignition system on your 
car today. Sold at better auto- 
motive supply stores everywhere. 

Write today for literature. 

svnsozv 
RESEARCH & MFG. CO. 
CONSHOHOCKEN. PA. 19428 

Circle 80 on reader service card 

TRY THIS ONE 
OHMS TRANSISTOR CHECKER 

"Transistor Testing: What 
With?" by Jack Darr in the November 
1969 issue was a fine article. How- 
ever, reversing probes and holding the 
transistor can be a little awkward. 
Why not get the idea off the ground? 
Build an OHMS TRANSISTOR 
CHECKER that will make ohms 
checking a snap. The diagram in Fig. 
1 indicates the simplicity of the 

MINUS PLUS 

i 

S2 

SI 

S I -SPST PUSH BUTTON 
S2-DPDT TOGGLE SWITCH 

S3- SPDT TOGGLE SWITCH 

Fig. I 

checker. Fig. 2 shows the panel. Your 

ohmmeter connects to the plus and 
minus leads by a short lead with al- 
ligator clips. Connections are made 
quickly. The transistor is similarly con- 
nected to the checker's collector, base 
and emitter terminals. 

slCr 
NEG. U POS. 

NEG BASE POS 

S2 Co 
NPN HIGH PNP 

TEST 

S3 0 
B E 

Fig. 2 

Set the ohmmeter to the proper 
range and push switch SI. Move 
switch S2 either to left or right to ob- 
tain a high ohms reading. Now move 

FREE $1 BUY WITH EVERY 
MONO PHONO ARMS 

Must popular type - Used in 
most Transistorized phono $1.29 
Players 5 for $5 
TRANSISTOR RADIO seat type $1.so 
good. bad. broken. es -is. potluck 

1_1TAPE 
RECORDER -assorted types $4 

good, bad, broken, as -is. potluck . n 
300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads. Excellent $1 E 
Selection 
100 -ASST 1/4 WATT RESISTORS $1 
stand. choice uhmages. some in 5,.^c 

100 -ASST 1/2 WATT RESISTORS $1 
stand. choice ohmages. some in St^o + 
70 - ASST 1 WATT RESISTORS 
stand, choice uhmages. some in 5 

Li35 - ASST 2 WATT RESISTORS 511 
stand. choice ohmage. some in 5 

50 - PRECISION RESISTORS 
$1 cost. list. price $50 less 

20 - ASSORTED WIREWOUND Si 
RESISTORS. 5. 10. 20 ,watt 

KNOB SPECIAL 
100 - ASSORTED RADIO 
KNOBS All standard types $1 
$20 value 
50 - TV KNOBS - POPULAR S1 
TYPES For most sets 
25 - VERTICAL LINEARITY 
KNOBS Lo0g shank Front Si 
mount . . . miniature assortment 

30 - VERTICAL LINEARITY 
KNOBS side mount . . $1 
Standard sizes 

E 25 -KNURLED RADIO KNOBS S1 Li Beni to get . Best selection 

40 - DELUXE RADIO KNOBS 
Choice assortment . . . Popular $1 
types 

ANY 6 KITS FOR $5 

SUPER VALUES 
10 YOU ORDER Onl$lapBluYs FREE GIFT WITH EVERY ORDER 

2 - COLORBURST QUARTZ - 
CRYSTAL REPLACEMENT Fur 
most Color TV Sels . 3579.545 $1.89 
NC 

3' JUMPER CABLES Male RCA $1.19 
type Plug on Both Ends. 2 For 

50 - ASST. TERMINAL STRIPS $1 
all types. 1 -lug to 6 -lug 
2-G.E. PIECES OF EQUIPMENT $1 
stacked with of 200 useful parts 

$20 - SHURE M7D DIAMOND $3, 
NEEDLE exact replacement 

MATCHED PAIRS TRANSISTORS 
NPN 8 PNP í2N4252 -2N2904) $ 
(2x2_222.2N2907í Each set 
RONETTE STEREO CARTRIDGE $ 

d 
2 

Lilatest dust sapphire a p ipover Lytle . . 

6 - TRANSISTOR RADIO EAR- $1 
PIECES wire. complete with plug 
100' - FINEST NYLON DIAL $1 
CORD Geist size. .028 gauge . 

10 - SETS PHONO PLUGS & $ 
PIN JACKS RCA type 1 
3 -PRINTED CIRCUIT IF TRANS- $1, 
FORMERS 4-t.og. 456 RC 

25 - 3900 -OHM -7w RESISTOR S1 
10% Corning glass 
20 - .47.600V CONDENSERS $1 
White Ceramic C.D.. American 
13 Pc. SCREWDRIVER 8 
NUTDRIVER SET regutaely $4.50' 
$8.95 
ENCLOSURE WITH 6" SPEAKER 
Excellent value, regularly $5,95 

5 i 
SHUREM44SERIESDIAMOND $4.69 
NEEDLE exact Replacement .. 
4 - 9 VOLT MOTORS Excellent $1 
for hobbyist 
200' - #24 SOLID PUSH BACK 
WIRE Yellow or Black excellent $1 
buy 

70° COLOR TUBE BRIGHTNER $3.95 

90° COLOR TUBE BRIGHTNER 54.95 

HEAVY DUTY COLOR FOCUS $1 
RECTIFIER 14,000 PIV e 1 ma .. 
50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Fur' 
retain, Axial Leads-Most $3,95 
popular values 
COLOR -TV RECTIFIER - 
Used in most color sets -0500 51.95 
kv 3 for 
15 - ASST. ROTARY SWITCHES Si 
all popular types $20 value 
15 - G.E. #NE -2 TUBES S1 
Neon Glow Lamp for 101 uses... 
50 - .0033 DISC CERAMIC $ 
CAPACITORS C.R.L. 1 
3 -ELECTROLYTIC CONDENSERS $1 
most popular number 50/30-150v 

SARKES TARZIAN TUNER 
41mc 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW- 

Best TUNER "SARKES TAR- 
ZIAN" ever made-last word for 
stability, definition & smoothness 
of operation. An opportunity-to 
improve and bring your TV Re- 
ceiver up-to-date. 5795 

COMPLETE with Tubes 
7 - TV ELECTROLYTIC CON- Si 
DENSERS 
12 -MINIATURE ELECTROLYTIC 
CONDENSERS Fur Transistor & 51 miniature Mork 

10 - MINIATURE 456KC IF 
TRANSFORMERS Exceptional value -PC-t.6 x j4e 

25 - #130 WESTINGHOUSE 
PILOT BULBS 50110 Ituors . . 

Same .s #47 
UHF OR VHF MATCHING 
TRANSFORMER Simple Fool -proof 
installation 

3 -ELECTROLYTIC CONDENSERS 
C.D. 500 mfd-200 volts 

in 20 - DIPPED MYLAR CAPACI- 
TORS .047-400 V. 

IMMEDIATE DELIVERY . . - Scientific light packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 
Minimum Order $3.00 

Name 

Address 

UHF TUNER - TRANSISTOR $ .95 
TYPE Used in all TV sets .. 3 
STANDARD TUNER - TRANSIS- 
TOR (GUIDED GRID) $1 
4 Channel closed circuit 
COLOR POWER TRANSFORMER 

Good for most sets 2611150 56.95 List Price-$36.75 
5 ASSORTED GLOBAR VARI- 
SISTOR Popular replacements Mr 51 
100t COLOR TV 

10 -ASSORTED SLIDE SWITCHES S1 
SPST, SPDT. DPDT, etc. 

20 - DIPPED MYLAR CAPACI- S 
TORS .01-600v 1 
20 - DIPPED MYLAR CAPACI- $ 
TORS .033-600V 1 
20 - DIPPED MYLAR CAPACI- S 
TORS .0033-1000 V 1 

Cost of 
gontta ....... .... 
Shipping 
estimated 
TOTAL 

Please specify refund on shipping overpayment desired: D CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 ZTE EPHONEO 

92 RADIO -ELECTRONICS 
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21/2" x 4" SPEAKER 
Special Buy In For $5- 

S3 to the left to test the base -collector 
junction. Move the switch to the right 
and test between the base and the 
emitter. 

The transistor leakage factor is 

quickly obtained by moving S2 to the 
opposite side. Again S3 makes the 
test between the collector and emitter. 
A wide variation in readings between 
the test at the collector and emitter 
indicates a defective transistor. 

The polarity of the voltage on 
the ohmmeter leads should be so that 
with S2 at the right (Pos-PNP), a 

voltmeter with its plus lead to the base 
terminal and the negative to the emit- 
ter with switch 3 to the right you have 
a positive reading on the meter. The 
setting of S2 now lets you determine 
the sex of the transistor automatically. 

Pnp or npn? Connect the transis- 
tor to the collector, base and emitter 
leads. If the HIGH reading comes with 
S2 set to NPN, the transistor is an npn. 
It is a pnp when the HIGH reading oc- 
curs with S2 set in the PNP position. - 
H. Lindon Robinson 

AIRGUN CLEANS CHASSIS 

After 15 years of full-time tele- 
vision repair, I have found that one of 
the most unpleasant jobs is working in 
a blanket of dirt and dust inside the 
cabinet and chassis. This is an espe- 
cially acute problem when you're try- 

ing to trace every potentially burned 
resistor that is buried in dust, to say 
nothing of the shortened life of the 
equipment and the potential fire haz- 
ard. 

The photo shows the air gun that 
I have used very successfully to clean 
all incoming television bench jobs. 
The unit can also be used in the home 
by taking the set outside to be cleaned. 
Often my customers have tried to use 
their vacuum cleaners to do this - 
sometimes damaging their sets in the 
process. (The air gun I use was pur- 
chased from the Carl Co. of Lisbon, 
Ohio, for $49.) 

I also use the air gun to wipe out 
high -voltage corona caused by mois- 
ture in color televisions. -Thomas H. 
Davenport R -E 

7TINA Ì, N.1C Ó s -P 
El 
_5 

The D. A. Marsh 
Company 

THERE IS AN EASY AND 
ENJOYABLE WAY TO 

LEARN, USING THE NEW CASSETTE 

TAPE METHOD. JUST PLACE THE CASSETTE IN 
THE PLAYER AND LISTEN. JUST LIKE HAVING 
YOUR OWN PRIVATE INSTRUCTOR. THE TAPE 

CAN BE REPEATED UNTIL ALL DETAILS ARE 

COMPLETELY UNDERSTOOD. THE TAPES HAVE 

A LIFE TIME GUARANTEE. 

INTERMEDIATE LOGIC 
DIAGRAMS 

THIS COURSE IS THE NEXT STEP BEYOND THE 

UNDERSTANDING OF BASIC GATES. THE TECH - 
NIQUE OF READING AND DRAWING INTRICATE 

LOGIC DIAGRAMS IS DESCRIBED IN DETAIL. AS 

A REVIEW, THE SIXTEEN GATE CONFIGURATIONS 
ARE DISCUSSED AND THE LATEST IN INTEGRATED 

CIRCUITS IS COVERED INCLUDING THE LATCH, 

D -TYPE FLIP- FLOP AND THE JK MASTER- SLAVE 

FLIP-FLOP. 

CASSETTE STYLE COURSE -INCLUDES TWO 

CASSETTES, A DIAGRAM MANUAL AND 
FOUR EXAMS. $24.95 

TEXT STYLE COURSE- INCLUDES TEXT 

BOOK, DIAGRAM MANUAL, AND FOUR 

EXAMS. $24.95 

COMBINATION -CASSETTE 

AND TEXT. $29.95 

Col 551 LING O. (UL RSI. SL x1111 51.01-1 00 IS LAI IL PIP v11111 1111 

1UI RSI 1111 EXAMS ANL 1.0,5111110011011 L11.1HI:I «SD 111(1. 

111L L:\SI IS SI'IlLSSI l'LL\ LUMI'L1.11.D l(Il. 111LL HI.I1 III A 

LI.N1I1I1A11 tll LUMI'LI IION ND MIII.RI LLSI L \.\ 1111 11511A 

b1.1111t iALL I OIL PRILI AI 1 N'oM 

I LURID, MAIL PÁ111151 10. 

RI.SItLNT5 SI1L DONALD A MAN 511,'0. 
INCLUDE agi; 7171 )IILOACKLL AS L. 

SAILS IA%. WEST SILLBOIRNL. ILA. 32901 

Circle 81 on reader service card 

CANADIANS: Ordering is easy - we do the paperwork - try 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME/OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . Built in 
speaker/microphone for talk -into convenience . . . Re- 
cords up to 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume Capstan Drive: 
BRAND NEW SOLD AS IS $7.95 

MARKET SCOOP COLUM 

CAR BURGLARY ALARM KIT 
. Easy to instal] System 1s 

complete. Includes 12V Siren, 
door. Hood. and trunk switches as 
well as on/off su'ilchlnck. mtg. 
brackets. awe. decals. and easy 
to follow' step-by-step in- $19.95 
structions 

6" UNIVERSAL SPEAKER 
Top 4tlality Special boy $1.29 Ea. 

5 for $5 

12" UNIVERSAL SPEAKER. Top $4 Quality . . . Large Magnet 

10" PHILCO SPEAKER $2.69 
Top Quality . . . Large Magnet n 
8" UNIVERSAL SPEAKER - $2.49 
Large Magnet -Special Buy .. 

5" UNIVERSAL TWEETER $1.29 
oz. . Magnet 

UNIVERSAL 4" PM SPEAKER $1 
with solo Output Transformer .. 

a small order 

1 BMCOPUTOR SECTIONS 
Units we 

sell l for $1 are 
loaded with over 
150 valuable parts. 

Incl. -'transistors 
Condensers. Resis- 
tors, Heat Sinke, 
Diodes, Etc. 

8 for $1 

100 for $10 

WESTINGHOUSE FM TUNER 
#476-V-1115001 . 'fransis- 5 Ise 
tor 

69e Ea. 

31/2" - ROUND SPEAKER 59' Special Buy 

4" X 6" "QUAM" 16 OHM 
SPEAKER Large magnet . 5.11 .79 
Special BUY (lO for $15.00) .. 

CRYSTAL LAPEL MICRO- 
PHONE High imped. 200- Epe ea. 
6000 cps .. 10 for $5 .- 7 
RCA COLOR FLYBACK cart $12.95 #1171382 (Stanco. #H0-6010 

300 
50. 

- 
4/4 

ASSORTE40. D HEX N8/32 TS U $1 
2/O. '3 Fí'32. .. 

250 - ASST. SOLDERING LUGS 
hest types and size, 

250 - ASST. WOOD SCREWS 
finest popular selection 

250 - ASST. SELF TAPPING 
SCREWS #6. #8. ele. 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150-8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150-2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150-4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150-5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected sizes 

500 - ASSORTED WASHERS 
most useful selected sizes 

- SHANNON MYLAR RECORDING TAPE_ 
21/2" - 225' ..$ .17 
3" - 225' .. .19 

3" - 300' .. .27 

31/4" - 600' .. .58 

5" 
5" 
5" 
5" 
7" 
7" 

- 600' .. 
- 900' .. 

1200' .. 
- 1800' .. 
- 1200' .. 
-1800'.. 

.62 

.80 

.97 
1.49 
.77 

1.12 

7" - 2400' 51.79 
7" - 3600' 2.95 
CASSETTE 60 mDoutes .89 
CASSETTE 90 minutes 1.54 
CASSETTE 120 minutes 1.97 

21/2" TAPE REEL .05 
3" TAPE REEL .06 
31/4" TAPE REEL .07 
5" TAPE REEL .14 
7" TAPE REEL .15 

FLYBACK TRANSFORMER 
We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 181.3_ 
assuring widthadequate idth 
Intl Schematic Diagram 
application for any TV 

List price 513.00 

Your price .. $3 
III'', tiff in lots of 3 

110 TV DEFLECTION YOKE for $3 
isle! schematic .... 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK 
plus 110° DEFLECTION YOKE $5 

51 

j3 
100 -inet 

boAS 

RUBBERouter BUMPERS 51 
for abST. ttoms & 

100 -ASSORTED RUBBER GROM- Si 
METS hest sizes 

90' FLYBACK TRANSFORMER $2 
for all type TV's incl schematic .. 

CO -AX CABLE 0G59t) grey or $2 
black 250'-$9 lO0'-$3.69 50'- 
4 - TV ALIGNMENT TOOLS $1 most useful assortment #1 
4 - TV ALIGNMENT TOOLS 51.49 For Color TV #2 
6 - TV COLOR ALIGNMENT $ .79 
TOOLS Most Annular type 2 5- PNP TRANSISTOR $1 
general purpose. 7'0-5 rase 
5 NPN TRANSISTORS $1 general purpose. TO -5 case _ UNIVERSAL TV ANTENNA $1.98 
Rack of set Mounting 

section5 rods 
50 - ASSORTED TRANSISTORS S1 big factory scoop_sold as -is . 

0 TO 200 MICRO AMP MINIA- 
TURE METER 11-:s 11/2 . . . . wt. $1 
3 Oz. Excellent S meter n 10 - STANDARD TRANSISTORS $1 
NPR & PNP 22,2404. 29414. etc. 

5 X 
10 -ASSORTED DIODE CRYSTALS 

$1 134. 11448. 160. 1N64. etc. . 

TV DEFLECTION YOKE S2 
for all type TV's íncl schematic .. 

I=170° FLYBACK TRANSFORMER $2 
for all type TV's lncl schematic .. 
70° TV DEFLECTION YOKE $2 
for all type TV's lncl schematic .. 
2 - TV CIRCUIT BREAKERS $1.19 
Rated 4.2 TO 5.0 AMPS, etc. . dik 

70° COLOR YOKE $12.95 
For all round color CRT's 

90° COLOR YOKE For all 
Rectangular 19 to 25" Color $t 0.93 
CRT's / 

3 - TOP BRAND SILICON REC. $1 
TIFIERS I amp. 1000 PIA 
20 - ASST. PILOT LIGHTS 
#44. 46. -17. 51. etc. 

S 1 
4-50' HANKS HOOK-UP WIRE $9 
assorted colors i 

1_1100' -SPOOL SPEAKER WIRE $1.se 
consi, 01.111 zip. clear, 101 uses 

10 - ASST. RADIO 8 TV TUBES $1 
Every Tube a good number 

1_15 - I.F. COIL TRANSFORMERS $1 
456-kc for Transistor Radios 

5 - AUDIO OUTPUT TRANS- $¡ 
FORMERS Sub -min for Trans Radios i 
TV TWIN LEAD-IN 300 ohm 
500' - $7 10O'-$1.50 50' 

Nf WESTINGHOUSE FM TUNER $2.99 LJ I I2DT8 Tub.) L 

SEPTEMBER 1977 
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IC POWER SUPPLIES 
(continued from page 45) TECHNOTES 
negative side track. This done by mak- 
ing R12 and R18 equal. 

The negative portion of the circuit 
is made up of IC2, Q3, Q4 and Q5. The 
2 -amp output rating is supplied by Q2 
and Q4, a pair of 2N3055's. These two 
transistors need to be well heat-sinked 
so follow the recommendations. Other 
portions of the circuit are beefed up ac- 
cordingly; a pair of large computer 
grade input filters (C1 -C10), husky rec- 
tifiers (D1 -D4) and 0.27 -ohm current 
limit resistors in each leg. Extra filtering 
is on the output too, C7 and C13. 

This concludes the 723 "family" of 
power supplies. R -E 

$8.95 
PLUS SHIPPING 

The NEW IC -12 
Nearly three years ago Sinclair introduced 
the IC -10, the world's first monolithic inte- 
grated circuit amplifier and preamp. IC tech- 
nology has progressed rapidly and we now 
introduce the successor to the IC -10, the new 
IC -12. The IC -12 offers many advantages in 
terms of performance over the IC -10 and any 
other monolithic device in its price and 
power range. A minimum of external com- 
ponents is required, distortion remains very 
low, and RMS power output is improved. The 
IC -12 is supplied with a comprehensive ap- 
plications manual and a circuit board for use 
in audio applications. The IC -12 may be used 
with batteries or with the Sinclair PZ -5 or 
PZ -6 power supplies. 

Freq. response: 5HZ to 100KHZ ±1 db. De- 
pending upon external components and 
circuit. 

THD: Typically 0.1%, less than 1% all audi- 
ble frequencies up to rated output. 

Power Output: 6 watts RMS into 8 ohms at 
28-30 vdc. 

Gain: 90 db. 
Idle Current: 8 mA. 

Operating Voltage: 6-30 vdc. 
Noise: -70 db or better. 
Heatsinking Required: None, extruded alu- 

minum fin is integral part of design. 
Package: Standard 16 Pin Dual in -line. 

The IC -12 is available from authorized deal- 
ers or from Audionics, Inc. 

Name 

Address 

AUDIONICS, INC. 
8600 NE Sandy Blvd. 

Portland, Oregon 97220 

City State Zip 

PLEASE SEND ME: 

-IC12's @ $8.95 ea. + $1.00 shipping 

--PZ-5 Power Supplies @ $13.95 + $1.50 
shipping ea. 

_PZ -6 Regulated Supplies @ $23.95 + $1.50 
shipping ea. 

r7 FREE information re 

MAGNAVOX S-61 TONE CABINET 

After over a year of normal op- 
eration, this church organ extension 
speaker system began playing the mu- 
sic (?) from a new AM radio station 
located nearby. Apparently the sta- 
tion's rf carrier was being picked up 

V 

INPU 

17 

I 
r----, 
I T- 
I IK 

001 

TO 
RELAY 

CI 
5µF 
ill 

RI 
10K 

R2 
150K 

R3 
22K 

R4 
I.5 K 

C2I 
01 

RS j' 
2.2K - T 0 

`R6 02. 

.22K 

J i 
`PARTS ADDED TO ELIMINATE RF PICKUP. 

in the long, unshielded cable which 
runs between the organ and the tone 
cabinet. It was then detected by the 
amplifier's input transistor. A simple 
rf filter was added as shown and it 
completely eliminated the problem. 
-Donald R. Hicke 

CURE TUBE SOCKET TROUBLES 

Before you change that tube 
socket try "Cool -Amp". Todays heater 
cuits carry a lot of current, especially 
those in color TV. This high current 
causes the pins and socket contacts to 
heat up, open up and corrode. 

To save time and work replacing 
the socket, get some Cool Amp silver 
powder and a damp cloth and rub the 
powder into the tube pins and socket. 

The silver helps cool the contact 
points and the trouble is cured, nerves 
are soothed. 

Cool -Amp is the trade name and 
is produced by, The Cool -Amp Co., 
8603 S. W. 17th Avenue, Portland, 
Oregon 97219.-John J. Pirch 

ADMIRAL 4H12-NO SOUND OR PIX 
No sound or picture on channels 

7 through 13-or, in some cases, the 
station comes in on the next higher 
channel-may be due to a leaky 
C454. This capacitor 0.01-uF is lo- 
cated under the shield of the sound 
take-off coil (L403).-Admiral Ser- 
vice News Letter 

AC LINE CAPACITOR 

The RCA "G" series color TV 
receivers have a .047-µF filter capaci- 
tor connected across the ac line 
(wired directly across the ac interlock 
terminals). This capacitor can he 
checked or replaced in the home-us- 
ing the following procedures: 

1. Remove the rear cover and 
chassis retaining bolts. Slide the 
chassis slightly rearward to inspect the 

capacitor. See diagram. 
2. If the capacitor is an ap- 

proved type-identified by its white 
color and stamped with the numbers 

CHASSIS REAR APRON / 
AC INTERLOCK 

TERMINALS 

90097-221 or 1442487-221-no fur- 
ther action is necessary. Restore the 
chassis to normal operation. 

3. If the capacitor is brown or 
reddish brown in color, it should be 
replaced with an approved type. 

The RCA stock number of the 
approved capacitor is 111286. It is 
recommended that all service tech- 
nicians carry this approved type ca- 
pacitor when making housecalls on 
"G" series receivers.-RCA Television 
Service Bulletin 

LOOKING AT 
UNDERSIDE 
OF CHASSIS 

047µF 

EMERSON 31T53 AND 31T54 
Some of these sets develop noisy 

tuning on FM. This is caused by a 
poor ground wiper contact in the tun- 
ing capacitor. This condition can be 
corrected by installing a separate 
wiper washer (part No. 985314) on 
the tuning capacitor shaft as follows: 

1. Remove the chassis. 
2. Remove tuning capacitor 

from the PC board and label all wires 
removed for easy replacement. 

3. Remove two small screws on 
front of tuning capacitor and place 
the washer (part 985314) on shaft 
and secure with the two screws. 

4. Reassemble tuner and replace 
chassis in cabinet.-Emerson Field 
Service Bulletin 

ZENITH 14Y33 CHASSIS 
Complaint: Contrast, normal 

when set is first turned on, drops to a 
low level after 20-30 minutes of oper- 
ation. 

Remedy: Replace the 17JN6 
horizontal output tube. 

Cause: Tube develops gas or grid 
leakage, causing decrease in negative 
grid voltage which is used as a source 
of bias for the agc circuit. It will be 
noted that the agc control will not op- 
erate normally when this condition ex- 
ists.-R.J. Turner 

INSTANT -ON, WON'T TURN OFF 

When the switch cannot be used 
to turn off sets with instant -on circuits, 
check the diode associated with this 
circuit. It may be shorted. B. J. 
Brown R -E 
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Red Drive Control Update 
Simple modification adds red gun drive control; 

also changes gray -scale adjustment in G -E color TV 

Beginning with the KE chassis 
serial number OTIG, a 9000 -ohm RED 

DRIVE control (R47I) was added to 
the set-up board. At the same time the 
GREEN DRIVE (R460) and BLUE DRIVE 

(R461) controls were changed to 
9000 ohms each as shown in the dia- 
gram. 

Control R471 was added to pro- 
vide a drive control for the red gun in 
the new type 25BFP22 picture tube. 

SET-UP PRINTED BOAR 

1/1/b 
R468 

IK 

YEL/BLU 
+320V 

R467 IYEL/ 
IK GRN 1N 

R466 
IK 

'.BLUE 4'GREEN 
DRIVE DRIVE 
R46I R460 
9K 9K 

RED 
DRIVE 
R47I 
9K 

BRN I 

BRN 14 

+ 320V 6 

YEL/RED 
+ 320V 

The three 9000 -ohm controls in paral- 
lel present a 3000 -ohm load to the 
video output tube; the same as was 
presented by the previous two 6000 - 
ohm controls in parallel. 

To make gray -scale drive control 
adjustments on KE chassis using pic- 
ture tube types other than the 
25BFP22, rotate the RED DRIVE con - 

trot fully clockwise and leave in this 
position. Now make the usual gray - 
scale adjustments using the GREEN and 
BLUE DRIVE controls just as if the RED 

DRIVE control were not present. 
To make gray -scale drive adjust- 

ments on KE chassis using the 
25BFP22, rotate the GREEN DRIVE 

control fully clockwise. Advance the 
RED DRIVE control to produce a yellow 
background. If yellow cannot be at - 

11 

7 3 

22KV 
,9GSP22 
2IGWP22 

25KV l 
I 

25UP22 
25XP22 

I 

25AQP22 
25ALP22 
25AJP22 
25AWP22 4 5 13 

TO 

9 \\ \ 
BLK 

+45 
KV 

R126 

tained with the RED DRIVE control at 
its maximum clockwise position, then 
leave the red control at maximum 
clockwise and retard the GREEN DRIVE 

counterclockwise to produce yellow. 
At the end of the gray -scale adjustment 
procedure, either the GREEN DRIVE or 
RED DRIVE control must be in its max- 
imum clockwise position. R -E 

1 

1 

1 

1 

DELUXE COLOR ORGAN CIRCUITS! 

UP TO 35,000 WATTS 
A.P.M. SYSTEMS CORP., MANUFACTURERS OF THE FINEST 

COLOR ORGANS IN THE WORLD, NOW OFFER YOU THE MOST 
ADVANCED AND POWERFUL COLOR ORGAN CIRCUITS. 

AVAILABLE IN 3 AND 4 CHANNEL KITS FEATURING: 

Solid State (easy to assemble printed 
circuit). 
All UL listed components. 
3 channel circuit - 2,670 watts - easily 

converted to handle up to 26,250 watts. 

4 channel circuit - 3,556 watts - easily 

converted to handle up to 35,000 watts. 

SEND TODAY 

FREE color brochure 
with each kit order. 

A.P.M. SYSTEMS, INC. 
1551 Almaden Rd. 

San Jose, Calif. 95125 

Electronically balanced circuitry 
permits one step tuning. 
Wires to any popular sound system in 

the same manner as a speaker. 
2 year unconditional guarantee on 

all parts. 
Easy to assemble kit form. 

PLEASE RUSH ME MY A.P.M. COLOR ORGAN KIT. AS INDICATED BELOW: 

Check boa to indicado choice. 

3 Channel Kit - 537.95 
1 4 Channel Kit - S54.95 
13 Channel Plans - 26.250 watts - S2.00 

4 Channel Plans - 35,000 watts - 52.00 
Li Color brochure on water swirls and living 

walls - 8.50 

California 
residen,,: 

add 5% 

sales tex 

Name 

Check one boa to sndicate manna, 
of payment. 

I enclose full payment. Ship kit postpaid. 
I enclose $5.00 deposit. Ship kit C.O.D. 
for balance plus postage. 

Address 

City & Siete Z'o 

A.P.M. SYSTEMS, INC. Dept. M15 
P.O. Box 9159, San Jose, Calif. 95117 

I 

I 

e 

1 

1 

SURPLUS ELECTRONICS AND OPTICS 
SURPLUS TTL INTEGRATED 

CIRCUITS, BRAND NEW IN ORIGINAL 
MANUFACTURERS CARTONS 

-.Q 
'11 

B & F has one of the worlds 
largest inventories of surplus 
integrated circuits. All are 
new, meeting all manufactur- 
ers original specifications, and 
in factory packaging. The low 
prices should speak for them- 
selves. Manufactured by Texas 
Instruments. National, 

Signetics or Philco, no choice. All packages are 14/16 lead silicone 
Dual IrLine Pak. Write for additional RTL and DTL lines not 
listed. 

ITEMS @ 501 

7400 Ouad 2.Input NAND 
7401 Ouad 2 Input Open Collector 

NAND 
7402 Ouad 2 -Input NOR 
7404 Hex Inverter 
7405 Open Collector Hex Inverter 
7408 Ouad 2 -Input 
7409 Ouad 2 -Input AND. Open 

Collector 
7410 T,mlr 3 -Input NAND 
7411 Triple 3 -Input ANO 
7420 Dual 4 Input NANO 
7421 Dual 4 Input AND 

7430 8 Input NANO 
7440 Dual 4 Input NAND Buller 
7450 Dual 2 -Wide 2 -input 

E xpavdable 
7451 Dual 2 Wide 2 Input A-0-1 

7453. 4 -Wide Expandable 2 Input 
AO I 

7454 4 Wide 2 Input A-0.1 
7460 Dual 4 -Input Expander 

ITEMS @ $1.00 

7406 30 Volt Hex Driver Inverter 

7416 15 Volt Hex Driver Inverter 

7407 30 Volt Hex Orrve, 

7417 15 Volt Hex Drover 

7426 Open Collector H. volt 
NAND Ouad 2Input 

7470 J -K Flrp- Flop 

7472 J -K Master Slave FlIp Flop 
7473 Dual J K-.Fhp Flop 

7474 Dual D Flip Flop 
7486 Ouad 2 -Input Exclusive OR 

74121 Monostahle Mulbvrbrator 
(One Shot) 

74122 One Shot 

ITEMS @ $4.00 

74154 4 to 16 Line Decoder/De- 
Multiplexer 

74192 B. Duecbonal Counter BCD 
Output 

74193 ei-Duecbonal Counter 4 -ed 
Binary 

74181 Ar:lhnsenc logs und 

ITEMS @ S1.75 

7442 BCD lo Decimal Decoder 
7443 Excess 3 to Decimal Decoder 

7444 Excess 3 Gray to Decimal 

Decoder 
7475 Ouad Br Stable Latch 
7480 Full Adder 
7490 Decade Counter 
7494 4-131t Shift Req.ster 

7495 4 811 Rlghl-Lett Shill Reg. 

7496 5.0,1 Shirt Reg,ster 

74151 8.8,1 Data Selector w,th 
Strobe 

ITEMS @ S2.00 

7448 BCD to 7 Segmem Decoder 

Driver 
7492 Divide by 12 Counter 
7493 4131t Binary Counter 
74180 8.811 ODD -EVEN Parity 

Generalur/Checker 

ITEMS @ S2.50 

7447 BCD to 7 Segment Decoder 
D,.ver 

7445 BCD to Decunal Decoder 

Driver 
7483 4 8.t Binary Full Adder 
74145 BCD to Decimal Decoder 

Drive, 

ITEMS @ S3.00 

7441 BCD to Decimal NIXIE 
Driver Decorler 

7491 13 -Bit Shill Reenter 

ITEMS @ S10.00 

7489 64 -Bit Random Access 

Memory 
7488 256.8,1 Rom ASCII to 

EBCDIC 
2501 256 Bu MOS random access 

memory 

20% discount on all orders fo, 700 or more integrated circuits. All I.C.'r 
postpaid, with FREE air mad on orders over 350.00. We suive to ship I.C.rs 
by return mad. Free data sheets on all items. 

RESISTOR SPECIAL 

100 1% and 2% military RN 70 specification resistors 'h, 1, 2 
watts, mixed values and wattages.. 51.00 

C' THIS MONTHS SUPER 
SPECIAL NIXIE - READOUT 
DECADE COUNTER KIT, 
Including 7490 and 7441 
integrated circuits. readout tube. 
complete etched circuit and 
Instructions. Would you be- 
lieve _ S8.95 
IAdcf $2 00 for 7475 latchl 

ROTARY THUMBWHEEL 
SWITCH 

Brand new digital switch. 
a allab le with output 
straight decimal form, or 
specially coded BCD. Makes 
obsolete old style rotary 
wl tches. 

D Thumbwheel switch, per section, decimal 
(10 position) output _. 33.25 

Same BCD output 53.75 
End pieces. per par S .50 

High voltage solid state supply provides )6.500 volts 1 

Ma, - 5000 volts 1 Ma. Excellent for CRT. photomultiplier, flash, 

smoke precipitative, bug zapping etc. About 2" x 4" x 10", close- 

out _.. .__.. ..... _ _. 39.75 

Miniboxes 7 x 5 x 3, natural finish. Handy for ell types of 
construction prolects. S1.00 I 30d postage and handling 

Tellon standoff terminals. Quick installation, lust push in 
chassis. Regular price about 18C each. package of 50 brand 
new _.._. _. ..... 31.00 

80 PAGE CATALOG- Free with any order or send $0.25 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

Charges Welcome BankAmericard - Mastercherge - 370.00 min. 

B.& F. ENTERPRISES 
Phone: 16171 532 2323 

P.O. Box 44, Hathorne, Massachusetts 01937 

SEPTEMBER 1 9 7 1 
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COLOR TV 
CONTROLS 

FOR 
AUDIO 

FOCUS 
COLOR 

SENSITIVITY 
BRIGHTNESS 
HORIZ. FREQ. 

A.G.C. DELAY 
CONVERGENCE 
VERT. CENTER 
HORIZ. CENTER 

VERT. LINEARITY 

105 EXACT REPLACEMENTS 

RCAZENITH 
SIL VE R TONE 

ADMIRAL Etc. 

ASK FOR FREE CROSS 
REFERENCE No. X67 

MANUFACTURED FOR THE OEM 
MARKET. NOW AVAILABLE FOR 
REPLACEMENT PARTS 

WORKMAN I,,citit 
F O BOX 7878 SARASOTA FLORIDA 33S78( PRODUCTS, INC 

Circle 85 on reader service card 

NOTEWORTHY 
ATTENUATOR FOR 

SMOOTHER RECORDINGS 

Very often, when making a tape 
recording from a tuner or a turntable, 
it is desirable to employ the level con- 
trols of the tape recorder to fade 
smoothly on and off the tape between 
selections, between records, or be- 
tween announcements in the case of 
the tuner. A problem that arises when 
the recorder gain controls are so used 
is the fact that it is quite difficult to 
re-establish exactly the same record 
level as before the gain control was 
moved. This change of level on the 
tape, if audible, is a source of annoy - 

LINE 
INPUT 

MIKE 
INPUT 

a 

TELEPHONE 
INTERCOM 

Available with 24 
and 36 Switches 

The 

Put o Taskmaster Telephone communication 
command post at your desk. Imagine: Push- 
button call one to 96 individuo -Call by 
nome. No complicated codes or numbers, 
switchboard or dial selectors. Imagine: Push- 
button paging over a morale boosting music 
system. Imagine: A mobile radio system link. 
Imagine: "No Hands" communications to se- 
mi-quietareas...labs, file rooms, etc. Ima- 
gine: Two-way loudspeaking to high noise 
level areas. Imagine complete privacy with 
lockout and "camp -on" busy lamp. For the 
full Taskmaster story, write, wire, or call, 

/i/ehoe /76011 :ttAau,te 
1SAR WEST CAMPBELL AVE. PHONE 
PHOENIX. ARIZONA 05015 602.264.1345 

SPECIALS 
BRAND NEW IC's 
FROM TEXAS-NATIONAL-MOTOROLA-FAIRCHILD 

780 SN 7400N Quad 2 input Nand gate 
780 SN 7402N Quad 2 input Nor gate 
880 SN 7404N Hex Inverter 
78t SN 7410N Triple 3 In Nand gate 
780 SN 7420N Dual 4 In Nand gate 
780 SN 7430N 8 input Nand gate 
780 SN 7440N Dual 4 input Nand Buffer 

3.68 SN 7441N BCD to Decimal Driver 
3.29 SN 7442N BCD to Decimal Decoder 
880 SN 7470F J -K Flip -Flop 
990 SN 7472N J -K Master Slave Flip -Flop 

1.29 SN 7473N Dual J -K Master Slave Flip -Flop 
1.29 SN 7474N Dual D type Edge triggered Flip - 

Flop 
2.59 SN 7475N 4 Bit Bistable Latch 
1.49 SN 7476N Dual J -K Master Slave Flip -Flop 
3.29 SN 7483N 4 Bit Binary Full Adder 
2.98 SN 7490N Decade Counter 
2.98 SN 7492N Divide by Twelve Counter 
2.98 SN 7493N Divide by Sixteen Counter 
3.29 SN 7495N 4 Bit right and left register 

POT PC BOARDS CRAMMED Q WITH DUAL INLINE 6.7 LUCK IC's and DIODES 

SUPER SPECIAL 
SN 7473N IC's removed from 

89 new equipment untested v7 
Cash with order for these special 
prices-We pay the postage. 

GJ 
ELECTRONICS 

P.O. BOX 1202 

San Mateo, Calif. 94401 

ance and detracts considerably from 
the smoothness of the recording. This 
situation can also mar the finished 
recording by requiring an excessive 
amount of gain riding when the 
recorder is re -started if there is much 
difference between the peak amplitude 
of the previous selection and the cur- 
rent selection, as is often the case 
when recording from a tuner. Since it 
is not always convenient to place 
markings on the recorder level con- 
trols, especially when recordings are 
made from more than one source as 
in even mildly complex music systems, 
it becomes convenient to add an atten- 
uation control that operates indepen- 

+24V 

RECORD I 

HEAD I 

DRIVER I ATTENUATION 

GANGED TO 
SECOND 

CHANNEL 
FROM 
BIAS 

SUPPLY 

TO 
RECORD 
HEAD 

dently of the existing recorder level 
controls. 

Such an auxiliary control should 
vary the gain of the recorder from 
zero to whatever levels have been set 
by the regular recorder controls while 
introducing a minimum of insertion 
loss and other undesirable effects. Fig- 
ure 1-a illustrates an arrangement that 
has been successfully used for some 
time on a custom-built preamp that 
drives a modified tape deck for spe- 
cial-purpose recordings. The attenua- 
tion control is inserted between the 
record head and its driver, be it tube 
or transistor. Neither the taper nor the 
value of the pot is important so long 
as it is several times the resistance of 
the amplifier load resistor. Of course, 
in a stereo system, the two sections of 
the pot should be identical. 

Figure 1-b shows how to insert an 
auxiliary level control externally if no 
room is available on the record preamp 
itself. Take care in choosing R l . It will 
introduce too much loss if it is of a low- 
er resistance than the input impedence 
of the recorder, while it may tend to ex- 
hibit nonlinear frequency character- 
istics if it is made too large. The latter 
consideration will not normally 
present a problem as this control will 
usually be either fully on or fully off, 
but in the event that this situation be- 
comes objectionable a small capacitor, 
Cl may be added as shown to im - 
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CIRCUITS 
prove the frequency linearity of the 
circuit. The exact value of Cl will 
vary with the impedance and cable 
lengths involved and is best found by 
experimentation. It will usually be on 
the order of a few hundred picofarads 
tor most high -impedance circuits. 

In operation, the ATTENUATION 

control is set to its minimum loss posi- 
tion (normally fully clockwise) and 
the record levels are set using the nor- 
mal source and recorder gain controls. 
Thereafter, if the recording must be 
interrupted, smooth transitions are 
made using the ATTENUATON control 
only. The recorder gain controls are 

CI 

(SEE TEXT) 

o 

T0 SOURCE 

o 

I 

MEGi.\ 

o 

TO RECORDER 
INPUT 

o 

ATTENUATION 

GANGED TO 
SECOND 

CHANNEL 

b 
not disturbed unless the level of the 
program material changes. This ar- 
rangement has proven to be invaluable 
when making recordings off -the -air 
that include undesired commentary or 
commercials. This simple circuit, used 
with slow bias buildup to eliminate 
clicks when the tape is started, makes 
it almost impossible to tell when the 
tape has stopped to preclude recording 
unwanted material. J. Chamkis 

AMPLIFIER PROTECTOR CIRCUIT 

Some of the earlier solid-state 
power amplifiers lack circuitry to pro- 
tect the power transistors against dam- 
age if the amplifier is overdriven or if 
its output terminals are shorted. This 
circuit, described by Mr. L. Paal in 
Electronics Australia, is placed be- 
tween the power supply and the ampli- 
fier. 

- 50V 

Resistor RI, in series with the 
supply, is selected so the voltage drop 
across it turns on the SCR when the 
current through it reaches an unsafe 
level. When conducting, the SCR ap- 

pears as a partial short-circuit across 
the power supply and removes about 
60% of the voltage from the amplifier 
in about 4 µsec. The fuse blows in a 
few µsec and the lamp lights, in- 
dicating a short or overload. 

The rf choke, made by winding 
16 turns of No. 20 wire over a 1/4 - 

inch form, limits the in -rush of cur- 
rent to a safe value. In a 50 -volt sup- 
ply, the resistance of a 500 -mA fuse 
(around 1.5 to 2 ohms) limits the 

X 
+50V 

short-circuit current through the SCR 
to around 35 amps, well within the 
maximum -surge -current rating of the 
C106B1. Insert a resistor of about 2 
ohms at "X" for higher current sup- 
plies. Select a value for R2 to supply 
the correct voltage to the overload in- 
dicator lamp. R -E 

e%p`, fCeCeet 
Mnsistors. v` Speakers. 

Stereo, 
and PhoTo 

Cells 
nd 

thousands 

of 

other 

111 
Electronic 

1+' Parts. Send for 

FREE 
C ata lep 

113W111M WI 
ELECTRONIC DISTRIBUTORS INC. 
Dept. TA -2, 4900 Elston 
Chicago, III. 60630 

RUSH CATALOG 

Name 

Address . City State Zip Code 

emu 'imam 

The look, feel, and 
sound of tomorrow's 
CB radio. , , 

Here today in the all 
new Messenger 121! 
From the engineering that brought 
you the famous Messenger 100.. . 

a new generation of citizens radio 
equipment with even greater per- 
formance! New punch -button con- 
trols for instant channel selection. 
Voice tailored audio and acousti- 
cally isolated speaker for really clear 
sound. Plus exclusive Johnson 
speech compression circuitry, new 
ceramic filter, and more! 

You're going to hear 
more from.., 

1211 

JUHN1UN 
® Waseca, Minnesota 56093 

Circle 89 on reader service e card 

I'll send you 2 FREE BOOKS 
describing the opportunities 
in Electronics. 
My TOLL -FREE Number is 

800-321-2155 
(in Ohio, call 800-362-2105). 

For details about the famous CIE 
home -study courses in Electron- 
ics, see our ad on pages 28-31. 

Cleveland Institute of Electronics 
1776 East 17th Street. Cleveland, Ohio 44114 

SEPTEMBER 1971 
Circle 88 on reader service card 
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MARKET 
CENTER 
ECTROÑ 1< 

RADIO and TV Tubes 36¢ each. One year 
guaranteed. Plus many unusual electronic bar- 
gains. Free Catalog. CORNELL 4217-E Univer- 
sity, San Diego, California 92105 

RECEIVING & Industrial Tubes, Transistors, All 
Brands -Biggest Discounts. Technicians, Hob- 
byists, Experimenters -Request FREE Giant 
Catalog and SAVE! ZALYTRON, 469 Jericho 
Turnpike, Mineola, N.Y. 11501 

INTEGRATED CIRCUITS -Factory Prices, Cata- 
log 10¢. SILLING COMPANY, Box 6257, Seattle, 
Washington, 98188 

JAPANESE NEW PRODUCTS MONTHLY! $1.00 
Refundable. DEERE, P.O. Box 9308, No. Holly- 
wood. Calif. 91609 

SPECIAL Clearance Sale: Rectifiers, Transis- 
tors, small motors, electronic parts. Lowest 
Prices. Free catalog. GENERAL SALES COM- 
PANY (713-265-2369) 254 E. Main Street, 
Clute, Texas 77531 

MAGNETIC Reed Switches, for burglar alarms. 
Complete unit and magnet. Concealed $1.75, 
Standard $1.50. RADAR ELECTRONIC, Box 
4301, Hayward, Ca. 94543 

DISCHARGE Ignition, Photoflash. Free catalog 
parts, kits. TRANSPARK, Carlisle, Mass. 01741 

SAVE MONEY ON PARTS AND TRANSMIT- 
TING -RECEIVING TUBES, FOREIGN -DOMESTIC. 
SEND 254 FOR GIANT CATALOG. REFUNDED 
FIRST ORDER. UNITED RADIO COMPANY, 
56-R FERRY STREET, NEWARK, N.J. 07105 

CONVERT any television to sensitive big -screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO-A25, Box 10563, Houston, 
Texas 77018 

"AUDIO- HI-FI 
FIRST BREAKTHROUGH IN RECORDING TAPE. 
Originally made by America's leading tape 
manufacturer 2400' MYLAR, 7" reel, $2.29; 
1800' MYLAR, 7" reel, $1.69; 1200' ACETATE, 
7" reel, $.79. Write for quantity prices. AAE, 
218 Columbia St., Utica, N.Y. 13502 

B & K, Sencore test equipment, discount prices, 
Free catalog and price sheet. FORDHAM RA- STEREO TAPE TRANSPORT. Made for leading 
010, 265 East 149th Street, Bronx, NY 10451 manufacturers; 2 -speed; pause control; 7" reel; 

50-15,000 Hz; 0.25% wow and flutter; with rec- 
FREE electronics catalog. Tremendous bargains. ord/play and erase heads. Without case. Send 
EDU-KITS, Department C -264G, Hewlett, New m.o, or check for $19.50 to: AAE, 218 Columbia 
York 11557 Street, Utica, N.Y. 13502. Add $2.50 for prepaid 

shipping and insurance. 
TUBES, Transistor, Tapes. Get original Manu- 
facturers' Parts. TV, Radio, American, Japanese, 
Dealer Discount. MARCUS, 43-35 44th Street, 
Long Island City, N.Y. 11104 

RENT 4 -track open reel tapes -all major labels 
-free brochure. STEREO -PARTI, 55 St. James 
Drive, Santa Rosa, Ca. 95401 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services). 
90¢ per word . . - minimum 10 words. 
NON-COMMERCIAL RATE (for individuals who want to buy or sell personal items) 60¢ per word 

no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10¢ per word. 
Payment must accompany all ads except those placed by accredited advertising agencies. 10% 
discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not 

accepted. Copy for Nov. issue must reach us before Sept. 1. 

CLASSIFIED ADVERTISING ORDER FORM 

1 2 

6 7 

11 12 

16 17 

21 22 

26 27 

31 32 

f @ .60 Non -Commercial Rates) 
No. of Words l @ .90 Commercial Rate f-=', 

No. of Words in bold caps 
@ .10 -S- 

Total Enclosed 5 
Payment must ac - 

Insert tlme(e) company order un- 
less placed 
through accred 

Starting with Issue ited advertising 
agency 28 

3 4 5 

8 9 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 

NAME 

34 35 

ADDRESS 

CITY STATE ZIP 

SIGNATURF 
MAIL TO: RADIO -ELECTRONICS, CLASSIFIED AD DEPT., 
200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

U.S. GOV'T ELECTRONIC SURPLUS 
Nationally Known -World Famous SURPLUS CENTER offer. 

finest, most eapen,tre, Government Surplus electronic units an( 
components at a fraction of their original acquisition cost. 

IBM COMPUTER POWER SUPPLY J{- 
( ITEM 022.921 - - Expensive, regu _¢,' -) 

lated unit. Fine for college labs, research 
cd a shops, etc, Pure DC over uewide 

ge 
service 

ages. he output voltages s, 12, 
48, etc, Mule range of AC voltages available, ii 

' 
I 

ra sr r, rteesl tnsfoe, fille transistor load 
regulation system. Independent of line voltage 

F`I 

t - Contains e out 
l Unit furnished th l 11 

reg- 

ul card" h b easily made 

nished. 

"tera.F. 

be J. Data d circuitdiagramsfur- 
x12 x 10 .(125 Ihs I 

Cost Gov't $24.95 
Over 9500.00 

ONCE -IN -A -LIFETIME SPECIAL 

BURGLAR -FIRE ALARM SYSTEM 

r 

I ITEM PI 1ll-A 1 -- Duel slam 
- 

o 
--Iwl lë(iy:` system gives wanting of fire or break -M. . LUE' rates mi 11S -VAC. Conlml u 2- ,) '- '. treble flash tire. 2 -mercury column. 3F d,mr 

window actuators, alarm ben, 100 fr. wß$29.95 ...ire, instructions. a%a VW' a. n lbs., 

STANDARD DIAL TELEPHONE T{r 
(ITEM 0718)-- standard, commercial ,'7t7^rï 

telephone a as used os U.S.A. 
condition.se 

\\' 1 

flue polish pd nla Ilse rawstem' Use as Original 
0,Icnn'on phone to enrage 

together for Inral 
co sect cast 

tem. Iuil rnswctians are furnished Wt. 9tbs. 124.50 $7.49 

STEP-BY-STEP TELEPHONE SWITCH 111 

( ITEM 01-906 ) - Amceing lelephm,e selector 
switch. ureat experimental item. when used Myth ter,tt6 

telephone dial will select any number from 0 to too. ¡ 
Mahe intercom or private system. Use lo lam ,m remote r2. 
lights. start motors, etc. Complete with coma,( bank. 
13" x 0' x 3". 116 lbs.) Cost Over 090.00 j' 

'es $6.29 . eR 
Telephone dial for use with above sw,od,. ¢$.. 
Order as ( Rem crop I $1.97 

Z. 

l', 

MAGNETIC DIGITAL COUNTER (12 to 18-V DC) 
- I ITEM #2t,-259 r1 - ,tit otertrirnlis. 

1 f times door äs opened tier pa 1closed. show changing prices, labors- 

; 
r s 

-u t t lar nch wise .ne o s- it 1 r 10 er r t t unrl. i%' x le x t%. 
( Ito tbs. , o er'El Own each $1.99 -77 $4.99 

200 AMP., 50 VOLT, SILICON 
(ITEM #22-9E31-- A boor Star lmv! 

Magri. HeavyJuly u s, excellent for u' 
last chargers. 1,ighncurrent power .w111010 
ea" x liA"x I!1...'.i'-16 SAE mounting 

eList Over $17.00 

DIODE 
Now, Ladino 

,n m i_ 24-1011 
kitstems, rt'e 

AlIads.( l lb.) 

$4.99 

AC PROGRAM TIMING CLOCK 

( ITEM 0158 I -- zrnitb Iis, sr' unit. Fs, 
for periudir signaling. work breaks. classes. lulu 
On radio. e Ail f. A,. clips permit 111,OFF switching 
an lime t 244-hoto a iod. Alm. has k a ip--der' 
feature. Can multiple rammed. 15np. con - 

1(' lit x. x 4". (9 Ì5 .0 
tat tat , % v 6 s.1 

i S3.00 $15.75 user x.0 

e . .' 
' 

l - - - - 

- 

SNAP AROUND VOLT -OHM -AMMETER 
-1 ( ITEM 021.4441 - Measure* AC 0r,eu1 without 

opening Me line simply press handle and snap the p be 
flit rundurmr. Reads ell enta ,sin .2S 1 1esí 

Tes. amps. ,app t,cto. s C.:roue reads ones w 5wo 
ran es. Oith c a a c, 'Ili yea current ranges. er. vM4 

age ranges. With case. lest lends. TSa' % 3'. ex I%". 

$36.90 Reg19.9:. Price (21hs 1 

5'. 

SPECIAL SALE 

Correspondence -.P. 
Course In 

ELECTRICAL 
ENGINEERING$10.790.79 outside 

( ITEM 1/A180 I - - Obtain techotra( training 
In School has suspends. its Correspondence 
of rising costs. A limned number of Electrical 

aria Me, but without the a, grading 
10 lesson hooks. each with associated 

e 

pooh describing U winning mew 
benchfuoushed ar m, extra rust. 

) 
. 

us.A. 
al low cost, 

(bore& 
Engineering 
service. he 

and 
Experimental 

® 
Lincoln 
because 

100,5ee are 
ca 

standard narrasof 
IabomW0 

RUNNING TIME METER -- 
(ITEM 02188 1 - - Retard number or np- 

etin hours of electric tights and electricalrttl 
devicesh ,e refrigerators. (»mares, , 

Records Intal hours, tenth.. and hundredths nap 

to n 99.9» hours. For 115 -volt, 1ì(t -clef... -- 
Sire 4'.'ar's.2,,' sbipmne w ieht 21ós. $4.39 

l ., of K9. Up 

COMPUTER TRANSISTORS ON HEAT 
IBM Computer Qualify Units 

( 022924) -- roil consists of one 150s 
war power transit.. on hem ribbed, 
alum moon heat 11 

a , 

sulk. Many experimental perimental 
uses, (I MI 

(Mal Gov't Over eln.00 $1.99 

SINKS 

' . _e y1a.. --- -asr- 
t , 

.K ,,. 
- 

`" 

( 022-915) - chit consists or two tso -4 
watt power transistors, 2 pots., several 
dide. capacitors resistors etc- on heavy.,,"... -.......1.7 

lulu heat sinks Ideal for use as ribbed 
speed motor speed control. (4 lbs -1 ...sa 

Cost Govt Over 115.00 $4.91 '--r" 
All items shipped f.o.b. 

ÌF- y Order Direct From Ad. Money 

SURPLUS CENTER 
.._..2.02c-,.. DEPT. RE -091 LINCOLN, 

Lineoln. 

Bark 

Neer. 

59501 NEBR. 
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U 

Find the trouble 
faster... 

SERVICE AIDS 

P,.,,,,.-., T,.,..,,.. M 

FAST WAYS TO RESTORE A RASTER 

with Triad's latest 

Service Aid No.5: 
"Fast Ways to 

Restore a Raster." 
Here's an easy -to -read 8 -page 

Service Aid which will get you to the 
heart of the trouble faster than any 
treatise of its type for professional 
TV servicemen. Uses a direct and 
comprehensive approach to horizon- 
tal and high voltage problems. Helps 
you find the trouble and tells you 
how to correct it. Has many service 
tips that will prevent call-backs. 
Includes valuable information on 
both color and black -and -white TV. 

Write for your copy today - and 
also for Service Aid No. 4 on "Under- 
standing Related Circuits - Multiple 
Trouble." Previous Service Aids (or 
PTM's) are either being revised or 
have been updated into No. 5. See 
your Triad Distributor for all your 
replacement transformer needs, and 
get the Triad Catalog & Replace- 
ment Guide while you're at it. Triad 
Distributor Division, 305 North Briant 
Street, Huntington, Ind. 46750. 

NEW TRIAD 
1971/72 
CATALOG AND 
REPLACEMENT 
GUIDE 

triad Distributor Division 
tAIAo 

01 Ilion Industries 

48 

DREAM WORKBENCH 
(continued frone page 85) 

sit safely on a 12 -inch shelf. Mine works 
on the bench -top at present, under the 
shelf, but is going on a cart soon. 

That about takes care of the serious 
business of designing a workshop for 
maximum efficiency; the Ideal Shop, or 
as close as we can get to it. There's one 
more thing we really need, though, (and 
I'm only about half -joking). This is a 
good big junk -room! If we have say 5,- 
000 feet of floor space, we'll need 10,- 
000 feet for the inevitable junk. Thos, 
good old sets that we won't throw away 
because "there are a lot of good parts in 
there that I might need some day!" Hi! 

Offhand, I'd say that my own setup 
is about Ideal. I have an old building. 
125 feet long and 25 feet wide. Shop 
and storage space account for about 50 
feet of the overall length, and the rest is 
one monster junk -room! I wouldn't go 
so far as to say that I never throw any- 
thing away (That's my wife who says 

PARTS! 
Send For 

o,Pfe 

CORNELL'S 
New Color 

Catalog 
Pgs. New Items 

(CORNECO 

3 
IN LOTS 

per 
tube 

OF 100 

TUBES! 
36 tube 

ORDER FREE 
IF NOT SHIPPED 
IN 24 HOURS! 

4215 E UNIVERSITY AVE. SAN DIEGO, CALIF. 92105 

that!). I will admit that while looking 
for something the other day, I found a 
Grebe Synchrophase radio (Circa 
1925), a Majestic Model 20 radio 
(1928) and an RCA 630 TV set! 
Y'know, I'm gonna fix them one of these 
days, just as soon as I can get around to 
it! R -E 

"Gee, Dad . . . vivid red ... vivid 
orange ... vivid purple . . , 

Rebuild Your Own Picture Tubes? 

With Lakeside Industries precision 
equipment, you can rebuild any 
picture tubet 

For complete details, send name, 
address, zip codo to: 

LAKESIDE INDUSTRIES 
5234 N. Clark St. 
Chicago. In. 60610 
Phone: 312-271-3399 

R -E ON FILM 
Two sources of filmed back issues of RADIO -ELECTRONICS are now available. Please write the companies for further information. Microfilm editions are available from University Microfilms, 
A Xerox Company, Ann Arbor, Mich. 48106. Beginning with the January, 1969, issue, Micro- fiche editions are available from NCR Microcard Editions, Industrial Products Division, 901 26th St., N.W., Washington, D.C. 20037. 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

BCD COUNTER KIT con- 
sisting of: 
1 -PC Board 12707 
2-7476 IC's 
2 -Silicon diodes 
1 -Set of instructions 
When assembled by en- 
closed instructions, this 
kit will count pulses from 
0-9 in BCD. These boards 
can be connected in se- 
ries to count as high as 
desired. Example, two will 
count to 99, three to 999. 

$6.95 
ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs .4/$1.00 
LIGHT EMITTING DIODES (LED's) 
Infra red $1.50 
Visible $1.50 
Photo detectors for each $1.00 

TRIACS 
PRY 1A 10A 15A 

100 .40 I .70 1.00 
200 .70 1.10 1.40 
300 .90 11.35 1.80 
400 1.10 11.60 2.20 
500 1.50 12.00 2.60 

1 

NIXIE TUBES 
Similar to Raytheon 8754 
with socket & data sheet 

$4.75 

TIT IC SERIES 
7441 BCD DECIMAL 

DECODER $1.85 
7474 DUAL FLIP FLOP $ .85 
7475 QUAD BISTABLE 

LATCH $1.70 
7476 DUAL 1K MASTER - 

SLAVE 1K FLIP FLOP $1.00 
7490 DECADE COUNTER $1.85 
7492 DIVIDE BY TWELVE $1.85 
7493 4 BIT BINARY 

COUNTER $1.85 
7481 16 BIT MEMORY 

ELEMENT $2.00 
Silicon Power Rectifiers 

PRY 
1 

3A 112A 30A 
100 

1 
.09 

1 
.24 .40 

200 
I .12 I .28 .60 

400 1 .16 I .35 .90 
600 

1 .20 I .50 1.10 
800 

1 .28 1 .70 1.40 
11000 

1 .35 1 .90 
Terms: FOB Cambridge, Mass. 

Send check or Money Order. Include 
Postage. Average Wt. per package 
1/2 Ib. No. C.O.D.'s. Minimum Order 
$3.00 

DECADE 
COUNTER KIT 

CONSISTING OF: 
1 -NIXIE TUBE and SOCKET 
1-7490 1-7475 1-7441 

Specially priced at $9.95 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRV PRY 

100 .06 600 I .11 
200 ! 07 800 I .15 
400 I .09 1000 1 .20 

LINEAR CIRCUITS 
709C operational Amp .. $ .70 
741 operational Amp .. $1.00 
SE 501 Video Amp ..$1.00 
723 Voltage regulator ..$1.25 

Silicon Control Rectifiers 

PRY 1 3A 7A 1 20A 
1 

70A 
50 1.25 .28 

1 

.60 
1 

100 .30 .38 I .85 1 3.50 
200 .50 .60 1 1.10 1 6.50 
300 .60 .68 1 1.30 1 

400 .70 .75 
1 

1.50 1 9.50 
500 .80 .85 1 1.70 1 

600 .90 1.20 1 1.90 111.00 
TIS 43 General purpose Unijunctions 

2N3819 General$ .50 
Purpose N -Channel 

FET'S $ .45 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

OLID 
Post Office Box 74D 

TATE 
Somerville. Mass. 02143 Tel. (617) 547-4005 

Circle 95 oie reader service card 
SEPTEMBER 1971 
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KEEP PACE WITH SPACE AGE( SEE MOON SHOTS -LANDINGS, SPACE FLIGHTS, CLOSE -UPI 

,,.r,,46 AMAZING SCIENCE BUYS FREE 
for FUN, STUDY or PROFIT CATALOG( 

3 -CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous variety of 
unusual & beautiful lighting 
effects with this lots -cost 
top-quality 1500 -Watt unit 
(500 W. per channel). ('orn- 
pare with others selling for 
twice the price. Has pilot 
light, 'dos individual sensi- 
tivity controls and channel 
indicator lights. Can operate 
ten 150 W. "spots" or 200 
Christmas lights. Uses reg. 

house current-attarhes to audio source wiRCA-type phone 
plug. 51/4" a 6,4" x 2u. 2% lbs. 'Thermal setting plastic 
rase. 6 -ft. cord. Including emnplete instructions. 
Stock No. 71.223EH $44.50 Pod. 

PSYCHEDELIC LIGHTING HANDBOOK 
100 information packed 
pages! Fully explains latest 
In psychedelic lighting 
equipment, techniques. de- 
eelopntents. Covers all facets 
of psyv'iedelle light -show 
production including strobes, 
black lights. projectors, 
crystals. organic slides. ndr- 44 rocs. color organs, polarized 
color. light boxes. Nhtsic- 

Vision, etc. R11" x Il looseleaf paper for 3 ring hinder. 
Stock No. 910(iF N $3.00 Ppd. 

NEW ELECTRONIC CALCULATOR -$199.50 
Really terriOe imported 
value. Loaded with big ma- 
chine capabilities. 1st truly 
personal electronic calcula- 

tor. Absolutely silent an- 
swers in milliseconds. Use 
it anywhere-AC/l)('. Only 3 

lbs.-lisas2" high. Add. sub- 
tract. multiply, divide. per- 
form mixed calculations. 8 

digit entry sk- read-out w/I6- 
digit cap. Auto. precise to the decimal. Features under - 
flow. zero .suppression, minus signal for true credit balance, 
error et.rreet inn, keyboard roll over memory. Solid slate re- 
liability. nodular constr. 1 year guar. for normal use. 

Stock No. 78.000EH $199.59 Ppd. 

1st LOW-COST VACUUM PUMP! 
Nolhiug like ill Top-quality 
hand-held pump produces & 
Maintains 25" of vacuum. 
Ilas instant. release lab. lys" 
diarn. stainless gauge (0- 
31I") . 1011's of uses -siphon 
noxious fluids. evacuate hell 
jars and castings. clean, re- 
trieve. lift sterile objects, 
demonstrate Magdeburg 
hemispheres, bleed fuel 
lines. check leaks. etc. Lifts 

40 lbs. with included "T" Lifter (2% diam. cup) - 
mute More iv/larger cul. 
Stock No. 71.30IEH $12.00 Ppd, 
No. 71.900E H (without gauge/lifter) 5.50 Ppd. 

BLACK -LIGHT MIGHTY MITES 
Relatively small (12") fix- 
tures give surprisingly 
bright blacklight. Mirror - 
finished reflector makes In- 
stant starting 8 -watt. high - 
intensity bulb look like 
411 -wetter. Up to 5.000 
boors of safe. long -weave 
(3600A) black -light to really 
turn -on parties, light & 
theatrical show's, psychedelic 
decors, holiday decorations. 

Shockproof end -caps remove for safe. easy replacement of 
bulb and starter. Stands upright or hurizoulal. Alma. case. 
Stock No. 71,274EH $14.95 Ppd. 
DELUXE OUTDOOR/INDOOR MODEL 
Stock No. 71.299E14 $19.95 Ppd. 
INVISIBLE BLACK -LIGHT SPRAY 

You can't see it under nor- 
mal light. but under black - 

light, wow! It gives an 
eerie bluish -white glow to 
hundreds of things you'll 
think of for startling lumi- 
nous effects. Create party 
cost nines. decors lions. 
Sray hidden messages 
around. Use on plastic, 
glass wood. metal, styro 

foam, papier maché, even fresh flowers! Washes off with 
any dry-cleaning fluid. Net contents: 13 oz. (enough to 
cover a 7 ft. Christmas tree with plenty left over). 
Stock No. 71.276E4 $3.75 Ppd. 

MAIL COUPON FOR GIANTT.FREE CATALOG 
148 PAGES -1000's OF BARGAINS 
Completely new 1971 edition. New items, 
categories. illustrations. Dozens of electri- 
cal and electromagnetic parts, accessories. 
Enormous selection of Astronomical Tele- 
scopes, Unique lighting items, Microseope9, 
Binoculars. Alagni Oers. Magnets. Lenses. 
Prisms. Many war surplus items. Mail 
coupon fur c;nolos' "half.. 
EDMUND RCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON, N.J. 08007 

NA\Ih: 
ADDRESS 
CITY S'TA'l' NI IP 

AMAZING NEW WANKEL ENGINE KIT! 
Thrill to the tun at building 
your own see-through mo- 
torized model of revolution- 
ary pistonless type engine 

, as a 
only engine experts 

.. 

think economically modifi- 
able to meet new pollution 
standards. Replaces piston, 
cylinder. crank assemblies 
with rotating discs (sections 
removed for firing chant - to> 
hens). Smaller than emtventional: fewer parts, greater re- 
liahility. saute speed w/less horsepower. Feat : flashing 
Plugs. rubber fan belt, stick -shift on -off switch. Req. '-1.5V Batt. (trot incl. i. 
No. 71.424EH (41/s" x 5" x 9") $6.75 Pod. 
NEW! ELECTRONIC DIGITAL COMPUTER KIT! 
Solve problems, 11105 games, 
predict weather with this 
arnlal working model of 
giant electronic brains. 
Amazing new fun way to 

.. 

learn all about compttter 
Tirngranitn ing logic, 
decimal, binary systems. 
Laws of Sets -even do your 
men programming after com- 
pleting simplified 1111 page 
instructive booklet. Includes step-by-step assembly dia- 
grams. Circuits easily changed. lleadost from illuminated 
control panel. Req. 2 "D" balt. (not incl.). (test model 
we've seen for home, school. industry. 
No. 71,434EH (11" x 121/" x 4") $31.50 Ppd. 

TOP-QUALITY LOW-COST STROBE 
Create spectacular psyche- 
delic lighting effects with 
1111, genuine electronic 
strobe. Terrifie for Parties, 
special occasions, experi- 
ments , . perfect for com- 
bos. night clubs. dances, 
exhibitions. Adjusts from 1 

to In .short -duration flashes 
per .second -not a Make -shift 
mechanical device. Amaze 
friends with old -tinge movie everts. Best party ire -breaker 
ever- -"freeze" the action and "unfreeze" your guests. Practical too -cheek action of moderate -speed machinery. Xenon lamp gives one million flashes. fttig" diem. reflector. Uses reg lln- 1211 volt A.I'. current. Handsome solid wal- nut r hinet. P'." x lees" by 4". Send for Bulletin 98T5 - describes other startlingly new unique lighting effects. Stock No. 70,989E H $79.95 Ppd. Stock No. 71.041EH ...MEGA STROBE $149.95 Pod. 

CHROMATIC "MACHINE-GUN" STROBE 
Iced. Greco k blue light 
barrage the eyeballs every 
f, seconds with this Issu 
cost top-quality mechanical 
,)robe limn can run con- 
tinuously without fear of 
burning up. Dazzling eit'erts 
over 5150 fl. sq. area. Created 
by rotating color wheel in 
front of 1005-. 120V reflec- 
tor floodlangt (toil.) -etc - 

lems seen) to slash on & off as colors fluctuate. Turns 
tore Is inflows. posters, parties into flashing. tstdsating 

productions. Convection cooled. (tugged wrinkle finish metal 
case Adjustable hanger bracket. Reg. house current. 
No. 71.423EH (9" x 9" x 6") .. .... $32.75 Pod. 

1st QUALITY OPAQUE UNDER $200 
Terri fie Bus! Top (lualityt 
Projects brilliant, sharp 41_ 
ft. +q. image front S' using 
up pi 5-x7,- color. ls&w' il- 
ltstnuìons. Retains all ori- 
ginal colors, proportions. 
Enlarge- drawings coins, 
maps. etc. Revolutionary 
peanut -size quartz Ilalopsu 
lamp (511 hr. Wei. 310nun 
anastigmatic lens (f3.5. r 
F. I,.) unique internal re- 

cting se -lcm give maximum briglnuess. moire field 
focus, Iran be used upside down. 'Turbo -cooled. 5.2 ft. cord. 
Stock No. 71,272EH (Wt. 111/4 lbs.) $98.75 

ASTRONOMICAL TELESCOPE KITS 
Grind your own mirror for 
pmverful telescopes. Kits 
contain tine annealed pyres 
terror blank, tool, abra- 
sives. diagonal norms and 
eyepiece lenses Instruments 
von build range in value 
front $75 to hundreds of 
{dollars. 

aq" hiIAMltirElt-a:¿" Thick 
Stock No. 70.003EH 
0" DIAMETER -1" Thick 
Stock No. 70,0004EH 
8" DIAMETER -l'á Thick 
Stock No. 70,0005EH 
10" DIAMFTeR-I3í" Thick 
Stock No. 70.006EH 

$10.75 Ppd. 

$16.95 

$24.50 

$44.50 FOB 

WAR SURPLUS ELECTRIC GENERATOR 
Brand new Signal Coro - 

Model. Up to 90 volts lins 

turning crank. Ilse in high 
impedance relays. ('barge 
ground & bring Op night 
crawlers for bait or study. 

Alnico SIagnets alone now 
worth more than original :$1.5 

gOr't cost. 
No. 50,225EH .. (2 lbs.). 

$8.50 Pod. 

EDMUND 300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

4 

87 

lo 
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3 

65 
66 

81 
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MARKET 
CENTER 

STEAM, a bygone era captured on tape. The 
finest recording ever made. Now available reel to reel or cassette. Write CALTAPE Dept. H, 
P.O. Box 5716, Redwood City, Calif. 94063. 
$4.95 P.P. 

EDUCATION/ 
INSTRUCTION 

TV TUNER REPAIRS -Complete Course De- 
tails, 12 Repair Tricks, Many Plans. Two Les- 
sons, all for $1. Refundable. FRANK BOCEK, 
Box 3236 (Enterprise), Redding, Calif. 96001 

MEMORIZE, Study: 1971 Test -Answers" for 
FCC First and Second Class License. -plus- 
-Self -Study Ability Test." Proven. $9.95. COM 
MAND, Box 26348-E, San Francisco, Calif. 
94126 

INVENTIONS 
& PATENTS 

INVENTIONS Wanted. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

SCHOOL 
DIRECTORY 

GET INTO 

ELECTRONICS 
training leads to success as 

technicians, field engineers, specialists 
in communications, guided missiles, 
computers, radar and automation. Basic 
&. advanced courses in theory & labora- 
tory. Electronic Engineering Technol- 
ogy & Electronic Technology curricula 
both available. Associate degree in 29 
mos. B.P. also obtainable. G.I. ap- 
proved. Graduates in all branches of 
electronics with major companies. Starr. 
Sept., Feb. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 46383 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

Kit $49.50 Wired $75.00 Cover $4.95 List of FM 
stations that transmit "Music Only" programs 
$1.00. For complete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 07043 
phone 201.744-3387 

WANTED 
QUICK CASH . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N.Y. 10012, 
212 WALKER 5-7000 

GOVERNMENT 
SURPLUS 

JEEPS Typically from $53.90. . Trucks from 
$78.40 Airplanes, Typewriters, Boats, 
Clothing, Camping, Sporting, Photographic, 
Electronics Equipment. Wide Variety, Condition. 
100,000 Bid Bargains Direct from Government 
Nationwide- Complete Sales Directory and Sur- 
plus Categories Catalog. $1.00 (Deductible First 
$10.00 Order From Our Separate Included Cata- 
log.) SURPLUS SERVICE, Box 820-REL, Holland, 
Mich. 49423 

NOW GET "MUSIC ONLY" FM PROGRAMS 

Convert ANY FM TUNER to receive uninterupted 
Commercial free music being broadcast by many 
Stations. 

New three transistor plus "Phase locked loop" IC 
circuit gives you perfect reception. No tuned circuits, 
or critical adjustments. The 1 1/2" x 4" circuit 
board is powered from the tuner supply. +9 to 12 
Volts DC @ 10 Ma. required. 

Free list of FM Stations with SCA authorizations 
included. (List alone S.25) 

Kit only 514.50+ post. & ins. 
Wired and tested $25.00+ post, & ins. 

THOUSANDS SOLD 

Southwest Technical Products Corporation 
Box 32040 San Antonio, Tx, 78216 

FABULOUS DEVELOPMENT FOR SERVICING 
CASSETTE 6 TAPE CARTRIDGE EQUIPMENT 

*Improves performance 6 sound *Saves lime 
*Optically *Electro -Optically 

THE «OMMIMETERS for precision heeds «de n.. FREE 
'Ott)P, 

RAMKO RESEARCH Write fee 
1552 "E" ALBATROSS P.O. BO% E031 SACIO, CALIF. F5960 information 

COMPAQ 

NOW build your own 
Capacitor Discharge 
Ignition System for 
as little as $11.45! 
Circuit diagram in- 
cluded with special 
ignition transformer. 
TR -200 transformer 

6 or 12 volts 11.45 
Complete COMPAC KIT 

6 or 12 volts 25.95 
(as described in 

POPULAR ELECTRONICS -Nov. 1966) 
FREE LITERATURE on all SYDMUR "CD" Systems. 

SYDMUR-P.O. Box 25, Midwood Station, 
Brooklyn, N.Y. 11230 

FREE: CHOOSE 

ANY 
$1 ITEM 

FREE WITH ANY $10 ORDER 

WORLD'S 
MOST POPULAR 

Cl 100 Plastic Transistors, TO -18 Pop,no test$T.98 25 Dual In Line 7400 Series "ice", no test 1.98 
10 709, 723, 741 "GOLD" TO -5 IC's no test1.00 100 GE i -AMP Silicon rect. to 1000 volta, 1.98 
6 Dual in line 709, 741 w/sheet, no test 1.00 , 4 2N4269 Nixie tube driver transistors; 1.00 
1 PHOTO Electric FET 2N3370, P -Channel 1.00 
5 1 -AMP SCR KIT, 15V,30V,60V,1004,150V, SI 
5 - Varactor diodes, 10, 20, 30, 40, 50 p F 1.00 D 1 -"PUT" Programmable unijunction .. - . 1.00 8-1 AMP 1000 PIV -ail, 'rectifiers . 1.19 

D 2 - 2N3370 FET, N channel TO -18, metal .1.00 
2 - 2N2608 FET, P channel TO -18. metal .1.00 
2 - 2N2646 Unijunction, plastic 1.00 

11 2 - 2N3819 FET, N channel, plastic 1.00 
5 - ER -900 Trigger diodes sees, triacs 1.00 2 - 2N3277 FET. P channel, metal TO -5 1,00 

GIANT SALE ON NEW TTL 
TEXAS & NATIONAL ICs 

Type Description Sale SN7400N Quad NAND 
SN7401NOpen coll. out 45 

5.445 

5N7402N Quad NOR gate .45 5N741ON Triple 3 in. gate .45 
5N7420N Dual 4 in. gate .45 5N7430N R input gate -45 
SN7440N Dual 4 in. buffer ,45 5N7441N BCD -Nixie driver 1.95 5N7473N Dual J -K flip flop .88 D SN7474N Dual "D" flip flop .88 

O 5N7475N Quad latch 1.95 
514747614 Dual J -K flip flop 

Cl - Decade counter 2.25 
O WRITE. for "IC"' bargain catalog 

PIV 
50 

100 
200 
400 
600 
800 

1000 

1Amp 2Amp 3Amp 
3.05 3.05 5.08 
.06 .06 .12 
.07 .07 .15 
.09 .09 .22 
.12 .12 .28 
.15 .16 .39 
.18 .22 .59 

EPDXY 
SILICON 

RECTIFIERS 

"FLAT PAK" EPDXY 
THYRISTORS (SCRS) 
PRV 5 -Amp 

50 9.49 
100 .69 
200 .85 
300 .95 

PRV 
400 
500 
600 

5 -Amp 
$1.10 

1.25 
1.35 

eeliSi,nllar to 

RCA gp5p4 

LIGHT EMITTING DIODES 
INFRARED "LED" ... $1.45 _'t'° 
INFRARED SENSOR w .88 e 
VISIBLE "LEI)" 1.45 ostt)` 
VISIBLE SENSOR a .88 ne 

G -E 3.5W AUDIO 
"IC DIP" AMPI 

Type PA -26:5, 3.5w cont. duty. 9-00-30v $3.95 
supply. For phono, tape, 3 for $10 stereo 

COUNTING SYSTEM 
"DIP" COUNTING 
SYSTEM 
Includes SN7490, 
SN74a1, SN7475 

3 -pc. Kit .. $4.95 
4 -pc, Kit .. $ 8.88 

vA-263 , 

4 -pc. kit with 
Nixie tuhe 

NIXIE TUBE 
BURROUGHS 

$4.50 
3 ror $13. 
Type B-5441 with decimals 0-9 wide 
angle numerals, 16 pins. 

709 OP -AMP 
75e 

3 for 82.00 
Dual in line 
TO -5 case 
Flat yak 

723 VOLTAGE 
REGULATOR 

$1.50 
3 for $3.75 

Positive or negative. 0 - 
to -40V, 1 -watt. 160ma. 

741 OP -AMP 
$1.19 3 for $3 
G Dual in line 

TO -5 cane 
09, fret. r rots. 

6 -AMP FULL WAVE ReCTIFIERS 
l'ISV S 11.1! l'RV SALE 

] 50 8.88 
i 100 .99 600 1.75 

200 1.25 800 1.95 
400 1.50 - 

1000 2.25 ®t 

PARTS PARS 

Dual 709.91.49 
Dual 741 . 1.98 

[J 15e CATALOG on fiber Optics, 'ICs', Semi's, Parts 
Terms: add postage. Rated: net 30, cod's 25 e 
Phone Orders: Wakefield, Mass. (617) 245-3829 Rotall: 211 Albion St., Wakefield, Mass. 

POLY PAKS P.O. 80X 942 R 
IYNNFIELD. MASS 

01940 

SEPTEMBER 1971 
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three in one... 
INTERNATIONAL'S 

6024 FREQUENCY METER 

SECONDARY FREQUENCY STANDARD 

SfGNAL GENERATOR 

POWER METER 

The 6024 packs three test instruments into one 

small package for fast, professional servicing on all 

makes of Citizens Radio transceivers. You have at 

the flick of a switch, a SECONDARY FREQUENCY 

STANDARD, range 26.965 to 27.255 MHz with 

Counter Circuit, zero to 2500 Hz; SIGNAL GEN- 

ERATOR, 26.965 to 27.555 MHz and DUMMY LOAD/ 

POWER METER, up to 5 watts. 

Order your International 6024 today! 

Complete with connecting cable, dummy $ 
load, rechargeable battery and charger. 34500 

PRACTICAL 

CB RADIO 
SERVICING 
A reference 
manual for CB'rs, 
servicemen and students 

This book covers virtually every 
servicing problem faced by CB 
radio enthusiasts, technicians, 
servicemen, and students.. It pro- 
vides all the theory and detailed 
procedures needed to repair and 
maintain equipment in a profes- 
sional manner. Ideal tool for spot- 
testing and trouble shooting. 
Complete with tables and charts. 
$4.75 postpaid 

WRITE FOR CATALOG 

INTERNATIONAL 
t ' T 

CRYSTAL MFG. CO.. INC. 
10 NO. LEE OKLA. CITY. OKLA. 73102 
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We make the microphone/. too. 

Since our job is to make your job easier, we've developed an entire line of 
ingenious, low-cost circuitry devices that take the headaches out of tough 
installations. For instance, Shure makes nearly a dozen different -type 
modular add-on Mixers, including a professional mixer. They're the talk of 
the industry. We offer an Audio Control Center to shape response to match 
room acoustics. Our Level-Loc effectively controls audio levels. In -line 
transformers, and plug-in problem solvers (such as phase reversers, atten- 
uators, etc.) are instant cures for knotty problems. Interested? Write 

Shure Brothers Inc., r 
222 Hartrey Ave., Evanston, III. 60204. A 

Circle 9/ uci reader .service card 
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When it comes to performance, styling, 
ease of installation, and dealer 
acceptance, our new TV A'tenna System 
Accessories are getting great reception. 
Every accessory is advanca-engineered 
by RCA to meet rigid performance 
standards. Amplifiers are designed with 
all -solid-state circuitry to insure the 
ultimate in performance, witn built-in 
protection against lightning -induced 
surges. Couplers and transformers are 
designed for minimum insertion loss, low 

VSWR, and maximum isolation. 
Every model has our "new-look" styling 
in molded high IMPAC'® plastic. 
Mounting is simplified, thanks to our 
unique "slip-on" clamps. All connections 
are solderless. Mounting hardware, 
connectors and instructions are included 
with every model. All 75 ohm devices are 
supplied with universal connectors for 
use with regular RG 59/U or the new 
low -loss foam coaxial cables. 
RCA Antenna System Accessories meet 

every small -system reception 
requirement, from a simple 2 -set coupler 
to a complete amplified, 82 -channel 
multi -outlet distribution system. 

The reception's always great with RCA. 
See your RCA distributor. You'll like 
his reception, too. 

Parts and Accessories Deptford, NJ 

RCAAntenna System 
Accessories 
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