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h YEAR of leadership 

for Radio -Television 

pus 

SPECIAL CUSTOM DESIGNED TRAINING 
EQUIPMENT INCLUDED 

Since NRI pioneered equipment units to provide 
ACTUAL ON- THE -JOB EXPERIENCE in home training, 
NRI instructors have invested many thousands of man 

hours in testing, changing, retesting, improving NRI 

equipment to simplify and speed training. Unlike other 
schools "stock" or "standard" equipment is not good 
enough. NRI equipment is custom designed EXCLU- 
SIVELY FOR TRAINING. It demonstrates theories, cir- 
cuit action, defects; you get experience in operation, 
maintenance, trouble shooting. 

These Men Trained for Success 
with NRI -YOU CAN, TOO 

"I want to thank NRI for making it all possible," says Robert 
L. l'Heureux of Needham, Mass., who sought our job con- 
sultant's advice in making job applications and is now an 
Assistant Field Engineer in the DATAmatic Div. of Minneapo- 
lis- Honeywell, working on data processing systems. 

His own full -time Radio -TV Servicing 
Shop has brought steadily rising income to Harlin C. 
Robertson of Oroville, Calif. In addition to employing a 

full -time technician, two NRI men work for him part -time. 
He remarks about NRI training, "I think its tops." 

Even before finishing his NRI training, Thomas F. Favaloro, 
Shelburne, N.Y., obtained a position with Technical Appli- 
ance Corp. Now he is foreman in charge of government 
and communications divisions. He writes, As for as I am 
concerned, NRI training is responsible 
for my whole future." 

"I can recommend the NRI course to 
anyone who has a desire to get 

ahead," says Gerald L. Roberts, of Champaign, Ill., whose 
Communications training helped him become an Electronic 
Technician at the Coordinated Science Laboratory, U. of 
Illinois, working on Naval research projects. 

NATIONAL RADIO INSTITUTE 
Oldest and largest school of its kind 

1 

2 
3 

4 

5 

6 

1 

8 

9 

10 

Choose From NRI'S 

Specialized Instruction Plans 
Television -Radio Servicing 
Learn to fix black- and -white and color sets, AM -FM radios, stereo 
hi -f, etc. A profitable field for part or full -time business of your own. 

Industrial -Military Electronics 
Learn Principles, Practices, Maintenance of Electronics equipment. 
Covers computers, servos, telemetry, multiplexing, other subjects. 

Complete Communications 
A comprehensive program for careers in broadcasting or mobile, 
marine, aviation communications. Learn to operate, maintain trans- 
mitting equipment. Prepares for FCC License. 

FCC License 
Prepares you quickly for First Class license exams. Every communica- 
tions station must have licensed operators. Also valuable for Service 
Technicians. 

Math for Electronics 
A short -course of carefully prepared texts going from basic arith- 
metic to graphs and electronic formulas. Quick, complete, low in cost. 

Basic Electronics 
Abbreviated, 26- lesson course covering Automation -Electronics, 
TV Radio language, components, principles. Ideal for salesmen, 
hobbyists, others. 

Electronics for Automation 
For the man with a knowledge of basic electronics who wants to 
prepare for a career in process control, ultrasonics, telemetering 
and remote control, electromechanical measurement, others. 

Aviation Communications 
For the man who wants a career in and around planes. Covers 
direction finders, ranges, markers, loran, shoran, radar, landing 
system transmitters. Prepares for FCC license. 

Marine Communications 
Learn to operate, repair transmitters, direction finders, depth indi- 
cators, radar, other Electronic equipment used on commercial and 
pleasure boats. A growing, profitable field. Prepares for your FCC 

license. 

Mobile Communications 
learn to install, operate, maintain mobile equipment and associated 
base stations as used by police, fire departments, taxi companies, 
etc. Prepares for FCC License. 

SEND FOR 
THESE 
TWO 
NEW 
BOOKS 

TECHNICAL 

INSTRUCTION 

and EQUIPMENT 

Read the story of NRI's 50 years of pioneering 
and leadership in training men at home for 
careers in Electronics. Read about NRI's phi- 
losophy of training; its reputation among 
leaders of the Electronics industry; read about 
our specialized instruction plans and see pic- 
tures of equipment you get. Whatever your 
age or status, the continuing increase in career 
opportunities in the ever -growing, ever- chang- 
ing Electronics industry should interest you. 
Mail the postage -free form today. 

www.americanradiohistory.com

www.americanradiohistory.com


your next customer: 

You can't know if he'll be smil- 
ing or angry, wearing a suit or a 
sports shirt, or driving a 6 or an 8. 

One thing you can be reasonably 
sure of, though. You'll be able to 
service his radio with Delco parts. 
That's because nearly half the 

cars on the road -around 
25,000,000 of them -have Delco 
radios. And you can service most 
other kinds of radios with Delco 
parts, too. The line is that broad. 
What does this mean? Simply 
that it makes good sense to stock 
and use genuine Delco parts. For 
better servicing. For fewer cus- 
tomer complaints. For the con- 
venience of getting most of the 
parts you need quickly and reli- 
ably from one source : your United 
Delco supplier. 

Call him today for our big de- 
tailed catalog. (To learn who your 
nearest United Delco supplier is, 
phone any of the numbers listed 
below. Ask for the Zone Service 
Manager.) 
Delco Radio electronic service 
parts and electro- mechanical de- 
vices are distributed nationally 
through United Delco. 

Dele co vnitecl 1+ Delco 
Atlanta Cedar 7 -1501 Dallas Fleetwood 2 -8471 Cincinnati Cherry 1 -2310 
Boston Wells 3 -3100 Cleveland 671 -6460 Charlotte Edison 4 -8671 
Chicago 437 -5300 Denver Keystone 4 -0273 Jacksonville Exbrook 8 -5755 
Detroit 584 -1025 Indianapolis Melrose 6 -4351 Houston Jackson 6 -4338 
Los Angeles Dunkirk 5 -6487 Buffalo TF 2 -5362 Washington, D.0 Juniper 8 -7494 
Minneapolis 331 -4811 Philadelphia Garfield 3 -8200 El Paso Keystone 3 -1651 
Newark 297 -3300 St. Louis Jefferson 3 -4230 New York Judson 2 -3824 
San Francisco Landscape 6 -8221 New Orleans 523 -4281 Kansas City Fairfax 1 -3900 
Seattle Parkway 2 -4477 Pittsburgh Court 1 -6551 

Omaha 558 -0225 
Memphis Jackson 5-6471 

October, 1964 CIRCLE NO. 123 ON READER SERVICE PAGE 
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RCA CERAMIC -METAL BEAM POWER TUBES 

Have the ruggedness and reliability today's mobile communications require 

RCA Cermolox=' beam power tubes take up where conventional tubes cave off. Dc- 

signed specifically for "space -age" communications applications they offer greater 
power and higher frequency capabilities... are exceptionally rugged, compact, and re- 

liable. Incorporating many Cermolox construction features, the new RCA -8072, -8121, 

-8122, and -8462 Ceramic -Metal types offer outstanding performance with economy in 

mobile communications. 
These four... each packing more RF power than previously available in ILbes of 

comparable size...have a one -piece, precision- aligned grid structure that is resistant to 

shock and vibration, and permits high power output with low driving power. Stronger 
than the ceramic itself is the ceramic -metal seal. Heater design assures dependable per- 

formance whether the battery is charging or discharging. Coaxial -electrode structure 
contributes to both tube strength and efficient high -temperature operation. Electrical 
characteristics are enhanced by the tripod arrangement of unipotential cathode and 
grid -No. I leads. 

Investigate all of the RCA Ceramic -Metal power tubes. Ask your RCA Distributor 

today for the RCA Power Tubes Catalog (PG- 10IF). 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON,N.J. 

\ The Most Trusted Name in Electronics 

TYP CAL OPERATION 
CLASS C TELEGRAPH OR FM TELEPHONE SERVICE 

Type Cooling 

Maximum 
Plate 

Dissipa. 
lion 

(watts) 
Plate 

(volts) 

Fre- 
fluency 

(Mc) 

Useful 
Power 
Output 
(watts) 

8072 
Canduc 

fion 
100' 700 

50 
175 
470 

110 
105 

85 

8121 
Forced- 

air 
150 1500 

50 
470 

275 
235 

8122 Forced- 
air 

400 2000 50 
470 

375 
300 

8462 
(Quick- 

heating) 

Conduc- 
lion I00' 700 

50 

470 

110 
105 

'May be higher, depending on heat-sink design 

AVAILABLE THROUGH YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR 
FOR i'JAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR 

NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE -New York, N. Y.: 36 W. 49th 

St., 07121 MU 9 -7200; Needham Heights 94, Mass.: 80 "A" St., (617) HI 4 -8480; Wash. 

ington. 6, D. C.: 1725 "K" SI., N.W., (202) FE 7.8500; Atlanta, Ga.: 134 Peachtree St., 

N.W., (404) JA.4 -7703; Cleveland, Ohio: 1621 Euclid Ave., 1216) CH 1 -3450; Chicago, Ill.: 
Merchandise Mart, (312) 467 -5900; Dallas 7, Texas: 7901 Carpenter Freeway, 12141 ME 

1.3050, Kansas City 14, Mo.: 7711 State Line, (8161 EM 1 -6462; Holly- ..00d, Calif : 6363 

Sunset Boulevard, (213) 461.9171: San Francisco 2, Calif.: 420 Taylor St., (415) PR 5- 5135 -6 -7 

i 
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Operation of a rotating -head portable tape recorder that is being 
widely used for educational, medical, and industrial applications. 
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How Linear is Your Sweep? 

Enlarger- Phototimer 
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OPTICAL 
SCANNERS 

».»....I..1119... 111.9 
.,.., «,.,a, aa,..Ma=.,,11.. 

THIS MONTH'S COVER sym- 
bolizes the mechanical 
scanning system used in 
some Farrington readers (op- 
tical scanners). As the 
printed document moves 
through the reader, the num- 
bers are illuminated and 
imaged on a photomultiplier 
tube through an optical sys- 
tem and a rotating scanning 
disc and a fixed plate slit. A 
second light source, shining 
through the slits in the 
scanning disc, causes a mul- 
tiplier tube to produce a 

timing signal. The output 
signals are applied to logic 
circuits where character 
recognition takes place. For 
details, see page 33. (Il- 
lustration: Otto Markevics.) 
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NEED 
EXTRA 

INCOME 

SELL AUDIO 
COMPONENTS 

SUCCESSFULLY 
Who's the Garrard rep in Minnesota? 
What's the price on Apparatus Development's 

strap -type stand -offs for holding antenna wire 
away from a roof -top mast? 

You have a technical question about a Pick- 
ering cartridge and want to write to the chief 
field engineer. Who is he? 

"Ekkofon" is the trade name for what man- 

ufacturer? 
All of the answers to these questions - and 

thousands like them - can be found in one 

reference book: the Sound Industry Directory. 
The Directory is issued by the publishers of 

HIGH -FIDELITY TRADE NEWS. The 1964 Edition 
lists over 2,360 products with descriptions, 
specs and prices. About 200 manufacturers of 
audio equipment are listed, with addresses, 
names of key personnel, and, in many cases, 
their sales reps. There are cross -indexes, store - 
tested merchandising tips, and everything to 
lead the reader through the complexities of 
this many -faceted industry. 

One more thing. The Directory is printed on 

heavy stock with a sturdy cover. Limited edition 
available while supply lasts. Send $5.95 (post- 
paid per copy) to Ken Nelson, Sound Industry 
Directory, 25 W. 45th St., New York 36, N.Y. 

- -rt-$ 

uunv 
OUSE 
. RECTORY 

The 

tábuying 

guide 

trade's 
audio 

Send to Ken Nelson, Sound Industry Directory 

25 W. 45th St., New York 36, N.Y. 

NAME 

ADDRESS 

COMPANY NAME 

$5.95 Enclosed 

CIRCLE NO. 220 ON READER SERVICE PAGE 
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COMING 
NEXT 

MONTH 

SEMICONDUCTORS FOR 

POWER SUPPLIES 
Which semiconductor rectifier should be 
used in which circuit? William Gutzwil- 
ler of G -E's Rectifier Components De- 
partment, discusses this problem and 
points out the proper choice for specific 
applications. 

SCR AUTOMOTIVE IGNITION SYSTEM 

Complete details on the construction of 
a capacitive discharge ignition system, 
using a silicon controlled rectifier. 

TRANSISTORS VS TUBES 

IN TWO -WAY RADIO 
Will transistors replace tubes in 2 -way 
systems? Howard H. Rice of Motorola 
presents the many pros and cons. 

COMPUTER INPUT -OUTPUT 

EQUIPMENT 
The central computer communicates 
with its human user by means of mag- 
netic tape, punched -card machines, per- 
forated tape, and various high -speed 
printers. Ed Bukstein explains how this 
is done. 

COMMUNICATING IN A 

HIGH -NOISE ENVIRONMENT 

Robert P. Devaney, Systems Engr. of 

El( ics1.olt 

Roanwall Corp. tells how to improve 
communications in a high -noise environ- 
ment. Most communications systems use 
microphones, usually in relatively quiet 
areas. When vocal communications must 
be established from noisy locations, the 
choice of microphones, earphones, and 
communications unications systems is critical. 

VIBRATION INSTRUMENTATION 
Unwanted vibration in a mechanical 
component usually spells trouble -if not 
corrected in tinte. Various ways of detect- 
ing the different types of vibration are 
discussed in this article. 

SHIELDED CABLES 
There are many types of shielded cables. 
This article discusses their characteris- 
tics and points out how to make the 
proper choice of cable for a specific ap- 
plication. 

AUDIO -COMPRESSION PREAMP 
Jess C. Wright of Cubic Corp. describes 
the design and construction of a circuit 
using negative feedback to produce 20 db 
of audio compression with low distortion 
and wide frequency range. The circuit 
can be used with low -level microphones 
in p.a., recording, and modulator appli- 
cations. 

All these and many more interesting and informative articles will he yours 
in the NOVEMBER issue of ELECTRONICS WORLD . on sale October 20th. 
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Tips for Technicians 
Mallory Distributor Products Company 

A division of P. R. Mallory & Co. Inc. 

Indianapolis. Indiana 46206 

How to break the 
capacitor replacement habit 

October, 1964 

Ever hear of "original capacitor- itis ?" It's a habit 
that has been plaguing service technicians for decades. 
Here's what it means. If you need to install a new 
capacitor, you automatically get one exactly like the 
one that was in the circuit. The original capacitor, 
in theory, is the best one for the job. 

But ... it ain't necessarily so. And breaking the 
habit can often save you money. 

When you need to replace a mica capacitor. for 
instance . .. consider ceramics. They'll often do a 
better job, for less cost (and we mean up to ,16 as 
much) than mica capacitors in most circuits. Ceramic 
capacitors often give you an extra safety factor in 
voltage rating, too; except for a few miniature and 
special types, their standard rating is 1000 volts DC. 
Some up to 30 KV. You can almost always replace 
mica with ceramic. But ... you seldom can replace 
ceramic with mica, because ceramics are often selected 
by original equipment designers for temperature 
compensating functions. 

Don't forget to think of ceramics, too, when you 
need to replace a molded tubular capacitor. They 
cost about the same or even less, value for value. 
If you've got 'em, you can use 'em. 

Here are two tips that may save you time and money. 

First ... when you're replacing a capacitor, all you 
need 9 times out of 10 is the same microfarads and 
voltage rating. Not a round one. Or a square one. 

Second ... when you need capacitors, see your 
Mallory Distributor. He carries not only a complete 
line of Mallory Discap''' ceramic capacitors ... the 
finest in the industry . .. but also Mallory GEM'' 
and PVC "' Mylar* tubulars. Plus Mallory electro- 
lytics, batteries, volume controls, switches, semi- 
conductors. All of them at famous Mallory quality, 
at sensible Mallory prices. 

'Registered Du Pont Trademark 

CIRCLE NO. 129 ON READER SERVICE PAGE 5 
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The antenna that challenges 
NEW gld 
"COLOR- V 
BY 

F 71 VG 
Finco's Color Ve -Log challenges all competition on color or black and white reception and 
stands behind this challenge with a "Guarantee of Supremacy ". The swept element 
design assures the finest in brilliant color and sharply defined black and white television 
reception - as well as superb FM monaural and stereo quality. FINCO precision - 
engineered features make these advanced - design antennas indispensable to good home 
sight- and -sound systems. And, of course, they carry the famous unconditional guarantee 
from the leading manufacturer in the field - FINCO. Promote the Color Ve -Log 
Antennas with pride, sell them with confidence, and profit handsomely. 

One -piece cross -over drive line as- 

sembly has no joints between adja 
cent driven elements. Eliminates 
loose connections, shorts, broken 
drive line sections. Polystyrene 
snap -lock spacers, with center 'air 
insulator' space. 

Elements are made of triple thick 
aluminum to stand up in severe 
weather. Die stamped bracket fas- 
tened with tough, thick -gauge rivet 
holds proportional length sleeve 
reinforcing shell into which ele- 
ment fits. 

First from Finco and exclusive - 
double contact between drive line 
and driven element bracket assem- 
bly for perfect drive -line support 
and electrical continuity. Positive, 
vibration -free, non - corrosive con- 
tact. 

Boom reinforcing back up brackets 
at elements add triple strength to 
the riveted assembly, mounted on 
a rigid, non -crushable 1" heavy 
duty square boom. Boom rolled 
square from 11/4" diameter round 
aluminum for increased strength. 

Write for color brochure #20 -307, Dept. 410 
6 ELECTRONICS WORLD 
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t V L -10 
9 driven elements 
1 parasitic element 
List price $34.95 

Featuring Finco's Exclusive Gold Corodizing 

Finco's boom -mast bra:ket rust - 
proofed by zinc plate -gold di -chro- 
mate dip process, is the finest 
available. It has positioned cleats 
to assure sag -free positive direz- 
tion of the antenna. Locks tight. 
Can't tilt. Antenna stays in proper 
position at all times. 

High impact polystyrene insulators 
ar reinforced with strong alumi- 
nLm shields. This gives quadruple 
st ength in supporting triple -thick 
snap -in elements. Lifetime assem- 

ble with fitted aluminum cup to 
hcld oversize aluminum rivet. 

VL -5 
5 element VHF -FM 
5 driven elements 
List price $16.95 

11 

VL -15 
15 element VHF-FM 
9 driven elements 
6 parasitic elements 
List price $46.95 

1.1 VL -7 
7 element VHF -FM 
7 driven elements 
List price $23.95 

V L-18 
18 element VHF -FM 
9 driven elements 
9 parasitic elements 
List price $54.50 

The FINNEY Company 34 Interstate Street Bedford, Ohio 
October, 1964 CIRCLE NO. 246 ON READER SERVICE PAGE 7 
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NEW SAMS BOOKS 

Know Your Color -TV Test Equipment 
by Robert Middleton. To use Color-TV 
test equipment properly, the technician must under- 
stand its capabilities and limitations, and its proper 
application. This book explains clearly and easily 
the function and circuit action of each Color -TV 
instrument -shows how to service, calibrate, and 
maintain it for continuous, reliable service. Covers: 
White -Dot and Cross -Hatch Generators, Color -Pat- 
tern & Color -Bar Generators, Rainbow & NTSC 
Generators, Principles of Video- Frequency Sweep 
Generators & Testing, Lab -type equipment, and use- 
ful setup information. Profusely illustrated. An in- 
valuable book for anyone using Color -TV test (no 
equipment. 5% x 8!z ". Order KOC -1, only 1 

Radio Service Training Manual 
by Eduard P. Rice. Offers an extremely successful 
system for quickly locating troubles in radio re- 
ceivers -based on the use of carefully selected key 
circuit points, where test results will give positive 
indications. Programmed trouble -shooting charts 
show how to quickly isolate trouble to specific com- 
ponents. Covers both tube and transistor type re- 
ceivers. Fully illustrated. 5% x 8% ". 
Order RSS -1 Isoftbound), only $495 
Order RSH -1 (hardbound), only- $6.95 

Radar License Endorsement Handbook 
by Edward M. Noll. Provides all the information 
needed to pass the FCC Element 8 license examina- 
tion for the radar endorsement. Provides, in addi- 
tion, a firm grasp of radar fundamentals, plus a prac- 
tical knowledge of modern marine and other radar 
equipment. The book includes tables, laws, and pro- 
cedures which will remain permanently helpful after 
you have passed the examination. 514 x 8W. sr, 
Order RLH -1, only Z 

ONLY COURSE OF ITS KIND 
5- Volume HOWARD W. SAMS 

Basic 
Electricity/ Electronics 

New, unique positive train- 
ing worth hundreds of dol- 
lars. First completely new 
course to be published in 
the last 10 years...using 
the latest programmed 
method for quick, effective 
learning. 

Vol. 1. Basic Principles & Applications 
Vol. 2. How AC & DC Circuits Work 
Vol. 3. Understanding Tube & Transistor Circuits 
Vol. 4. Understanding & Using Test Instruments 
Vol. 5. Motors & Generators -How They Work 

(Complete Set contains over 1300 pages; 1250 illustra- 
tions; 51 chapters; in sturdy slipcase) 

Order ECY -50, only -41995 

Mathematics for Electronics Engineers & Technicians 
by Norman H. Crowlsurst. This book, intended for 
the use of the advanced technician and engineer, 
helps to bridge the gap between "book learning" 
and practical experience. Uses a unique programmed 
method showing how to apply textbook math to- 
ward the solution of practical problems in elec- 
tronics. Begins with Ohm's and Kirchhoff's laws and 
goes on to selective networks, properties of coils and 
transformers, feedback circuits, etc. 5,A x 8W; s695 
hardbound. Order MEA -1, only 6 

TV Receiver Tube Usage Guide 
A "must" for the shop and the tube caddy -saves 
time and eliminates wasted service calls. Lists all 
tubes, semiconductors, and fuses used in 1963 -64 
TV receivers, so you can quickly check your caddy 
before you start out on a service call, to see whether 
it contains the proper tubes. Tubes are listed by 
function; a tube usage section provides a valuable 
guide to proper tube stocking. Where wire or circuit - 
breaker performs fuse function, this fact is noted. 
Indexed by receiver model and chassis number. In- 
cludes information on alternate tubes when; 
used. 534 x 83..". Order TUR -1, only 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams & Co., Inc., Dept. EW -10, 
4300 W. 62nd Street, Indianapolis, Ind. 46206 
Send me the following books: 

KOC -I RSH -1 ECY -50 TUR -1 

RSS -1 RLH -1 MEA -1 

b 

Name 

Address 

enclosed. Send FREE Booklist 

City State Zip 

My Distributor is L.. IN CANADA: A. C. 5immonds & Sons, Ltd., Toronto 7 ..J 
CIRCLE NO. 213 ON READER SERVICE PAGE 
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WM. A. STOCKLIN, EDITOR 

AN EXCITING SUMMER 
THE months of July and August are 

usually the least exciting ones of the 
year- insofar as our industry is con- 
cerned. So it has been for many past 
years with nearly everyone planning 
time off for vacations. This year, how- 
ever, conditions seemed different. Most 
executives were readily available during 
these hot summer months. There was 
excitement and enthusiasm throughout 
our industry and all were looking for- 
ward to a record- breaking fall and win- 
ter market. 

For those on our staff who had hoped 
for a summer vacation, Florida in win- 
ter might not be too bad. 

This October issue is a "bonus pack- 
age" for all our readers. With its 132 
pages, it is our largest monthly issue 
since November 1961. This alone indi- 
cates a belief on the part of manufac- 
turers in a bright future for the 
electronics industry. It also means more 
editorial pages for our readers and, with 
an industry that is moving ahead, the 
opportunity for reporting on new and 
exciting developments is much greater. 

For those who are not familiar with 
our publication STEREO/ HI-FI DIREC- 
TORY ( available September 22nd) it is 
a complete directory of component hi -fi 
equipment. This is an annual publication 
which is compiled and edited by the 
EW staff. With its 188 pages, it too has 
broken all previous records. It is the 
largest issue thus far and contains more 
listings than ever before. The changes 
over last year's edition are predomi- 
nantly in tuners and amplifiers. There 
are more transistorized versions than 
ever, with some of the major manufac- 
turers completely eliminating all -tube 
versions. Mahogany and blonde cabinets 
for equipment and speakers are less 
plentiful, with walnut finishes rising in 
popularity. 

Outside of our own publishing field, 
there were several outstanding news 
events during the past few months which 
will affect every one of us in one way 
or another. 

Pate TV: Sylvester L. ( "Pat ") Weaver, 
Jr., president of Subscription Television, 
Inc. did get his pay -TV system in oper- 
ation in Los Angeles on July 1 as plan- 
ned, much to our surprise, but with some 
disappointments and criticism. It had 
been hoped that 20,000 subscribers 
each would be signed up in Los Angeles 
and San Francisco but the LA service 
started with 4000 subscribers while the 
SF operation has just gotten underway 
as this is being written in late August. 

There is a lot at stake, Although Mr. 
Weaver claims that both pay- and free - 
TV can co- exist, we feel that only one 

can ultimately survive. Motion picture 
theaters are obviously opposed and it 
is estimated that some $2 million will be 
spent on a campaign which California 
voters will decide in a November refer- 
endum. Since pay -TV is a closed- circuit 
operation, the FCC is not involved. It 
seems rather strange to us that any legal 
action or vote can prevent its continued 
operation. The chances are that if the 
referendum is defeated at the polls, the 
company will probably be upheld in sub- 
sequent legal action. 

We believe that the decision should 
be made not at the polls but by either 
subscribing to the service or not. The 
determining factor will be whether or 
not the firm will be able to obtain top - 
rated programs which will induce some 
30,000 customers to pay $10 a month 
for service. If it can, the operation should 
be profitable within a year. 

FCC Sets New CB Rules: Although 
delayed for about a year, the FCC has 
finally issued new and tighter rules, to 
be effective Nov. 1, that should do much 
to stop the illegal and hobby -type oper- 
ation so prevalent on the Citizens Band. 
Out of 23 available CB channels, 16 of 
them must be for use only between units 
of the same station and call; the other 
7 can be used only for legitimate rea- 
sons between units of different stations. 
Whether the rule changes will curtail 
total sales for the industry is difficult to 
evaluate at this time. Robert Halligan, 
president of The Hallicrafters Company, 
and Bernard Levine, president of Verni- 
tron Corporation, both manufacturers of 
CB equipment, emphatically believe 
that they will increase sales. Time alone 
will tell. For details on the rule changes, 
see page 78 of this issue. 

Congratulations to JPL: The Jet Pro- 
pulsion Laboratories, after much criti- 
cism for past failures, has finally suc- 
ceeded in its "Ranger VII" program of 
television close -up photos of the moon. 
All equipment performed beyond expec- 
tations. The final results yielded 4316 
photographs of the moon that were so 
detailed that topographic features less 
than 3 feet across are discernible. Never 
before in history -and this includes the 
Russian moon probes -leas man learned 
so much about the geographical makeup 
of the moon's surface. It was, without 
question, one of the most complicated 
scientific and engineering feats at- 
tempted by man. Literally thousands of 
things could have gone wrong and 
doomed the flight. Congratulations to 
JPL and to some 50,000 people in gov- 
ernment, industry, universities, and the 
scientific community who participated in 
the program. 

ELECTRONICS WORLD 
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As electronics movshead in the space age... 

will you be left behind? 
0 
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THE SPACE AGE AND AUTOMATION ARE 

CHANGING THE ELECTRONICS INDUSTRY. JOBS 

ARE FEWER, HIRING REQUIREMENTS TOUGHER. 

THERE IS VIRTUALLY NO DEMAND FOR MEN 

WITH ORDINARY QUALIFICATIONS. BUT 

MEN WITH SPECIALIZED KNOWLEDGE OF NEW 

AND EXPANDING AREAS OF ELECTRONICS ARE 

STILL IN SHORT SUPPLY. 

Because you work in electronics, you know the cold, hard facts about 
employment opportunities in this field today. Many men are unem- 
ployed or will soon lose their jobs because the electronics they know 
is out -of -date and they have failed to learn enough about new devel- 
opments to pull their weight on the job. Other men are unemployed 
because the routine jobs they held have been eliminated by the new 
automated manufacturing techniques of the space age. 

Yet, at the same time that many men are being let go, leading com- 
panies are searching for men with specialized knowledge of new 
and expanding areas of electronics. 

WILL THE SPACE AGE END YOUR CAREER IN ELECTRONICS? 

OR WILL IT OPEN UP NEW OPPORTUNITIES FOR YOU? 

That depends on whether or not you supplement your education in 

electronics with the new knowledge required by employers today. If 

you don't, you can forget about your career in electronics. Guiding 
space vehicles demands knowledge that didn't exist when you went to 
school -and is almost impossible to acquire on the job. And, even if 
you work for a company that is not directly involved in space, it is 

probably already using techniques developed in the space program. 

If you bring your education up to space age standards, you can look 
forward to a rewarding and exciting career as a sought -after specialist 
in one of the new and advanced areas of electronics. 

CREI CAN HELP YOU MOVE INTO THE SPACE AGE 

CREI offers you Home Study Programs planned to help you protect 
your future in electronics by updating your education to space 
age requirements. 

CREI's Programs in Space Electronics enable you to study at home, 
on your own schedule- through methods developed in more than 
37 years of experience in education through home study. 

Long and painstaking effort has been devoted to the preparation of 
these programs. CREI faculty members visited 14 government and 
private technical organizations in the space effort to determine 
exactly what knowledge of electronics they want in men they employ. 
Engineers and scientists from some of these organizations have 

been retained as consultants to supply the technical material for 
these programs. 

Photographs courtesy of National Aeronautics & Space Administration 
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Protect your future 

through the new 

CREI Programs in 

Space Electronics 

Equip yourself to meet current employment opportuni- 
ties by acquiring specialized knowledge in one of 
these fields: 

SPACE DATA SYSTEMS - Includes multi -channel 
recording, analog to digital conversion systems, data 
acquisition and processing. 

SPACECRAFT TRACKING AND CONTROL _In_ 
cludes such areas of space technology as orbit calcula- 
tion and prediction, inertial guidance, electromagnetic 
wave generation, space surveillance and environment. 

AEROSPACE. RADAR ENGINEERING - Includes 
specialized knowledge of surveillance radar antennas, 
receivers, components and microwave equipment used 
in space applications. 

These are the first extension programs developed 
specifically to help men in electronics apply their expe- 
rience to the space effort. 

Content of programs developed to meet employment 
requirements as determined by consulting government 
and private organizations in the space field. 

Text material prepared with the help of engineers 
and scientists from leading space- oriented organi- 
zations. 

YOU ARE ELIGIBLE FOR THESE PROGRAMS IF YOU 
WORK IN ELECTRONICS AND HAVE A HIGH 
SCHOOL EDUCATION. 

FREE BOOK GIVES FULL INFORMATION. TEAR OUT 
AND AIRMAIL POSTPAID CARD OR WRITE, 

PPP1 
Fountled 1J27 

DEPT.1110B, 3224 Sixteenth St., N.W. 
Washington, D.C. 20010 

The Capitol Radio Engineering Institute 
Accredited Member of the National Home Study Council 

Dept. 1110B, 3224 Sixteenth St., N. W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Home Study 
Programs including new Programs in Space Electronics. I 

am employed in electronics and have a high school education. 

Name Age 

Address 

City State Zip Code 

Employed by 

Type of present work 

Check: Home Study Residence School G.I. Bill E-31 
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BUSINESS REPLY MAIL '! 
LED IN THE UNITED STAI 

Postage will be paid by 

CREI 

The Capitol Radio Engineering Institute 

3224 Sixteenth Stre =t, N.W. 

Washington, D.C. 2C010 

FIRST CLASS 

Permit No. 288 -R 

Washington, D.C. 

VIA AIR MAIL 

CREI 

OFFERS YOU 

UP- TO-DATE 

EDUCATION 

IN EVERY 

IMPORTANT 
ELECTRONIC 

SPECIALTY 
Electronic Engineering Technology 

Communications 

Aeronautical and Navigational 

Television 

Servomechanisms and Computers 

Nuclear Instrumentation 

Radar 

Nuclear Engineering Technology 

Mathematics 

PLUS THREE NEW PROGRAMS IN 

SPACE ELECTRONICS: 

SPACE DATA SYSTEMS 

SPACECRAFT TRACKING AND 
CONTROL 

AEROSPACE RADAR ENGINEERING 

FREE BOOK GIVES COMPLETE 
INFORMATION. TEAR OUT AND 
MAIL POSTPAID CARD FOR YOUR 
COPY TODAY. 
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PROFESSIONAL USE ONLY Total Number 
of Requests 

NAME (PRINT CLEARLY) TITLE 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE ZONE 

I AM EMPLOYED IN: INDUSTRY COMMERCIAL COMMUNICATIONS 
MILITARY, GOVERNMENT OTHER 

Please send me additional information on products I have circled. 
(Key numbers for advertised products also appear in Advertisers Index.) 

1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 
18 19 21 23 24 25 26 27 28 29 30 49 50 51 

52 53 54 55 57 58 59 62 65 121 123 128 129 134 

ELECTRONICS WORLD 
P.O. BOX 7842, PHILADELPHIA 1, PA. 

(VOID AFTER OCTOBER 31, 1964) 10 

READER SERVICE PAGE 
Since many products and services mentioned are primarily for professional 
use only, we are using two different coupons. 

Circle the number that corresponds to the number of the product or service 
in which you are interested. 

FOR PROFESSIONAL USE In requesting information on products and serv- 
ices listed in this coupon it is necessary to fill out the coupon COMPLETELY, 
stating your company, address, and your function or title. If the coupon is in- 
complete it cannot be processed. 

FOR GENERAL USE: In requesting information on products and services listed 
in this coupon, please use only your home address. 
You can use both coupons, since each contains specific items, if each coupon 
is filled out completely. 

Mail to: ELECTRONICS WORLD P. O. BOX 7842, PHILADELPHIA 1, PA. 

GENERAL USE ONLY Total Number 
of Requests 

NAME (PRINT CLEARLY) 

ADDRESS 

CITY STATE 

on 

134 

ZONE 
Please send me additional information 
(Key numbers for advertised products 

121 123 128 129 

advertised products I have circled. 
also appear in Advertisers Index.) 

152 154 161 162 163 164 168 
170 171 174 178 180 181 183 185 186 187 189 191 192 194 197 
198 200 201 203 206 207 210 212 213 214 217 219 220 221 224 
225 228 229 231 233 237 238 241 243 245 246 247 248 249 250 
251 252 

NEW PRODUCTS & LITERATURE 

2 4 10 19 20 21 22 25 26 30 31 32 33 34 35 36 37 38 39 40 
41 42 43 44 45 46 47 48 50 52 53 56 58 60 61 63 64 66 67 

ELECTRONICS WORLD 
P. O. BOX 7842, PHILADELPHIA 1, PA. 

(VOID AFTER OCTOBER 31, 1964) 10 

October, 1964 
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Good -bye thread -up problems! 

14 

FREE long -roll bonus! A self -threading 
reel with purchase of 7" roll of double or triple 
length tape! 
No more tape fumbles, eves with boxing gloves on! Just lay tape inside this 
reel, start recorder -and watch the reel thread -up automatically. Takes any 

tape thickness or leader tape. Releases freely on rewind. Get one free in the 
special pack shown. Just purchase a regular 7" reel of either double or triple 
length "SCOTCH" Brand Recording Tape (up to 6 hours recording time at 

3'/4 ips). See your dealer. 

ELECTRONICS WORLD 
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Hello new mailing ease! 

aseisete 
6ii 

de0111°11r1.1.1111P 

October, 1S64 

FREE short-roll bonus! New heavy-duty 
plastic mailer with each "Living Letter" tap& 
New high-strength dust-free case for "Living Letters" makes handling, stor- 
age, mailing cf taped correspondence the easiest, most secure ever. Conforms 
to new postal regulations. Address label included. Built-in post holds reel 
securely. And the reel is new, too-fits all reel-to-reel recorders. Only 3" reel 
available Mat holds fa 600' of triple length tape (an hour recording time 
at 3% ips). 150' and 300' lengths also offered. Look for the new "mail- 
box" display at your dealer. 

Magnetic Products Division 3 EV 

15 
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Fq r, e, e. 

add tape to your music system, 
add recording to a playback 
system, add stereo to a mon- 
aural system , or make special 
effect recordings on these new 
monaural or stereo tape trans- 
ports with hyperbolic heads - 
no old fashioned pressure pads. 

MODEL 87 TRANSPORT 
with exclusive "Edit -Eze" feature. 

Two motors Two Speeds 
Flexible Head Arrangements 
Tape Lifters Run -Out Switch 

Counter Erase - Protek Inter- 
lock from $138.00 

MODEL 78 TRANSPORT 

One Motor Two Speeds 
Flexible Head Arrangements 
Single Tape Motion Control 

from $85.00 

RP83 AMPLIFIER 
Matching Record /Playback Pre- 
amplifier from $92.50 

You can always change or ex- 
pand your system with tape 
components 

MADE BY SKILLED 
AMERICAN CRAFTSMEN AT 

ing OF MINNEAPOLIS, INC. 

9600 Aldrich Ave. So. Minneapolis, Minn. 55420 

CIRCLE NO. 252 ON READER SERVICE PAGE 
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LETTERS 
FROM OUR 

READERS 

OUR JUNE ISSUE 

To the Editors: 
In reference to your June issue of 

ELECTRONICS WORLD, which was de- 
voted to the Goddard Space Flight 
Center, I am thoroughly pleased and 
delighted with the section and sincerely 
hope that this type of coverage will con- 
tinue. 

I feel that the information presented 
has materially increased my knowledge 
and understanding of our efforts and 
progress in various fields of space tech- 
nology, especially in electronics. 

This issue has been for me one of the 
most interesting and informative maga- 
zines that I have ever read. 

LARRY H. BANDY 

56th Signal Corps 
Fort Lewis, Wash. 

Thanks to Reader Bandit and to 
others that we have heard from com- 
plimenting its on this issue. We bare 
also received .several requests for re- 

prints of the .section dealing with God- 
dard, which we have been happy to 
honor. -Editors. 

U.H.F. TV CONVERTER TESTS 

To the Editors: 
This is in reference to the article "Re- 

sults of ENV Tests on U.H.F. Converters" 
which appeared in your July issue. This 
letter is addressed to the "Method of 
Measurement" section appended to the 
article. 

It is not clear whether this is intended 
to be a description of the standard pro- 
cedure used to measure oscillator radia- 
tion (51 IRE 17S1) or whether this is 

a description of the test procedure actu- 
ally used by the two testing outfits whose 
measurements are reported in your arti- 
cle. Since the method of measurement 
in your article departs in sev -2ral respects 
from the IRE standard, measurements 
made pursuant to your article would not 
be acceptable for determining compli- 
ance with our requirements. 

Assuming that the measurements re- 
ported in your article were made in ac- 
cordance with the method of measure- 
ment described therein, may we suggest 
that you caution your readers not to take 
these measurements as evidence of com- 
pliance or non -compliance, although the 
radiated fields reported for several of 

the converters are sufficiently large as to 
be reasonably conclusive of non- compli- 
ance. 

For your information, we note the fol- 

lowing discrepancies between the IRE 
51 IRE 17S1 and the method described 
in your article. First, however, may 
we call attention to what appears to 
be a typographical error in the cita- 
tion in the fourth line of the third para- 
graph. The number of the IRE standard 
is 51 IRE 17S1, not "51 and 1751." 

The IRE standard specifies that the 
receiver (or converter) under test be 
connected to a simple dipole constructed 
of b inch tubing mounted at a fixed 
height of 30 feet. Details for the con- 
struction of an appropriate dipole are 
contained in Supplement 2 to the IRE 
standard. For u.h.f. television receivers 
( and for converters) the dipole shall be 
12 inches from end to end. 

In contrast to this, the method of 
measurement in your article calls for us- 
ing a folded dipole, half -wave at the 
frequency of operation, mounted on a 

relatively short mast of unspecified 
height svith provision to vary the height. 

Another area of discrepancy is the 
statement that the level of the received 
signal (oscillator radiation from the u.h.f. 
converter) is determined from the signal 
generator plus the 6 -db pad shown in 
your Fig. 4. While this setup is satisfac- 
tory for determining the number of mi- 
crovolts at the input terminals of the 
field- strength meter, this value of micro- 
volts must be multiplied by the antenna 
constant for the measuring antenna in 

order to determine the field strength in 
microvolts per meter. Actual practice in 
measuring field strength is to determine 
the microvolts input to the field- strength 
meter (the meter reading times attenu- 
ator setting) and multiply this by the 
intenna constant taken from the manu- 
facturer's manual to give the measured 
field strength in microvolts per meter. 

BEN F. \VAPLE 
Federal Communications Comm. 
Washington, D. C. 

Our thanks to Mr. Waple for pointing 
out the typographical error regarding 
51 IRE 17S1. The description of the test 
procedure is that employed by certain 
manufacturers, and the section -Meas- 
urement Techniques" points out that the 

ELECTRONICS WORLD 
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Most People Build Heathkif Test Gear... 

HEATH33IT 

But Many Buy Them Factory Assembled! 

NOW you can buy these Heathkit favorites 
either factory assembled or in easy -to -build kit 
form! Either way you'll find their dependable, 
time -proven circuitry and quality components 
the answer to your test equipment needs. You 
buy direct from the manufacturer... no middle- 
man profits or expensive distribution costs to 
pay. And you save even more when you do the 
easy assembly yourself. Compare and see why 
Heathkit test equipment is your best buy " . . 

either way! 

Heathkit IM -11 VTVM . " . World's Largest 
Selling VTVM! Finest quality components 
throughout for long life and dependable per - 

convenience 7 

Large, easy-to- 
Precision re- 

formance Single test probe 
AC, 7 DC and 7 Ohms ranges 
read 41/2" 200 UA meter G 

sistors for high accuracy. 
Kit IM -i 1...5 lbs 
Assen'' _d 1MW-11...5 'n 

524.95 
!35.95 

IM -t' ;PECIFICATIONS -N -.r scales: DC 8 AC RMS): 
0.1.: 5, 15, 50150, 500, 1500 . AC peak- , -peak: 
0.4, 14, 40, 14, 400, 1400. 4000. Resistance: 10 ohm : 'der care 

>1, x1(), x100, x1000, x10K, x100K, ' - cre s .l ohm to 1000 

-.egohms with internal battery. Meter: - 200 ca movement. 
Multipliers: 1% precision type. Input resistance DC: 11 meg- 

ohms (1 megohm in probe) on all raern . Circuit: Balanced 
bridge (push -pull using twin triode). Accuracy: DC ±3%, AC 

f5'ó of full scale. Frequency response: t1 db, 25 ens to 1 mc 
(600 ohm source). Tubes: 12AU, 641.5, Battery requirements: 
1.5 volt, size "C" flashlight cea, Power requirements: 105 -125 

volt 50!60 cycle AC, 10 watts. Dimensions: 7:é " H x 471 /16"W 
x 4X" D. 

Heathkit Laboratory AC VTVM ... for Pre- 
cision AC Work ! 10 Voltage ranges -0.01 to 
300 volts RMS full scale 1 DB, IO CPS to 
500 KC frequency response 10 Megohm input 
impedance for high accuracy Calibrated DB 
scale for audio measurements VU type ballis- 
tic damping of meter movement. 
Kit 1M- 21...5 lbs $33.95 
Assembled 1 M W- 21...5 lbs $52.95 

1M -21 SPECIFICATIONS -Frequency response: 31 db 10 

cps to 500 Sc, ±2 db 10 cps to 1 mc, all ranges. Ranges: Ten 
ranges from 0.01 to 300 volts RMS f ull scale. Decibels: Total - 
range -52 to +52 db, meter scale -12 to +2 db (0 db =1 mw in 

October, 1964 

G00 ohms), ten s.vitch selected ranges from -40 db to +50 db in 

10 db steps. Input impedance: 10 megohms shunted by 12 uu`. 

on ranges 10 to 300 soils, 10 megohms shunted by 22 uu1 on ranges 

.01 to 3 volts. Tube complement: (1) 6AW8, (1) 6EJ7IEF-184. 

Accuracy: Within 5% of full scale. Power requirements: 
105.125 volts AC. 50-60 cycles, 10 watts. Dimensions: 7X H x 

4-11/16" W x 4%" D. 

Heathkit "Service Bench" VTVM " " . Ideal For 
Shop Or Home! Measures AC & DC volts 
resistance & db Separate 1.5 & 5 volt AC 
scales Gimbal bracket for under -shelf, bench 
top or wall mounting Tilts to any angle Big 
6" 200 ua meter Single test probe I r70 

precision resistors. 
Kit 1M- 13...7lbs $32.95 
Assembled /MW'- 13...7 lbs. $49.95 

IM -13 SPECIFICATIONS -Meter scales DC R AC (RMS): 
0 -1.5, 5 15. 50. 150. 500, 1500 volts loll ser.le 11.5 ara 5 volt AC 

rang( s read on separate scales). Ohmmeter: Sce.' r. th 10 ohm 

center x1, x10, x100, x1000. r10K, x100K, ,.1 meo. N -s 
1 enm 

to 1000 megohms with Internal battery. Dividers: ' 

type. Meter: G" 200 ua movement. DC Input resistance::' - 
ohms (1 megohm In probe) on all range_. AC Input impedance: 
1 megohm shunted by 40 uut (mea=wod at input is 

Circuit: Balanced bridge (pushpulll usirn twin trlom . Accur- 
acy: DC 33 %. AC 35% of full scale. Frequency' response: 
31 db 05 cos to t Inc (600 ohm source). Tubes: ' . 

O L5. 

Battery: 1.5 volt size "C" flashlight es. I. Power requirements: 
1051 "5 volts 50,60 cycle AC 10 vatts. Dimensions: 5" H x 

1_2- 11/16" W a 4?., D. 

Heathkit Variable -Voltage Regulated Labora- 
tory Power Supply Ideal for all types of circuit 
design & development work Furnishes B+, 
bias and filament voltages DC output variable 
from 0 to 400 volts Panel meters monitor 
output voltage and current Rugged, well - 
rated components throughout for dependability 
and long life. 
Kit IP- 32...16lbs $56.95 
Assembled IP 110 -32...16 lbs $84.95 

IP -32 SPECIFICATIONS- Output: 0.400 volts regulated DC 

at 0.100 ma cont.. 125 ma intermittent, 0 to -100 volts DC at 1 ma 

variable bias voltage 6.3 volts AC at 4 amps., filament voltage. 
Regulation: Output variation les thar 'rom no load to lull 
load. Output variation less than t;;. '.or a 310 v. change at 117 V. 

AC input. Ripple: Less than 10 .millivolts RMS. ripple, jlttr and 

noise. Output impedance: L: -s- Ines 10 ohms. DC to i mc. 

Meters: Voltmeter 0 -400 V or 0150 V.:Mlll:ammr -ter 0-150 ma. 

Dimensions: 13' W o 8%" H x 7" D, 

CIRCLE NO. 187 ON READER SERVICE PAGE 

Heathkit "Extra- Duty" Lab 5" Oscilloscope 
Professional styling & features at low cost 
Full 5 MC bandwidth -ideal for Color TV 

servicing Heath patented sweep circuit -10 
CPS to 500 KC Push -pull vertical & hori- 
zontal output amplifiers Finest oscilloscope 
value in the industry! 
Kit 10-12...24 lbs $76.95 
Assembled 10 W- 12...24 lbs $126.95 

10-12 SPECIFICATIONS -(Vertical) Sensitivity: 0.025 volts 
RMS per inch at 1 Sc. Frequency response (referred to 1 kc 
level): 31 db 8 cps to 2.5 mc: +1.5 to -5 db, 3 cps to 5 mc: re- 

sponse at 3.58 mc,-2.2 db. Rise time:0.08 m:crosecondsor less. 

Input impedance: (at 1 KC) 2.7 megohms at X1; 3.3 megohms at 

X10 and X100. (Horizontal Channel) Sensitivity: 0.3 volts RMS 

per inch at 1 kc. Frequency response: 31 db 1 cps to 200 kc: 

±3 db 1 cps to 400 kc. Input impedance: 4.9 megohms at 1 Sc. 

Sweep generator: Range -10 cpsto500lcin five steps, variable, 
plus any 2 s.vltchselected preset s:.eep frequencies In this 
range, Synchronizing: automatic lock -in eucurt using self - 
l:m t:ro synchronizing cathode '.ollor:er. Power requirements: 
105.125 volte 50/60 cyc .s AC at 80 veils. (used. Dimensions: 
14 ;t- H x 8%" W x 16" D. 

FREE 1965 CATALOG 
See these and over 250 other 
exciting Heathkits available in 

easy -to -build kit form. Save 
50% or more by doing the 
easy assembly yourself! Send 
for your free catalog today! 

HEATH COMPANY, Dept. 15-10-1 
Benton Harbor, Michigan 49023 

Please send my free Heathkit Catalog. 

Enclosed is S 

model 

plus postage. Send 

Name 
(Please Print) 

Address 

City State Zip 
TE -133 

Prices P. specifications subject to change without notice. J 
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This one is 
twice as safe. 
When Sonotone designs a retractable cartridge, you can be sure it offers some- 
thing extra. Like other retractable cartridges, the new Sonotone "21TR" with- 
draws into the safety of the arm to avoid bumps and bruises. Further, it has 
"bottoming" buttons which act as shock absorbers between the needle assembly 
and the record. Unlike other retractables, the "21TR" features the exclusive 
Sono -Flex® stylus, which can be dropped or mauled and still continue to pro- 
vide superior performance. The high -output "21TR" is a direct replacement 
for the thousands of record players requiring_a_quality retractable cartridge. 

This one is 
twice as safe and 
twice as compliant. 
The new Sonotone "23T" offers performance specifications never before avail- 
able in a budget -priced ceramic cartridge -plus record protection. High com- 
pliance of 10; channel separation of 24 db; output voltage of 0.38; low tracking 
force of 2 to 4 grams make it the ideal replacement in quality stereo phono- 
graphs. Performance is only half the story of the "23T ". This new cartridge 
features "bottoming" buttons and the flexible Sono -Flex® needle. Another 
Sonotone cartridge, the "22T7 offers the high performance of the "23T" 
with a slightly higher output. Both feature the Sono-Flex plus a unique 
snap -in mounting bracket, for rapid replacement without tools. 

Both are direct 
replacements 
for popular makes 

...and themselves. 

SONOTONEk 
audio products 
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CIRCLE NO. 219 ON READER SERVICE PACE 

IRE standard was followed with certain 
exceptions that were noted in the text. 
Evidently the test laboratories wanted to 
present the " scorst- case" conditions by 
employing a tt red dipole and a mutual 
antenna arrangement that would dupli- 
cate the conditions found on a topical 
rooftop. The short mast was used to re- 
duce the effect of physical motion of the 
antennas due to wind gusts. 

If the measuring technique described 
in 11r. l('aple's letter were followed, 
then the radiation figures would be 
somewhat different than those given in 
the article. Although there are many 
variables involved, the figures probably 
would be somewhat lower in value. 
However, the radiation from tle offend- 
ing converters was sufficiently abort. the 
1000- tev.fm. figure so as to definitely 
indicate non -compliance. -Editors. 

n 0 * 

To the Editors: 
We are indeed pleased with the article 

on the "Results of ENV Tests on 
Converters" ( July issue) and we are cer- 
tainly pleased with the performance of 
the Blonder - Tongue converter. 

This article may be pioneering in the 
publishing profession since you give 
names and performance figures which 
may cause the FCC some real concern. 
I hope that this does not rebound to 
your disadvantage, since this kind of 
reporting provides a real service to the 
electronics technician. 

ISAAC S. BLONDER 
Blonder- Tongue Laboratories, Inc. 
Newark, N. J. 

Thanks to .11r. Blonder and to others 
in the industry we have heard from, 
both by mail and by phone, on this im- 
portant and useful article. IVe would 
like to point out that some of the manu- 
facturers mentioned in the article lance 
several other models of u.h.f. converters 
available. The figures given apply only 
to those specific models mentioned in 
the article. -Editors. 

o 

PLUMBING THE MICROWAVE CIRCUIT 
To the Editors: 

In Fig. 8 of your article "Plumbing 
the slicrowave Circuit" (June issue) 
showing a laboratory setup for testing a 
variable attenuator, the attenuator under 
test should be shown between the slot- 
ted section and the tuning stub. 

If installed as shown on the left 
(power) side of the slotted line, the 
v.s.w.r. of the item under test will only 
change the available power to the load 
but not the v.s.w.r. reading. The v.s.w.r. 
as read on the indicator will change 
only if the item under test is installed 
between the slotted section and the tun- 
ing stub on its right (load) side. 

MunnAY ELcurcz 
Canadian Aviation Electronics Ltd. 
Winnipeg, Manitoba 

ELECTRONICS WORLD 
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How To Get 4 New CB Features 
At The Same how Price... 

Buy The New MW-34 
You Made It Possible! The new Heathkit 
MW -34 CB Transceiver evolved out of the 
largest research & development department 
in the world . . . You! Yes, you and the 
thousands like you who buy and use our 
products. No matter how much product - 
testing we do in our own laboratories, the 
most crucial test is actual consumer use. 
Those letters and comments you send us 
are our reward or retribution. And though 
the majority of them are highly favorable, 
we always listen to suggested changes, re- 
finements, improvements. And then we act! 

It's all part of our continuing effort to offer 
you the best for less. It's the primary reason 
the Heath Company has earned and main- 
tained the reputation as the World's Largest 
Manufacturer of Electronic Kits! 

4 Advanced Features You Asked For! 
1. The new Heathkit MW -34 boasts 5 cr)s- 
tal- controlled transmit & receive channels 
with a new front -panel crystal socket to 
allow quick, easy changing of one transmit 
crystal flit /four the fuss of removing the 
cabinet. Lets you transmit on all 23 channels 
if you wish. 

2. The MW -34 utilizes variable receiver 
tuning with another new feature -a spotting 
switch -for receive function. The spotting 
switch turns on the transmitter oscillator 
without going on the air, thus generating a 
signal for tuning the receiver to exactly the 
same frequency as the transmitter. 
3. In addition, a TVI filter is incorporated 

HEATH - The Quality Line 

Deluxe Master Station 5- Channel 
CB Transceiver 
Kit G W -42, 23 lbs. $119.95 

to minimize interference with TV sets oper- 
ating in the surrounding area. 

4. And a new calibrated "S" meter which 
automatically shifts from transmitter to re- 
ceiver to indicate strength of received signals 
and relative power output during transmit. 

Ideal For Boat, Car & I tome! The MW-34's 
compact size, 3 -way power supply (117 v. 
AC, 6 or 12 v. DC), and gimbal mounting 
bracket allow installation under your car's 
dash, on top of your boat's instrument 
panel, or anywhere you wish to set up CB 
communications. Its rust -resistant metal 
cabinet is attractively styled in black & 
white with blue accents and anodized trim 
... matches Heathkit marine gear! 

More Deluxe Features For Maximum Per- 
formance! Like variable receiver tuning with 
vernier action and lighted dial, superheter- 
odyne receiver with RF stage for sensitive, 
long -distance reception adjustable squelch 
and automatic noise limiter: and efficient 
transmitter circuitry. It's convenient to 
operate too, with the built -in speaker & 
push -to -talk mike. 

Simple To Assemble! With the new Heath- 
kit 2 -color step -by -step instructions, as- 
sembly of the MW-34 proceeds smoothly, 
quickly from start to finish. Takes no spe- 
cial skills or knowledge. 

Kit includes PTT microphone, AC & DC 
power cords. and crystals for one channel 
(specify freq. no.). Choose yours now! 

Kit MW -34, 16 /bs $89.95 

In CB Gear Kits! 

Heathkit 5- Channel CB Transceiver, 
Kit GW-22 (AC), 14 lbs....$59.95 

Famous Heathkit GW-I I CB Trans. 
ceiver IAC or DC), 13 Ibs.. .369.95 

October, 1964 

9- Transistor "Walkie - 
Talkie", Kit GW -21, 
3 lbs. $44.95 

I -Watt "Walkie - 
Talkie", Kit GW -52, 
4 lbs. $74.95 

4- Transistor "Walkie - 
Talkie', Kit GW -31, 
2 lbs. $19.95 
-Only $35 a pair! 

(lllllì 

IDjlIU 4- 
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At Only 89.95! 
Advanced New Features! 

orv 

SPOT 

r 

Spotting Switch 
Operates with front -panel 
crystal socket, & generates 
a signal to tune receiver to 
exact frequency of selected 
crystal. 

Front -Panel 
Crystal Socket 
Enables changing transmit 
crystal to any of 23 CB chan- 
nels without removing cabi- 
inet. 

Calibrated "S" Meter! 
Indicates strength of received 
signal & relative power out- 
put. 

TVI Filter 
Minimizes interference with 
TV sets operating in sur- 
rounding area. 

FREE CATALOG 
See this and over 250 other exciting I 
Healhkits available in easy -to -build 1 

kit form. Save 50'';, or more by doing! 
the easy assembly yourself! Send 1 

for your free catalog today! 

HEATH COMPANY, Dept. 15 -10 -4 
Benton Harbor, Michigan 49023 
In Canada: Daystrom, Ltd., Cooksville, Ontario 
J Enclosed is 3 , plus postage. 

Please send model(s) 
Please send my Free Heathkit Catalog. 

Name 
(Please Print) 

Address 

City_ State Zip 
GX -1 37 

Prices & specifications subject to change without notice 
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Na matter what job you have today 
CIE can help you move ahead 

...fast! 
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It's a fact. The men holding down high -paying, challenging 
jobs in electronics have one thing in common ... they know 
practical electronic theory. And now ... thanks to Cleveland 
Institute of Electronics ... you can join this select group of 
successful men. First, find "you" in the picture. Second, read 

about the CIE Program that matches your present occupa- 
tion. Third, fill out the postage -paid reply card and drop it 
in the nearest nail box. You'll soon see why modern, effec- 
tive CIE Home Study has helped thousands move ahead in 
electronics ... can do the same for you. But act now. The 
demand will never be greater for ambitious men who prepare 
themselves for the top jobs in electronics. 

°Radio -TV Servicemen: Boost your business fast. 

Get your Commercial FCC License and service mobile radios 
used by police and fire departments, taxi and truck fleets .. 
also maintain marine electronics, broadcast station equipment, 
CB, etc. CIE's First Class FCC License program is the quick 
risk -free way to prepare for the tough FCC exam. Switching 
to a job in industry? With our comprehensive Electronics 
Technology program under your belt ... you're a cinch to 
get just the one you want. 

C)6c Ham" Operators: Turn that hobby into a 
profitable profession. Prepare for a rewarding job at one of the 
country's 5,000 Commercial Radio and TV stations. CIE's 
Broadcast Engineering program will teach you how to select, 
use, maintain all types of Radio and TV station broadcasting 
equipment; also prepares you for the First Class FCC License. 

°Communications Specialists: Want a top job 
with a telephone company, a railroad, a pipeline company 
or any firm with a big stake in communications? CIE's 
Electronic Communications program will change that wish to 
reality. Covers mobile radio, microwave; carrier telephony, 
too, if you want it. Gets you a Second Class FCC Ticket. 

°Military Electronic Specialists: Staying in 
... or getting out, CIE's Electronics Technology program will 
help nail down your next promotion . . . or land that first 
high -paying job in civilian life. You'll learn new electronic 
principles ... know how to apply them for troubleshooting 
all types of electronic equipment. 

°Electricians: Electronics is here to stay! CIEs 
Industrial Electronics and Automation program takes the 
mystery out of "exotic" new industrial control systems, 
electronic heating and welding, servomechanisms, solid state 
devices, ultrasonics, X -ray . . . has everything you need to 
understand your new electronic equipment. 

©Ambitious Men . .. anywhere: Electronics 
is the world's fastest- growing industry ... a 17 billion dollar 
business that's grown 400% in the last IO years. Right now 
there are thousands of good steady jobs just waiting for 
trained men. CIE's Electronics Technology program provides 

complete understanding of electronics theory and funda- 
mentals . . . prepares you for the First Class Commercial 
FCC License. Whether you're in Electronics now ... or just 
thinking about changing to this exciting career field; whether 
you work in industry, business, government, or the military 
. .. this is the program for you. 

CLEVELAND INSTITUTE HOME STUDY IS FAST, 
ECONOMICAL, EFFECTIVE. HERE'S WHY: 
Modern up -to -date material ... including three exciting new 

subjects. Every day ... the Electronics Industry secs new develop- 

ments in equipment. design methods, application techniques. 

CIE lesson material keeps pace. For example ... our new Trouble- 
shooting lessons give you a fast, systematic method of locating 
faults on any electronic equipment. New lesson material on 

Transistors covers this vital subject clearly, concisely . . . shows 

how they work, where and how you use them. And a new Micro- 
miniaturization lesson describes all types of micro components ... 
explains such critical subjects as integrated circuits and microwatt 
electronics. It's the kind of knowledge you want -the kind of 
knowledge you'll use! 

An FCC license ... or your money back. All CIE Programs 

(except Industrial Electronics and Advanced Engineering) are 

backed by our famous Commercial FCC License Warranty: 
"If you fail the FCC exam for the License specified after completing 

your program ... all tuition will he refunded." Compare this to any 

other FCC License offer. You'll see it's about as close to a sure 

thing as you'll ever find! 

"Check- point" programmed learning ... plus FCC Progress 
Reviews. CIE Home Study works! You learn at your best learning 
speed. All material comes in small, easy -to- understand segments 

... is "locked -in" by examples, diagrams, explanations. You learn 

thoroughly ... and remember what you learn! And FCC Licensing 
Programs include special Progress Reviews covering hundreds of 
questions and answers just like those on the FCC License Exam. 

Free nationwide job placement service . .. for life, for every 
CIE graduate. Every 60 days ... while you're a student and after 
graduation CIE will send you an up -to -date list of many high - 

paying job opportunities with top companies across the country. 
We'll also provide you with 200 professionally- prepared resumes 

to help you land the job you want! 

Thirty years of experience ... highly qualified instructors ... 
accredited. Since 1934, Electronics home study has been Cleveland 
Institute's only business. Our instructors are experts in electronics 
and are currently training some 15,500 students. We are accredited 
by the Accrediting Commission of the National Home Study 
Council. This Commission has been approved by the U. S. Office 

of Education as a "nationally recognized accrediting agency" 
under the terms of Public Laws 82 -550 and 85 -864. 

Now is the time 
to make your move in Electronics 

Mail Reply Card Today 

Cleveland Institute of Electronics 
DEPT. EW -94 1776 East 17th Street 

October, 1964 

Cleveland, Ohio 44114 
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The Colortron Antenna's "BALANCED DESIGN" 
is the Winegard secret of superior color reception! 

It takes a combination of high gain, accurate impedance 
match, complete band width and pinpoint directivity to 
make the perfect color antenna. Only the Winegard 
Colortron gives you all 4 with BALANCED DESIGN. 

What is Balanced Design ? It's not enough to design an antenna 
for high gain alone and expect good color reception. A high gain 
antenna without accurate impedance match is ineffective. Or an 
antenna with good band width but poor directivity characteristics is 
unsuitable for color. The Winegard Colortron is the one antenna 
with balanced design, excellence in all the important characteristics 
that a good color antenna requires. 

For example: 
Gain and Bandwidth -A superior color antenna must have high 
gain and complete bandwidth as well. But the response must be 
flat if it is to be effective. Peaks and valleys in the curve of a high 
gain antenna can result in acceptable color on one channel and 
poor color on another. 

No all- channel VHF -TV antenna has more gain with complete 
bandwidth across each and every channel than the Colortron. Look 
at the Colortron frequency response in this oscilloscope photo. 

Note the consistent high gain in all channels. 
Note the absence of suck -outs and roll -off on 
end channels. The flat portion of the curve 
extends on the low band from the channel 2 
picture carrier past the channel 6 sound carrier. 
On the high band, it is flat from the channel 7 
picture carrier to the channel 13 sound carrier. 
There is less than 1/2 DB variance over any channel. 

Impedance Match -the two 300 ohm "T" matched Colortron 
driven elements have far better impedance match than any antenna 
using multiple 75 ohm driven elements. The Colortron transfers 
maximum signal to the line without loss or phase distortion through 
mismatch. Winegard's "T" matched driven elements cost more to 
make, but we know the precision results are well worth the added 
manufacturing expense ... because a mismatched antenna causes 
loss of picture quality which might get by in 
black & white, but becomes highly disturbing 
in color. 

The oscilloscope photo here shows the 
Colortron VSWR curve (impedance match). 
No current VHF -TV antenna compares with 
it across all 12 channels. 
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Directivity -Equally important for superior color pictures is 
freedom from interference and ghosts. Therefore., an antenna with t sharp directivity and good signal -to -noise characteristics is 
necessary. Extraneous signals picked up at the back and sides pro- 
duce objectionable noise and ghosts in black and white reception 
... frequently ruin color reception. 

Winegard's Colortron has the most ideal directivity 
pattern of any all channel VHF antenna made. It 
has no spurious side or large back lobes . is ab- 
solutely dead on both sides. Colortron does not pick 
up extraneous signals, and even has a higher front - 
to -back ratio than a single channel yagi. 

Look at this Colortron polar pattern. No other 
VHF -TV antenna has sharper directivity on a channel -for -channel 
comparison. 

BALANCED DESIGN COLORTRONS HAVE SUPERIOR MECHANICAL 
FEATURES, Too! 

Every square inch of the Colortron has been engineered for 
maximum strength, minimum weight and minimum wind loading. 
Even the insulators are designed for low wind resistance. The result 

COLONTION ANTENNA COLOITNON ANTENNA 031019011 ANTEMNI 

Model C-44 Geld Anodized S64. 95 Model C43 NW Aimdizd $51.90 Model C-42 kid Anodized 524.95 

/ 

04E 
CHANNEL 

is a streamlined, lightweight antenna that stays stronger longer. 
Colortrons have been wind tested to 100 mph. 

Colortrons are simpler to put up, too. Easier to carry up a lad- 
der and mount on a high mast. No extra weight and bulk to 
frustrate the antenna installer. 

And, you can see the difference in quality when you examine a 
Winegard COLORTRON. The GOLD ANODIZED finish is bright 
weather -proof gold that won't fade, rust or corrode. It's the same 
finish specified by the Navy for military antennas. Full attention 
is paid to every detail. 

Winegard Helps You Sell -does more national advertising 
than all other brands combined. When you sell Winegard, you sell 
a brand your customer knows ... backed by a written factory 
guarantee of satisfaction. 

It's not surprising that Winegard leads the field in the number of 
antennas installed with color sets. And Colortrons have been in- 
stalled by the hundreds of thousands for black and white sets too 
-for the antenna that's best for color is best for black and white 
as well. Why don't you try a balanced design Colortron and see 
for yourself? 

COLORTRON 1111E4NA 

Mede C 41 Cold Arod,zea S24.915 

CIRCLE NO. 237 ON READER SERVICE PAGE 
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LAB TESTED 

III-FI PRODUCT 
REPORT 
TESTED BY HIRSCHHOCCK LABS 

Vernon 47/26 Tape Recorder 
Shure V -15 Phono Cartridge 

Vernon 47/26 Tape Recorder 
For copy of manufacturer's brochure, circle No. 63 on coupon (page 13). 

IN its styling and performance features, 
the Vernon 47/26 tape recorder is re- 

freshingly different from other record- 
ers, both domestic and foreign, which 
we have tested. The 47/26 is imported 
from Japan by Vernon Audio Division 
of Mount Vernon, New York. 

The name of this recorder is a clue to 
its circuit complexity, which involves 
a total of 47 transistors and 26 diodes. 
Its electronics portions are fully solid - 
state and are constructed on plug -in 
printed -circuit boards for ease of main- 
tenance. In addition to separate stereo 
record and playback preamplifiers, the 
unit has a pair of 10 -watt power ampli- 
fiers, using OTL (output transformer - 
less) output stages. These amplifiers 
drive the built -in 5" monitor speakers, 
or external speaker systems. The tape 
transport motors may be switched off, 
so that the amplifiers can be used as a 
part of a home music system or as a pub- 
lic- address amplifier. 

The recorder is housed in an attrac- 
tive, compact, and rugged all -metal case. 

26 

Die -castings are used liberally for rigid- 
ity and dimensional control. In spite of its 
small size (15 á "x12í "x6'á" ) , it weighs 
44 pounds. The drive mechanism uses 
three motors, controlled by a unique 
"piano -key" button grouping. The keys 
have a feather light touch and operate 
the motors through an interlocked sys- 
tem of flip -flops, diode gates, and one - 
shot multivibrators. Incorrect operation 
of the mechanism is virtually impossible. 

The tape may be switched to either 
fast -forward or rewind directly from nor- 
mal speed or from a standstill. Unlike 
other recorders, it can be switched from 
a fast speed to normal playing speed. 
The tape comes to a smooth stop, pauses 
a couple of seconds, and proceeds to 

play. The built -in time delay prevents 
any possibility of tape breakage or 
stretching. It may also be rocked back 
and forth between fast -forward and re- 
wind to locate a particular portion of 
the tape, with the aid of the index 
counter. 

The "black keys" of the piano -type 
keyboard must be pressed simultane- 
ously with the "Play" key to make a re- 
cording. Red lights indicate when either 
or both channels are recording. Stopping 
the tape or going to a fast speed releases 
the recording buttons. If it is desired 
to temporarily stop the tape without 
dropping out of "Record," the "Pause" 
button does this instantly. Another press 
on it and the tape is instantly in motion. 

Two push- buttons select the playback 
mode through the internal speakers, or 
external speakers if they are plugged in 
( which disconnects the internal speak- 
ers) . The buttons allow mono reproduc- 
tion of either track through both 
speakers, stereo playback, or shutting 
off both speakers when playing through 
an external power amplifier. Another 
push- button switches the output from 
the input stages to the tape playback 
amplifier, in order to compare the in- 
coming signal with the recorded signal. 
The two tape speeds of 7;z and 3% ips 
are selected by a switch which elec- 
trically changes the capstan motor 
speed, as well as shutting off the motor 
in a third position, while leaving the 
amplifiers operating. 

There is an automatic stop when the 
tape runs off either reel. By sticking 
a piece of conductive metal foil on each 
end of a reel of tape, an automatic re- 
peat feature may be used. This auto- 
matically rewinds the tape after playing 
and repeats the play for as long as may 
be desired. 

Two sets of concentric controls set 

11111 ' 
...' 

TAPE 
' :_: 

PLAVBACN RESPONSE :: 7 121PS AMPEX 31321-04 -o:iia1,I II1! 

FREQUENCY -CPS 
2PC 5KC 10KC 20KC. 

ELECTRONICS WORLD 
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Scott's top rated LT -110 
FM Stereo Tuner Kit now 

at a new low price...$139.95! 
...1.88 uy sensitivity by a home alignment procedure without 
instruments. .. an exceptional feat ..." Electronics Illustrated 

75 N 

é 

Here's terrific news for kit builders! Now, the 
famous Scott LT -110 tuner kit ... the same kit 
top rated by every audio expert . . . the same 
superbly engineered FM Stereo tuner built by 
thousands of hi fi enthusiasts ... is now available 
in handsome new styling at a truly modest price. 

Look at the outstanding features of this superb 
tuner. It includes a heavily silver -plated front end 
that is pre -wired and tested in Scott's engineering 
laboratories. The critical multiplex section is also 
completely pre -wired and tested with the most 

advanced multiplex equipment available. Among 
the LT- 110 -B's many pluses: Stereo Separation 
in excess of 30 db, Sonic Monitor Stereo indicator, 
60 db signal -to -noise ratio, sensitive tuning meter. 

Here's what the technical editor of Electronics 
Illustrated said about the LT -110: "If you have 
hesitated to go into stereo FM because of im- 
agined complexities and highly technical skills 
and knowledge that might be required, fear no 
more. The LT -110 shows you how to enjoy stereo 
FM the easy way." 

New LK -72B 80 -Watt Stereo Am- 
plifier Kit. Here's a popular inte- 
grated stereo amplifier kit at an 
outstanding price. Rugged stereo 
output stages deliver 80- watts, 
can be used with any speaker 
systems. Every conceivable con- 
trol feature is found on this ver- 
satile amplifier including a 

switched front panel headphone 
output, complete recording facili- 
ties, and provision for driving 
a third or center channel loud- 
speaker system without additional 
amplification. Only $149.95 

LK -48B 48 -Watt Complete Stereo 
Amplifier Kit. More than enough 
power for the majority of music 
systems. The all -new LK -48B has 
two new convenience features, a 

switched front panel headphone 
output for private listening, and 
a powered center channel output 
to drive extension speakers. 13 
front panel controls. Complete 
tape recording facilities. Typical 
Scott luxury features include all - 

aluminum chassis and DC- operated 
heaters for lowest hum. Only 
$129.95 

Exclusive FULL -COLOR instruction 
Book "eliminates just about the 
last possible chance of wiring 
errors . ' Every part and 
every wire are shown in natural 
color and proper position. In ad- 
dition, each full -color illustration 
in the instruction book is ac- 
companied by its own PART - 
CHART, another Scott exclusive. 
The actual parts described in the 
illustration are placed in the 
exact sequence in which they are 
used. 

Export. Scott International, 111 Powdermill Road, Maynard. Mass. Canada. Atlas Radio Corp., 50 Wingold Ave -, Toronto. Cable HIFI 

October, 1964 

FREE 1965 STEREO GUIDE 
H.H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass. 

Please send me your new 20 -page full -color 
1965 Stereo Guide and comp eta catalog. 

Q Send me complete information on new con- 
soles by Scott . component quality in 
beautiful, hand -finished cabinets. EW 160 -10 

Name 

Address 

City Zone. State 

Sc OTT° 
Priceslightly higher West of Rockies. Subject to change without notice. 
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PUTS THE WORLD AT 

YOUR FINGER TIPS! 

d 
SECCND CP 

Essential DX operating aid, provides 
vital data like: beam headings; list of 
world QSL bureaus; includes logging 
space. See needed prefixes at a 
glance, increase your odds of a OSO 
because you have full information 
instantly. 

A must for every active operator, ham 
or C.B. Over a dozen vital informa- 
tion tables including: Q- signals, 10- 
signals, abbreviations, all U.S. radio 
districts and prefixes, time conver- 
sion, logging space for CW- SSB -CB. 
Saves time for efficient operation. 

At your E -V microphone headquarters, 
or send $1.00 each to: 

ELECTRO-VOICE, INC. 
Dept. 1043N, Buchanan, Michlçan 49107 

CIRCLE NO. 180 ON READER SERVICE PAGE 
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ERN.N 47/26 
OVER -ALL RECORD/ PLAYBACK RESPONSE 

7 1/2 IPS 

I 

20 50 IOO 200 500 

recording and ply back levels, with the 
aid of twin illuminated "vu- type" meters. 
A unique tone control offers a smooth 
transition from loudness compensation, 
to bass boost, to flat response and finally 
treble boost, effective only on playback. 
Each channel has inputs for two high - 
level sources and a microphone. They 
may be selected individually or mixed. 
By suitable internal cross- patching from 
one channel to the other, sound -on- 
sound, echo, and other special effects 
may be created. 

The Ti -ips playback response of the 
47/26, as measured with the Ampex 
31321 -04 tape, was within ±3 db from 
50 to 15,000 cps. The over -all record/ 
playback response was quite flat and 
smooth. At T_ ips, it was down 2.5 db at 
35 and 12,000 cps, and 5 db down at 28 
and 14,500 cps. At 3'i ips, it was within 
±3 db from 30 to 8500 cps. These 
measurements were made with the tone 
controls in the indicated "flat response" 
setting and can be modified as desired 
by use of the tone control. 

The wow and flutter were very low, 
measuring 0.03% and 0.05% respectively 
at T_ ips with the Ampex 31326 -01 test 
tape. The tape speeds, measured with a 
tape strobe, were exact. The fast tape 
handling was unusually fast, requiring 
less than 50 seconds to move 1200 feet 
of tape. The signal -to -noise ratio aver- 
aged 45 db at 73 ips and 46.5 db at 
3 } ips. The noise was essentially all hiss, 
with little or no hum present. 

The amplifier section frequency was 
down 3 db at 25 and 15,000 cps, in 
the flat tone -control position. The treble 
boost was a very mild 3 db maximum 
in the 8000 cps to 10,000 cps region. 
The "bass boost" was actually a strong 
treble cut, beginning at a few hundred 
cps and reaching a maximum of about 
13 db. The power output of the ampli- 
fiers, although nominally rated at 10 
watts per channel, varied from about 10 
watts into a 4 -ohm load, to about 6 watts 
into a 16 -ohm load. Intermodulation dis- 
tortion on one channel of the test unit 

IKC. 2KC. SKC. IOKC. 2OKC. 

was under 1% up to several watts output, 
with a 16 -ohm load, and under 3% up 
to more than 10 watts output into a 
4 -ohm load. The IM distortion of the 
other channel was higher at low levels, 
but decreased to normal levels at several 
watts output. 

When making recordings at 7;á ips 
from an FM tuner, no change in sound 
quality (other than a very slight in- 
crease in hiss level) could be heard 
when comparing the incoming and out- 
going signals from the recorder. At 3 
ips, only a slight dulling of extreme high 
frequencies distinguished the two sig- 
nals. The over -all sound quality of this 
recorder is compatible in every way 
with the finest home music systems, 
when played through an external ampli- 
fier and speaker systems. Its internal 
amplifiers and speakers are quite ade- 
quate for monitoring or casual listening. 
The built -in amplifiers were able to drive 
medium -efficiency speaker systems with 
very pleasing sound quality. 

The tape transport is, without a 
doubt, the most fool -proof we have ever 
used. No matter how the controls are 
misused, it is impossible to break, spill, 
stretch, or accidentally erase a tape. The 
recorder can be mounted horizontally, 
vertically on the removable bases pro- 
vided, or at any other angle. It runs cool 
and requires only a minimal amount of 
ventilation. 

The manufacturer also makes avail- 
able a dynamic microphone, the DF -1, 
which is well suited for use with the 
47/26 recorder. We found the quality 
of the DF -1 microphone to be perfectly 
satisfactory for general home or other 
nonprofessional recording. Another ac- 
cessory is a remote -control unit which 
plugs into the recorder. It has a dupli- 
cate set of "piano keys" which allow 
control of all tape transport functions 
up to a distance of about 20 feet from 
the recorder. 

The Vernon 47/26 recorder, with 
plastic cover, all cables, and mounting 
accessories, sells for $600.00. 

Shure V -15 Phono Cartridge 
For copy of manufacturer's brochure, circle No. 64 on coupon (page 13). 

RECENTLY, the significance of the 
vertical angle between the gener- 

ating elements of a phono cartridge and 
the record surface has received wide 
publicity. It has been shown, both theo- 

retically and practically, that the vertical 
angles of the recording cutter stylus and 
the playback cartridge stylus should be 
identical. The chief result of an appre- 
ciable departure from this condition is 
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see what's new for 1965 in 
-t% U)okdfrL W *knight-kits® 

$1995 
less 
case 

KG -854 54 -Watt 
Solid -State Stereo 
Amplifier Kit -abso- 
lutely superb perform- 
ance, a pleast, re to 

build. No output transformers; pre- 

cision self- resetting circuit breakers; 
printed circuit board and military - 

type terminal board for easy assem- 

bly. Nothing like it at the price! 

$3495 
with 

switchable 
probe 

$9995 
less 
case 

KG -765 All- Transistor 
Stereo FM -AM Tuner 
Kit -delivers the most 
exciting stereo sound 
imaginable. Features 

automatic stereo MX indicator light; 

FM -AM signal- strength tuning meter; 

factory -assembled and aligned IF strip 

and FM front -end. Superb quality - 
incomparably low in cost. 

$8995 C -560 5 -Watt CB 
Transceiver Kit -for 
110 -130 v. AC /12v. DC; 

terrific sensitivity; 6- crystal -con- 

trolled channels; 23- channel manual 

tuning; preassembled and tuned Nu- 

vistor RF stage; solid -state power 

supply; 2 -stage IF; adjustable 
squelch, and much more. A super - 

value in latest CB design. 

$1588 

KG -275 Exposure 
Meter Kit -latest 
super- sensitive cad - 

mium-sulphide type; 
accurately measures 
both reflected and 
incident light; g- 
range meter; push- 
button selection for 
low and high light levels; color -coded 

scales to calculate proper lens opening 

and shutter speed. Professional quality 

-outperforms far costlier units. 

$4995 
with cable 

& leads 

KG -625 6" VTVM Kit -king -sized for 
accuracy; .' /z -volt full -scale DC range; 
200 microamp movement; reads peak - 
to -peak AC volts directly; precision 1% film -type resistors; single switchable 
AC- ohms /DC test probe. Terrific value. 

KG -375 Universal Auto Analyzer Kit - great for auto tuneups- checks generator. 
alternator, regulator, wiring, both 6 and 
12 -volt, all engines. Big 7" meter; solid - state circuitry: self -powered. Packed with exclusive features -at lowest cost. 

$1995 

KG -225 Wireless Intercom Kit - transistorized and wireless- newest, 
finest, most advanced intercom kit 
you can buy. All units are Masters; 
all originate calls. Squelch circuit 
eliminates interference. Add stations 
as needed. Amazingly low priced. 

knight -kit 
GUARANTEE 
Buy any Knight -Kit. 
Build it. Operate it. 
You must be satis- 
fied or we refund 
your money. 

O 
see many other great knight -kits` including best -sellers like these! 

$9995 
less case 

KG -870 70 -Watt Solid- 
State Stereo Amplifier 
Kit -packed with dozens 
of deluxe features to 

bring you spectacular performance at 
low, low cost. The last word in easy 

assembly and breathtaking sound. 

$6995 

C -22 5 -Watt CB Trans- 
ceiver Kit -top quality 
at lowest price; for 110- 

130 v. AC /12 v. DC; 5 crystal -con- 
trolled channels, 22- channel manual 
tuning; adjustable squelch; ANL; 
Pi -net output, and more. 

$3995 "Star Roamer" 5 -Band 
Superhet Short -Wave 
Receiver -band- 

switched ranges; electrical bandspread; 
"S" meter; ANL; IF sensitivity con- 
trol -tops for lowest -cost world -wide 
radio reception. 

$9995 

1 

T -150A 150 -Watt AM/ 
CW Transmitter Kit - 
covers 80 through 10 

meter ham bands; controlled -carrier 
modulation; stable VFO; "spot" switch; 
chirp -free cathode keying; front panel 
key jack. The price is unbeatable. 

D 

s 
)Y{UU G 

less Walkie- 
battery Talkie Kit 
-all- transistor; range 
up to 'A mile; crystal - 
controlled xmitter for 
channel 7; fun to build 
and use. Owned by 
thousands. Lowest_ 
priced Walkie- Talkie 
kit available anywhere. 

ALLIED 
gl ELECTRONICS 
ÿ row mwvwn wet 

wi 

o wu.o wwoo 

4K v 
G -620 
"VTVM 

with Kit . 7 

leads ranges 
each, AC v. (RMS & 
P -P), DC v., ohms, and 
db. 11 megohm input. 
Extended response - 
=1 db, 30 cps to 3 mc. 
Easy -reading 2 -color 
meter scale. A dollar - 
stretching value. 

F 
ReeSe 

end 
AL L 

for 

IED 

490 

CATALOG 

page 

! 

SEE THE FULL SELECTION OF KNIGHT KITS: 

Stereo Hi -Fi, CB, Hobby, Shortwave, 
Ham, Test Instrument, Intercom - 
PLUS the world's largest selection 
of electronic equipment. 

satisfaction guaranteed or your money back 
EASY TERMS: Take advantage of the Allied Credit Fund Plan 

The 

October, 1964 

ALLIED RADIO 
World's Largest Electronic Supply House 

$1995 

Transistorized 
Electronic Ta- 
chometer Kit - 
registers 0-8000 
rpm, with 3% full - 
scale accuracy; 
Zener diode regu- 

lation; universal mount. Rugged; reli- 
able. Tops in value and performance. 

, ,. it1 

41 

$3595 60 
-tests 

0 -B Tube 
over 2300 

Tester 
typesKit ; 

checks for quality, con- 
tinuity, shorts, open elements and gas; 
cathode -emission type; fast setup. Ex- 
cellent value. rr_- _fit-- - -- --- 

ALLIED RADIO, Dept. I -KK 
;100 N. Western Ave., Chicago, Illinois 60680 

I Send FREE 1965 Allied Catalog. 

1 

1 

1 

1 

1 

' 

Ship me the following Knight -Kit(s): 

Name 
PLEASE PRINT 

Address 

I City State Zip 1 
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NATURE 
LOVERS.. 

..for 
SLIDES 
& SOUND 

Record nature sounds. 
Set on auto operation. 
Sound starts and stops 
it automatically. 

SECRET 
RECORDINGS... 

Built-in automatic syn- 
chronizer advances 
slides; coordinates them 
with commentary or 
music. 

DICTATION .. . 

For investigations, inter- 
rogations, gathering of 
evidence. Works unat- 
tended. Voice starts and 
stops it. 

Use voice operation or 
remote -control micro- 
phone. Dictate anywhere - office, home or on the 
road. 

MUSIC WHEREVER YOU GO .. . 

Enjoy music at the beach, on your boat, anywhere. 
Play commercial tapes or your own selections from 
radio or records. 

World's First Fully- 
Automatic Voice-Operated 
Portable Tape Recorder! 

CONCORD 330 
You'll find all sorts of "hands- free" uses for 
Concord's amazing portable 330 - applications 
not possible with an ordinary recorder. You 
don't even have to be there. Sound starts it; 
sound stops it. Just set it and forget it! The 
330 is packed with features: automatic slide 
projector advance; automatic Synctrol for home 
movies; automatic self- threading too! Up to 
6 hours playing time on 5" reels; 2 speeds; VU 

meter /battery life indicator and an optional 
AC adaptor. See your Concord dealer right 
away for a demonstration. Under $200.00.* 
Other Models to $450.00. 
For Connoisseurs Of Sound 

CONCORD 330 
CONCORD ®.ELECTRONICS CORPORATION 

CH,) 

809 N. Cahuenga Blvd., Dept.24, Los Angeles 38, Calif 
*price slightly higher in Canada. 

CIRCLE NO. 171 ON READER SERVICE PAGE 
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an increase in playback distortion, 
mostly second harmonic. There is gen- 
eral industry agreement that a 15- degree 
vertical angle in the playback system is 
optimum for playing older records as 
well as those made with more recent 
cutter designs. 

The new Shure V -15 "Stereo Dynetic" 
cartridge is designed with a 15- degree 
vertical tracking angle. Like other Shure 
cartridges, it is a moving -magnet design, 
with an easily removable stylus assem- 
bly. The stylus compliance is 25 x 10 -6 
cm. /dyne in both lateral and vertical 
planes, which calls for a tracking force 
between gram and Lii grams. Forces 
greater than 13 grams are not recom- 
mended. If the pickup is dropped, or 
excessive vertical force applied for any 
reason, the stylus retracts until a small 
plastic button on the stylus assembly 
contacts the record surface. This pro- 
tects the stylus from accidental damage, 
and also does away with the pops and 
clicks caused by record scratches pro- 
duced by rough handling of the pickup. 

A unique feature of the cartridge is 
its elliptical stylus. One of the inherent 
weaknesses of disc recordings is the fact 
that the cutting and playback styli have 
different shapes. Records are cut with a 
sharp-edged stylus and played back 
with a conical stylus. The inability of the 
playback stylus to trace precisely the 
groove modulation cut by the recording 
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stylus leads to "pinch- effect" distortion, 
as well as a loss of high -frequency re- 
sponse near the inner grooves of the 
record, where the recorded wavelength 
becomes comparable to the stylus di- 
mensions. 

One approach to the solution of this 
problem has been the use of a smaller 
tip radius on the playback stylus. Some 
stereo cartridges have conical styli with 
0.4 -mil tip radius, or even less. These 
can produce a noticeable improvement 
in clarity and reduced distortion near the 
end of a record. However, they are un- 
suitable for playing mono LP records 
which were designed for a 1 -mil play- 
back stylus. The small tipped styli tend 
to "rattle around" in the bottom of a 
mono LP groove, producing unpleasant 
distortion. 

Another approach has been the use of 
an elliptical stylus. This has a larger 
radius at right angles to the groove and 
a small radius on the portion of the stylus 
which contacts the groove walls. The 
short wavelengths of high- frequency 
groove modulations are readily traced 
by the small edge radius, while the large 
frontal radius keeps the stylus from "bot- 
toming" in the record groove. 

Elliptical styli have been tried several 
times in the past by various manufactur- 
ers. They have usually been offered on 
experimental or limited- production car- 
tridges. Difficulties in manufacturing the 
diamond styli have prevented wide- 
spread application of this concept. 
Shure has now introduced the elliptical 

(Continued on page 105) 

PEAK RECORDED VELOCITY- CM/SEC 

:1:: 

RREQUENCY RESPONSE 
I 

'CBS STR_I00 
TEST RECORD 

CROSSTALK 

20 50 IDO 200 500 IKC. 2KC. 
FREQUENCY -CPS 

55C. O'K C- 2cß :<C. 
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...GET THIS LAVALIER FOR ONLY $5.00 BUY THIS FIXED- POSITION MICROPHONE 

A SPECIAL OFFER IN THE INTEREST 
OF IMPROVED SPEAKING TECHNIQUES 

This special limited -time offer applies 
tR to the famous Uniclynt,. Il and Ill 

series and other fine Shure micro- 
phones listed below.* Unidyne Ill is 

the only carclioid microphone with 
pick -up pattern symmetrical about 
axis and uniform at all frequencoes. 
Outstanding for voice or instruments. 
*Models 300, 315, 330, 333, 555W. 555, 545, 
5455, 546, 5565, 576, 578, 5785 A Shure 
Lavalier for only $5.00 with each, when you 
send in your guarantee registration card. 
Offer expires December 31, 1964. 

I--1V Fg, E 
Shure Brothers, Inc., 222 Har :rey Avenue, Evanston, Illinois 

October, 1964 

For lecturers, teachers, ministers, 
managers, public speaking requires 
the freedom and flexibility of a sec- 

ond microphone. The ability to move 
around while talking frees the speaker 
for writing on a blackboard or han- 
dling visuals, makes any speaker more 
interesting, more effective. Prove it to 
yourself for only $5.00 when you buy 
a Shure Microphone for fixed -loca- 
tion use. 

Steps to obtain your Lavalier Microphone: 
Purchase any of the microphones listed above thru your dis- 
tributor or sound installer. 
Remove guarantee registration card from microphone package. 
Specify whether you wish high impedance or low impedance 
lavalier microphone in the comment section of guarantee regis- 
tration card. 

Mail to Shure Brothers, Inc. with your check or money order for 
$5.00. If sending cash please send by registered mail. 

That's all there is to do. Your microphone will be sent to you 
post paid. Sorry, no C.O.D.s. 
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EICO's complete new 
color TV lab for the pro 

Color TV servicing is a job for professionals -and Eico's new color TV test 
equipment is designed to their requirements. Professional service engi- 
neers can't afford to waste time on apparent set troubles caused by make- 
shift, inaccurate test signals, or on test equipment that is inherently 
difficult to use or incapable of fast, accurate determinations. Critical pro- 
fessionals know they can depend on EICO for accuracy, reliability, and 
laboratory standard performance. Moreover, EICO has now successfully 
reduced equipment size while improving performance, to permit conven- 
ient on- location servicing. No wonder the pros choose EICO! 

PROFESSIONAL PERFORMANCE IN COLOR TV TEST INSTRUMENTS/ 
(A) MODEL 380 SOLID STATE N.T.S.C. STANDARD COLOR SIGNAL & 
DOT -BAR GENERATOR (PAT. PEND.) Entirely unique in both providing 
completely standard 100% fully saturated N.T.S.C. color signals, including 
both chrominance and luminance signals exactly as specified, and in be- 
ing completely transistorized. Color burst is precisely gated and delayed 
according to N.T.S.C. standards, and phase angles are permanently estab- 
lished by taps on a linearly distributed delay line, so that no adjustments 
are ever required. Use of saturated transistors for switching and delay pro- 
vides square "clean" waveforms without significant overshoots or ringing 
for excellent signal definition. The design of the 380 is an absolute pro- 
tection against obsolescence, and assures the professional service engineer 
that apparent set trouble is not caused by a non -standard test signal. In 
addition to generating 11 different color signals, one at a time, for hue and 
demodulator adjustments, the Model 380 generates dots, crosshatch, hori- 
zontal lines, and vertical lines for convergence and linearity adjustments. 
Both video and RF outputs are provided, with gain controls. Three crystal - 
controlled oscillators are employed for color burst and color information, 
convergence and sync signals, and RF output on TV channel 3 (exchange- 
able for TV channel 4). Entirely stable and inherently rugged by solid state 
design, the Model 380 is also outstandingly compact and weighs only 4 
lbs. SIZE (HWD): 81/2 x 53/4 x 6% inches. Kit $129.95. Wired $169.95. 

(B) MODEL 369 TV -FM SWEEP & POST -INJECTION MARKER GENERATOR 
(CRYSTAL -CALIBRATED) For easiest, fastest visual alignment of color or 
B &W TV, and FM receiver RF & IF circuits. Five sweep ranges from 3 -220 
mc and four marker ranges from 2 -225 mc, plus a crystal marker oscillator 
that turns on when a crystal is plugged into the panel socket (4.5 mc 
crystal supplied for TV sound alignment). Controllable inductor sweep cir- 
cuit is purely electronic and has no mechanical parts to wear out. Retrace 
blanking, and a 3 -stage AGC circuit that keeps the amplitude of the swept 
signal even when the widest sweep width of 20 mc is used. With the 369, 
circuit response is not affected by markers and markers are ndt affected 
by traps in the circuit. Only the sweep signal is applied to the circuit under 
test. A demodulator cable picks up the output signal and feeds the demod- 
ulated signal to a mixer stage in the 369 where the markers are added. 
Then the combined signal is fed to a 'scope. Separate trace size and marker 
size controls can be used independently. SIZE (HWD): 8V2 x 121/2 x 71/2 

inches. Kit $89.95. Wired $139.95. 

(C) MODEL 435 DC WIDEBAND 3" OSCILLOSCOPE You'll be able to com- 
plete many more color or B &W TV service calls on location if you can take 
your 'scope with you. EICO's 435 is really portable (1/3 the size of conven- 
tional 5" scopes) and fully equipped to do the job. Quality equal to or 
better than the finest 5" TV service scopes is achieved with a far sharper, 
brighter trace on a flat -face CRT. Direct -coupled, push -pull V amplifier, with 
4 -pos. frequency- compensated decade attenuator has no low frequency 
phase shift, and is flat from DC -4.5mc (+1, -3db). Far more accurate 
p -p voltage measurements than ever before with a Zener diode -controlled 

square wave calibrating voltage, and an edge -lit calibration grid. Easier to 
use for TV servicing with pre -set TV -V and TV -H positions in addition to 4 
sweep ranges, automatic sync limiter and amplifier, and full retrace blank- 
ing. Amazingly easy to build because of professional interior packaging 
that has eliminated crowding and permits easy access to any component. 
SIZE (HWD): 81/2 x 53/4 x 12% inches. Kit $99.95. Wired $149.95. 

ONE MORE MATCHING INSTRUMENT EQUIPS YOU 
FOR FM STEREO SERVICING, MODEL342 FM MUL- 
TIPLEX SIGNAL GENERATOR. The EICO Model 342 
is a compact, efficient instrument essential for test 
or alignment of the multiplex circuits of FM Multi- 
plex Stereo tuners, receivers, and radios. FM Stereo 
is a field as fast -growing as color TV, and a multi- 
plex generator is an absolute must for getting a 

share of the increasingly important and profitable 
service business. The circuitry of the Model 342 is 
of the design lab quality needed for restoring orig- 
inal performance quality to the costliest equipment, 
but the controls have been simplified for fast, un- 

complicated operation. With it, you can quickly measure and adjust chan- 
nel separation and balance, or the input level needed for synchronization 
or switch -over to stereo operation. The Model 342 provides signals as 
perfect as those available from generators costing many hundreds of 
dollars. It provides both a controlled amplitude composite audio output for 
direct signal injection beyond the detector into a multiplex section, and 
the same signal modulating an FM RF carrier at about 100mc (adjustable) 
with controlled deviation ± 75kc (100% modulation) for connection directly 
to the antenna terminals. Either a built -in lkc oscillator (below 0.3% 
distortion) or an external audio oscillator may be used to provide the left 
only, right only, difference, or sum signals. The 19kc pilot signal is crystal 
controlled and may be switched on or off independently of the composite 
signal. The signal may be obtained without audio information and only 
the 19kc pilot injected. An oscilloscope sync output is provided, with a 
choice of either 19kc sync or internal lkc /external oscillator sync. In 
addition, an input is provided for connecting an external audio oscillator 
to provide an SCA signal when required. Another important and valuable 
feature of the Model 342 is dual inputs and amplifiers for a stereo source 
to permit FM MULTIPLEX STEREO demonstrations to customers when 
there are no stereo programs being broadcast. Modern compactron tubes 
are used to obtain a lightweight, compact package that is easily portable. 
SIZE (HWD): 8V2 x 53/4 x 121/2 inches. Kit $99.95. Wired $149.95. 

Visit the EICO exhibit in the Pavilion of .American Interiors at the World's Fair. 

1 EW-10. 

L 

E/CO EICO Electronic Instrument Co., Inc. 
131 -01 39th Avenue, Flushing, N.Y. 11352 

Send new 1965 catalog featuring more than 230 EICO Products. 

Name 
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A survey of the various techniques that are now under development and in present use 

for the translation of printed or written alphanumeric characters into computer signals. 

LIGHT 
SOURCE 

NUMERAL 
TO BE 

RECOGNIZED 
BEAM -SPLITTING 

OPTICS 

TRANSPARENT 
MASKS WITH 

OPAQUE NUMERALS 
PHOTO- 

MULTIPLIERS 

LENSES 

OPTICAL 
SCANNERS 
MACHINES 
THAT READ 
By KEN GILMORE 

TODAY'S computers perform tremendous amounts of 
work at unbelievable speeds. But computers, for all 
their abilities, have one major shortcoming. They can- 

not read documents designed for human eyes -the mountains 
of bills, receipts, sales slips, vouchers, forms, and other pa- 
pers that keep our society running. As a result, the job of 
coding information so that computers can use it is, for the 
most part, still done slowly, expensively, and inaccurately 

If --by hand. 
At last, though, this great bottleneck is being broken. 

More than a score of companies are now working on optical 
reading machines- devices that scan typewritten or printed 
words and numbers and translate them into punched cards or 
digital signals automatically, with speed, accuracy, and econ- 
omy far beyond human ability. (Optical reading machines 
should not be confused with magnetic reading machines, de- 
signed to identify numbers on the bottom of checks. For a 
full explanation of this quite different system, see ELEC- 
TRO\IC:S WORL), April, 1963.) 

A large number of optical reading machines are already at 
work, doing a wide variety of jobs. A battery of optical scan- 
ners keeps track of the more than 600,000 dividend checks 
and the hundreds of thousands of warrants, proxies, and other 
stockholder documents the American Tclr phone and Tele- 
graph Company sends out periodically. A majority of the 
country's major oil companies now read incoming gasoline 
credit card charge slips with automatic machines. (You may 
have noticed the stylized printing designed especially for 
machine reading on some of your own credit cards.) Many 
of our major insurance companies, utilities, and other firms 

October, 1564 

Fig. 1. Mask -matching technique. Transmitted image co- 
incides with only one mask, that of the "5," so no light 
passes through that mask. In this case the number to be 
recognized is transparent. Optical methods of project- 
ing numbers written on paper have also been devised. 

Fig. 2. Alternate Farrington reading scheme, using os- 
cillating mirror rather than moving document to produce 
horizontal character movement past the device's sensors. 
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Display on scope shows number presented to logic circuits 
of experimental IBM reader. A card with the same digits as 
the one at the left has been placed in the reader. The logic 
circuits guide the scanning beam on a moving circular 
path around the written characters to detect the line edges 
and extract the other data required for proper recognition. 

now read returned premium notices and their customers' bills 
by means of machine. 

The experience of one company shows why firms that 
handle large volumes of documents are turning to automatic 
reading. Back in 1955, the Reader's Digest Book Club was 
sending out some 15- to 20,000,000 books a year in four quar- 
terly shipments, recruiting temporary help to handle each 
tremendous mailing. To eliminate the inefficiency inherent 
in such a system, the company bought a specially designed 
machine from a small firm called Intelligent machines Re- 
search (later to become a division of Farrington Manufac- 
turing Company and the country's leading producer of read- 
ing machines) . The original device, which could read through 
the entire subscription list in a few days and prepare com- 
puter instructions for label printing, is still in operation. 
Digest officials report that the scanner -first optical reader to 
go into commercial service in the United States -has saved 
its original price every six months both in terms of very 
much reduced labor costs and increased efficiency. 

Three Principal Approaches 
Optical reading machines svorking on many different prin- 

ciples have been built. lost effort, however, has gone into 
three main approaches: template or mask matching, feature 
extraction, and matrix matching. 

The first approach- tna.sk matching-is the simplest. The 
image of a character to be recognized -say a "5 " -is projected 
on a series of transparent masks, each containing a single 
character printed in black (Fig. 1). When the image is 
projected on the mask containing the 5, the projected image 
coincides exactly with the printed image and all light is 
blocked. Since there is some mismatch as the 5 is projected 
on all other masks, some light shines through each and falls 
on each photomultiplier except the one behind the 5. The 
mask that blocked all light is easily detected by the photo- 
cells, and the character is thus identified. Optical systems 
can be designed to project a number or letter to be recog- 
nized on all masks either simultaneously or else in a sequen- 
tial manner. 

Although such a machine is attractively simple in prin- 
ciple and construction, it has several major disadvantages. 
Character size, registration, and alignment are extremely crit- 
ical. A system designed to recognize one type face has a high 
error rate on any other. Also, most documents in business, 
government, and science that could be efficiently read by 
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By 1965, some U.S. mail will be 
by ZIP code. As a preliminary 
ment, designed by Philco, has 
Office Department for extensive 
equipment reads mail addresses 
This system will greatly speed 

electronically read and sorted 
step, this recognition equip - 
been delivered to the Post 
testing and evaluation. The 

and controls sorting machine. 
up the distribution of mail. 

machines are typewritten. And typed characters, when ex- 
amined under magnification, are far from perfect. Lines are 
broken, open areas filled in, edges fuzzy. Mask- matching 
systems do poorly on such type. For this reason, mask - 
matching techniques have been largely abandoned. 

Most commercial readers today are based on one of two 
more versatile approaches: feature extraction or matrix 
snatching. Farrington machines, although they vary some- 
what from model to model in scanning geometry and recog- 
nition circuitry, illustrate the first approach mentioned. 

Feature Extraction 
The illustration on the cover shows the mechanical scan- 

ning system of one Farrington reader. The combined move- 
ments of the character (and its projected image) and the 
scanning disc cause successive vertical slices of the character 
to be projected through the fixed plate slit onto the photo- 
multiplier. The scan can be compared to a television raster 
except that the scanning rates are interchanged: the high- 
speed vertical sweep is supplied by the spinning disc and 
the fixed slit, while the slower horizontal sweep is produced 
by the movement of the document. (Note: On the cover il- 
lustration the fast sweep is vertical with respect to the num- 
bers on the document but due to the mechanical arrangement 
shown, this scanning is done horizontally across the image 

An RCA -developed optical character reader takes advantage of 
scanning ability of the TV vidicon tube. The device reads data 
on 90,000 utility bills or insurance premium notices an hour. 
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Main units of IBM experimental multifont optical character 
reader are shown here. Power supply and scanner are in the 
background, a part of identification circuitry is at right. 
The text, as seen by the scanner, is displayed on TV screen. 

which is turned 90° at the scanning disc. As the document 
moves horizontally through the reader, the images of the 
numbers move vertically at the scanning disc.) 

Fig. 2 illustrates a slightly different arrangement using 
an oscillating mirror for the horizontal motion. A typical 
scanning pattern and the waveforms generated by repre- 
sentative scans in either system are shown in Fig. 3. 

The waveforms are sent to a recognition logic section for 
feature extraction. The logic section determines the presence 
or absence of such features as a horizontal top, bottons, or 
middle bar. short or long vertical bars on right or left. and 
so On. .A "2" for example, must have a horizontal top, middle, 
and bottom bar, and short vertical bars on the top right and 
lower left. Characteristics the machine seeks in other num- 
bers are shown in Fig. 4. 

The machine determines which features are present and 
absent by analyzing the waveforms in a series of logical 

As the paper tape being read on this machine moves past the 
reading station, a spinning 4 -sided mirror reflects images 
of numbers being read through a lens onto photomultiplier 
reading heads. The reader was built by Rabinow Engineering 
to read the fare tapes made by Swedish streetcar conductors. 

steps. The block diagram in Fig. .5, for example, illustrates 
the subroutine for detecting long vertical lines. Since the line 
to be analyzed may be imperfect with small missing portions, 
this circuit is designed to ignore small breaks. At the same 
time, it must detect longer breaks, such as the clear break 
in the vertical sides of a well- formed "8." 

The waveforms A through E in Fig. 5 illustrate the detec- 
tion process for a long vertical line with minor breaks. The 
signal to be analyzed (A) is presented to the detector circuit 
and inverted (B) by I1 so that the short missing portions 
show up as positive pulses. If these missing pulses are shorter 
than the timing interval of measuring circuit III, they are 
eliminated, and do not appear at the 111 output (C). The sig- 
nal is inverted again (D) by 12 and presented to the second 
measuring circuit (11?) , whose interval is set to detect a 
long line. This circuit produces an output only if the signal 
is of greater duration than its measuring interval. Since a 
long signal is present, 2 produces an output pulse, which 
indicates the presence of a long vertical line. Two primer 
circuits, P1 and P2, determine whether the line is on the 
right or left of the character being detected. Timing circuits 
turn one of them on when the first edge of the character is 
detected, the other at the other end of the letter. Since the 
output of M2 is fed to both in parallel, an output from 
one indicates the right side; the other, the left. 

Fig. 3. (Left) Electronic signals that are produced during optical scanning of the numeral "2" are illustrated below. Fig. 4. 
(Right) Simplified truth table for numerical characters. Abbreviations are for horizontal top (HT), horizontal middle 
(HM), horizontal bottom )HB), short vertical upper left (SVUL), short vertical upper right (SVUR); short vertical lower 
left (SVLL), short vertical lower right (SVLR), long vertical left (LVL), and finally, long vertical right (LVR). 
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Documents to be read are fed to paper -handling equipment at 
front of this Farrington reader. Associated electronic equip- 
ment, including recognition logic, is housed in the cabinet. 

GATED 
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SIGNAL III 

A J 

R 

J 
J 
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RIGHT SIDE - 
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P2 
ffy 

LEFT SIDE 
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LEFT 111 1 

F GATED SCANNER SIGNAL 

Il- INVERTED SCAN SIGNAL 

j_ TH MI- INVERTED SCAN SIGNAL WITH J SMALL BREAKS FILLED IN 

D L 

E ! IL 

12- FILLED-IN SCAN SIGNAL 

J M2 -LONG VERTICAL 

Fig. 5. Subroutine for detecting long vertical lines in spite of 
small imperfections. Timing circuits identify horizontal position. 

When a number that does not contain a long vertical -such 
as an "8 " -is presented to the circuit, the timing circuits 
discriminate as shown in waveforms F through J in Fig. 5. 

Since the peak in the inverted signal (G) is of longer du- 
ration than the timing interval of A11, it appears at the out- 
put of M1 (H) and is inverted (1). Neither of the two long 
positive pulses is as long as the timing interval of M12, so 
this timing circuit produces no output. Subroutines of about 
the same complexity are used to determine the presence or 
absence of other vertical and horizontal strokes. 

A final logical operation identifies the character by check- 
ing the outputs of the nine feature- extraction subroutines. 
(Fig. 6.) Each feature -extraction subroutine has two outputs, 
one of which is activated if the circuit detects a feature it 
is designed to respond to, the other if it doesn't. The recog- 
nition circuits for individual numbers are connected to all 
subroutine outputs used in the identification of that number, 
and generate an output signal only if they detect the proper 
pattern of "on's" and "off's" at the outputs of the various 
subroutines. For the "zero" to be identified, for example, 
Fig. 4 shows that the identification logic must detect a 

horizontal top and bottom, and long vertical left and right 
lines. In addition, it must not detect a horizontal middle. Thus 
the "zero" recognition circuit, as shown in Fig. 6, is connected 
to the `on" outputs of the four feature subroutines it must 
detect, and to the "off" output of the particular one of the 
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subroutines which must be missing. The other subroutines 
play no role in the generation of a signal for a "zero." 

The Matrix Matcher 
Another major type of machine in operation today matches 

information derived from the character to be recognized with 
a different kind of criteria stored or wired into its circuitry. 
A reader built by Rabinow Engineering illustrates this. 

The image of the character sweeps past a row of photocells 
(Fig. 7 A through G). Timing circuits sample the image at 
five points (B through F) and store the signals detected in 
a shift register. At sample time 1, for example, a fourth 
photocell from the bottom is the only one detecting a signal, 
and this information is stored in the shift register as shown. 
As the figure continues to move across the photocells, outputs 
at subsequent sampling times are also stored in the register. 
When the sampling is finished, the character is shifted down 
in the shift register to the "standard" position. 

Each of the 60 elements in the shift register is represented 
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Fig. 6. Final operation with feature- extraction subroutines. 

Fig. 7. Character recognition by means of matrix matching. 
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by a flip -flop circuit ( Fig. 8) . Normally, all circuits are in 
the "white" position. If a black area corresponding to a 
particular position in the register is detected during the 
character sensing, the flip -flop representing that position 
changes to the "black" position. 

Once the number has been detected, stored in the shift 
register, and shifted to the standard position, the outputs of 
the flip -flop circuits are applied in parallel to a series of 
resistor matrixes (a separate one for each character to be 
recognized) for character identification (Fig. 9). As can be 
seen, a resistor is wired to the output of each flip -flop that 
should have a "black" output for the character to be detected. 

IF PHOTOCELL 
SEES "BLACK" AT 
SAMPLE TIME I, 
THIS WIRE TURNS 
ON FLIP -FLOP 
TO "BLACK" STATE \ "ASSERTION" OUTPUT 

FROM 
PHOTOCELL "A" TRANSISTOR +6 VOLTS IF "BLACK" OAI 

-6 VOLTS IF "WHITE 
FLIP -FLOP 

o 
FROM Al -6 VOLTS IF "BLACK" 

OAI SAMPLE TIME I 

+6 VOLTS IF WHITE 4 DRIVER 

"NEGATION" OUTPUT 

Fig. 8. One stage of electronic memory in matrix matcher. 
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Fig, 9. Resistor matrixes are used for character recognition. 

When the number "1" is stored in the shift register, for 
example the output of each of the assertion outputs of each 
of these flip -flops will be -6 v.; all other flip -flops will be 
registering -6 v. If +6 v. is applied to every resistor of the 
"1" matrix, then +6 v. will appear at the input of the "best 
match" selector. No other matrix will have only positive 
voltages applied to its resistors. 

Take the "E" matrix, for example. Plus 6 v. will appear at 
8 of its resistors, but -6 v. vyill appear at 9 others. Its 
resistors will operate as a voltage divider, and a potential 
of just below O v. will appear at the matrix output. The "1" 
matrix, in other words, has an output of +6 v., while all 
others show either a lower positive voltage or a negative 
potential. The "best match" selector therefore identifies the 
character as a "1." 

As is the case with the feature -extraction technique, a 
character need not be perfect to be identified. Some of the 
flip -flops can be in the wrong state, and the voltage generated 
consequently somewhat below -r 6 v., yet the machine will 
find the highest voltage and identify it as the "best match." 
In practice such machines can correctly identify quite poorly 
typed characters. 

As seen in Fig. 8, each flip -flop has a "negation" output, 
as well as its normal "assertion" output. While most normal 
recognition is accomplished with the assertion circuits. nega- 
tion outputs are used to help distinguish between similar 
characters such as "E" and "F." The matrix for the letter 
"F" (Fig. 9) has four "negatives" and a "positive" along its 
bottom row, for example, to distinguish it from the "E" which 
has five positives. Thus the voltage difference generated by 
"E" and "F," which, without the use of negation outputs. 
would tend to be small, is made larger, and the two can be 
differentiated more easily. 

Still another technique can be used in a matrix -matching 
system to distinguish between similar letters, such as "O" 
and "Q." Instead of using identical resistors at each matrix 
position, those that sense the tail of the "Q" are of a lower 
value. Thus the voltages generated by the tail are dispropor- 
tionately large, and the tail receives greater weight in the 
machine's decision process. This principle of emphasizing 
parts of the character particularly important in its recognition 
is applied wherever similarities tend to make identification 
difficult. 

Matrix- matching machines can be made more versatile by 
providing a number of different resistor matrixes for each 
character to be recognized. One matrix, for example, might 
be designed to recognize the capital letter "R," another a 
lower case "r ". Still others might be provided to recognize 
the same letter in various other type faces. 

Many Variations 
Although most current machines operate either on feature - 

extraction or matrix -matching principles, there are many var- 
iations. The Farrington machine cited earlier, for example, 
develops its scanning pattern with a combination of spinning 
disc and document movement. (Continued on page 84) 

Fig. 10. Block diagram of main components of experimental 
multifont optical character reader built by IBM. CRT beam 
scans the text to be read, and resulting output signal from 
photomultiplier tube enters the buffer. Then the signal goes 
into the measurement -logic unit, where each character's dis- 
tinguishing features are determined. If the machine is being 
trained to recognize a new type font, these features are sent 
to a measurement reference compiler and then stored on mag- 
netic tape. When the machine actually reads text, the measure- 
ments go to decision -logic unit where character is identified. 
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By FRED BLECHMAN 

These charts make it 
simple to wind 

the correct amount 
of tape on various reel 

sizes for different 
recording times. 

IF you have occasion to make a large 
number of short recordings or if 
you do much corresponding via 

tape, it doesn't take long before you have 
an array of different -sized reels holding 
unknown lengths of tape. Since these 
lengths are not known, the recording 
time is unknown, especially since three 
different thicknesses of tape are in com- 
mon use. 

When you wish to record a tape of a 
specific length or to wind your own tapes 
from larger reels for economy, you are 
faced with a seemingly complex prob- 
lem. One solution is to spend valuable 
time running entire tapes through the 
recorder at a known speed and calculat- 
ing the length. There is, however, a 
much faster and easier way -take two 
simple measurements with a common 
inch -scale and use the charts that ac- 
company this article. 

Fig. 3 is a nomogram of tape length 
and recording time at various standard 
speeds. To use it you only need a 
straightedge. For example, you wish to 
know how long 150 feet of tape will 
run at 3% ips. Lay the straightedge on 
the nomogram so it intersects the 150 - 
foot marking on the left scale and the 
3%-ips marking on the diagonal scale: 
the result (8 minutes) will be found 
where the straightedge crosses the right 
side of the scale. 

Next, let us consider Figs. 1, 2, and 
4. Suppose you wish to wind 8 small 
reels of 150 feet each from a 7 ", 1200 - 
foot reel of 1.5 -mil tape. First measure 
the hub radius of the small reels you 
intend to use. (Common 8 -mm. movie 
reels, often used by tape- respondants, 
have a hub radius of .625 inch.) Enter 
Fig. 1 (1.5 -mil tape) at the hub radius 
on the horizontal scale and move verti- 
cally upward until you intersect the 
150 -foot curve. The proper radius for 
this tape winding length will be found 
directly across on the vertical scale. 
Now all you do is mark this "outer 
radius" on the reels with a pencil or 
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Commonly used small reels include the 31/4 -in. 
diameter reel that holds 600 feet of .5 -mil 
tape (left) and the 8 -mm. movie reel (right). 

Fig. 3. (Upper right) Tape length versus record - 
play time nomogram for various lape speeds. 

5 

Fig. 4. (Lower right) Outer and inner radii for 
tape winding using .5 -mil magnetic tape. )_ 

felt -pen and fast -forward wind tape from 
the large reel to the marked point on 
the small reels. This will give you within 
a few percent of 150 feet on each small 
reel. If you are using 1 -mil tape, utilize 
Fig. 2 in the same manner, and Fig. 4 
for .5 -mil tape. 

Of course, these curves can also be 
used to determine unknown tape length 
by measuring the hub and tape winding 
radii; however, you must know the tape 
thickness. The easiest thing to do in 
this case is to run the tape through the 
machine at 71h ips for exactly four min- 
utes; this will be 150 feet. Measure the 
hub and tape radii on the takeup reel 
and find which of the three charts (Fig. 
1, 2, or 4) has these coordinates inter- 
secting at the 150 -foot curve. This, of 
course, tells you the tape thickness, since 
each chart is for a different tape thick- 
ness. 

Figs. 1, 2, and 4 are based on the 
formula: L =K (R2 -r2) where L =tape 
length in feet, K= tape thickness /air gap 
constant, R= outer tape radius in inches, 
r= reel hub radius in inches. 

The "fly in the ointment" here is that 
there are three different common tape 
thicknesses and an undefined air gap be- 
tween tape layers. The author has found, 
experimentally, the factor K for each 
tape thickness. This was found to be: 
314 for .5 -mil tape, 193 for 1 -mil tape, 
and 140 for 1.5 -mil tape. The results, 
using these formulas, are good to within 
2 %, close enough for most uses. 

Liberal use of plain leader tapes will 
allow marking the tape length at each 
end of the reel. The box should also be 
marked with the tape length. Keep the 
charts handy, stored with your tape ac- 
cessories, and you'll probably find your- 
self using them often. Fig. 3 is especially 
useful. Since the largest tapes normally 
used in correspondence do not exceed 
31i ", 600 -foot reels, no attempt has been 
made in these charts to cover larger 
reels or longer tapes. The formulas will, 
however, work for larger reels. 
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RECENT 

DEVELOPMENTS 

in ELECTRONICS 

Plasma -Jet Generator. (Above) A free -burning plasma jet 
with a brilliance three times as great as any other steady 
light source on earth was demonstrated recently at Colum- 
bia University's Electronics Research Lab. The jet, oper- 
ating at 20,000 degrees, easily boiled tungsten and cut 
through concrete. The plasma jet consists of a highly ion- 
ized gas, such as argon, that is fed under pressure through 
a porous anode at the center of the generator face. Up to 
450 amps of current at 40 to 60 volts flows from 3 cath- 
odes to the anode in a continuous arc discharge. The gas 
is instantly ionized by the arc as it emerges from the 
anode, and conducts the heavy current forming the jet. 

Scanning Electron Microscope. (Above) The photomicro- 
graphs show two different internal views of crystal im- 
perfections in a silicon diode. The photos were taken 
with a scanning electron microscope, developed at Bell 
Laboratories, at magnifications of about 700X. Using 
this technique, scientists can "look inside" semicon- 
ductor diodes using a finely focused electron beam in 

order to study internal crystal defects. Variations in the 
beam energy permit various degrees of penetration. 

Ultrasonic Leak Detector. (Above) A new 
method of detecting leaks in pressurized tele- 
phone cables is used by repairman shown. The 
leak is found with the aid of a compact ultra- 
sonic transceiver, made by Delcon Corp. The 
device operates on a frequency of 35 to 45 kc. 
It detects high- fregJency hissing sounds ema- 
nating from tiny leaks from as far away as fifty 
feet on busy streets, while nct responding at 
all to the audible noises made by the traffic. 

Wireless TV Camera. (Above) A new TV pickup 
tube has made possible the development of a 

wireless TV camera with studio quality. The cam- 
era, used first by CBS to cover the Republican 
National Convention, weighs under 29 lbs. in- 
cluding transmitter and power supply. The 
tube, made by Philips, though far smaller than 
a studio image -orthicon, nonetheless meets the 
same operational standards and characteristics. 
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Artificial Quartz Crystals. (Right) The first factory in Europe 
for the commercial production of artificial quartz crystals 
was announced by ITT's Standard Telephones and Cables Ltd. 
The new $2.8 million production facility will produce crystals 
for the electronics industry. Until now, the electronics in- 
dustry in Europe had been dependent on supplies of natural 
crystalline quartz. These crystals were expensive and large 
wastage resulted from irregularities and natural defects. The 
artificial crystals are grown from scrap chips of quartz dis- 
solved in solution at elevated temperatures within heavy -walled 
pressure vessels. At the proper temperatures and at pressures 
up to 30,000 psi, the dissolved chips deposit in the form of a 

large crystal onto a "seed" crystal previously placed in vessel. 

ELECTRONICS WORLD 

Experimental MHD Generator. 
(Left) A new research machine 
for testing the feasibility of elec- 
tric power generation in space by 
magnetohydrodynamics, or MHD, 
is shown here. The machine corn - 
bines a generator and motor in a 

closed, self- contained loop -the 
first such MHD device to operate 
entirely without moving appara- 
tus of any kind. The equipment 
fits between the poles of strong 
magnets. Two end pieces com- 
plete the loop, through which a 

white -hot plasma of helium and 
cesium circulates continuously 
during the machine's operation. 
Power is generated by the pas- 
sage of the highly ionized gas 
mixture through the magnetic 
field. The experimental system 
was developed by Westinghouse 
for the United States Air Force. 

Microelectronic Decade Counter. (Left) The decade counter 
shown, developed by Honeywell, is described as the semicon- 
ductor industry's most complex monolithic integrated circuit. 
The silicon chip contains some 59 components on a single 
silicon chip measuring only .088 by .138 inch in size. 
These components are 23 transistors, 16 resistors and, 
for the first time, 20 silicon controlled rectifiers. Initial 
packaging will be in a 14 -lead, low- profile TO -5 can. The 
circuit is a 10 -stage ring counter which is to be incorpo- 
rated in an electronic fuze, cascading four decades to form 
a decimal counter. In the fuze example, reliability and 
design simplicity will be increased markedly with the re- 
duction in external leads to 14 from the 185 in present use. 
The digital circuit is designed for a counting rate exceed- 
ing 100 kc., operates from 4.5 volts, and dissipates 25 mw. 
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the' 'TRANSISTOR 

WILLIAMSON" 

STEREO POWER 

AMPLIFIER 
Design details of an all- solid -state dual 
30 -watt power amplifier. Recently developed 

transistors are employed in a complementary 

push -pull emitter -follower output circuit. 

By KEITH H. SUEKER 

Semiconductor Div., Westinghouse Electric Corp. 

Editor's Note: The following circuit is a basic power am- 
plifier. It must be used with a preamp which has equaliza- 
tion, tone, and volume controls. The associated preamp may 
be either a vacuum-tube or transistor type, and either a com- 
mercial unit or home -built. Requirements for the preamp 
are given in the article. 

Listening tests on the amplifier confirm its fine qualities. 
Reproduced sound was clean and open and we were very 
pleased with its performance. Lab tests on the unit showed 
that it meets and, in some cases, exceeds the figures given 
by the author. For example, maximum mid- frequency steady - 
state power output before clipping was found to be 28 
watts at 8 ohms and 36 watts at 4 ohms. With both chan- 
nels driven, power dropped less than Ply db. 
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INI 1947, D.T.N. Williamson developed the advanced - 
design "Williamson" amplifier circuit, which has since 
become world famous. With various modifications and 

refinements, including the "ultra -linear" connections, the orig- 
inal circuit can still be recognized in the vast majority of to- 
day's vacuum -tube high -fidelity amplifiers. As wide -range 
output transformers became generally available at reasonable 
prices, "Williamson" amplifiers were built literally by the mil- 
lions and sound reproduction in the home rapidly reached 
new levels of quality. Modern vacuum -tube amplifiers of this 
basic type are capable of performance levels, including flat 
frequency response, good transient characteristics and low 
distortion, substantially better than the best available input 
and output transducers ( i.e., microphones, pickups, and 
speaker systems) . The amplifier, then, is certainly not often 
the limiting factor in system performance. Nonetheless, the 
search goes on for better amplifier circuitry, and each year the 
art advances a bit closer to perfection. 

Much of the current interest in amplifier development 
involves transistor "output- transformerless" (OTL) circuitry. 
Elimination of the output transformer reduces the size and 
weight of the amplifier and subtracts a substantial cost 
element in high -power circuits. The relative merits of tran- 
sistors versus vacuum -tube amplifiers in general have been 
endlessly (and entertainingly) debated, and it seems point- 
less merely to add fuel to the fire. Rather, it is the intention 
of this article to describe an OTL transistor amplifier of 
unusual design which can take the place of the Williamson 
amplifier for the home constructor. It incorporates all the 
basic virtues of the Williamson circuit as regards the use 
of standard components, ease of mechanical assembly, fool- 
proof operation, freedom from complicated adjustments, and 
a high level of technical performance at a reasonable cost. 

Design Considerations 
The design of an amplifier usually starts with the output 

circuit since it is this stage which determines amplifier power 
capabilities. The transistor amplifier designer has available 
a number of basic OTL output circuits and options within 
these circuits. The field is soon narrowed down, however, 
by practical considerations. First, push -pull operation is 
mandatory for all but the lowest power levels; second, class 
B operation is certainly desirable for high -power output and 
good utilization of semiconductor capabilities; third, for the 
home constructor, it is preferable to use a circuit which has 
"intrinsic linearity" -one which does not depend on selec- 
tion or matching of transistors. Finally, elimination of the 
driver transformer is another desirable goal. 

Both of the widely used OTL circuits, the "followed emit- 
ter- follower" of Fig. lA and the "single -ended push -pull 
circuit" of Fig. 1B fail to satisfy one of the basic require- 
ments. The followed emitter -follower is not capable of class - 
B operation and the single -ended push -pull circuit usually 
requires transistor matching with substantial feedback for 
low distortion. 

The secret of success in this new amplifier is the comple- 
mentary push -pull emitter -follower circuit shown in Fig. 
1C. In this circuit, the transistors are driven by a common 
a.c. signal and phase inversion is inherent in the p- n- p -n -p -n 
arrangement. Each side operates as a true emitter -follower 
in coupling its signal polarity to the load. The basic cir- 
cuit is not new but the lack of n -p -n transistors of moder- 
ate cost and high power capacity has precluded its use for 
entertainment amplifiers. However, the recent development 
by Westinghouse of the low -cost "OEM Line" of n -p -n sili- 
con power transistors for commercial and entertainment 
service makes the circuit eminently practical from a cost 
standpoint. The present amplifier is the successful result of 
a feasibility study on this circuit approach. 

The "OEM Line" was developed from military n -p -n 
silicon transistor designs. The 151 -152 series transistors, 
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available from the manufacturer's local distributors, are 
100 -watt, 6- ampere units which come in various gains and 
voltage classes through 200 volts. These designs have hard - 
soldered junctions and are entirely free from secondary 
breakdown effects when operated within maximum ratings. 
All units are mounted in single -ended cases with 5/16 -24 
studs and they may be operated at junction temperatures 
to 150° C. 

The 152 -06 transistor chosen for this amplifier has a 
gain (hF1, or d.c. beta) range of 18 to 75 at 1.5 amperes 
collector current and a V,I, rating of 60 volts at 150° C. 
It is somewhat overrated for this amplifier since the ger- 
manium output transistors, operating on identical heat sinks, 

4 are rated at 105° C junction temperature. Thus, the sili- 
con transistors never get near their maximum junction tem- 
peratures when operating in this circuit. 

Circuit Description 
The complete amplifier circuit is shown in Fig. 2. One 

of the stereo channels has been omitted since it is identical 
to the one shown. The two channels are completely separate 
except for the common chassis and power supply. Total 
parts cost for the entire unit is about $90.00. 

The power supply itself is a double full -wave unit ( a 
bridge circuit, with transformer center -tap grounded) util- 
izing a husky power transformer and silicon diodes. Out- 
put voltages are plus and minus 30 volts nominal to ground. 
The combination of low transformer impedance, silicon rec- 
tifiers, and high output capacitance provides excellent regu- 
lation for the class -B loads. While transistor regulators would 
reduce the ripple and stabilize the voltage still more, they 
were felt to be an unnecessary complication. Emitter -follow- 

I 
INPUT 

o 

(A) 

(C) 

(B) 

Fig. 1. IA) Followed emitter- follower output circuit. (BI Single - 
ended push -pull circuit. IC) Complementary emitter -follower. 

Fig. 2. Schematic showing one channel and power supply of stereo amplifier. All parts that are shown must be duplicated 
for the second channel of the amplifier with the exception of the power transformer, rectifiers, and filter capacitors. 
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R1 -1000 ohm, 1/S w. res. 
R2 -6800 ohm, i:Ì w. res. 
R3 -2200 ohm, 1/= w. res. 
R4 -100 ohm, / w. res. 
R5 -470 ohm, 1/z w. res. 
R6 -220 ohm, 1/t w. res. 
137 -181)0 ohm, 1/a w. res. 
R8 -500 ohm, 1 w. pot. 
R9 -10 ohm, 1'2 w. res. 
R10 -25 ohm, 1 w. pot. 
RI1 -24 ohm, !z w. res. 
Ií12 -400 ohm, 5 w. res. 

October, 1964 

FI 

C3 
03 D4 TT 

C4 

21.5 
V. 

21.5 

D5 D6 TT 
V. 
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+30V.e 

*POWER TAKE -OFF FOR 
SECOND CHANNEL 

o 
OUTPUT 
4 -8 -16 
OHMS 

1213 -700 ohm, 5 w. res. 
R14 -10 ohm, 1/2 w. res. 
R15 -1 ohm, 5 w. res. 
C1 -2 4., 50 v. elec. capacitor 
C2 -.002 µf. ceramic capacitor 
C3,C4 -4500 ,uf., 50 v. elec. capacitor 
F1,F2 -2 amp fuse (3AG) 
J1 -Phono jack 
SI- S.p.s.t. slide switch 
TI-Power trans. 17.21.5 v. or 1.5 amps; (UTC 

S -77) 
DI.D2 -1.6 amp, 50 p.r.v. silicon diode (1N1217) 

30V.* 

6ND. 

I7V.A.C. 

D3,D4,05,D6 -5 amp, 100 p.r.v. silicon diode 
11Vestinghouse 366B) 

Q1,Q3- 2N1479 transistor with Wakefield NF- 
207 fins) 

Q2- 2N2139 transistor (mounted to chassis with 
insulation) 

Q4- 2N118313 transistor (mounted to chassis with 
insulation) 

Q5- 152 -06 transistor (Westinghouse, on Wake- 
field NC -421 heat sink) 

Q6 -2N443 transistor (on Wakefield NC -421 heat 
sink) 
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06 05 C3 C4 TI 

The stereo amplifier is built on a 13 "x 5 "x 3" aluminum chassis. 

LOAD 

T 

(A) (B) 

Fig. 3. (A) Direct -coupled output. (B) Capacitor -coupled output. 

ers are not critically dependent on supply regulation and the 
amplifier performance is excellent as designed. Long -term de- 
pendibility has been assured through the use of conservative 
transformer and diode ratings combined with a generous 
voltage margin on the filter capacitors. Output fuses are 
used to protect the speakers from any possible component 
malfunction. 

A dual- polarity power supply with direct coupling to the 
speakers was chosen in preference to a single -polarity power 
supply with capacitor coupling to the speakers in order to ob- 
tain d.c. amplification and to save the space and cost of one 
large capacitor. The two possible output circuits are shown in 
Figs. 3A and 3B. Fig. :3A shows the dual power supply with 
direct coupling and Fig. 3B shows capacitor coupling with 
a single -polarity power supply. Notice that the circuit of Fig. 
3B requires a power- supply filter capacitor and two output 
coupling capacitors (one for each channel), whereas the cir- 
cuit of Fig. 3A requires only the two filter capacitors. 

Output coupling capacitors are often used in commercial 
transistor amplifiers since they limit the energy of transients 
fed to the speaker system through incorrect connections and 
similar mishaps. Thus, they render the commercial units 

04A,DIA,D2A 
(HIDDEN) 
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somewhat more fool- proof. Balance drift is also less of a 
problem since an unbalance does not put d.c. into the 
speakers. 

The choice between these two circuits is more one of 
preference than basic circuit requirements and an amplifier 
of perhaps equally satisfactory performance could be de- 
veloped with capacitor output coupling. With the circuit 
chosen, however, the amplifier will handle d.c. inputs and 
there is simply no question about adequate low- frequency 
response, phase shift, or recovery from overload. Also, in- 
termodulation distortion is reduced to negligible levels. 

Turning now to the amplifier proper, transistors Q5 and 
Q6 form the push -pull, emitter- follower output circuit which 
is the heart of this design. Note that Q5, an n -p -n silicon 
transistor, is an emitter -follower which has its collector con- 
nected to +30 volts and its emitter connected through the 
load (speaker) to ground. Signals at the base of Q5 which 
have a positive potential above ground are coupled with 
nearly unity voltage gain (and, of course, a large power 
gain) to the load. For negative signals, Q5 simply cuts off. 

The current gain is boosted by Q3, also an n -p -n silicon 
transistor, in the Darlington connection. Both units must 
be capable of handling V(r; swings to nearly 60 volts -twice 
the supply voltage -with saturation input signals. Q3 pro- 
vides sufficient base drive for Q5 to produce linear output 
peaks up to 5 amperes with low- impedance loads. Although 
a base shunting resistor and a series emitter resistor are 
usually required to prevent thermal runaway in Darlington 
pairs, Q3 and Q5 are stable without them -even at elevated 
temperatures. This is a fundamental (and rather satisfying) 
advantage of silicon transistors. 

The other half of the output circuit consists of germanium 
p -n -p transistors Q4 and Q6, also connected as a Darling- 
ton pair. Q6 is an emitter -follower which operates exactly 
the same as Q5 except that Q6 couples negative- polarity sig- 
nals to the load. Since the germanium and silicon transistors 
are somewhat different in their input characteristics, com- 
pensating elements are required to balance the output cir- 
cuit. Silicon diodes D1 and D2 acid a constant voltage drop 
between Q4 and Q6 to balance the higher input threshold 
voltages of Q3 and Q5. The total series drop of two ger- 
manium transistors and two silicon diodes nicely matches 
the series drop of two silicon transistors. 

Similarly, R15 provides a series resistance which balances 
the higher input resistance of the silicon transistors. Al- 
though the balancing function of R15 could be accomplished 
by a resistor between Q4 and Q6, R15 provides bias stabil- 
ization through emitter degeneration in the location shown. 
It also balances a slight drop in driver output on positive 
swings. Although the output impedance is raised slightly, 
the increase is of no practical importance. R14 prevents 
thermal runaway in Q6 by providing a shunt path for leak- 
age current. The need for this resistor was verified experi- 
mentally. R13 provides a reverse bias to the base of Q6 and 

dramatically reduces high- frequency 
distortion in the amplifier. 

The two halves of the output circuit 
are driven by Q2, a relatively high - 
power class -A amplifier which also pro- 
vides all the voltage gain in the ampli- 
fier. This stage operates across the entire 
60 -volt series output of the two power 

02A D18,D2B 018 Fl 03,04 

Beneath the two large heat sinks and 
atop the chassis are mounted Q4A, Q2A, 
Q4B (under the two 06'sí and 03B, 02B, 
Q3A (under the two 05's). Transistors 
01A and Q1 B are mounted by their leads 
underneath the chasis. This particular 
layout is not particularly critical and 
other arrangements can be employed if 
desired. (The letters A and B refer to com- 
ponent parts used in channels A and B.) 
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supply sections. The output resistance is low enough so that it 
provides a stiff voltage source to the output stage even at high 
signal levels. The output resistance approaches 400 ohms as 
a maximum at peak negative voltage swings. At zero signal it 
is 200 ohms and at peak positive swings it drops to less than 
20 ohms. This characteristic is ideal for the output stage since 
the silicon transistors have a somewhat lower gain and conse- 
quently require more base drive than the germanium units. 
This is especially true at high signal levels. 

Resistors R10 and R11 provide forward bias for Q3 and 
Q4. Enough range is provided to bias Q5 and Q6 from cut- 
off to some 300 ma. Normal operation is at an idling current 
of about 150 ma. R9 provides emitter degeneration sufficient 
to linearize Q2 and permit it to be driven as a voltage am- 
plifier from a low- impedance source. R9 also causes a drop 
of 1.5 volts on positive peaks which introduces a slight asym- 
metry in the drive. On negative peaks, the drive to Q3 and 
Q4 approaches a nominal 30 volts negative whereas on pos- 
itive peaks it approaches 28.5 volts positive. This effect 
is balanced out by the drop in R15 which was mentioned 
earlier. The net result of these various compensations is 

to reduce the distortion to less than 3% at full output even 
without feedback. 

The drive to Q2 is provided by Q1, another class -A ampli- 
fier. R4 loads the collector circuit of Q1 and provides a 
low- impedance voltage source for Q2. R5 serves simply to 
decrease collector dissipation in Q1 by reducing the static 
collector voltage. Forward bias for Q1 is supplied by R7 
and R8 with R8 serving as the balance control for the ampli- 
fier. This biasing scheme is a little unusual in that biasing 
is more commonly done in the base input. The circuit shown 
was developed to keep the base of Q1 at a nominal zero 
volts with respect to ground so as to facilitate operation 
from balanced d.c. inputs. RG sets the bias voltage and also 
provides emitter degeneration to linearize Q1 for voltage 
source inputs. R1 is the base return for the bias current. It 
is a low enough resistance so that shorting the input causes 
only a small change in the output balance. 

About 6 db of over -all negative feedback is fed to the 
emitter of Q1 through R3. This feedback reduces the dis- 
tortion still further and stabilizes the d.c. balance of Q5 
and Q6. C2 was chosen to optimize square -wave response 
and eliminate a slight overshoot. The series Cl -R2 circuit, 
which looks rather strange at first glance, is a "filter." Power - 
supply ripple is balanced in the push -pull output circuit but 
is coupled into the amplifier through the single -ended driver 
stages. R2 introduces an opposing ripple derived from the 
positive bus and Cl isolates the emitter from the d.c. volt- 
age. This stratagem reduces residual output ripple by ap- 
proximately 12 db. The value of R2 is not especially critical 
and the ripple compensation holds constant over a supply 
voltage range from 105 to 125 volts. 

One of the prices paid for the use of rugged and depend- 
able alloy- junction transistors is intrinsically poor high -fre- 
quency response. The a.c. beta of Q6 drops severely above 
5 kc. but the gain loss per se is offset by high driver current 
capacity and the emitter -follower circuit. A related phenom- 
enon in Q6 and a source of considerable distortion is the 
slow turn -off time. When the amplifier is driven at high 
levels, the collector current of Q6 does not fall off imme- 
diately as base drive is reduced. In fact, the lag is on the 
order of 20 microseconds. At low frequencies this causes 
no problem at all but at frequencies above 5 kc. the distor- 
tion becomes serious. At 20 kc., Q6 adds a considerable 
"tail" to one side of the sine suave. In addition, the delay 
in collector current fall -off means that both Q5 and Q6 are 
in conduction at the same time for an appreciable portion 
of the cycle. This leads to high current demand from the 
power supply and rapid overheating of Q5 and Q6. 

The turn -off delay in a transistor is caused by the finite 
time required to sweep 

I 

çlurrent carriers out of the base re- 
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Fig. 6. Distortion characteristics into an 8 -ohm output load. 
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gion. Whereas these carriers will slowly migrate out of the 
base region with no reverse voltage applied, the process can 
be greatly accelerated by forcing momentary reverse cur- 
rent flow with reverse bias. This is the function performed 
by R13. When Q4 is conducting, there is a net positive bias 
on Q6. 'When Q4 cuts off at the end of a negative half cycle, 
R13 provides a 40 -ma. reverse pulse into the base of Q6 
and forces rapid turn -off. R14 serves to limit the reverse bias 
voltage to approximately 0.5 volt. 

Performance 
The characteristics of the amplifier are shown in Figs. 

4, 5, and 6. Fig. 4 shows the 1 -watt frequency response to 
be absolutely flat from d.c. to above 10,000 cps and down 
only 0.5 db at 20,000 cps. At 15 -watt output, the response 
is down about 0.5 db at 10,000 cps and 1.5 db at 20,000 
cps. For all practical purposes, the amplifier has a flat re- 
sponse throughout the entire audio range. 

Maximum power output curves for various load imped- 
ances are shown in Fig. 5 for both sine -wave input and 
IHF "music" input. As in all class -B amplifiers, the maxi- 
mum power output is limited by power -supply regulation. 
The sine -wave curve was taken with constant line voltage 
of 120 volts and represents the clipping threshold. Har- 
monic distortion under these conditions is less than 2% 

at all frequencies from d.c. to 5000 cps. Below 20 cps, the 
maximum peak power output drops slightly clue to filter 
capacitor inadequacy, and the d.c. maximum peak power 
output is down about 2 db svith a 4 -ohm load. At higher 
load impedances, this effect disappears. With a stiff power 
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supply, the IHF curve applies. This curve represents the 
amplifier output capacity for short- duration music bursts 
which do not drag down the power- supply voltage. Note 
that the amplifier can deliver an instantaneous peak output 
of 80 watts (twice the average value of 40 watts) per chan- 
nel into a 4 -ohm load. This will create a rather decent clin 
in the average living room. 

Distortion curves are shown in Fig. 6. These were taken 
with continuous sine -wave drive and an 8 -ohm load. The 
curves have an unusual appearance since each represents 
a combination of two distortion sources. At frequencies be- 
low the break point in each curve, the indicated distortion 
is primarily clue to power-supply ripple at the high unbal- 
anced load currents. This is measured as "distortion," of 
course, even though it is not caused by amplifier non -line- 
arity. It is not evident in listening tests. Above the break 
point, the distortion due to the germanium transistor turn- 
off time becomes Very apparent. However, program material 
with such a high energy content at high frequencies is 
virtually non- existent. The 1000 -cps square -wave response 
shown in the photograph is free from overshoot and yet 
has an excellent rise time. There is no tilt at any frequency. 

Thermal limitations in the output transistors prevent the 
amplifier from operating continuously at maximum power 
output. hi the low - and mid- frequency regions, it will handle 
continuous sine -wave outputs to about 6 db below maxi- 
mum with both channels operating. At frequencies above 
5 kc., the output should be limited to several watts except 
for short- duration testing. These power limits can be raised 
considerably by forced cooling of the heat sinks, but the 
addition of a blower is not worth the expense and nuisance 
unless the amplifier is to be used for special work. In normal 
music listening, the amplifier can be driven to full output on 
peaks without overheating. 

Construction & Adjustments 
The completed amplifier is constructed on a single 13" x 

5" x 3" aluminum chassis. Lead lengths and parts place- 
ment are of no consequence and can be varied to suit indi- 
vidual taste. The various germanium driver transistors are 
mounted directly to the chassis with appropriate insulating 
kits. The silicon drivers are all equipped with clip -on heat 
sinks and either socket- mounted or soldered to terminal 
strips. Since the output transistors generate considerable 
heat, they are mounted on extruded aluminum heat sinks 
without insulation. The heat sinks themselves are insulated 
from the chassis with Teflon stand -off insulators. Both ger- 
manium output transistors are amounted on one heat sink 
and both silicon units on the other. All should be securely 
fastened to allow optimum heat transfer, and the use of a 
silicone grease between base and heat sink is recommended. 

General construction details of the amplifier are self -evi- 
dent from the photographs. Assembly is easy despite the 
rather compact construction. The outputs were terminated 
in binding posts primarily from the author's experience in 
fighting with various plugs and screw terminals over the 
years. 

The only adjustments necessary to place the amplifier 

into operation are the bias and balance controls. For opti- 
mum operation, a resistor approximately equal to the d.c. 
resistance of the speaker voice coil should be connected to 
one channel. With the input open, the balance control should 
then be adjusted for zero d.c. volts at the output. Next, the 
bias should be set to 150 nia. as measured svith a voltmeter 
across R15 ( 150 ma. equals 0.15 volt) . Some interaction 
should be expected between bias and balance adjustments. 
This procedure should then be repeated for the other chan- 
nel. Both bias and balance should be re- adjusted after about 
5 to 10 minutes of operation so as to allow for the slight bal- 
ance drift during warmup. No further adjustments should 
be necessary. 

The low input impedance of this amplifier will pose a 
problem if it is to be used with vacuum -tube preamplifiers. 
Unless the preamp is equipped with a cathode -follower out- 
put, it will probably not develop sufficient power to drive 
the amplifier. This problem may be solved by adding a 
cathode follower or a transistor amplifier to the preamp out- 
put so as to provide a source impedance below 1000 ohms. 
The driver stage must produce an undistorted output of 2 
volts r.m.s. to drive the amplifier to full power. A coupling 
capacitor of at least 20 µf. capacity ( with low d.c. leak- 
age) should be used. 

(Editor's Note: A cathode- follower may be udder to a prc- 
am.p quite simply. Half of a 12AÚ7 can be used with a 
1 -meg. grid resistor and a 1000 -ohm cathode resistor. The 
plate is connected directly to a +100 -volt source. A 20 -14., 
25 -volt electrolytic is connected between the cathode and 
the input of the transistor amplifier. bVith a 4 -volt signal 
on the grid, the cathode -follower should deliver about 2 
volts to the amplifier. If the output coupling capacitor from 
the preamp is much less than about 20 pf., bass response 
will be clown considerable /. If it is not convenient to replace 
the capacitor with a much larger value, bass boost and treble 
cut must be used in the preamp to restore the over -all pre- 
amplifier-amplifier response to fiat.) 

The amplifier may be used with virtually any speaker 
system as long as the voice -coil resistance is above 3 ohms. 
If the output stage is loaded with lower resistance values, 
the d.c. feedback drops off and the output balance may 
shift excessively with temperature or line voltage. The am- 
plifier is completely stable with an open -circuited output and 
it cannot be damaged from momentary overdrive. 

The author sincerely hopes that this transistor amplifier 
circuit will prove a .worthy competitor to the Williamson 
circuit in ease of assembly and operational performance. 
Those readers who build the amplifier as described should 
experience a minimum of construction difficulties. At the 
same time, it is hoped that some will take this article as a 
starting point for further amplifier development work based 
on the complementary output circuit. A capacitor- coupled 
output arrangement, for instance, has already been dis- 
cussed. The use of diffused germanium transistors could 
also be explored. There are any number of ways in which 
this present amplifier can surely be improved with future 
efforts. Until such second- generation designs appear, how- 
ever, here is the "Transistor Williamson." 

Square -wave response at 20 cps (left), 1000 cps (center), an d 10,000 cps (right). Slight tilt at 20 cps is due to oscilloscope. 

46 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


s 

HELICAL VIDEO 

RECORDER 

FOR TELEVISION 
By JOSEPH ROIZEN 
Ampex Corporat ion 

Close -up showing tape -travel arrangement. Tape comes off supply reel 
at left, passes over guides and video erase head in front of machine, 
turns toward rear, takes half -turn around scan assembly with its spin- 
ning video record heads, goes around exit guide at front, passes audio 
head, then goes between capstan and pinch roller to take -up reel at right. 

Basic operating principles of a rotating -head portable recorder that 
is widely employed for educational, medical, industrial applications. 

HELICAL recording of video signals is one approach to 
the problem of magnetic recording of television 
images for educational, industrial, and broadcast- 

ing applications. In this system, the tape is scanned by a 
rotating video head assembly, containing one or two heads, 
which records tracks at a narrow angle to the edge of the 
tape. The tape may be either a 2 -inch or 1 -inch width and 
carries the video information in approximately 80% of its 
center area, while the audio and control timing signals are 
recorded in narrow longitudinal tracks along the top and 
bottom edges. 

In the single -head configuration, the tape is wrapped in 
a full helix with the head scan covering one or two fields and 
the crossover period synchronized so as to occur in the vertical 
blanking interval. In the more common two -head configura- 
tion, each head records or plays back one field, but enough 
track overlap exists to allow switching from head to head 
during the vertical interval. 

The helical recorder consists of a transport system with 

Fig. 1. Simplified block diagram of the video tape recorder. 

VIDEO 
INPUT 
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take -up and supply reels, a scanning assembly, means of 
guiding the tape, and a tape -tension control system. The 
signal system consists of a modulator, record amplifier, play- 
back preamplifier, sequence switcher, demodulator, and video 
amplifier (Fig. 1). The servo system is made up of a head - 
drum servo, a capstan servo, and a tape -tension servo in the 
more sophisticated models of video tape recorders. 

The Tape Transport 
The tape transport consists of a rigid deep casting on 

which are mounted all of the components for pulling, guid- 
ing, and recording on the tape. The scan assembly is in the 
center of the transport and is made up of a hollow, circular 
casting about 7 inches in diameter with a cutaway through 
the center to permit the rotating drum containing the mag- 
netic transducers to make contact with the tape wrapped 
around the helix. The drum itself holds two such transducers 
in exact 180° displacement with adjustable mechanical 
wedges that permit accurate tip projection and dihedral 

Fig. 2. The head drum contains two rotating video record heads. 
In this illustration the tape loop has been opened up to show 
the head position. Actually, there is no abrupt change in the 
direction of the tape as shown. See photos of head assembly. 
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AUDIO ERASE HEAD 
CHANNEL 2 

CHANNEL I 

AUDIO RECORD HEAD 
,CHANNELI 

CHANNEL 2 

CONTROL -TRACK CONTROL-TRACK 
ERASE HEAD RECORD HEAD 

Fig. 3. The track pattern that is laid down by the recorder. 

positioning of the writing gap (Fig. 2). The two transducers 
are connected into the system through a set of slip rings and 
brushes mounted in the center of the drum assembly. The 
tape is guided around the scan assembly by an inlet and out- 
let guide which are canted so as to produce the necessary 
helical track configuration. 

The video scanning heads write tracks at 9° to the edge of 
the tape and the effective writing speed is 650 inches per 
second. These tracks are 7.5 mils wide with a 2.5 -mil guard 
band, thus providing a track -to -track center spacing of 10 
mils (Fig. 3). Three longitudinal tracks are recorded at 
both edges of the tape, two audio tracks being at the upper 
edge and a 50 -mil control track at the lower edge. These 
three tracks are written by stationary heads mounted on the 
scan assembly, with suitable erase heads eliminating any 
remanent video components. 

The longitudinal tape speed is .3.709 inches per second. 
This may appear to be an odd choice, but was selected for 
the reason that it produces a recording geometry which 
places the horizontal sync pulses recorded on the tape in a 
90° pattern to the scan angle (Fig. 4). This means that 
regardless of tape motion or lack of it, the scanning head will 
see similar information as it scans across from track -to -track 
and can, therefore, maintain an image under stop, slow, or 
fast -motion conditions. 

As this recorder is expected to be operated by non -technical 
personnel, a number of mechanical innovations were included 
to simplify operations and avoid human error. Tape motion 
is controlled from a single knob (called a `joy stick ") which 
can occupy five positions. Its straight -up condition is off. 
Pushing it to the left puts the tape in rewind, to the right 
in fast -forward, down into play mode, and up into the record - 
ready mode. To avoid accidental erasure of the material 
already recorded on the tape, a push- button must be engaged 
to initiate record after the joy stick is canted up. In this way 
no conflicting mode can be engaged. To further insure against 
the possibility that rapid switching from one mode to an- 
other would cause a sudden tension on the tape, a motion - 
sensing device, which consists of a silicone- damped vane ac- 
tuated by any longitudinal tape motion, operates a pair of 
microswitches that disable the motors until the tape comes 
to rest. It is possible then to rapidly switch from full fast - 
forward into play without stretching the tape. 

Since tape tension is an important factor, a tape -tension 
sensing arm is located ahead of the scan assembly and is 

mechanically linked to a brake on the tape supply reel motor. 
An electrical adjustment labeled "skew" sets the central op- 
erating point of the tape tension arm through a variable 
solenoid and it can be adjusted by observing optimum per- 
pendicularity of vertical lines in the playback image. 

The Scanning Assembly 

The scanning assembly has mounted on it, in addition to 
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The scan assembly of the recorder with the top cover removed. 

the video head drum, all of the record and playback heads 
which lay signals on the tape. The tape must drop through 
its own width in a little over 180° of the scan area. This is 
accomplished by tilted entry and exit guides which establish 
the 9° angle. No other guiding is used in the scan assembly 
and the natural compliance of the 2 -inch tape is depended 
upon for the precision positioning necessary to achieve inter- 
changeability of recorded tapes from machine to machine. 
The two video transducers mounted on the edge of the head 
drum are positioned so as to project into the tape by about 
five mils. Their angular position is adjusted by a small 
mechanical wedging device and signals from the rotating 
heads are recovered through a slip -ring and brush assembly 
which is connected to a plug -in circuit board in the top of 
the scan assembly. Head penetration of the tape means that 
the head will wear; therefore, head exchange has been simpli- 
fied by requiring only the unsoldering of two leads and the 
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Fig. 4. Sync -pulse alignment shown by dots on the video tracks. 
The tape speed employed for recording is 3.709 inches per sec. 

removing of one screw. However, after the new head is 
installed, the proper amount of penetration and positioning 
must be re- adjusted with the aid of a jig and a test tape. 

The Signal System 

As with transverse video recorders, the helical recorder 
also requires changing the character of the video signal 
before it can be adequately recorded on magnetic tape. It is 
necessary to use an FM modulator whose frequency is con- 
trolled by the video signal amplitude. The range of frequen- 
cies then produced fall into a more acceptable passband for 
the magnetic recording process. In addition to this, constant - 
level FM can be amplified and limited in playback so as to 
achieve immunity from signal dropouts due to tape surface 
defects. 

The composite video signal entering the recorder has its 
amplitude adjusted by a potentiometer which establishes 
the deviation of the oscillator. It is also pre -emphasized 
to provide for the reduction of sensitivity of the variable 
oscillator to higher frequency information. The variable oscil- 
lator is driven to 53.4 mc. for black level and 54.7 mc. at 
peak white and is applied to a mixer receiving a stable 50- 
mc. signal from a local oscillator. The output is the difference 
signal ranging from 3.4 mc. at sync tip to 4.7 mc. at peak 
white. This signal is then applied to r.f. amplifiers and 
push -pull head drivers which record the constant amplitude 
FNI on tape. Video heads are driven simultaneously. 

In playback, the signal recovered from the video heads is 
amplified by independent preamplifiers and then placed in 
proper sequence by a switcher driven from the head drum 
tachometer. The continuous r.f. output is amplified and 
limited several times to provide a constant amplitude signal 
into the demodulator regardless of variations in signal level 
encountered by the individual heads. The demodulator 
is a pulse-counter type and its output is amplified and 
applied to a low- impedance driver which pros-ides the 75- 
ohm low- impedance output required for normal video -dis- 
tribution systems. To permit proper adjustment of tracking, 
which maximizes signal output from the video heads, a 
portion of the r.f. signal coming from the switcher is recti- 
fied and applied to a meter. The tracking control is then 
adjusted for maximum reading on the meter. This same 
meter is utilized in the record mode as a peak- indicating 
device and is calibrated to show a 1 -volt input level indi- 
cating adequate amount of video signal reaching the re- 
cording heads from the recorder operation. 

The Servo System 
The underlying principle of the helical -scan recorder is 

that a full field of television information is recorded with 
one scan of each video head. Obviously, it is preferable to 
have the switching from head to head occur during the verti- 
cal blanking interval so that it will not affect the play- 

back image. In order to do this, the rotating head drum 
recording the television signal must be synchronized with the 
incoming television information and positionally controlled 
so that the physical initiation of each scan is in time with 
the start of the picture period. The incoming video signal, 
in addition to driving the modulator, is also amplified and 
applied to a sync stripper which extracts vertical sync in- 
formation and drives the head -drum servo. A 30 -cps tachom- 
eter pulse generated by the head drum is compared in a phase 
comparator with the pulse derived from this vertical sync 
and, in case of error, a control voltage is generated to drive 
the head -chum oscillator to the correct phase and frequency. 
The output of this oscillator is amplified and supplies power 
to the 4 -pole induction motor rotating the head drum. This 
guarantees that the drum will remain locked to the incoming 
video signal during record. The tachometer pulses from the 
head drum are also recorded at the lower edge of the tape. 
These will be used in playback for timing information. Tape 
tension during record is maintained at a constant preset level. 

In playback, the pulses are recovered from the control 
track and are compared in phase with the drum tachometer. 
Any error signal will once more change the frequency of the 
60 -cps oscillator driving the drum so that the same relation- 
ship that existed in record will be re- established in play- 
back. A hysteresis synchronous motor is used to drive the 
capstan and achieves a low flutter rate required for accu- 
rate longitudinal timing information coming from the control 
track. A recorder used for closed- circuit applications re- 
quires only a head -drum servo, since manual controls are 
provided for setting tape tension and capstan position. How- 
ever, if the recorder is to be used for broadcast purposes, it is 
necessary to maintain both proper tension and time -base 
stability constantly. This is accomplished by two additional 
electronic servo systems. 

The tape -tension servo is driven by horizontal sync derived 
from the video output of the playback signal. Any time - 
base error that is detected in horizontal sync from tape de- 
velops an error voltage which positions the tension arm 
automatically to bring the horizontal frequency back to the 
normal 15,750 cps. 

The capstan must also be servoed. To do this, the capstan 
is driven from an oscillator whose output is raised to the 
proper level by a power amplifier. This isolates the capstan 
from the power -line frequency variations and permits it to 
maintain accurate tracking during playback by slaving it 
directly to the drum tachometer of the recorder. 

Performance Characteristics 
The over -all performance of this recorder meets most 

closed -circuit and certain broadcast applications. Its video 
bandpass is 3.5 mc., which is approximately equal to a good 
home receiver. The signal -to -noise ratio is on the order of 
40 db (peak -to -peak video to r.m.s. noise). The two audio 
channels will handle 60 cps to 10 kc. within ± 2 db at bet- 
ter than 42 db signal -to -noise ratio. The audio tracks can be 
recorded and erased independently, permitting additional 
commentary to be added after a video recording has been 
made. An accessory to the machine that permits stopping 
the tape motion or controlling it incrementally allows play- 
back of the tapes at slower than normal speeds, giving either 
stop -frame or slow -motion reproduction on the video monitor. 

This type of video recorder has been used as an educa- 
tional tool by many ETV systems throughout the country. It 
has also been applied to sports training in baseball, football, 
golf, and to the monitoring of sporting events at race tracks 
and soccer stadia. In the medical field, it has served to record 
moving radiology images derived from television- monitored 
image intensifiers. As quantities of these recorders become 
available and manufacturing techniques permit lower prices, 
there will be an ever increasing application of helical -scan 
recorders in all aspects of television. 
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WHEN a missile blasts off its launching pad, it car- 
ries a temperature sensor to measure the wide range 
of temperatures encountered in outer space and to 

convert the information into electrical signals for relay back 
to earth. Other temperature sensors control the flow of 
cryogenic fluids used as fuel. High -speed aircraft carry tem- 
perature sensors to monitor critical surface and engine tem- 
peratures. In the industrial sector, precision temperature 
sensors have made possible better control of automatic proc- 
esses and greatly improved analytical instruments. 

Devices that change in resistance with a change in tem- 
perature have been used for many years. They are finding 
ever wider application for the obvious reason that for re- 
cording or control purposes it is easier to convert resistance 
variations into a signal than it is to convert the level of mer- 
cury in a conventional thermometer to an electrical signal. 

As in the case of many other components, military and 
industrial demands have led to the discovery of new and 
better materials and the development of better temperature 
transducers. Sensitivity is an important consideration, and 
materials have been developed that will respond to very 
small temperature changes. As applications become more 
sophisticated, however, more attention is devoted to pro- 
ducing temperature sensors that show negligible hysteresis 
and aging, that have resistance -temperature curves of par- 
ticular shapes, and that are standardized so that a new sen- 
sor can be installed in a sensitive instrument without ex- 
tensive recalibration of that, and associated instruments. 

Thermistors 
Thermistors, which are used not only for temperature 

measurement but also for a variety of detection and control 
purposes, are the most versatile temperature sensors. They 
come in many sizes and shapes, including discs, wafers, rods, 
and beads. Their useful range is from about -50 °C to 
-I 300 °C, and they usually exhibit pronounced negative tem- 
perature coefficient characteristics. 

As shown in Fig. 1, a typical thermistor with nominal re- 
sistance of 4000 ohms at 25 °C will change from 100 ohms 
at 160 °C to about 88,000 ohms at -40 °C. This represents 
an average change of more than 400 ohms per degree. Even 
though the greatest changes are to be found at the lowest 
temperatures, the over -all sensitivity is remarkable, and tern- 

By JOHN R. COLLINS 

perature measurements to 1 /1000 of a degree are possible. 
Such a wide range of resistance values is not an unmixed 
blessing, however, since it is not easy to measure accurately 
both very high and very low temperatures with the same in- 
strument. 

Thermistors are made of various metallic oxides, includ- 
ing those of manganese, nickel, copper, and cobalt, which 
are fused to form ceramic materials. Resistance changes re- 
sult from the incorporation of oxides in which the metal is 
in two valence states, permitting the migration of electrons 
from an atom in one state to a neighboring atom in a differ- 
ent state. Increased migration with a temperature rise causes 
thermistors to exhibit a negative temperature coefficient of 
resistance. 

The operational characteristics of a thermistor depend not 
only on its chemical composition, but also on its physical 
shape and dimensions and how it is mounted. The most 
significant characteristics are the following: 

Cold resistance: The resistance at a nominal temperature, 
usually 77 °F (25 °C). The range of available resistance 
values compares with those of ordinary resistors. Commer- 
cial types from a few ohms to several megohms are shelf 
items, and any desired value can be supplied on a custom 
basis. 

Thermal time constant: The time required for a thermis- 
tor to change from its initial temperature to 63 percent of 
the temperature of the surrounding medium when no elec- 
trical power is being dissipated in it. Thus, if a thermistor 
at 25 °C is placed in an oven at 125 °C, its thermal time - 
constant would be the time needed for it to reach 88 °C -that 
is, 63 percent of the total difference of 100 degrees. This 
factor is influenced by the size and shape of the thermistor, 
since tiny beads and thin rods are more readily heated and 
exhibit faster response than larger, more solidly constructed 
thermistors. Typical values range from a few seconds to 
several minutes. 

Dissipation constant: The power needed to raise the tern- 
perature of a thermistor one degree above the ambient, 
usually measured in milliwatts per degree C. This charac- 
teristic is affected by the surrounding medium (air, oil, 
water, etc.) and by the method of mounting, since the body 
temperature of the thermistor obviously will not rise if the 
heat is carried away as fast as it is generated. 
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The dissipation constant is a measure of the self- heating 
properties of a thermistor. While self -heating is undesirable 
in most electronic components, many uses have been devised 
for this effect in thermistors. Perhaps the most common is 
surge protection, especially for radio tube filaments. The 
cold resistance of a tungsten filament is much less than its 
hot resistance, consequently When. a radio or television set 
is first turned on a sudden surge of current will sometimes 
cause a filament to burn out. The danger is greatly reduced 
by placing a thermistor in series with the filament string. 
Since the cold resistance of the thermistor is high, it permits 
only a small current to flow at first. By the time the ther- 
mistor resistance has dropped to a minimum, the tube fila- 
ments have warmed up gradually to their full, hot resistance. 

Other Applications 
The telephone industry is one of the largest users of 

thermistors. Some years ago, long- distance telephone calls 
were often distorted because the resistance of copper wire 
increases as the temperature increases. Since the amplifiers 
along the line could not be re- adjusted to compensate for 
temperature changes, the voices were often either too loud 
or too low. The difficulty was solved by inserting specially 
selected thermistors in the lines with characteristics exactly 
the reverse of copper wire. Under this condition, the total 
line resistance is always the same regardless of temperature, 
and the amplifiers can be permanently adjusted for the 
proper speech level. 

Thermistors are now made with such precision and sen- 
sitivity that they can perform tasks not previously possible. 
One such application is that of a hypsometer to determine 
altitude by means of air pressure. Since the rarefied air found 
at high altitudes will not dissipate heat as fast as the denser 
air at lower levels, a thermistor at high altitudes will evi- 
dence more self -heating and thus lower resistance. 

Sensitive rate -of -flow meters are based on the principle 
that moving air or liquid will cool a thermistor faster than 
a static medium, the cooling effect being proportional to 
the rate of flow. A related application is the use of thermis- 
tors for an unconventional rate -of -climb meter for aircraft. 
A thermistor is inserted in a tube leading to a bottle of air. 
As the aircraft ascends, air rushing from the bottle to equal- 
ize the inside and outside pressure cools the thermistor, thus 
increasing its resistance. 

Devices such as the above are, of course, affected by 
ambient conditions and it is necessary to compensate for 
temperature changes to obtain accurate results. This is done 
by utilizing a carefully matched pair of thermistors, con- 
nected in a Wheatstone bridge arrangement, as in Fig. 2. 
The reference thermistor is subjected to the same tempera- 
ture as the sensing thermistor, but not to the pressure dif- 
ference in the case of the hypsometer or to motion of the 
medium in the case of flow and rate -of -climb meters. Ac- 
cordingly, the difference in resistance between the two ther- 
mistors will be due solely to the conditions it is desired to 
measure. 

Different gases exhibit individual heat- dissipation char- 
acteristics, a fact that provides a means for determining both 

the identity and proportional amounts of various ingredients 
in a mixture. The system, known as gas chromatography, 
is widely used in the petroleum industry and other branches 
of chemistry for rapid, accurate checks on the elements in 
a process stream. In practice, the test sample is vaporized 
and carried by an inert gas through a system of tubes and 
filters where it is separated into its individual components 
by a fractionating process. A thermistor bridge circuit at the 
output measures the amount of each element (from the 
time needed for its passage) and identifies it by its heat - 
dissipation properties. A pen recorder provides a permanent 
record. Because of the speed with which such analyses can 
be made and the comparative simplicity, the electronic ther- 
mistor method of gas chromatography is becoming popular 
for monitoring industrial chemical processes. 

Positive TC Thermistors 
Although thermistors traditionally have a negative tem- 

perature coefficient (TC) of resistance, recent research has 
developed a class whose resistance increases with increased 
temperature. They are made from barium and strontium ti- 
tanates containing a small fraction of lanthanum. By varying 
the composition, a number of different characteristic curves 
can be obtained. 

Sonic of the advantages of a positive temperature coef- 
ficient are immediately obvious. A negative TC thermistor 
is subject to thermal runaway, since current passing through 
it raises its temperature, causing a reduction in its resistance 
which, in turn, leads to still further current increase and 
further reduction in resistance. Because positive TC thermis- 
tors are not subject to this effect, they often provide more 
stable operation in simpler control circuits than negative 
TC types. Furthermore, the combination of positive and 
negative TC thermistors, in either series or parallel, makes 
possible a variety of response curves for specialized com- 
pensation or control functions. 

It is not entirely clear how positive TC thermistors work. 
It appears, however, that the effect is based on a transition 

Fig. 2. Wheatstone bridge arrangement using matched devices. 
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of crystal structure from one phase to another. Below about 
110 °C, a tetragonal crystal structure is stable, while above 
that temperature, a cubic structure is stable. The actual 
transition temperature can be varied within limits in the 
manufacturing process. 

Although some positive TC thermistors exhibit fairly 
smooth characteristic curves (Fig. 4A), others, as in Fig. 
413, maintain almost constant resistance over a very broad 
range until a critical temperature is reached, whereupon they 
immediately jump to a very high resistance. The action is 
like that of a switch and has been utilized for switching 
purposes in such applications as protection of large motors. 
If a motor is overloaded or becomes jammed, its armature 
current rises and may overheat and damage the armature 
coil. However, a positive TC thermistor, connected in series 
with the armature coil and in close contact with it, senses 
a condition of overheating and reacts at once by switching 
a large resistance into the circuit to limit current. 

Indirectly heated thermistors have an electrically isolated 
heater in close thermal coupling with the thermistor. In this 
case, the voltage -current or current -time characteristic is 
replaced with the temperature -resistance characteristic of 
the thermistor. These indirectly heated thermistors are used 
in a.c.- to -d.c. transfer devices, automatic control devices, and 
for fluid -flow measurements. 

Silicon Resistors 
Experience gained in the manufacture of transistors has 

led to the production of temperature -sensitive silicon resis- 
tors. Although pure silicon has a negative temperature co- 
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efficient of resistance, silicon doped with an infinitesimal 
impurity of boron exhibits a positive temperature coefficient 
from about -150 °C to +300 °C. Beyond these two extremes, 
the characteristic reverses and again becomes negative. 
Within the positive range, the specific resistivity is depend- 
ent almost entirely on the amount of boron impurity. With 
modern semiconductor manufacturing methods, this can be 
held to a very close tolerance, so it is not difficult to obtain 
silicon resistors with identical characteristics. 

Silicon resistors do not exhibit as pronounced resistance 
changes with temperature as ordinary thermistors. This is 
an advantage for measuring a wide range of temperatures, 
since it places a smaller demand on the measuring instru- 
ment. A typical silicon resistor has a temperature coefficient 
of resistance of +0.7 % / °C which is nearly constant from 
-60 °C to +150 °C. Typical thermal time constants range 
from 9 seconds for small glass bead elements to 64 seconds 
for larger types enclosed in a metal can. 

An important application of silicon resistors is tempera - 
ture compensation in silicon transistor circuits. Silicon tran- 
sistors have a useful range from -65°C to +200 °C, but 
transistor parameters are sensitive to temperature changes 
and some form of compensation is usually required to in- 
sure proper performance over a broad range. 

Temperature rise in a transistor may be due either to 
environment or self -heating. In either case, a temperature 
change causes a change in the transistor's operating point 
and its characteristics. If the shift is appreciable, a cumu- 
lative effect which can cause thermal runaway may occur, 
permanently damaging the transistor. The condition may be 
compensated for by the inclusion of a silicon resistor alone, 
or sometimes by a shaping network made up of a silicon 
resistor and one or more carbon resistors. The method of 
connection varies with circuit design. A typical arrangement 
is shown in Fig. 3, where the silicon resistor is connected 
in the emitter circuit. As temperature increases, the resist- 
ance of the silicon resistor also increases, causing the base 
current of the transistor to decline. As a result, the collector 
current remains practically stable over a range from -50 °C 
to +150 °C. This is a familiar circuit to set designers. 

Platinum Sensors 

Pure, annealed, strain -free platinum has many things to 
recommend it for temperature measurement. Its resistance - 
temperature relationship is precisely defined by a mathe- 
matical formula, does not change with time, and is known 
to a number of decimal places. A platinum sensor with re- 
sistance of 100 ohms at 0 °C, for example, will have resistance 
of 0.14353 ohm at -260 °C and 381.19474 ohms at 800 °C. 
Hysteresis is negligible, so resistance is the same at any given 
point whether the temperature is increasing or decreasing. 
Its useful range is extremely broad, extending from about 
-260°C to 1000 °C. 

Platinum sensors incorporate a platinum resistor made 
from fully annealed, high -purity platinum wire coiled in- 
side ceramic tubes. This type of construction supports the 
wire without strain, makes it resistant to vibration, and leaves 
it free to expand in its supporting tubes. The ceramic tubes 
are coated with gold to improve thermal conductivity, and 
the entire unit is enclosed in a hermetically sealed, stainless - 
steel case. The configuration of the sensor is governed by 
the intended end use. 

Immersion -type temperature sensors are used for various 
fluid temperature measurements in pipes, ducts, and tanks 
on missiles, rockets, and aircraft. In liquid, these may have 
a thermal time constant as short as 0.5 second. Other platinum 
sensors include types for measuring the temperature of skins, 
walls, pipes, and electronic components. So- called "total 
temperature" sensors measure the combination of ambient 
temperature and the Mach number of high- velocity gases 
in pipes and ducts or outside of jet aircraft. 
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HOW CAPACITORS 

CHANGE 

By H. Q. DUGUID 

V.T.V. M. 

READINGS 

Changing characteristics of the input capacitors of 
your v.t.v.m. can produce reading errors. Here is an 

explanation of why it happens and what you can do. 

DOES your v.t.v.m. return to zero immediately after 
measuring a high d.c. voltage, or does the meter 
pointer hover a division or two up -scale for some 

minutes before returning to zero? The rapid up -scale meter 
travel can be particularly annoying if you have to switch to 
the lowest range for another measurement without waiting. 
Do the measured values of a.c. voltage taken on the higher 
ranges seem to be low while the readings taken on the lower 
ranges seem about right? If the answer to either question 
is yes, then input capacitors of your v.t.v.m. may require 
replacement. 

Fig. 1 shows the input section of a typical peak -to -peak 
v.t.v.m. This input circuit consists of a half -wave voltage - 
doubling rectifier and switched voltage dividers -one for 
a.c. and the other for d.c. Capacitors Cl, C2, and C3 range 
in value from .02 to .1 ilf. with the different values encoun- 
tered representing compromises used in an attempt to re- 
duce problems that will be discussed in this article. 

The delay in the meter pointer's return to zero after a 
high -level d.c. voltage has been measured, is due to a phe- 
nomenon called "dielectric absorption" that prolongs the dis- 
charge of capacitor Cl beyond the time theoretically 
required. For the period of time that it takes for Cl to dis- 
charge through the voltage divider consisting of R5 through 
R11 (the v.t.v.m. is in one of the d.c. positions), the meter 
pointer cannot return to zero. Momentarily shorting the input 
terminals does not help as the pointer will move up -scale 
again after the short is removed. We can be sure we are not 
having trouble due to a gassy vacuum tube in the bridge cir- 
cuit if the meter pointer does return to zero after several 
minutes. This phenomenon is also active when capacitor Cl 
is charging as when making a reading -this is why the meter 
pointer seems to take a long time to make the last bit of 
movement to full deflection. 

Fig. 2 shows an equivalent circuit for a capacitor which 
can explain the mechanism of dielectric absorption. The over- 
all capacitor acts as though a portion of its capacitance is 
connected to the terminals through a very high resistance. 
This will explain why some capacitors seem to regain a 
charge after being momentarily short -circuited. What hap- 
pens in the case of the momentary short -circuit of a charged 
capacitor, is that the charge stored in the portion of the 
capacitor shown as C is not readily discharged and leaks 
into C,, via R. The time delay is occasioned by the large 
effective value of R. In charging, the capacitor takes a little 
extra time to fully charge as the portion shown as C must 
charge through R. Conventional wax -filled, bypass capacitors 

will show quite a bit of dielectric absorption. Fortunately, 
other types show much less. 

The solution to the problem is to replace Cl of Fig. 1 

with a capacitor which does not exhibit this characteristic, 
or at least has only minimum dielectric absorption. Because 
insulation resistance is also important, the best replacement 
would be a hermetically sealed ( glass- or ceramic-to-metal) 
capacitor. 

On the a.c. ranges, capacitors C2 and C3 of Fig. 1 are 
used in a half -wave, voltage -doubling rectifier circuit. The 
right side of V1, together with C2, bias the left side of V1 
so that C3 charges to a voltage very nearly equal to the 
input peak -to -peak a.c. voltage. The voltage doubler is fed 
through Cl whose function is to block any input d.c., and 
slight leakage in C2 or C3 due to low insulation resistance 
will only cause a small error in the reading. The greatest 
effect is to lower the (Continued on page 82) 
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Fig. 1. Although C1 is not in the d.c. circuit of this typi- 
cal v.t.v.m. input, it influences d.c. readings. Other capac- 
itors play important role in inaccurate a.c. measurements. 

Fig. 2. Capacitor equivalent circuit. When ends are shorted, 
CA discharges, CB partially discharges then charges CA to 
some low level through R, illustrating dielectric absorption. 
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NEW 

CITIZENS BAND 

CIRCUITS 
By LEN BUCKWALTER 

A transceiver that employs electronic 
switching, a unit with provision 
for "bull- horn" operation, and a 

selective -caller with transistor gating. 

ALTHOUGH the three devices to be described differ 
markedly in what they achieve, there is a recognizable 
common denominator. Somewhere in each of the cir- 

cuits, changes in operating bias provide a key function. In 
RCA's new "Mark Nine" transceiver, for example, a huge 
swing in grid bias underlies a disarmingly simple system of 
electronic switching. General Radiotelephone's MC -6 trans- 
ceiver partly depends on bias in the performance of its "bull- 
horn" provision. Finally, the recent Cadre selective -calling 
system contains a transistor gate whose action is triggered by 
bias changes. These varied applications for bias not only sug- 
gest increased sophistication in CB equipment, but a move 

Fig. 1. The RCA "Mark Nine" employs electronic switching. 
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C 

from the mechanical to the electronic, especially in the very 
important switching functions. 

RCA "Mark Nine" Transceiver 
Newest in the RCA1 series of CB transceivers is the "Mark 

Nine" (A). A 9- channel unit, it includes a complement of 
useful operating features: squelch, noise limiter, metering, 
manual receiver tuning, and spotting switch. One feature is 

notable by its absence -a "transmit- receive" relay. This elec- 
tromechanical component, which tends to require frequent 
cleaning or contact burnishing, is replaced in the "Mark Nine" 
by a simple, straightforward technique of electronic switch- 
ing. 

The partial schematic of the "Mark Nine" in Fig. 1 shows 
the transmitter stages: crystal oscillator VIA and power amp- 
lifier V1B. Also shown is the receiver's r.f. amplifier, V2. Near 
the top of the schematic, a single tank circuit for both receiver 
and transmitter is formed by L1, Cl, and trimmer C2. (Choke 
L2 shorts static discharges to ground; C3 and L3 suppress 
transmitter harmonics.) A significant aspect of the circuit is 

that an external antenna is permanently connected to both 
transmitter output and receiver input. Electronic switching, 
based on bias changes, effects the necessary changeover. 

Assuming the unit is on receive, we see that the grids 
of both transmitter stages, VIA and V1B are impressed with 
negative bias in excess of -75 volts d.c. Although these 
tubes are connected to their "B +" source, they are held in- 
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active by cut -off bias. ( Bias voltage is tapped from the 
power supply.) When the operator presses his push -to -talk 
button, the high bias is shorted to ground and the tubes com- 
mence to conduct, producing r.f. output to the antenna. 
Notice, too, that the transmitter signal is also applied to 
the grid of the receiver r.f. amplifier. This causes the re- 
ceiver to develop inordinately high a.g.c. voltage at its de- 
tector. Fed back along the a.g.c. line, about -50 volts d.c. 
cuts off the receiver. At this time too, the push -to -talk 
switch disconnects the loudspeaker and receiver muting is 

complete. Thus, what could be a troublesome multi- contact 
relay (often with four different changeover functions) is 

considerably improved upon and, what is more, considerably 
simplified with a bias source and mike switch. 

General Radiotelephone MC -6 

Included in the new MC -6 transceiver (B) by General 
Radiotelephones is a circuit feature which should be wel- 
comed by the sea -going CB'er, and operators engaged in 
search and rescue, crowd control, or outdoor events. It is a 

"bull- horn" provision. The transceiver can double as a mobile 
public- address system. An extra speaker, the bull -horn, is 
required to fulfill the function. General's approach differs 
significantly from other, earlier solutions to the problem of 
utilizing the CB set's existing audio amplifier. It is not simply 
an extra speaker jack. Bather, it provides refined circuitry 
so that the operator may switch smoothly from normal CB 
to p.a. operation. An incoming message in the receiver, for 
example, can be quickly relayed to people several blocks 
away or up to a half -mile over water. 

The circuits concerned with bull -horn operation are shown 
in Fig. 2, a partial schematic of the MC -6 transceiver. Sev- 
eral major switching and control functions occur here, pri- 
marily dealing with connections to the audio amplifier and 
transmitter. \Ve'll consider the audio amplifier in a normal 
mode- reproducing sound in the set's internal loudspeaker. 
Audio modulator V1 feeds signal through output (and mod- 
ulator) transformer Ti. Audio passes through a selector 
switch marked "R. -B.H." (radio -bull -horn) and finally to the 
set's loudspeaker. Incoming signals are heard. 

A second set of "R. -B.H." contacts, positioned to the left, 
control the transmitter. ( These contacts play a role in bull- 
horn operation, as will be shown in a moment.) During nor- 
mal reception, the transmitter is held inactive by a high 
negative grid bias ( -100 volts d.c.) applied by the power 
supply. When the operator wishes to transmit, the hold -off 
bias is shorted by the push -to -talk mike button and trans- 
mitter stages are released for activity. The shorting action 
may be traced through the radio -bull -horn switch to pin 2 of 

` the mike connector and mike assembly.. 
Now assume that the operator wants bull -horn operation. 

The "Radio -Bull- Horn" switch is flipped to "Bull Horn" to 
establish two circuit reconnections. Note that the "R. -B.H." 
switch pole moves off the -100 volts d.c. bias source. This 
action produces the desired result: when the mike button is 
pressed, it cannot short out the negative bias and the trans- 
mitter is held inactive. The second reconnection is at the 
audio transformer secondary; audio is applied to the bull- 
horn jack. Also, the internal speaker is disconnected to pre- 
vent acoustic feedback via the nearby mike. 

Thus, the CB'er uses the same mike for CB transmission 
over the air as for local bull -horn operation. Approximately 
six watts of audio power are available for the public -address 
function. Since the set's regular volume control does not 
regulate audio power applied to the bull horn, the manufac- 
turer suggests an optional 20 -ohm wirewound potentiometer 
in the horn line for level control, especially if conditions 
are favorable to feedback. 

Cadre Model 524 Selective Call 

Calling systems for CB, which selectively open a receiver 
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to an incoming signal, tend to divide iiw :.' o :_ nes. The sim- 
pler is the 1 -tone system. It performs satisfactorily, but is 
subject to occasional false operation when heterodynes simu- 
late the desired tone during crowded -band conditions. In- 
creased resistance to falling is possible with the second major 
system: the 2 -tone code in which audio signals are sent 
simultaneously. Latest in the series is a 3 -tone design re- 
cently announced by Cadre for the new Model 524 unit (C). 
Not only does it add a third tone for more elaborate coding 
(and many more tone combinations) but toues are sent in 
sequence. This is in contrast to the earlier simultaneous or 
tone -burst method. To meet FCC specifications, the time 
period for the entire :3-tone cycle occurs within the required 
5- second limit. 

As shown in photo (G), a selector dial on the front panel 
provides a choice of up to 24 different tone codes. ( Addi- 
tional 24 -group codes are also available.) Once the desired 
code number is selected by the operator, the "Code Call" 
switch is firmly depressed. This action is roughly equivalent 
to the operation of a 3- minute egg timer, only here, the 
lever takes about 3 seconds to return, automatically, to the 
rest position. The delay provides the necessary circuit action 
which strings out the three tones in sequence. The tones are 
processed for transmit and receive by a resonant -reed relay, 
as in some other call systems, but with several novel differ- 
ences. Let's consider, first, what occurs during the encoding 
function to establish the desired tone code. The resulting 
audio energy will be applied to the transceiver modulator 
for transmission over the air. ( The system works with nearly 
any transceiver and a 12 -v. d.c. source.) 

The schematic of Fig. 3 is the complete device. After the 
operator depresses the "Code Call" switch (at top left) , the 
three wipers of S1 proceed to move across their associated 
fixed contacts. The first tone is generated as wiper 7 touches 
contact 5, an action which impresses 12 volts d.c. on contact 
5. This potential is then fed through the "Code Selector 
Switch," S2, and ultimately reaches one of the four electro- 
magnetic coils at the right side (Continued on page 90) 

Fig. 2. The General Radiotelephone bull -horn circuitry. 
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TONE -MODULATED 

FREQUENCY 

CALIBRATOR 
By RONALD L. IVES 

uts from this crystal -controlled oscillator is easy once the tone modulation is turned on. 

LTHOUGH the crystal oscillator was discovered more 
than 40 years ago, and the combination of crystal 
oscillator and multivibrator has been in widespread 

use for more than 30 years, the very real problem of identi- 
fying signals from the calibration oscillator remains with us. 
hi many areas, where a large number of unmodnluted carriers 
are 00 the air, such identification becomes quite difficult. 

To eliminate this difficulty, a number of neon- oscillator- 
modulated calibration oscillators have been tried. These 
pulse -modulated calibration oscillators give an identifiable 
signal and work fairly well in a rough way. Unfortunately, 
the saw -tooth modulation produced by the neon tube oscil- 
lator is hard to control, so that overmodulation, splatter, and 
spurious signals are usually produced, particularly in the 
very low- frequency bands which are now becoming impor- 
tant for the transmission of standard time and frequency 
signals. 

Curing these troubles is theoretically quite simple. If the 
calibration oscillator is sinusoidally modulated at anything 
less than 100 percent, splatter and its attendant evils will 
be absent. Additionally, if the modulation frequency is a 
low -frequency audio tone, the calibration signals will not only 
be aurally identifiable but will not 'spread all over the dial ". 

The functional diagram of a 10 -kc. calibration oscillator 
with sinusoidal modulation is shown in Fig. 1. Here, the 
standard signal is produced by a 100 -kc. crystal oscillator, 

Fig. 1. When the square -wave output of the multivibrator is 

modulated by a sine wave, a very clean output signal results. 

100 -KC. 10 -KC 

} 

100 -K C. 

CRYSTAL 
OSCILLATOR 
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MIXER 
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UNMOD. 

r-z 
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AUDIO 

OSCILLATOR ADJUST 
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10-KC. 

OUTPUT 

MOD. 

1.1111:1IOKC.4- 
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which can he adjusted to zero beat with WW1.' or any other 
desired standard. This oscillator drives a 10 -kc. multiyibrahn. 
producing a square -wave output whose accuracy is a direct 
function of the accuracy of the 100 -kc. crystal oscillator. 

The 10 -kc. square -wave signal is fed to a mixer, where it 
is combined with an audio signal produced by the audio 
oscillator. Audio output amplitude is adjustable, so that 
modulation percentage can be set at an optimum value. Mixer 
output is the calibration signal, consisting of the 10 -kc. 
square -wave signal modulated by the sinusoidal audio signal. 
Switching is provided so that the modulation can be used or 
omitted, as desired. 

The completed calibration oscillator, minus power supply 
and switches, can be constructed with conventional com- 
ponents in and on a 21.í" by 2h" by 5" utility box (L%IB 108) 
without encountering "packing -factor" trouble. 

Power is obtained from an external source through the 
4 -pin power plug. The two power switches ("Main" and 
"Tone") are located remote from the calibration oscillator, 
preferably on the receiver using the device. 

Circuit 
The circuit of the calibration oscillator is shown in Fig. 2. 

Note that all circuits are entirely conventional. With the 
exception of the crystal and the multivibrator components, 
no resistor or capacitor value is critical, so that "off- the -shelf" 
components can be used without difficulty. A wide variety 
of circuit modifications can be used without impairing per- 
formance, and tube substitutions are practicable. 

Con.st ruction 
Building a calibration oscillator of this type is not dif- 

ficult, but careful planning of work sequence is desirable to 
avoid problems of parts installation and placement. Layout 
as shown in Figs. 3 and 4 seems very close to ideal. 

First mount the tube sockets, with filament pins forward. 
Then mount the crystal socket, the trimmer (C1), and the 
audio inductor (L1). Be sure that the adjusting screw of 
this inductor is accessible when the calibrator is mounted 
in the equipment. It should be oriented to the rear. Follow 
this by mounting the power plug, the audio volume control 
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(R21), and the signal output fitting, which here is made from 
a small right -angle "Weatherhead" fitting and a Switchcraft 
type 5501 MP miniature male microphone plug. Another 
type of connector may be used here, but the oscillator output 
should be shielded to prevent local radio interference on a 
number of frequencies. 

At this stage, wire the filament circuits, the direct plate con- 
nections, and make as many grounds as possible, using small 

R7 

R13 R14 

V2 

`c7 

2 R6 6 5 

6J6A R9 

150V 

270V. SI P4 
TONE 

P3 RI7 LI 
,5 

S2 
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0A2/VR-150 
V4 

2,7 

R1 -.47 meg., I/z w. res. 
R2 -3300 ohm, 1 w. carbon res. 
R1- 150,000 ohm, 1/2 w. carbon res. 
R4, R11, R16, R18- 100,000 ohm. 1/2 

R5. 
carbon res. 

R10- 39,000 ohm, 1/2 w. carbon 
res. 

R6, R7, R8, R9- 47,000 ohm, I/r w. 
carbon res. 

R12 -270 ohm, 1 w. carbon res. 
R13- 10,000 ohm, 2 w. carbon res. 
R14 -6800 ohm, 2 w. carbon res. 
R15 -4700 ohm, 2 w. carbon res. 
R17 -1000 ohm, 20 w. wirewound res. 
1119- 15,000 ohm, 2 w. carbon res. 
R20 -1000 ohm, 1 w. carbon res. 
R21- 10,000 ohm pot 
R22 -470 ohm, 1 w. carbon res. 
CI- 3.9 -50 pf. APC var. capacitor 
C2 -150 pf. tubular ceramic 

v5 

12 AU 7 

C13 

VS 

R21 

AUDIO 1 

R22 

C14 C15 

C3- -.003 µf. disc ceramic 
C4, C9 -10 pf. tubular ceramic 
C5 -560 pf. tubular ceramic 
C6 -510 pf. tubular ceramic 
C7 -220 pf. tubular ceramic 
C8, C10, C13, C14 -.1 µf., 600 v. 

ceramic capacitor 
C11, C12 -.02 pl. disc ceramic 
C15 -.1 µf. tubular metallized paper 

capacitor 
L1 -3.4 hy. adj. inductor, adjustable 

-- 45','4+85% at 7 ma. d.c. IUTC 
VIC -14) 

81, S2- S.p.s.t. switch 
Xtal. -100 kc. crystal (Bliley Type 

KV3) 
Pl -P4 -4 -pin power plug 
V1 -6AK6 tube 
V ?, V3-646A tube 
V4- 0.42 /VR -150 tube 
V5 -12AU7 tube 

Fig. 2. Power for the calibration oscillator comes from an 
external source. Both power switches are also external and 
can be mounted at the receiver using the test calibrator. 

Fig. 3. Interior view of the high- frequency side of the unit. 
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OUTPUT CONNECTOR 

soldering lugs held under the socket mounting screws. When 
this is completed, wire the crystal oscillator complete except 
for the output capacitor (C4); the grid and cathode circuits 
of the mixer; and the audio oscillator except for the 
ceramic plate capacitors (C13 and C14) . Mount all com- 
ponents parallel to the chassis, as shown in Figs. 3 and 4. 

Resistor R19 of the audio oscillator is directly behind the 
crystal socket and is not visible in the photographs. At this 
point, more than half of the construction is completed. 

To mount the remaining mixer components and most of the 
multivibrator components, make a centerboard for the chassis 
box using a sheet of perforated fiberglass epoxy board, such 
as Vector T28, and mount the remaining resistors and capac- 
itors. As arranged here, most of them are mounted on the 
high -frequency side (Fig. 3), only the second plate capacitor 
of the multivibrator ( C5) the first plate capacitor (C6) and 
the mixer output capacitor (C9) being on the low- frequency 
side (Fig. 4). Most of the interconnections are made on the 
low- frequency side, using #22 bare tinned copper wire, in- 
sulated with Teflon sleeving where necessary. 

Mounting and interconnection of the components can be 
done before the centerboard is mounted in the chassis box. 
Final connections to the tube sockets are made after the 
centerboard is firmly mounted in place. The coupling capac- 
itor from the multivibrator to the mixer (C7) is supported 
by its leads between the plate end of R7 and pin 5 of the V3 
socket. 

Connections on the low- frequency side of the centerboard 
(Fig. 4) are best made in the following order. Run a short 
length of insulated wire from the center of the output con- 
nector to the output end of the output isolating capacitor 
(C9) . Install C14 as close to the centerboard and as far 
toward the input plug as practicable. Install C8 from the 
high end of R15 to ground, keeping it close to the center- 
board and as far toward the output connector as possible. 

Next, install the power resistor R17 by means of a through 
bolt on the front panel of the box close to the input plug. 
Because it will run warm, fiber washers should be used at 
both ends of the resistor to compensate for expansion and to 
augment the insulation. A 20 -watt resistor is used as it has 
a large radiating surface and hence runs cool in this partic- 
ular circuit. 

Lastly, install C13 from the audio volume control (R21, 

high end) to pin 1 of the V5 socket, using a small tie point 
held by one of the L1 mounting screws for the outer support. 
Connect C10 from pin 1 to V5 socket to ground, which is 
made at a soldering lug held by the forward crystal socket 
mounting screw (next to C1). 

This completes the wiring, (Conlin/ice/ on page 96) 

Fig. 4. Interior view of the low- frequency side of the device. 
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MEASURING THE "SONIC BOOM" 

An F -104, with Oklahoma City in background, is employed to simulate a supersonic transport of the future. 

Using electronic instrumentation, FAA technicians have measured 
effects of jet aircraft shock waves upon residential structures. 

By JIM KYLE 

FLECTRONIC instrumentation is being applied in fields 
ranging from missile testing to medical diagnosis. One 
interesting application of electronic instrumentation, 

vhich at the same time illustrates clearly the particular 
problems and techniques involved, was in connection with 
the early flight -test stages of the Supersonic Transport Re- 
search Project of the Federal Aviation Agency. 

The specific test program was designed to gather as much 
data as possible as a basis for setting up FAA rules gov- 
erning operation of supersonic transports when the plane be- 
comes available. To gather this data, the FAA selected a 
typical midwestern city (Oklahoma City) with an aggregate 
population of nearly a million, and scheduled eight super- 
sonic flights daily over this area for a six -month period. 

The object was to determine the effects of the supersonic 
flights -mainly the accompanying "sonic boom " -on both the 
populace and the structures. Only time can tell the effects 
upon the people involved, but electronics is providing the 
answer to the structural effects. 

The way in which this test was instrumented provides a 
good illustration of how electronic instrumentation is used 
by industry to solve non- electronic problems. 

Factors to be Measured 
The first step in applying electronic instrumentation of 

any sort must be to determine exactly what physical quanti- 
ties are to be measured. This requirement, in turn, means 
that the instrumentation engineer must be briefed on the 
phenomenon expected during any test. In this case, the phe- 
nomenon of interest is the "sonic boom" produced by an air- 
craft in supersonic flight. 

While the boom sounds to the ear almost exactly like the 
detonation of a large quantity of explosive at a consider- 
able distance, the actual creation and propagation of the 
boom is a completely different process. An oversimplified 
analogy likens the sonic boom produced by a supersonic air - 

t 
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craft to the visible wake produced on the surface of a still 
lake by a speedboat. 

In both cases, the moving object is traveling at high speed 
through a fluid medium which is, for all practical purposes, 
not compressible. ( Air loses its compressibility at approxi- 
mately the pressure produced by an object moving through 
it at the speed of sound.) Since the fluid can't be compressed, 
it must be shoved out of the way by brute force. This force 
represents a transfer of energy from the moving object to 
the medium, and the energy must be dissipated by the 
medium. 

In the lake, the energy creates a wave which radiates 
symmetrically about the moving object. In the air, a similar 
shock wave is created. 

Both these waves are difficult to detect in the medium 
itself. The water wave makes itself known as a turbulence at 
the shore, and the shock wave in the air makes itself known 
as a pressure wave ( after some of its energy has been dissi- 
pated) very similar to a single -impulse sound wave. Fig. 1 

illustrates the similarities between the two types of waves, 
while Fig. 2A shows the waveform to be expected from a 
sonic boom. 

In Fig. 2A, two distinct impulses are obvious. The first 
represents the beginning of the boom or "bow wave," while 
the second represents the last effect or "tail wave." The hori- 
zontal line, which resembles the baseline of an oscilloscope 
display, represents normal atmospheric pressure level. When 
the shock wave arrives it creates a near- instantaneous "over- 
pressure" ( first vertical line) which decays linearly until the 
"tail wave" arrives ( second vertical line) , at which time 
pressure level returns to normal almost instantly. 

The "tail wave" referred to is the return of air to the space 
left empty just behind the aircraft; occasionally, both im- 
pulse waves may be heard by the human ear, but more fre- 
quently only a single impulse is audible. 

The strength of the boom is measured in pounds -per- 
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scnlare -foot of "overpressure," and the maximum overpressure 
of interest during these tests was 2 lbs. /ft.° A practical super- 
sonic transport is not expected to produce an overpressure 
of this magnitude at ground level. 

Since, for the purposes of the test, each boom produced 
was planned to be as nearly identical to every other boom 
as was possible, one of the primary questions electronics was 
called upon to answer was "How much overpressure was 
produced by each pass ?" 

However, the effects of the overpressure upon typical com- 
mercial and residential structures were also of great interest. 
An overpressure of 2 lbs. /ft.' represents only an increase of 
about 0.1% above normal atmospheric pressure of 15 lbs. /in." 
But this pressure change takes place in a matter of milli- 
seconds and on the roof of a 25 by 40 foot building this 
represents an impact of approximately one ton. So the second 
question put to the instrumentation engineers was "How does 
a typical structure respond to this impact ?" 

Since the structure's response divides into two broad areas, 
the amount of movement and the speed with which it occurs, 
this question subdivides into two specific questions: "How 
much does the structure move ?" and "How rapidly does it 
do this ?" 

At this point, and not before, electronics enters the pic- 
ture. The three quantities to be measured are air pressure, 
structural movement, and speed of structural response. The 
measurements must be made accurately, continuously during 
the test period, and the results must be preserved in some 
sort of permanent form for future analysis. 

Actual Instrumentation 
Actual instrumentation of the test involved little new cir- 

cuitry, according to the NASA specialists who supervised 
the work. Virtually all was accomplished with "off- the -shelf" 
equipment of the commercially available sort. But in several 
cases, the equipment was modified somewhat to meet the 
needs of the job at hand. And the real secret to this, and all 
other instrumentation projects, was in the planning and sys- 
tem approach. 

Test engineers consider the pressure measurements on 
each run to be the most important instrumentation result, as 
they provided a control and standardization for all other test 
results, so this area will be examined first. 

Looking again at Fig. 2A, the theoretical waveform of a 
sonic boom, it can be seen that this is a complex wave in- 
deed. The distance from horizontal line to the first vertical 
peak represents the absolute increase, but the decay rate 
and the negative peak are also important quantities. 

A standard pressure transducer is a calibrated capacitor 
microphone, such as the W.E. 640 -AA. Microphones of this 

BOAT SPEEDING DOWN CANAL, LEAVING WAKE 
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Fig. 1. Speeding boat and plane both produce wakes, one in 
water the other in air. At supersonic speeds, a ¡et air- 
craft is able to produce a severe shock wave as illustrated. 

type have a frequency response rated at 5 cps to 10 kc., but 
this response is not sufficient to reproduce the pressure wave 
from a sonic boom accurately. The top waveform in Fig. 
2B shows the trace resulting when a normal capacitor micro- 
phone is employed; the decay rate information is missing, 
although the peaks are reproduced. 

Those familiar with analog- computer techniques will 
recognize that this output is a differentiated version of the 
waveform. The differentiation is a result of the inherent 
capacitance of the microphone, yet no other type of trans- 
ducer provides acceptable performance. 

A new type of electronic unit has recently been put on 
the market and is designed to provide frequency response 
down to d.c. in this application. It employs an r.f. oscillator 
and detector circuit with the microphone connected in such 
a manner that pressure changes cause an interaction on the 

Shown here is a portion of the instrumentation installed in the test houses. At extreme right are two recording oscil- 
lographs which provide readout for structural- response measurements. Next to the oscillographs is bank of automatic bridge 
equipment for strain gages. Light-colored case with 16 knobs on front is calibration box for accelerometers. On table, 
center, is thermocouple readout and current amplifier assembly. Cables lead to inverter which provides power from 28 -v. batteries. 
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circuit, resulting in output voltage variations. Even though 
the frequency response of the electronic unit is flat to d.c., 
system response is still limited to 1 cps by microphone de- 
sign -and that is still not sufficient to reproduce the sonic 
booms. The center waveform of Fig. 2B shows the result. 

To make the low- frequency response extend far enough 
down to reproduce the decay portion of the waveform accu- 
rately, NASA technicians participating in the test program 
resorted to modification of the microphones. Standard micro- 
phones are "vented," that is, the enclosed air behind the 
diaphragm is allowed to escape through specially designed 
vents. This preserves high -frequency response, and eliminates 
undesired peaks and valleys in the total response curve. 

By changing the length of the vents, technicians were 
able to extend the low- frequency response to the extreme of 
only 3 db at 0.1 cps (see lower waveform in Fig. 2B). The 
limit was reached When thermal expansion of trapped air 
with minute changes in temperature produced more dia- 
phragm movement than did changes in external pressure. 

To tune the vents, ordinary surgical tubing was used and 
trimmed to length by a trial- and -error process. The com- 
pleted equipment was then calibrated at NASA's Langley 
Field laboratories, prior to being shipped to Oklahoma City 
for the tests. 

The complete pressure -measuring unit consists of the 
modified microphone, its associated electronic unit, a cur- 
rent amplifier, and a recording oscillograph. Two such units 
are installed at each of three test sites, although only one 
oscillograph is used at each site. Fig. 3 is a block diagram 
of this portion of the system. One of the pressure units is 
installed outdoors, at ground level, in the center of a 4 -foot- 
square plywood board, and the other is installed inside the 
structure. The board is used to establish a standardized re- 
flecting surface surrounding the microphone so that all ex- 
terior measurements can be directly intercompared. 

Structural Response 
The structure response measurement is done with two 

types of instruments. The amount of movement is detected 
by semiconductor strain gages, which are affixed to key 
points such as rafters and joists of the buildings. Sensitivity 
of these gages is extremely high; movements as little as one 

Fig. 2. GM Waveform showing pressure changes during sonic 
boom. (B) Microphone output signal matches the pressure 
waveform only afte the low- frequency response is extended. 
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0 
SCPS TO IOKC. 
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Fig. 3. Block diagram of the pressure- measuring unit. 

microinch are detectable. Each was installed by a NASA 
specialist, and average time for each installation was hours. 

The strain gages are used in a Wheatstone- bridge circuit. 
Each gage's resistance changes according to the change in 
its length and the resistance change is measured by record- 
ing the resulting change in bridge output voltage. This volt- 
age is extremely small and is amplified by a carrier amplifier, 
which is another off- the -shelf item. 

Fifteen of these strain gages are spotted at key points 
throughout one of the three test structures (each of which 
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RECORDING 

OSCILLOGRAPH 
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AUTOMATIC 

BRIDGE 
RECORDING 

OSCILLOGRAPH 
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BATTERIES 
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POWER 
(28 V.D.C.) THERMOCOUPL 

30 
CURRENT 

AMPLIFIER 

Fig. 4. Block diagram of the response- measurement system. 

is an actual residence, rented by the FAA especially for the 
tests; average age is about 5 years) . The other two test sites 
are used for pressure measurements only. The output of 
the 15 strain -gage channels terminates at one CEC record- 
ing oscillograph. 

Motion of the structure is measured by accelerometers, 
which are used in pairs. One of each pair measures east -west 
acceleration, while the other measures the north -south com- 
ponents. 

The particular accelerometers chosen for this application 
are of the servo type in which a feedback signal is developed 
and amplified to maintain the reference mass virtually sta- 
tionary with respect to the accelerometer case. This "error 
signal" is taken as the accelerometer output. By proper choice 
of amplifier gain ( accomplished by a plug -in resistive shunt 
network in the feedback loop), the range may be chosen as 
anywhere from 0.1 gravity acceleration "full scale" to as 
high as 60 G's. In this test, maximum range is in the region 
of 0.25 G. 

The accelerometers are calibrated by use of "angle blocks" 
which, in turn, use the earth's gravitational pull as a refer- 
ence standard. The accelerometer is simply placed on one 
of the angle surfaces of the block and its output noted, then 
compared with the standard acceleration force computed 
as corresponding to that angle. 

Fifteen channels of accelerometer readout are used for 
structural response; three additional instruments are buried 
underground at the fully instrumented test site to detect 
the seismic effects of the (Continued on page 88) 
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(Left) Some typical four -layer diodes. From left to right, a 5 -amp, stud -mount, 
a 1 -amp. top -hat, and a 250 -ma. glass -encapsulated unit. Normal voltage range 
from 20 to 200 volts for these. (Below) Typical five -layer diodes. From left to 
right, 30 -v. trigger diode, 5 -amp. power -control diode, 7 -amp., and 20 -amp. 
bilateral switching diodes. Equivalent 110 -volt power -control capabilities of 
the last three of these particular units are: 600, 800, and 2200 watts. 

These avalanche -mode semiconductor switches 
have many applications -including high -power 
audio amplifiers, d.c. transformers, dimmers. 
computer counters, and radar- modulator circuits. 

SEMICONDUCTOR DIODES 
By DONALD E. LANCASTER 

[GH- powered audio amplifiers using nothing but di- 
odes, odes, d.c. transformers that can step high voltage 
down, and 5 -kw. light dimmers with only five low - 

cost parts are just a few of the more noteworthy functions 
that the four - and five -laver semiconductor diodes can per- 
form. These currently available, economical devices can also 
be used in a wide range of other applications. such as in 
memories, inultivibrators, counters, oscillators, frequency di- 
viders, function generators, switches and triggers, and radar 
modulators -to name just a scant few. 

Basic Operation 
These diodes are avalanche -mode semiconductor switches, 

identical to a gatelcss silicon controlled rectifier. In the `off" 
state, the diode impedance is very high, into the tens of 
megohms. Pulsing the diode while in the "off" state will cause 
avalanche -mode turn -0n, usually in times much less than 
a microsecond. The "on" state is the very low impedance of 
a forward- biased diode, so lose that the load current must be 
limited to a safe value, lest the diode destroy itself. The 

October, 1964 

torn -on method is basically different from the conventional 
SCR gate turn -on and has the advantage of being nuuiy times 
faster. This fast turn -on allows four- and five -layer diodes 
to operate into the hundreds of kilocycles as power -control 
devices. This is well in excess of conventional SCR capability. 

The four -layer diode is unilateral and will only operate 
in one current direction. The five -laver diode is bilateral 
and operates equally well in either current direction. These 
diodes have ratings varying from milliwatt to kilowatt poss er- 
control capability, currents from a few milliamperes to tens 
of amps., and breakdown (trigger) voltages varying from 20 
to 400 volts. Higher ratings are entirely practical. Cost is 
about the same as an equivalent power SCR. 

There are many manufacturers of these diodes. Clecite of- 
fers a complete line of four -layer devices, while Transilron 
offers a broad line of five -layer devices. Other manufacturers 
are Texas Instruments, Hunt Electronics, General Electric, 
and Western Electric, to name only a few. Specific device 
information is available from each manufacturer in the form 
of data sheets and application notes. 
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Fig. 1. Four -layer diode structure and equivalent circuits. 

O 
SYMBOL 

V, 

In - 

SYMBOL 

-Vr In- 

V, FORWARD BREAKOVER VOLTAGE 

In MINIMUM HOLDING CURRENT 

-I 
R -LATER DIODE vI CHARACTERISTIC 

(A) 
}LAVER DIODE VI CHARACTERISTIC 

(B1 

Fig. 2. Both diode types remain "off" until V1 is exceeded, 
then they rapidly switch "on." Diodes remain "on" as long as 
current exceeds II,. If current falls below this value or re- 
verses, then the diode will quickly switch to the "off" state. 

+V 

In avalanche -mode turn -on, most of the turn -on energy is 
provided by the load itself and not by the triggering signal. 
This trigger merely initiates the turn-on activity. Perhaps 
this is somewhat like removing a bottom can of a grocery 
store display. Very little energy is needed to knock one can 
loose, compared to the total energy produced during this 
"avalanche" breakdown. Because of this trigger sensitivity, 
the four -layer diode is inherently a high -gain device. Trigger 
signals work into what is virtually an open circuit while 
directly controlling low- impedance, high -power loads. 

Turn -off is usually accomplished by letting the main load 
current drop to a very low or negative value. This is usually 
relatively easy to do. When discharging a capacitor, the 
diodes simply stop conducting when the capacitor is dis- 
charged. The a.c. line zeros may be used for resetting. A 
commutating or "speed -up" ( a misnomer) capacitor can turn 
a second diode off as a first one turns on. Many circuits 
require the inherent locking quality of the turn -on. Here 
turn -off is accomplished by mechanically or electrically inter- 
rupting the load current. 

Fig. lA shows graphically the structure of a four -layer 
diode. This is seen to consist of four alternate layers of 
n- and h -type semiconductor material, normally silicon. An 
equivalent transistor configuration, shown in Fig. 1B, is 
useful in understanding the turn -on mechanism. Here an 
n -p -n and p -n -p transistor form a locked -pair configuration. 
1f the current gain of each transistor was much less than 
unity, any current passing through the pair would be rapidly 
"de- amplified" and the pair would then assume an open 
circuit, or "off" state. Suppose the current gain were greater 
than unity. This is possible due to actual device internal feed- 
back. Now, any current flowing through the device will be 
amplified, and the locked pair will assume a saturated or 
"on" state. Current is then load- limited only. 

By suitably controlling parameters during diode fabrica- 
tion, the current gain of the four-layer diode is made highly 
dependent upon the current itself. At low ( leakage) currents, 
the current gain is much less than unity, and the diode stays 
off. As long as the forward bias on the diode is below the 
reverse breakdown rating of the middle n -p junction, the 
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SELF -INDICATING MEMORY OR ALARM CIRCUIT 

(B) 
Fig. 3. Diode may be switched "on" by pulsing it in such a 
way that Vi is exceeded. Diode remains on after pulse ends. 
Turn -off occurs when the load current is interrupted briefly. 

+ V, 

current gain stays low and the diode stays off. If the re- 
verse breakdown is exceeded, quite a large current wi11 flow. 
This large current causes a large current gain, and the diode 
rapidly saturates and assumes the "on" state. This results 
in the "off" equivalent circuit of Fig. 1C and the "on" equiva- 
lent circuit of Fig, 1D. 

To turn an "off" diode on, it must be pulsed in the forward 
voltage direction with a voltage high enough to avalanche 
the structure. To turn an "on" diode off, the load current 
must be reduced to a low or negative value. 

The turn -on and turn -off mechanisms result in the volt - 
ampere (VI) characteristics shown in Fig. 2. The forward - 
avalanche ( turn -on) voltage is indicated by V1, the maximum 
permissible current by I,,,,,.,, and the minimum holding cur- 
rent by III. A four -layer diode is never operated in the reverse 
current direction and care must be taken to observe diode 
polarity and to limit any circuit reverse voltage to a value 
that is small compared to V. A five -layer diode may be 
thought of as two four -layer diodes in inverse parallel, and 
thus operates equally well in either current direction. 

Generally, the steady -state 1,,,,,,., will be much lower than 
the pulse I,,,,,,., rating for a low duty cycle. This current rating 
is based on thermal considerations. For very low duty cycles, 
pulses that are in the order of a hundred amperes and higher 
peak currents may be readily handled. 

Switching Circuit 
A simple switching circuit is shown in Fig. 3A. The diode 

is chosen to have a V; higher than the supply voltage V,., 
and thus will not turn on of its own accord. If a negative 
turn -on pulse is applied to the load side of the diode, the 
diode voltage will be equal to the sum of V,. and the nega- 
tive trigger voltage V1,;,,. If this voltage exceeds V1, the diode 
will turn on. Load current will then flow through R1. If the 
load current exceeds I,,, the diode holding current, the diode 
will stay on. The diode may be turned off by interrupting 
the load current. This basic circuit may be used as a memory 
circuit to "remember" the passing of a trigger pulse. 

The input impedance of this circuit is R,, when the diode 
is off and zero when the diode is on. Two modifications allow 
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the input impedance to become very high in either state. By 

adding a conventional diode in series with the load such 
that the torn -on trigger will back -bias it, the off impedance 
becomes very high. As soon as the four -layer diode starts 
to turn on, the conventional diode becomes forward -biased 
and does not interfere with load turn -on. Since the turn -on 
input impedance is now virtually an open circuit, an arbi- 
trarily large resistance may be placed in the trigger line 
without effect. This allows a high input impedance should 
a trigger pulse arrive after a diode has already turned on 
due to a previous pulse. 

This results in the more practical circuit of Fig. 3B, a 
circuit which serves as an annunciator or paging device, or 
as a self -indicating computer memory. Electrical outputs at 
(1', b' and c' are zero when the diodes are off and V, when 
the diodes are on. An electronic gate may replace the group 
reset button that is shown in the diagram, and individual 
resets could be provided in each diode line. 

Sawtooth Oscillator 

The sawtooth oscillator of Fig. 4A uses a four -layer diode. 
The circuit is identical to the conventional neon -lamp or 
glow -tube relaxation oscillator, with the exception of the 
load resistor R1, which must be used to limit the capacitor 
discharge current to a safe value (usually 10 amperes or more 
peak current). 

The performance is markedly different. The ratio of scan 
time to retrace time is much higher than a gas tube can 
provide. Output is referenced to ground instead of the usual 
50 -volt dropout level of neons. The circuit is temperature -, 
radiation -, and light- stable. Considerable oscillator power 
can be produced by such a circuit. For oscillation, Vf must 
be lower than V. For a good sawtooth waveform (a linear 
ramp instead of an exponential charging curve), V, should be 
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Fig. 4. Four -layer diode sawtooth generators, frequency dividers. 
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much higher than V1. The higher V,., the better the circuit 
linearity. 

The circuit operation is based upon R charging C until 
the voltage across C equals V1. At this point, the diode turns 
on, discharging C, and turns off. The cycle then repeats. 
R must be chosen large enough that the charging current 
will be less than the holding current of the diode. Otherwise, 
the diode will lock on after one cycle and remain on until 
V, is removed. When operated in this mode, the circuit be- 
comes a time -delay generator instead of an oscillator. 

The sawtooth oscillator may be synchronized to any fre- 
quency higher than its free -running frequency by supplying 
negative trigger pulses to the four -layer diode (Fig. 4B). 
The diode will now turn on at the instant the sync pulse 
and the capacitor voltage, when added together, exceed V1. 
By controlling sync pulse amplitude, the oscillator may be 
made to lock on any submultiple of the input frequency, 
giving frequency division by two, three, four, or five. Divi- 
sion higher than five requires exact control of circuit voltages, 
sync amplitude, and pulse jitter, but is entirely reasonable. 
Placing the load resistor in the diode leg of the circuit will 
produce positive output pulses, while placing the load resistor 
in the capacitor leg will produce negative output pulses. 
These pulses may be used to sync additional stages. 

The locked -oscillator frequency divider of Fig. 4C is an 
application of the sawtooth oscillator as a tone generator 
for an electronic organ. The input oscillator is synchronized 
to the input pulses at frequency Fo. Each oscillator is syn- 
chronized at one -half the previous oscillator frequency, 
producing lower and lower notes, each spaced exactly one 
octave apart. The waveform produced is rich in harmonics 
and readily distorted to produce the various voices of the 
organ stops. Twelve such chains are needed to produce all 
the notes. Tuning is by trimming each R and C to yield a 

V,>Vf 
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sic - V, 

R > I 

D2 

V -VfD2 
V102> Vc > VfDI R2 > I11D2 
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Vf 

Vc -Vf 
R > IC 
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BASIC MONOSTABLE 

(B) 

RESET 

COUNT 
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(C) 

Fig. 5. "P- n -p -n" multivibrators. The astable circuit (A) leads 
to a family of square- and rectangular -wave generators, pulse 
generators, and oscillators. The monostable circuit (B) ex- 
tends into time -delay circuits, ramp generators, delay networks, 
gated oscillators, sweeps, and pulse shapers. The bistable cir- 
cuit (C) yields counters, frequency dividers, computer logic, 
gates, power inverters, shift registers, and memory circuits. 
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free -running frequency a bit below half the sync frequency. 
By alternately dividing by five and then two, the sane 

circuit can provide decade division with only two stages per 
decade. This is useful for clock and counting chains. 

Milli ivihrators 
Where the ultimate in speed is not a requirement, four - 

layer diodes make excellent astable, monostable, or bistable 
multivibrators. The present upper switching speed is around 
two megacycles. These circuits are all based upon the use of 
a commutating capacitor. The capacitor assumes a charge 
during one state of the multivibrator, and then uses this 
charge to turn off one diode as the other one is pulsed on. 

Fig. 5 shows some multibrator possibilities. Fig. 5A is 
an astable (free -running) circuit. Assume the left diode (Dl ) 

has just turned on. This clamps the left end of commutating 
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Fig. 6. (A) Binary and (B) ring counter cricuits using diodes. 
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Fig. 7. Unlike circuits with transistors, this circuit can step 
voltages down as well as up. A 600 -v. input could yield a 12 -v. 
d.c. output. Power capability to over 1 kw. may be achieved. 
Circuit is essentially a power bistable. Transformer senses 
a.c. primary current and induces secondary voltage of desired 
step -up or step -down ratio. Rectifiers and filter convert this 
voltage to d.c. Circuit may be made self- oscillating by deriv- 
ing trigger pulses from transformer itself. By omitting the 
rectifiers, circuit becomes a d.c. to a.c. inverter arrangement. 

capacitor C at ground. C now starts charging toward V,. 
through R2. When the right end of C exceeds V, of the right 
diode (D2), the right diode turns on. The charge on C can- 
not change in the brief turn -on time of the right diode, so the 
left end of C must swing negative by an amount equal to - Vf 
as the right diode turns on. 

This turns off the left diode. The circuit has just changed 
state, and now the cycle repeats in the opposite direction. 
An additional diode, a conventional one, may be used to 
clamp an output to ground to give a true square -wave output. 

Various forms of monostable operation are possible, and 
generally make use of two diodes with different breakdown 
voltages, or of a circuit in which one side is provided holding 
current and the other is not. These circuits are useful for 
sweep generation, one -shot time delays, and pulse -delay net- 
works. Fig. 5B shows one possible form of such a circuit. 

TRIGGER 
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SIMPLIFIED SCHEMATIC OMITS FLYBACK 
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Fig. 8. Radar pulse modulator using string of 4 -layer diodes. 
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C .IPO. 

SCR MCR 1304 -4, ETC. 
DI= TI -43, ETC. 

(A) (B) 
Fig. 9. (A) Addition of 4 -layer diode to SCR results in ac- 
curate and stable trigger source. Low -power input signal will 
trigger SCR into conduction if trigger voltage exceeds VI. As 
a voltage -level detector or threshold indicator, a very low - 
power signal can directly control kilowatts of power. An in- 
tegrator is built by adding C, which is charged by the energy 
of the input signal. If V, reaches V1, the SCR is turned on. 
(BI A.c. power control used as a light dimmer or motor speed 
control. At the beginning of an a.c. half -cycle, the charge 
on C is zero. C then starts to charge through R. When V. 

reaches V, the SCR turns on, discharges C, and remains on 
for the remainder of the half -cycle. The SCR then effectively 
completes the load circuit through the bridge rectifier, pro- 
viding power for the load. The smaller R is, the faster C 

will charge, and the earlier the SCR will turn on in each half - 
cycle. This results in increasing power reaching the load. 
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THE "FREE- WHEELER" 

DIVIDEND PACKAGE .. 

"550" transistorized C -B radio ....179.50 
Universal mounting bracket N/C 

Webster Model A -66 base -loaded 
mobile antenna with universal 
cowl mounting bracket and complete 
with 15' RG -58/U and fitting 28.35 

84 page Road Atlas and Travel 
Guide with protective cover 2.95 

Clip Board with magnetic hold -on. 
Clings to any iron or steel surface 1.50 

Owners operating manual N/C 

Station log card w /10 -code on rear .35 

Auto Compass w /visi -dome dial, 
clear markings, aircraft -type 
compensators, universal mounting 
bracket 5.95 

Model 6200 Noise Suppression System 24.90 

Total value 243.50 

Your cost 189.50 

THE "CLOVERLEAF" PACKAGE ... 
Same as above except that 
Model 6200 Noise Suppression System 
is omitted ...Total value 218.60 

Your cost 184.50 

"550 

FREE 

WHEELER" 

To bring the "550 ", finest, feature -filled transistorized radio to the 
discerning C -B user in true, clear focus, WEBSTER offers an incen- 
tive in the form of an exceptional dividend, "the value wheel" corn - 
prised of such essential (and high quality) accessories as antenna 
and noise suppression kit in addition to other functional items - 
car compass, magnetic clip board, 84 page road atlas, 10 -code card. 
(AlI illustrated above). Anyone who purchases a "550" radio can have 
these items, (valued at 64.00) for an additional 10.00 -a 54.00 saving! 

THE "550 "... A BRIEF SKETCH ... 
Handsomely styled, book -size C -B radio with 11- crystal controlled channels, 
replaces vacuum tubes entirely with transistors and diodes. WEBSTER has applied 
advanced solid -state circuit concepts to achieve performance that is wholly 
outstanding in every respect. There are no compromises. "550's" transmitter is 

full -powered to the 5 watts allowable by F.C.C. It incorporates special high - 

level modulation techniques (pat. appd. for) that give 100% capability. Speech 

response is "shaped" for exceptional crispness and clarity. 

The all- solid -state superhet receiver is highly sensitive, is particularly well 

suited for weak signal reception with 10 db signal -plus -noise /noise ratio at 

one -half microvolt! And it provides 60 db rejection to adjacent channel signals! 

Here are just a few of the dozens of functional features: Speaker on front panel 

. plenty of reserve audio power. Quiet, no- carrier operation is offered by an 

adjustable "squelch" ... and there is a highly effective series -gate noise limiter 
with OFF switch. "550" uses no vibrators, operates direct from 12V car battery. 
Fixed station service is possible using separately available 117V AC supply. 
All "550's" are pre -wired to accept tone signaling units. Universal, cradle -type 
mounting bracket is standard equipment. 

Please rush full information on "550" and "Free- wheeler" dividend deal. 
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The bistable circuit of Fig. 5C consists of two four -layer 
diodes. Both are supplied sufficient holding current. Both 
have breakdown voltages in excess of V,. The circuit is stable. 
The commutating capacitor (C ) turns off the "on" diode 
whenever the "off" diode is pulsed on by a trigger pulse. In 
the diagram, "set" pulses will turn the left diode on, while 
"reset" pulses will turn the right diode on. By pulsing the 
diodes simultaneously with a short pulse, the bistable will 
count, alternating states for every successive input pulse. The 
circuit is self -steering, as long as the trigger pulses are short 
compared to the RC time constant of the commutating circuit 
that is employed. 

It is possible to cascade binaries to count or divide by 2, 4, 
8, 16, etc. or, by the addition of feedback, a binary chain may 
count to any whole number and then reset. Fig. GA is such 
a circuit. The ring counter of Fig. 613 uses a different prin- 

LOAD 

(MOTOR, LAMP, ETC.) 

= R 

DI 

D2 

Fig. 10. A light dimmer and power -tool control using 5 -layer 
diodes. No bridge rectifiers or special switching arrangements 
are needed for single -turn full -wave control. D1, R, and C 

produce a firing pulse, just as in the SCR circuit. This pulse 
is stepped up by the pulse transformer to trigger the main 
5 -layer diode D2. Average load power is determined by how 
early in each half -cycle D2 turns on. Power control up to 
around 5 kw. may be achieved using currently available diodes. 

ciple for operation; a commutating capacitor routes diode 
turn -on always to the next sequential stage. Only the capacitor 
to the right of the "on" stage can charge . 

To advance the circuit, the trigger capacitor on the input 
is momentarily shorted. This removes V, from all the diodes, 
and all diodes turn off. The trigger capacitor then starts charg- 
ing toward V,., bringing the diodes up with it. The voltage 
on the diode immediately to the right of the one that was on 
has a "head start" toward firing due to the charge on the 
commutating capacitor. This diode then turns on, and the 
circuit has advanced one stage. Modifications of this tech- 
nique allow add- subtract counting. Shift- register circuitry is 
somewhat similar to this arrangement. 

Other Applications 
Use of a power binary allows a d.c.- to -d.c. transformer cir- 

cuit. Operation is identical to conventional transistor power 
converters, except that very high input voltages may be easily 
accommodated, unlike the 50 -60 volt limitation of most tran- 
sistorized converters. The diode can operate at a high fre- 
quency ( 100 kc. ) , minimizing the requirements for trans- 
former iron and secondary filtering. Fig. 7 is a circuit of this 
type. Modifications allow the circuit to become self- oscillat- 
ing, self- starting, and short -circuit proof. A kilowatt power 
handling ability may be realized, at efficiencies upwards of 
90 percent. 

Fig. 8 illustrates the use of four -layer diodes in a radar 
modulator circuit. This circuit provides the short, high -voltage 
pulses required by a magnetron or other microwave power 
tube. The small diodes here replace the less efficient thyratron 
or pulse tube normally used. Additional circuitry can provide 
short duty cycles and give flyback protection to the basic 
design. 

An important application of small 30 -volt four -layer diodes 
is as trigger devices for silicon controlled rectifiers in voltage- 
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AVERAGE CURRENT FLOW IN TRANSFORMER. 
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AUDIO, AMPLIFIED MANY TIMES. 

MODULATED 
SAWTOOTH 
OSCILLATOR 

CONSTANT P.R.F. 
TRIGGER 
PULSES PHASE 
MODULATED 
BY INPUT AUDIO 

TÌi 

SYNCHRONIZED SAWTOOTH OSC. 
180. OUT OF PHASE WITH INPUT 
OSC. WITH NO SIGNAL) 

(C) 

Fig. 11. A transistorless, tubeless audio amplifier which 
is capable of high gain and power outputs to about 1 kw. 

level sensing, integrating, and phase -control applications. Fig. 
9 details some of these circuit possibilities. 

The SCR light dimmer /power -tool control shown in Fig. 
9B requires the use of a bridge rectifier, two SCR's, or a fancy 
switching arrangement to allow full -range a.c. control. This 
is due to the unilateral control capability of the SCR. The 
circuit of Fig. 10 uses a five -layer bilateral diode to trigger a 
five -layer bilateral power diode. This circuit accomplishes the 
same function as the circuit of Fig. 9B using only five low 
cost parts. Dimmers and power -tool controls to 5 kw. of power 
may make use of this simple circuit. 

It is possible to use four -layer diodes as extremely high 
powered audio amplifiers. Power capability up to 1 kw. of 
audio at very low distortion may be achieved. This is done by 
operating a power binary at an ultrasonic frequency, perhaps 
as high as 60 kc. Input audio is used to symmetry -modulate 
a 60 -kc. oscillator which provides trigger pulses for the power 
bistable circuit. An output transformer senses the unbalanced 
current flow in the power bistable due to the asymmetry 
caused by the input audio. This current unbalance is directly 
proportional to the input audio, amplified many times. 

Since all the diodes operate switching mode, very little heat 
is generated in any of the semiconductors and the circuit 
operates very much cooler than any linear amplifier would. 
A wide -band output transformer is required for this circuit. 
By direct coupling the input, a frequency response of d.c. to 
15 kc. can be achieved using currently available diodes. This 
circuit is diagrammed in Fig. 11. 

In this article we have discussed some of the fairly re- 
cent types of four - and five -layer semiconductor diodes. 
Some of the most important applications of these diodes have 
been described briefly. As time goes on and as more design- 
ers become aware of the uses of these diodes, we can expect 
to see their use increase considerably in a wide range of 
electronics equipment. 
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NOW! 
Solve electronic problems 

quickly, accurately 
with special new 

Electronics Slide Rule 

. 
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Here's the first truly professional slide 
rule designed especially for electronic 
engineers and technicians. No longer 
must you struggle along with a 
general purpose slide rule . . . this 
new CIE Electronics Slide Rule meets 
the exacting requirements of the elec- 
tronics industry with easy -to -read 
scales chosen for the needs of all 
electronics personnel. It's a special 
purpose 10" measuring instrument 
that can be used for conventional 
computation, too. This patented 
Electronics Slide Rule is made to 
our rigid specifications by Pickett 
& Eckel . . . has special scales for 
solving reactance and resonance prob- 
lems . . . accurately and quickly 
locates decimal points in commonly 
occurring electronics problems . . . 

has widely used electronics formulas 
and conversion factors on the back 
of the rule for instant reference. 
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An illustrated self- training course 
comes with each rule . . . includes 
clear diagrams and step -by -step ex- 
planations to make learning fast, 
easy. Several hundred practice prob- 
lems deal with widely occurring situa- 
tions in electronics ... teaches many 
short cuts ... lists the best settings 
for solving complex problems. Slide 
rule, instruction course with free 
consultation service and top grain 
leather carrying case ... all yours 
for just $14.95. (Quantity discounts, 
in lots of one dozen or more, are 
available on request). THIS SPE- 
CIAL ELECTRONICS SLIDE 
RULE IS AVAILABLE ONLY 
FROM CLEVELAND INSTI- 
TUTE AND IS GUARANTEED 
AGAINST DEFECTS IN MATE- 
RIAL AND WORKMANSHIP. 
ORDER YOURS TODAY. 

t.tviaM MAIVI 

" r.:1ti 

Back 

ismomitrioni 
'(í 

electronics 
C>.>.e... ,r.rV,F J. 1,4. O.,o 

SEND COUPON TODAY 

to: Cleveland Institute 
of Electronics 

1776 East 17th St., Dept. EW -102 Cleveland, Ohio 44114 

Please send me your Electronics Slide Rule. I am enclosing 
$14.95. (1f not fully satisfied after IO day trial, CIE will 
refund payment.) 
Please send additional descriptive literature. 

Name 

Address 

City State Zip 

A leader in electronics training... since 1934 L 

(Please Print) 
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There is a right way and a wrong way to recharge 
nickel cadmium batteries - as experience shows. 

RECHARGING CADMIUM 
TER a long, hot, humid summer, the advent of cool 

F 

l 

nights and crisp, sunny days was most welcome. The 
exhilarating weather put added spring into Barney's 

step as he whistled his way into the back room of Mac's Serv- 
ice Shop this jewel -like morning of late September. He found 
Mac, his employer, alternately studying some printed sheets 
and poking around with a stubby finger in the broken frag- 
ments of what looked like the remains of a beat -up flashlight 
battery. 

"Top of the morning to you, Boss!" Barney said gaily, slip- 
ping into his shop coat. "What are you doing, trying to read 
the future of electronics in the B- leaves? Get it? Tea leaves 
and `B' (for battery) `leaves' or remains!" 

"I get it, but I wish I didn't," Mac retorted, grimacing pain- 
fully at the terrible pun. "A thing like that so early in the 
morning could ruin a man's whole day. If you must know, 
I'm studying cause and effect. The broken pieces of this bat- 
tery are the effect; these letters and spec sheets from the bat- 
tery manufacturer outline the probable cause." 

"Okay, okay! You can talk plainer than that. Give with the 
story." 

"Well, these fragments are all that remain of one of two 
6 -volt rechargeable nickel cadmium batteries a friend of mine 
was using to power a transistorized transceiver. The batteries 
were self- contained in the strong high -impact -type plastic 
case of the transceiver, and connections from the two batteries 
hooked in series were brought to contacts on the outside of 
the case. When the batteries ran down, case and all could be 
placed in a charger overnight for recharging. 

"A few weeks back the transceiver was lent to an acquaint- 
ance, who used the instrument until the batteries were so low 
it would no longer operate. Then the transceiver was re- 
turned, and the owner placed it in the charger atop a desk 
where he usually works and closed up his shop for the night. 

"When he opened up the next morning, he was astonished 
to find that some time during the night one of the nickel cad- 
mium batteries had exploded with terrific force. The explo- 
sion had blown the case and the printed circuit of the trans- 
ceiver to bits. The charging unit was damaged, and small 
pieces of the case and battery were strewn all over the room. 
My friend thanked his lucky stars he had not been sitting at 
the desk when this happened, for very likely he would have 
been seriously injured. Luckily the transceiver was still in 
warranty and was replaced with a new one from the manu- 
facturer. This satisfied my friend, who concluded the explo- 
sion was some sort of fluke that never would be repeated. 

"I, however, wasn't satisfied. I kept wondering why the bat- 
tery exploded and if the explosion could have been prevented. 
Finally I wrote the battery manufacturer and asked him for 
specification sheets on his batteries to see if I could get a clue 
as to why the battery exploded. 

"Going through the literature I received, I found that two 
basic types of nickel cadmium cells were produced. Batteries 
intended to replace ordinary `D' size dry cells had a nominal 
voltage of 1.25 volts and came in a wide current -capacity 
range from 600 milliampere /hours to 5.6 ampere /hours. It 

CELLS 
was stressed all batteries should be charged at a constant cur- 
rent rate, and each current- capacity cell had its own maxi - 
mum and minimum charging current specifications. The max- 
imum current rate could be safely applied to the batteries up 
to 48 hours continuously. Maximum charging currents varied 
from 70 to 560 ma., with the higher currents being used on 
the higher current -capacity cells. 

"The restrictions on charging current were intended to keep 
gassing of the cells to a minimum, but each of the cells in this 
group was further provided with an automatic resealable 
pressure relief vent. This `pop -off valve' opened automatically 
when pressure inside the cell became excessive and then 
closed when the pressure was relieved. 

"The other basic `button -type' of cell is much smaller so 
that these cells could be stacked to produce batteries of var- 
ious voltages. Each cell had a nominal voltage of 1.2 volts, 
and they are manufactured in current ranges from 80 to 1750 
ma. /hours and are combined to produce batteries with volt- 
ages from 2 to 10 volts. Unlike their big brothers, these but- 
ton cells are not equipped, with pressure relief vents. The 
cells are termed `non -gassing,' but I suspect this is a relative 
term. Quite likely it means that under normal usage not 
enough gas is liberated inside the small volume of the button 
cell to require venting, especially since maximum charging 
current for the largest cell of this type is only 150 ma. 

"The maximum recommended charging current for the cell 
that exploded was 40 ma., and I wondered if possibly some- 
thing might not have gone wrong with my friend's charger 
causing it to put out too much current. To double -check on 
this, I measured the current put out by the repaired charger 
into the new batteries. It was 37 ma.; so I scratched one per- 
fectly good theory. 

"Next my eye caught a short note in the technical literature. 
It said: `To prevent possible cell reversals, the battery should 
not be discharged below .9 volt per cell.' Here was a lead! I 

wondered how low the voltage of the exploded battery had 
been when it was put on charge. I remembered that the bat- 
tery voltage was low enough that the receiver portion of the 
transceiver would no longer operate; so I borrowed the re- 
placement transceiver and put it on a variable voltage power 
supply. I had to drop the voltage to 7 volts to make the re- 
ceiver stop operating. Since each one of the two batteries had 
6 button cells in it, that meant the average cell voltage must 
have been below .6 volt when the transceiver was returned to 
the owner and placed on charge. 

"Armed with this information, I wrote again to the battery 
manufacturer and gave him all the facts. I asked if he thought 
it possible one or more of the cells of the exploded battery 
might have suffered a polarity reversal because of being ex- 
cessively discharged and that when an attempt was made to 
charge this reversed cell, a great deal of gas had been liber- 
ated inside the hermetically sealed cell, resulting in the ex- 
plosion. 

"He wrote back that it was not only possible; it was prob- 
able. He said replacement for `D' type flashlight cells are 
expected to undergo considerable abuse, and that is one rea- 
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son such cells are equipped with auto- 
matic relief vents to take care of exces- 
sive gassing likely to occur when these 
large- volume cells are overcharged or 
discharged at too rapid a rate. The tiny 
button cells, on the other hand, do not 
provide room for installing a reliable 
pressure relief vent. Furthermore, be- 
cause of their limited volume and current 
ratings and because they are ordinarily 
used in services where their charging 
and discharging can be closely super- 
vised, such vents are not deemed neces- 
sary. In most cases the build up of gas 
would not have been so catastrophic. All 
that would have happened would have 
been that the gas pressure would have 
broken the seal and permitted some of 
the potassium hydroxide electrolyte to 
leak out. hi this instance, though, no re- 
lieving fissure occurred, and the pressure 
continued to build up until it let go with 
a bang. I've seen the same dangerous 
type of explosion happen when a mer- 
cury battery is foolishly tossed into a fire. 

"Cell reversal can and does happen, 
however. It is much more likely to take 
place when the cell is rapidly dis- 
charged. For example, discharging a 
sealed 500 milliampere /hour battery at 

amperes to 0 volts is more likely to 
cause a reversal problem than discharg- 
ing the same battery at .030 ampere to 
the same voltage. Furthermore, repeated 
noerdisclunge should be avoided. While 
a cell reversal is unlikely to take place 
the first or second time the battery is 
overdischarged, repeated abuses of this 
nature are almost certain to damage the 
cells." 

"What does the manufacturer suggest 
you do to avoid this trouble ?" 

"He says complete discharge of a 
nickel cadmium battery should be 
avoided. It's better to recharge the bat- 
tery more frequently for shorter periods 
of time than it is to allow it to become 
completely discharged and then have to 
charge it for several hours. Shallow dis- 
charges will result in a much greater 
number of cycles over the useful life of 
of the battery. Even after shallow cycling 
it is safe to recharge the battery over- 
night at the maximum current rate." 

\lac lapsed into silence with a faraway 
look on his face. 

" \Vhat are you thinking, Boss ?" Bar- 
ney finally 

"I was just thinking the recent resur- 
gence Of batteries in our work leaves me 
a little cold. I had it with batteries a 
long time ago. When I got into this 
game, all radios were battery -powered. 
The `A' battery usually consisted of 
standard dry cells to warm the filaments 
of the WD-11 tubes. The standard -45- 
volt 'B' battery for supplying plate volt- 
age was about the size of a `giant size' 
box of soap flakes and a heck of a lot 
heavier. A console receiver used two and 
sometimes three of these. On top of all 
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that, we had to use a little tapped (- 
battery to supply bias voltages for the 
tubes. 

" \Ve got away from dry cells by going 
to storage batteries. A six -volt car bat- 
tery and trickle charger took over the 
filament supply for the MA's and 71A's. 
For a short while we even tried wet 'B' 
batteries. believe it or not. Such a battery 
consisted of a whole rack of test -tube 
sized cells. If you think a modern house 
wife gets mad when you scratch her TV 
set, you should have seen how one re- 
acted to having battery acid spilled on 
her living room rug! 

" \Vith the advent of the two -volt- 
filament type ':30 tubes, along came a 
battery with matching voltage called an 
`air -cell.' I never did know too much 
about that one. And then Zenith pro- 
vided a roof- mounted `wind- charger' to 
keep up a storage battery in rural homes. 
Lots of us got our first taste of roof - 
climbing- useful later in T \' work -in- 
stalling and servicing that miniature 
windmill. Believe nie, I was very happy 
when all -a.c. models began coming on 
the market and we got away from the 
clanged batteries. Now a service tech- 
nician has to start learning about bat- 
teries all over again. Things certainly do 
go in cycles in this game. Early radios 
used batteries, crystal detectors, and 
loop antennas. Modern radios use bat- 
teries, crystal detectors, and loop an- 
tennas." 

"That kind of reminds me of a joke 
I read," Barney interrupted, grinning. 
"A reporter was urging an old man to 
admit he had seen a lot of progress in 
his lifetime. 'Oh I dunno,' the old fellow 
said; 'when I was born there weren't any 
interurbans, and they aren't any today. 
Is that progress ?' Do You suppose the 
interm-baos will conic back, too, Mac?" 

"I'd not lie a bit surprised!" Mac ad- 
mitted with a chuckle. "That story 
makes up a little for the horrible pun 
you perpetrated earlier. Now let's get 
to York." 
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"But if I use a 10k resistor in the pi 
network filter, then I'll have to use 
a .02 ,4. capacitor to keep the time 

constant the same." 

Keep PEPand POWER 

under your hood... 
not blasting out your 

- tailpipe! 
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TRANSIS 

Your car isn't turbine - 
powered . . , yet up 
to 50% of your gaso- 
line dollars jet away 
into thin air! The crime 
is incomplete combus- 
tion -and the criminal 
is standard ignition. 
The only answer is 

TRANSISTOR IGNI- 
TION- the AEC -77A! 

ANNOUNCING 
THE NEW AEC -77A 50,000 -VOLT 

TRANSISTOR IGNITION SYSTEM 
The NEW AEC -77A 50,000 -volt transistor ignition sys- 
tem guarantees nearly twice the output of any 
standard or magneto ignition system in existence, 
regardless of price. The AEC -77A is a complete, in- 
tegrated system designed to replace outmoded stand- 
ard or magneto systems so that fire -power at the 
spark plugs can cause complete combustion, release 
full engine power under all conditions at all speeds. 

AEC -77A's constant high-voltage output increases gas 
mileage by 15%, keeps spark plugs and breaker 
points clean beyond 50,000 miles, fires fouled plugs, 
makes engine run tar smoother, increases top speeds 
up to 10 %, eliminates 4 out of 5 "tune- ups ". For 
the thousands of miles you will drive your car, you 
will always have that luxurious "brand -new" feeling. 

LOOK AT THESE FEATURES 
/ AEC -77A delivers 50,000 volts on 

V open voltage tests . . . guaranteed 
to produce 30,000 volts output at 15 
milliamperes at full engine load. 
/ AEC -77A delivers 28,000 volts at 

V cranking speed . . . guarantees in- 
stant starting in any weather. 
/ AEC -77A continues to deliver full 

V voltage beyond 7,500 RPM while 
other ignitions fail to produce at all. 

The AEC -77A you order for your car with the coupon 
below is completely waterproof and shockproof. It 
has been tested under actual operational load with 4 
fouled and 4 operating spark plugs. Features tran- 
sistor types 2N1358A, 2N2493A, 2N1100A, 2N2210A, 
manufactured by General Motors Delco division on 
the same production line which produces transistors 
for the U. S. Minuteman Missile Program. Other 
quality components are supplied by Motorola, Mallory, 
Westinghouse and others. 
The AEC -77A installs in about 20 minutes without 
special tools. The regular price is $49.95 postpaid; 
introductory price, only $39.95. Use the coupon 
below, or see your local dealer. 

AUTOMOTIVE ELECTRONICS CO. 
387 PARK AVE. SO., NEW YORK, N.Y. 10016 

NAME If 

ADDRESS 

CITY ZONE STATE 
AEC -77A For Negative ground 6/12 v $39.95 
AEC -77AP For Positive ground 6/12 v $39.95 

[1 Kit $32.95 400:1 Coil $11.95 Ballast $1.95 1 ` FREE BROCHURE ON AEC -77A SYSTEMS. EW -10, 
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LAFAYETTE HI-Fl COMPONENTS 

NEW! 
LAFAYETTE 70-WATT 

Just Add Speakers and Enjoy FM, FM Stereo 
and High-Quality AM Reception 

''''""""/PrfatTIVTI, triMi 1"""\\"\'\\\\\\ f VOW ili I lit t,im 

COMPLETE AM-FM 

STEREO RECEIVER 

99 0005WX 

A:4 

Model LR-800 
A powerful 70-Watt Amplifier plus Complete Pre- 
amplifier Control Facilities plus a Standard AM 
Tuner plus a sensitive FM Tuner plus an FM Stereo 
Tuner-all on One Compact chassis 

Amazing FM "Stereo Search" Circuit Signals 
Presence of Stereo Broadcasts 
Tuned Nuvistor "Front End" provides Great- 
er Sensitivity, Lower Noise, Less Heat 
Bar-Type Tuning Indicator for AM and FM 
Variable AFC Control Imported 

" 

NEW! LAFAYETTE AM/FM STEREO TUNER! 
Features New Audible Tone Stereo Search Systen. Two 3-Gang Tuning Conti )n- 

sers Viith added Tuned RF Stage For Superb Sensitivity and Selectiv ty. 

,,,,, 99-0001WX 
..,- - 

inyzzerizww.--- 

20-TUCE PERFORMANCE-12 TUBES PLUS 
TUNING EYE AND RECTIFIER AND 9 DIODES 

MPX SEPARATION 38 DB @ 400 CPS 

LESS MAN 1% DISTORTION 
DUAL TUNED CASCADE LIMITERS AND 

WIDE BAND RATIO DETECTOR 
GROUIIDED GRID RF FRONT END FOR LOW 
NOISE 
VARIABLE AFC CONTROL 
FLYWHEEL TUNING 

ETEREO NOISE FILTER SWITCH 
lUTOMATIC STEREO MODE INDICATOR 
IMPORTED 

Lam 

Model LT-325 

z NEW LAFAYETTE 70-WATT STEREO AMPLIFIER 

,`Z 

- - - 

\ \N. 

70 

99-0007WX 

Model LA-350 

Tape Monitor Switch 
Stereo Headphone Jack on Front 
Panel 

Six Pairs of Stereo Inputs For All Sources Separate Channel Tone, Controls 
Handsome Extrudec Aluninum Front Panel Style-matched to LT-325 Tuner 
DC On Preamp Filaments For Minimum Hum Imported 
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LAFAYETTE 
RADIO ELECTRONICS 

1965 Catalog No. 650 

Over 500 Pages- Featuring 
Everything in Electronics for 
HOME INDUSTRY LABORATORY 

from the 
"World's Hi -Fi & Electronics Center" 

FREE: 

Stereo Hi -Fi -all famous brands plus Lafayette's own 
top -rated components 
Citizens Band -transceivers, Walkie- Talkies and 
accessories 
Tape Recorders Ham Gear 
Test Equipment 
Radios, TV's, and Accessories 
P.A. Equipment; Intercoms 
Cameras; Optical Goods 
Marine Equipment; Auto Accessories 
Musical Instruments; Tools; Books 
and MUCH MORE 

BUY ON TIME -Use Lafayette's famous Easy -Pay Credit plan 
.. up to 24 Months to Pay 

ú' 

MAIL THE ATTACHED CARD OR THE COUPON BELOW 

See the Largest Selecticn in 
Our 44 -Year History 

FOR YOUR FREE 1965 CATALOG 

LAFAYETTE 12- TRANSISTOR NEW! LAFAYETTE ALL -TRANSISTOR 
C.B. WALKIE- TALKIE Model HE -100 C.B. "WALKIE- TALKIE" Model HA -10 

39 
2 -for- 78.88 
Variable Squelch 
Reduces Back- 
ground Noise 
Separate Micro- 
phone and 
Speaker for 
Better Modulation 
and Increased Range 
Optional Plug -in 117 
Volt AC Power Pack 
With Leather Case, 
Earphone, Telescoping 
Antenna, Batteries, 
Crystals for Channel 
10 Imported 

99 -3022 

1 095 

2 -for- 21.00 

Great Fun for Kids 
too! At a Price Every- 
one Can Afford 
Ideal for Picknicking, 
Fishing, Hunting, Camp- 
ing, etc. 
Complete with Tele- 
scoping Antenna, Trans- 
mit Crystal, Battery, 
Plastic Carrying Case 
Imported 

rLAFAYETTE RADIO ELECTRONICS 
Dept., R14.1 , P.O. Box 10 

Syosset, L. I., N. Y. 11791 

Send me the FREE 1965 Lafayette Catalog 650 

$ enclosed; send me 
(Prices do not include shipping charges). 

Name 

i 

Address 

City State `rarara-MI MI OM .. Zip . .... 

99 -3011 

NEW! LAFAYETTE 6- TRANSISTOR 
C.B. WALKIE- TALKIE Model HA -85 

19" I1 
2- for -38.75 

Transmits and 
Receives up to 
1 Mile 
Crystal- Controlled 
Transmit and 
Receive 
6 Transistors plus 2 
Diodes 
Complete with Leather 
Carrying Case, 
Earphone, Telescoping 
Antenna, Batteries, Pair 
of Crystals Imported 

LAFAYETTE RADIO ELECTRONICS 
Mail Order and L. 1. Sales Center 

111 Jericho Turnpike, Syosset, L. 1., New York 

99 -3013 

New York, N. Y. 
100 Sixth Ave. 

Jamaica, N. Y. 
165 -08 Liberty Ave 

Brooklyn, N. Y. 
2265 Bedford Ave. 

Bronx, N. Y. 
542 E. Fordham Rd. 

Scarsdale, N. Y. 
691 Central (Park) Ave. 

Newark, N. J. 
24 Central Ave. 

Paramus, N. J. 
182 Route 17 

Plainfield, N. J. 
139 W. 2 St 

Boston, Mass. 
584 Commonwealth Ave. 

Natick, Mass. 
1400 Worcester St. 
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LAFAYETTE 
NEW! LAFAYETTE 23-CHANNEL CRYSTAL- CONTROLLED 

DUAL CONVERSION 5 -WATT CB TRANSCEIVER 

WITH ADVANCED "RANGE- BOOST" CIRCUIT 

óuble ide Band Full Carrier 

17 -Tube Performance with 13 Tubes 
Low Noise Nuvistor "Front End" 
5 Double -Tuned If Transformers 
Meets All FCC Requirements 

Frequency Synthesized Circuit Provides 23 Crystal -Con- 
trolled Transmit & Receive Channels -No Extra Crystals 
to Buy! 
Continuous One -Control Channel Tuning 
Full 5 -Watt Input 
Push -To -Talk Microphone & Electronic Switching 
Dual Conversion Receiver With 3 /10 tiv Sensitivity 
Delta Tuning Offers "Fine Tuning" of -2.5Kc on Receive 
Illuminated "S" and RF Output Meter 
Variable Squelch, Variable Noise Limiter, AGC 
Built -in 117V AC & 12V DC Power Supply 
"Vari- Tilt" Mounting Bracket for Easy Mobile Installation 
Plug -in Facilities For Lafayette Selective Call Unit 

Model 
HB -400 

99-3001WX 

Efficient, dependable 2 -way communications in any fixed or 
mobile application is assured with this rugged, new 5 -watt 
CB transceiver. A military -type frequency synthesizing circuit 
makes it possible to transmit and receive over the full range 
of 23 channels with crystal -controlled accuracy -no extra 
crystals to buy and install! 
Efficient circuit with 13 tubes and 8 diodes offers maximum 
transmitter power output . high receiver sensitivity -plus 
every feature CB users want! 
Operates in a fixed or mobile location with equal ease . . 

has built -in power supply for either 117V AC or 12V DC. 
Specially designed "Vari- Tilt" mounting bracket simplifies 
mobile installation -permits fast removal of the transceiver 
too! And, there's nothing else to buy -you get all crystals, 
push -to -talk ceramic mike, and a built -in vibrator for 12V 
DC, plus 2 power cables. Measures a compact 12Wx5Hx10 "D. 

ADVANCED "RANGE- BOOST" CIRCUIT 
Increases Your Effective Range -Lets You Get Through When Others Fail! 

Want to effectively increase your range? 
You can -with Range- Boost! A simple 
turn of a switch on the HB -400 in- 
creases the average percentage of mod- 
ulation and lets your voice cut through 
QRM and noise to reach further . . . 

gives you more "talk- power" when you 
need it- without overmodulating! 
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CONVENTIONAL 

Average Percent- 
age of Modulation 
Is Lower 

WITH RANGE -BOOST 

Average Percent- 
age of Modulation 
is Higher -Side- 
band Power is In- 
creased 
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Headquarters For Citizens Band Equipment 

NEW! LA FA VETTE A LL - TRANSIS TOR DUAL 

CONVERSION 5 WATT CB TRANSCEIVER 
FEATURING AUTHENTIC MECHANICAL FILTER 

HB -500 11 

v 100% Solid -State ... Full 5 -Watt Performance! 
Small, Compact -Only 11- 7 /16Wx6- 11 /16Dx3 "H 
Low Battery Drain -Less Than 350 ma 
on Receive, 850 ma on Transmit! 

12 Crystal Transmit plus 12 Crystal Receive Positions 
23 Channel Tunable Receiver with Vernier Tuning 
Dual Conversion Receiver with 5/70 µV Sensitivity 
15 Transistors, 3 Diodes; 2 Zener Diode plus 1 Thermistor 
Zener Diode Voltage Regulated Receive Oscillator for 
Superior Frequency Stability 
Dependable Sealed Relay Switching 
Automatic Noise Limiter 
Variable Squelch 
For 12 Volt DC Mobile Operation (Negative or Positive 
Ground) or for I17V AC Operation when used with 
Matching Solid State AC Fower Supply (Optional) 
Meets All FCC Regulations 

HIGHLY SELECTIVE MECHANICAL FILTER 

October, 1964 

With CB channels only 10 Kc apart, 
selectivity is important! In the HB- 
500, ultra-sharp selectivity is achiev- 
ed by means of a true mechanical 
bandpass filter in the 455 Kc IF sec- 
tion. At 10 Kc on either side of the 
center frequency, the filter provides 
60 db of attenuation -an extremely 
high rejection ratio that assures 
complete adjacent channel rejection! 

RUGGED. HEAT RESISTANT TRAN- 
SISTORS USED IN ALL CRITICAL 
AREAS 
EPITAXIAL SILICON, MESA TRANSISTORS 
used in Transmitter Oscillator, Driver and 
Final Stages. 
SILICON MESA TRANSISTORS used in Re- 
ceiver Oscillator, RF and IF Stages. 

If you're looking for a high -performance CB transceiver in a 
small, compact size, you'll want the HB -500! Using advanced 
solid -state circuitry, this transceiver is small enough to fit 
conveniently into the most compact car. And, battery drain 
is really low! The transceiver draws no more than .35 amps 
on receive, .85 amps on transmit -an important advantage 
in mobile applications! This rugged transceiver offers in- 
stantaneous, cool- running operation and features printed 
circuit, all- transistor design. Equipped with mobile mounting 
bracket, push -to -talk dynamic microphone, crystals for opera- 
tion on channel 12. 

Model HB -501 Solid State AC Power Supply 

Matching solid state AC power 
supply for HB -500 for fixed 
station operation (at home, 
business, office). Transceiver 
rests on power supply to form 
attractive integrated unit. Size 
11?;6x6l1 6x311 /,z'. 
99 -3028 Net 16.95 
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SHRINK 

to 
YOUR MARKETS 

PEN NTU BE* 
Tubing of Teflon i 

Shrink PENNTUBE Tubing of Teflon over your sol- 

dered joints, parts and components and they can 

be used where they've never been used before! 
Your products will have the protection that only 
Teflon offers: a thin, tough, transparent film that's 
chemically inert, has exceptional electrical and me- 

chanical properties and is moderate in cost. 

Write, wire or call. PENNTUBE Tubing of Teflon is 

available in FEP that shrinks at 300 °F and has a 

continuous service temperature of 400 °F or tubing 
of TFE that shrinks at 625 °F and has a continuous 
service temperature of 500° F. Prompt delivery of sizes 

to meet your needs. 

PENNSYLVANIA FLUOROCARBON CO., INC. 
Holley Street & Madison Avenue, Clifton Heights, Pa. 19018 

Phone: MAdison 2 -2300 TWX: 215.623 -1577 

West Coast: 13328 Hatteras St., Van Nuys, Cal. Phone 781 -4481 

*Pennsylvania Fluorocarbon Co., Inc. Reg. T.M. Du Pont Reg. T.M. 

CIRCLE NO. 134 ON READER SERVICE PAGE 

$379. CABINET 

/1' _ 
...SAME CABINET $151. 

All you need is a screwdriver to house your equipment 
in fine cabinetry at superb savings. Furn -a -Kit know-how 
gives you the custom built look in hi -fi cabinets, break- 
fronts, bedroom and dining room pieces, wall furniture, 
many others ... even if you've never done anything more 
ambitious than hang a picture. Dozens of styles to choose 
from. Results are guaranteed tir money back. For a com- 
plete catalog of Contemporary, Traditional and Period 
designs send 25e. 

FURNmaKIT 
Dept. E =10 151 East 53rd Street, N. Y. 10022 

1308 Edwara L. Grant Highway, Bronx, N. Y. 10452 
CIRCLE NO. 247 ON READER SERVICE PAGE 
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TRANSIENTS QUIZ 
By DUN LANCASTER 

SUDDEN changes in an electrical or electronic circuit can 
be either useful or destructive. These electrical transients 

may be used for useful waveform generation, or may be the 
very ones that damage costly circuit components. In each of 
the circuits below, the switch is changed from the position 
shown to the other position at time T. Test your transients 
knowledge. See if you can match the circuit with the right 
output voltage transient waveform in the ten circuits below. 
Assume that the circuit has not been disturbed for a long 
time before time 7'. (Answers on )gage 118) 
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1958...the RCA Radio-Phone Series 
1959... the RCA Mark VII 
1963... the RCA Mark VIII 

and now 1964... 

THE NEW RCA MARS NINE 
the latest and greatest RCA CB radio of them ail 

Look at some of the new features ... 

RCA, a pioneer in the development of citizens' band 

radio, has been providing quality equipment since the 
inception of the Class D Citizens' Radio Service in 

1958. Now, these years of experience culminate in 

the great new RCA Mark Nine. 

9 fixed crystal -controlled TRANSMIT /RECEIVE channels, separately controlled 
All- channel continuously tunable receiver 
Illuminated meter and working channel indicator 
Push -to -talk ceramic mike with coiled cord 

eff/A y, The Most Trusted Name in Electronics 
e 

ONLY '13475 
AC UNIT 

Optional User Price 

jr, 1964 

f- 

NEW! Combination "S" Meter 
and Relative RF Output Meter 

"S" Meter indicates the relative 
strength of incoming signal in "S" 
units. RF Output Meter (EO) indi- 
cates relative strength of the sig- 
nal being transmitted. 

NEW! Spotting Switch 
Permits precise manual tuning of 

receiver without use of receiver 

crystals. Receiver can be tuned 
(or "spotted ") quickly to any in- 

coming channel. This means, when 

you buy crystals for extra chan- 

nels, you can (if you wish) omit 
the RECEIVE crystals and buy only 

TRANSMIT crystals. 

NEW! External Speaker Jack 

Letsyou connect an external speak- 

er to the set, so incoming calls can 

be heard in remote locations. 

Get all the Facts Before You Buy. 

Mail Coupon Today. Paste on 4a Post -Card 

RCA ELECTRONIC COMPONENTS AND DEVICES 
Commercial Engineering Dept. 1 -41 -R 

415 South Fifth Street, Harrison, N. J. 

Please send more information on the RCA Mark 
Nine CB Radiophone 

Name 

Address 

City 

L 
Zone State 
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mcivtrs 

If you've recently changed your address or 

plan to in the near future, be sure to notify 

us at once. Place magazine address label 

here and print your new address below. 

NEW ADDRESS: 
NAME 

PLEASE PRINT 

ADDRESS 

CITY ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any questions about 
your subscription be sure to include 
your magazine address label when 
writing us. 

Mail to: ELECTRONICS WORLD, 434 So. 

Wabash Avenue, Chicago 5, Illinois 

Wherever you use a screwdriver 

QWCKWED 
SCREWHDIDING SCREWDRIVER 

does the job faster and easier! 

r 

BECAUSE a Quick - Wedge " Screw -Holding 
Screwdriver holds, starts and drives the screw 
... straight, every screwdriving job is easier ... 
goes faster. No longer will you waste time fumb- 
ling with the screw . Thus if your screw - 
driving job is overhead, below ground 
level, or even in hard -to- get -at places 
you simply affix the screw ... 
place it in the desired spot ... 
drive it in ... release the screw- 
driver and the job is done! 
Prove it yourself! Use a 
Quick -Wedge" once 
and you'll never be 
without one. They're uncondi- 
tionally guaranteed! Ask your 
dealer or write for our catalog today! 

KEDMAN COMPANY 
233 So. 5th West, P. 0. Boo 261, SALT LAKE CITY, UTAH 14110 

CIRCLE NO. 192 ON READER SERVICE PAGE 
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CITIZENS RADIO 
RULES TIGHTENED 

Hobby -type operation of class D stations is expected 
to be curtailed by stricter interpretation of rules. 

EFFECTIVE November 1, the FCC 
has tightened up the rules govern- 

ing class D Citizens Band operation. 
Certain changes have been made to clar- 
ify the permissible and prohibited corn - 
munications and uses of Citizens Radio 
stations. 

The Commission has re- emphasized 
the fact that CB must not be used for 
hobby -type operation. Operating the ra- 
dio station as an activity in and of itself 
is definitely prohibited. The Commission 
noted that there has been so much 
hobby -type operation on the band as to 
seriously impair the original purpose for 
which the service was set up. There has 
been a warning that if there is continued 
misuse of operating privileges, there is 
a chance that the service will be discon- 
tinued altogether. 

Significant Provisions 

Some of the significant provisions of 
the amended rules are: 

1. The primary purpose of the class 
D Citizens authorization as a means of 
communication between units of a single 
licensee is emphasized. 

2. Communication between units of 
different class D stations (interstation) 
is permitted only under certain stated 
conditions and is restricted to seven des- 
ignated frequencies (channels 9, 10, 11, 
12, 13, 14, and 23) . 

3. All interstation communications 
are limited to no more than 5 consecu- 
tive minutes with a silent period of at 
least 5 minutes before another transmis- 
sion is permitted. 

4. Call -sign identification shall be 
made on each frequency used and it 
shall include the station being called. 

5. All users of Citizens Radio equip- 
ment are required to obtain their own 
licenses and operate under their own call 
signs. 

6. Communications for such organ- 
izations as civil defense agencies, volun- 
teer fire departments, and auxiliary po- 
lice should be conducted under a single 
station license issued to the organization 
rather than under licenses issued to in- 
dividual members of such organizations. 

7. The practice of licensees "loaning" 
their call signs to other persons in order 
that the latter may operate equipment 
while awaiting action on their own li- 
cense applications is prohibited. 

8. A new section has been adopted in 
the rules which spells out various pro- 
hibited uses. Some of them are: 

(a) Activities in violation of law. 

(b) Carrying communications for 
hire. 

(c) Communications containing ob- 
scene, indecent or profane words, lan- 
guage, or meaning. 

(d) Communications in the nature of 
a broadcast or those not directed to spe- 
cific persons. 

(e) Malicious interference. 
(f) Transmission of music, whistling, 

sound effects, etc. 
(g) Communications to stations of 

other licensees relating to technical per- 
formance, capabilities, testing of any 
transmitter, including transmission con- 
cerning signal strength or frequency sta- 
bility of transmitters. 

(h) Communications advertising or 
soliciting the sale of goods or services. 

(i) Communications to another sta- 
tion over a distance of more than 150 
miles. ( This new limit is far beyond the 
ground -wave communications range 
under normal conditions. Normally the 
ground -wave range would not exceed 25 
miles.) 

(j) Persons engaged in selling Citi- 
zens Radio apparatus shall not allow cus- 
tomers to operate under the seller's sta- 
tion license. 

9. An individual whose own radio 
station license has been revoked or can- 
celled is prohibited from operating an- 
other licensee's station of the same class 
until he is again issued a license of that 
class by the Commission. 

Availability of Rules 

Because there are now approximately 
700,000 Citizens Radio stations, the 
FCC is not able to furnish copies of the 
revised rules to meet requests of indi- 
vidual licensees. However, all Citizens 
licensees are now being required to 
maintain a current copy of Part 95 

( formerly Part 19) of the rules covering 
this service. Hence, the subscription 
method afforded by the Government 
Printing Office entitles subscribers to re- 
ceive a copy of these and subsequent 
Citizens Radio rules changes as soon as 
they are issued. 

Meanwhile, the text of the new rules 
will be published in an early issue of 
the Federal Register, which may be pur- 
chased from the Government Printing 
Office, Washington, D. C. 20402. The 
Commission will supply a copy of the 
text to organizations representing Citi- 
zens licensees, and reference copies may 
be consulted at the Commission's Wash- 
ington offices. 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


r\PNONFS 

FOR OUR CUSTOMERS: A 10-MINUTE COURSE ON s LAIN A PHENOMENAL SUCCESS STORY 

Why the new 8000 
is the most demanded 
microphone (of its kindly 

It's a cardioid. It's dynamic. 
It's shock -mounted. It offers 
variable impedance and uni- 
form wide -range response. It's 
designed and made by LTV/ 
University and it's less than 
$50.00. Less than any other car- 
dioid! It's only $29.95. And it's 
sold with the world's only five -year 
microphone warranty! 

The new University 8000 is a "first" 
and "only." For those who like to be ex- 
clusive, that's one reason for buying it. 
The important reasons may be found in 
the following microphone buyers' guide! 
There Are Cardioids...and Cardioids. All 
cardioids are essentially "deaf" to sounds 
originating from the rear. They're invalu- 
able for eliminating background sounds, 
for use in noisy and reverberant areas, for 
reducing feedback and for permitting a 
higher level of sound reinforcement be- 
fore feedback would normally occur. BUT 
-not every cardioid uses rugged dynamic 
generating elements. There are crystal 
cardioids which offer high sensitivity and 
output. But their response is limited; 
deterioration is rapid due to heat, humid- 

ity, rough handling. The University 8000 
-a cardioid dynamic -is virtually in- 
destructible. 
Tape Recording. Cardioid mikes are 
essential for quality recordings. They 
pick up only the performer over a 

wide frontal area. They prevent the 
output of speakers from affecting 
the mike, thus eliminating feed- 
back squeal, and permit recordists 
to work from far or near. For stereo, 
only cardioids can assure proper 
balance, if both are matched. Uni- 
versity quality control makes any 

two 8000's absolutely identical "twins" 
to assure full stereo effect. 

October, 1964 

Public Address. Cardioids make micro- 
phone placement far less critical; permit 
greater amplifier output -without feed- 
back -than possible with omnis; assure 
superior intelligence indoors and out. For 
public address use, however, they must 
be extremely rugged. The 8000 can be 
handled without care. It can take extreme 
heat and humidity. The user can hit it, 
shout into it -even shoot a gun near it! 
It's also corrosion -proof. 
CIRCLE NO. 231 ON READER SERVICE PAGE 

New University 8000: $29.95. 
With slide switch(the 8100):$31.50. 
Model DS -10 Desk Stand: $6.95. 

Realism. Wide -range response is impor- 
tant. Uniform response is even more im- 
portant. The new 8000 offers wide -band 
response, extremely uniform to eliminate 
sibilants (hissing S's), bass boom and 
tinny treble. Its reproduction quality is 
virtually indistinguishable from the live 
performance. 
Cables, Long and Short. The 8000 has 
variable impedance -30/50 to 20,000 
ohms. With high impedance mikes, a 10- 
foot cable is maximum to avoid response 
loss and hum pickup. The 8000, sold with 
a 15 -foot cable, can also be used with 
longer cables to record without recorder 
noise; to monitor recordings through 
speakers instead of headphones, and 
make recordings with recorder out of 
sight. 

For complete specifications on the fab- 
ulous 8000 series, ask your dealer for 
literature or write Desk. SM -10. 

LTV 
UNIVERSITY 
A DIVISION OF LING- T£MCO- VOUGHT, INC. 

9500 West Reno, Oklahoma City, Okla. 
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send for NEW FREE 

CRYSTAL CATALOG 
with NEW TRANSISTOR 
OSCILLATOR CIRCUITS 

Citizen Band 95 
EACH 

Class "D" Crystals 
3rd overtone - .005% tolerance - to 
meet all FCC requirements. Hermetically 
sealed HC6 /U holders. ,2" pin spacing. 
.050 pins. (Add 15e per crystal for .093 
pins). 

All 23 megacycle frequencies In stock: 28.965, 26.975, 
28.985, 27.005, 27.015, 27.025, 27.035, 27.055. 27.065, 
27.075, 27.085, 27.105, 27.115. 27.125, 27.135, 27.155, 
27.185. 27.175. 27.185. 27.205. 27.215. 27.225, 27.255. 
Matched crystal sets for ALL CB units (Specify equipment 
make and model numbers) $5.90 per set 

RADIO CONTROL CRYSTALS 
Is HC6 /U HOLDERS -SIX FREQUENCIES 

to abed for immediate delivery (frequencies listed In mega. 

(( Ó0ä 1plo avaliab ,add 1áé r»Tncrimll.) 99.511!7 fledatlsnme7 ' 
24.9118, 27.048. 27.0MS. 27.141. 

$ 27.158. 27.28E 'ACM 
(add s POI Crystal ter postage and bugging, 

HERMETICALLY SEALED PRECISION GROUND 
CUSTOM MADE NON -OVEN CRYSTALS 

1000KC to 1600KC (Fund. Freq.) 
Prices on Request 

1601KC to 2000KC (Fund. Freq.) $5.00 ea. 
2001KC to 2500KC (Fund. Freq.) 4.00 ea. 
2501KC to 5000KC (Fund. Freq.) 3.50 ea. 
5001KC to 7000KC (Fund. Freq.) 3.90 ea. 
7001KC to 10,000KC (Fund. Freq.) 3.25 ea. 
10,001KC to 15,000KC (Fund. Freq.) 3.75 ea. 
15MC to 20MC (Fund. Freq.) 5.00 ea. 

,, ORDER FROM CLOSER PLANT 

TEXAS CRYSTALS 
DEPT. R-10-1 Division of 1000 Crystal Drive 
FORT MYERS, FLORDA 
Phone 813 WE 8.2109 

AND 
4117 W. Jefferson Blvd. 
LOS ANGELES, CALIF. 
Phone 213 -731 -2238 

CIRCLE NO. 229 ON READER SERVICE PAGE 

LOW -COST BUSINESS AIDS 
FOR RADIO -TV SERVICE 

Order books, invoice forms, job ticket 
hooks, service call books, cash books and 
statement books for use with your rub- 
ber stamp. Customer file systems, book- 
keeping systems, many others. Write for 
FREE 32 PAGE CATALOG now. 

OELRICH PUBLICATIONS 
6556 Higgins Rd., Chicago, III. 60656 

PROFESSIONAL APPLIANCE 
SERVICING MEANS EXTRA 
INCOME FOR RADIO -TV 
REPAIRMEN. It's Fast - 
It's Easy to Learn 
Appliance servicing is a natural side -line for Radio - 
TV Repairmen. There are probably hundreds of broken appliances in your neighborhood that can 
mean extra profits for you. 

Now NRI offers a new, fast, easy course in 
Professional Appliance Servicing at a surprisingly 
low tuition rate. It includes appliance test equip- 
ment and covers- 

Small and Large Home Appliances 
Farm and Commercial Equipment 
Small Gasoline Engines 

There's a special course arrangement to prepare 
you for air conditioning and refrigeration. 
Send for FREE book describing 
opportunities and details of 
training -plus a sample 
lesson. No obligation and no 
salesman will call. 
if you are in business for yourself, 
course costs can be tax deductible. 

Appliance Division. Dept. 502 -104 
National Radio Institute, Washington, D.C. 20016 
Please send Free Book on Professional Appliance 

Servicing and Sample Lesson. 
Name 

Address 
City Zone State 

Accredited Member National Home Study Council 
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AT just about any time you desire, 
you can walk into a telegraph of- 

fice and order a telegram by number. 
For example: number 6 may' represent a 
10- to 20 -word singing -birthday tele- 
gram. The clerk has this number, to- 
gether with the address of the recipient, 
transmitted to the telegraph office near- 
est the recipient. At the remote end, 
the clerk converts the number back into 
words. In this way it is possible to trans- 
mit a considerable number of words, 
interconnected in different messages, 
using only a few simple numbers. 

This method of coding messages is 
now being used by ITT in their latest 
military digital encoder /decoder in 
which 100 different messages are stored, 
each with a simple numerical identifi- 
cation. A soldier using the device will 
simply push the appropriate button for 
the message he desires, and another but- 
ton for identification. At the remote sta- 
tion, the message will be written out and 
delivered. 

The device also provides a degree of 
security since only another digital de- 
coder and a code book can be used to 
receive and decode messages. 

It is hoped that this system will come 
in handy when military commanders 
using different languages wish to com- 
municate, as messages can be read in 
or out in any desired tongue. 

Tiny Rescue Beacon 
An emergency, continent -spanning 

radio transmitter that uses body heat for 
frequency control was recently demon- 
strated by RCA. 

This tiny' shirt -pocket unit yveighs 10 
ounces including battery', and uses an 
antenna that tips the scales at one ounce. 
The crystal -controlled unit has an out- 
put of 100 mw. at any frequency be- 
tween 2 and 30 111e., although it is 
capable of operating at multiple fre- 
quencies simultaneously. 

Success of this long- range, low -power 
transmission concept is based on the fact 
that if receiver bandwidth is reduced 
to one -half on a given transmission path, 
the required transmitter power can be 
halved and consequently a much lower 
powered transmitter can be used. In op- 
eration, the system uses the stable high- 

frequency skvwave medium and a spe- 
cial modulation technique to transmit 
three bits of information per minute. 
Combinations of the three -bit code is 
used to build up messages. 

To maintain the tight frequency con- 
trol that permits the use of a very' nar- 
row bandwidth receiver, the user places 
a miniature metal container containing 
frequency determining elements (and 
linked to the transmitter) under his 
upper arm where a high degree of tem- 
perature stability' exists. 

Really Low Light Level Camera 
During the past several years, there 

has been a trend in TV camera design 
to make cameras that will operate at 
very low light levels. Among other 
things, it will make it easier to televise 
football games during the gradually 
darkening late afternoon hours of fall, as 
well as greatly reducing the amount of 
light required in TV studios. 

The sensitivity of such cameras has 
been improving steadily with the years. 
Recently, RCA's Astro- Electronic Div. 
came up with a camera for use in space 
research that will be used to detect 
gaseous clouds having a luminosity of 
only .0000005 footcandle -less than one 
millionth of the brightness of a normally 
lighted room. 

For possible compatibility with the 
Tiros ground stations, the system uses 
500 scanning lines with a frame rate of 
2 seconds, and has a video bandwidth 
of 65 kc. 

This camera will also be used in an 
attempt to observe the zodiacal light 
which is assumed to have the same mag- 
nitude of luminosity believed to be 
found in the faint gaseous regions. 

Lightweight Cable 
Engineers at ITT have come up with 

a lightweight voice communication 
cable for use in rugged terrain and 
eroding climates that weighs in at less 
than 25 pounds per mile. When rolled 
out, the cable will be relatively immune 
to the adverse conditions usually_ affect- 
ing electronic materials in high humid- 
ity, temperature, and excessive rainfall 
of mountainous and jungle environ- 
ments. 
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The value of a name Dealers have long found that SILVER SCREEN'' 85 picture 
tubes move off the shelves fast. Why? One big reason is the tube's precision- engineered 
features. Another is that through the years these same features have created the guaranteed 

acceptance of a name -SILVER SCREEN 85. In picture tubes no brand name approaches the 

assured recognition of SILVER SCREEN 85 tubes. To your customers, the name means built -in 

quality and long life dependability. To you, SILVER SCREEN 85 picture tubes mean sales, profits, 
fewer callbacks, better satisfied customers. Sylvania values that acceptance and safeguards 

it by applying every new research and development technique for product improvement. That's 
why the newest SILVER SCREEN 85 picture tubes have longer life and greater product uniformity. 

Stay with the quality name in TV picture tubes-SILVER SCREEN 85. See your Sylvania Distributor. 

SILVER SCREEN 85 picture tubes are 
made only from new parts and 
materials except for the envelopes 
which, prior to reuse, are 
inspected and tested to the same 
standards as new envelopes. 

SYLVAN IA 
SUBSIDIARY OF 

GENERALTELEPHONE & ELECTRONICS GTE 
NEW CAPABILITIES IN: ELECTRONIC TUBES SEMICONDUCTORS MICROWAVE DEVICES SPECIAL COMPONENTS DISPLAY DEVICES 
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CONA 
KITS 

PAN') 
... 

The 

do- it- yourselfer's 

newest 
catalog 
Here's your new catalog of quality elec- 

tronic kits and assembled equipment 
... your shopping guide for TV set kits, 

transistor radios, voltmeters, scopes, 

tube testers, ham gear, PA systems, 
and a host of other carefully engineered 
products. Every item in the Conar cata- 
log is backed by a no- loopholes, money - 
back guarantee. It's not the biggest 
catalog, but once you shop its pages 

you'll agree it's among the best For 

years of pleasurable performance, for 
fun and pride in assembly, mail the 
coupon. Discover why Conar, a division 
of National Radio Institute, is just 
about the fastest growing name in 

the kit and coNAR equipment 
business. 

MEMO MAIL NOW !NMEN 
CO11AR KB4C 

3939 Wisconsin Avenue, Washington, D.C. 20016 

Please send me your new catalog. 

Name 

Address , 
City , 
State Z -Code 

V.T.V.M. Readings 
(Continued from page 53) 

input impedance of the v.t.v.m. slightly. 
The voltage dividers provide a discharge 
path for the capacitors. `'hen voltages 
above 150 are to be measured the volt- 
age divider made up of R1, R2, and R3 
is used. Capacitor C3 effectively paral- 
lels this voltage divider. If this capacitor 
becomes "leaky," the voltage divider 
ratio is changed and a smaller signal is 
sent to the second voltage divider and 
to the bridge. The result is a low read- 
ing. Although C2 is not as critical as C3, 
it is probably best to replace both capac- 
itors. Although insulation resistance is 
of primary importance, there is merit in 
using replacement capacitors that have 
low dielectric absorption as well. In this 
case, the time to reach full reading and 
the time to return to zero will both be 
reduced -the same reasons apply as in 
the case of Cl. Again, the capacitor to 
use is a hermetically sealed ( glass- or 
ceramic -to- metal) type. 

Dielectric absorption is a measurable 
phenomenon and is often stated as the 
percentage voltage recovery measured 
with an electrometer after a charged ca- 
pacitor has been short -circuited for a 
specified time. Since test techniques 
vary, the results obtained by one method 
cannot be exactly compared with those 
obtained by another. Some procedures 
call for charging to rated voltage, and 
others to a lower voltage such as 100 
volts. Short -circuit time may vary from 
5 to 10 seconds and a small resistor may 
be specified when short- circuiting from a 
high voltage -or for a large capacitor. 

Actual tests have shown that appar- 
ently good oil -impregnated, wax -sealed, 
paper -tubular capacitors may have a 
dielectric absorption as large as 15% 
which easily explains why the v.t.v.m. 
would not return to zero when such units 
are used for Cl of Fig. 1. In contrast, 
a random selection of hermetically 
sealed ( glass- or ceramic -to- metal) ca- 
pacitors showed dielectric absorption 
less than 1 %. Generally speaking, the 
oil -filled types showed lower dielectric 
absorption than the wax -filled types. 
Plastic -case capacitors can only be ex- 
pected to be marginally better than the 
wax -sealed, paper -tube units as the 
plastic case only delays absorption of 
water -and does not entirely prevent the 
absorption. It appears that the absorp- 
tion of small amounts of water in the 
dielectric can cause a large increase in 
dielectric absorption. It is interesting to 
note that such absorption of water in 
the dielectric may not seriously affect 
the insulation resistance. This is prob- 
ably true only when the dielectric is 
absolutely free of metallic salts. 

Capacitor manufacturers generally do 
not rate capacitors on dielectric absorp- 

tion; in any event such ratings would 
be meaningless for all except truly her- 
metically sealed units. The best capac- 
itor from the standpoint of dielectric 
absorption is one with polystyrene die- 
lectric. These capacitors, which are often 
used as the zero reference for dielectric 
absorption, may have a measured factor 
as low as .02 %. 

Capacitors can be divided into three 
groups. Those having the lowest dielec- 
tric absorption (in the range of .02% to 
.1 %) have polystyrene, Mylar, Teflon, or 
polystyrene -Mylar composite dielectric 
films without impregnant. A second 
group ranging between about .3% and 1% 

would be those having a solid dielectric 
of paper or Mylar or combinations 
thereof and a filling or impregnation 
of a natural or synthetic oil. Again, gen- 
erally speaking, those having solid im- 
pregnants would constitute a third group 
with dielectric absorption ranging from 
a low of about .8% upwards to several 
percent. 

Measuring Absorption 
For those who wish to measure die- 

lectric absorption, a v.t.v.m. may be 
used as an electrometer. The procedure 
is to charge the capacitor with a small 
known voltage, then short circuit it 
for a moment. The remaining voltage 
can be measured with an ohmmeter after 
removing the internal battery. The ohm- 
meter input is then used as the posi- 
tive input. This eliminates the voltage 
divider and the input is directly to the 
grid of the tube. The time constant of 
the v.t.v.m. as an electrometer will de- 
pend on the grid current drawn by the 
tube and the total capacitance in the 
circuit. The writer's v.t.v.m. (an RCA 
WV -97A), has an input capacitance of 
about 3300 pf., and a grid current of 
about 10 -1' ampere. The meter takes 
about one minute to drift to full scale 
when the leads are open -circuited. With- 
out further modification of the v.t.v.m., 
the range is limited to the lowest range 
of the unit ( in the writer's case this is 
1.5 volts) which can be adjusted exactly 
with the "Ohms Adjust" knob. In use, 
the test leads must be kept shorted ex- 
cept when making a reading, and read- 
ings must be made on a momentary 
contact to avoid charging the capacitor 
with grid current. In making tests of 
dielectric absorption with an electrom- 
eter having a limited range, it will be 
necessary to limit initial capacitor charg- 
ing voltage so that the residual or re- 
covery voltage does not exceed the elec- 
trometer range. 

The capacitor applications discussed 
above call for much better capacitors 
than are required for most bypass or 
filter tasks. In fact, the insulation resist- 
ance required for capacitors C2 and C3 
is higher than that required for many 
grid coupling capacitors. 
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Get your own copy! It's only $1. 
When your 1965 STEREO /HI -FI DIRECTORY 
arrives, and you see how valuable it is -even 

your best friend won't he able to wrest it away! 
In 180 all -inclusive pages, you have authoritative 
prices and performance data -plus actual photos -of 
over 2,000 hi -fi components, from 170 different man- 
ufacturers! 
The most comprehensive Buyer's Guide to date, this 
all -new Directory gives you all the vital statistics on 
speakers, tuners, receivers, changers, turntables, car- 
tridges, tape recorders -on every hi -fi component 
manufactured today! Use this handy shop -at -home 
directory to compare similar items, dollar- for -dollar, 
feature- for -feature before you buy, and avoid exces- 
sive prices, disappointment, costly mistakes! 
Would you like to have an up -to- the -minute listing 
of every hi -fi dealer in the country? And a complete 
rundown of all the FM stereo multiplex stations op- 
erating in the U.S. and Canada! You get both in the 
1965 STEREO /HI -FI DIRECTORY! 
But most important -if you want to get top value on 

October, 1964 

.. 
every hi -fi component you buy during the next twelve 
months, then... 

SEND JUST St NOW FOR YOUR COPY OF 
THE 1965 STEREO/HI -FI DIRECTORY 

...and well rush this indispensable "Buyer's Guide" 
to your home -at once! (Tip! If you want to keep 
your copy, find a good hiding place, or learn these 
magic words:: "Get your own copy! "It's only $1...") 
r-- -FILL IN AND MAIL. THIS COUPCN RIGHT NOW!-- - 

Ziff -Davis Service Division, Dept. SD 
589 Broadway, New York, N.Y. 10012 

Please send me a copy of the 1965 STEREO/ HI -FI 
DIRECTORY. My dallar, plus 15G for shipping and 
handling, (25e outside U.S.) is enclosed. 

name please print 

address 

city state zip code 
EW1O4 
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HI -FI SPEAKERS 
FOR ONLY PENNIES MORE 

AT McGEE 
NORELCO 12" 

Model AD- 4277M, Norelco 12" full range high - 

fidelity speakers. Rated 20 to 30 watts peak. 
98,000 Maxwells. Match 4 to 6 ohm output. Ticonal 
7 Magnet. The Twin cones both operaie from same 
voice coil. Response 35 thru 18,000 CPS. An extra 
fine speaker at a reasonable price. 

McGEE Q 955 MATCHED 
SALE PRICE J' I PAIR 

$2850 
Model AD -4201M 77, Norelco 12" full range high - 
fidelity speaker. Response from 40 thru 15,000 
cps. Features the famous Norelco Twin cone de- 
sign, 8 ohm voice coil. Norelco Ferroduxure ce- 
ramic magnet gives a total flux of 42,000 Max- 
wells. A Tremendous speaker for Hi -Fi at a Terrific 
low price. 

McGEE $888 
SALE PRICE 

MATCHED $ 1 750 
PAIR 

WRITE FOR McGEE'S MID-YEAR BARGAIN CATALOG 

Thousands of items at bargain prices 

McGEE RADIO CO. 
1901 MCGEE St., Kansas City 8, Missouri 

CIRCLE NO. 197 ON READER SERVICE PAGE 

RESTORES 

LINE "LOSS" 

FOR 

GREATER 

FREEDOM 

' IN 

TAPING 

SWITCHCRAFT 

"MIX -AMP" 
MINIATURE TRANSISTORIZED 

LINE AMPLIFIER 
Tied to short mike cables? Losing 
high frequencies? Insufficient sig- 
nal when using a resistance -type 
mixer? Forget 'em . substitute 
gain for loss with a cigarette -pack 
size MIX -AMP. Up to 30 db gain 
with a 600 ohm mike- compen- 
sates for cable runs of 30 feet! 
Often used in place of line trans- 
formers. Overcomes usual "losses" 
from resistance mixers and pro- 
vides 3 db output gain. 9V battery 
powers it. 20- 20,000 cps. Virtually 
zero hum and noise. 

See your dealer, or 
write for Catalog A -401 

5577 Elston Ave., Chicago, Illinois 60630 
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Optical Scanners 
(Contilluc'd from page :37) 

Other machines hold the document still 
and supply the vertical movement ssith 
a rotating or oscillating mirror. Some 
devices eliminate the mechanical ar- 
rangement altogether and substitute a 
Flying -spot scanner in which the raster 
is produced electronically ( Fig. 10) . 

In a recently announced RCA system, 
the image is projected onto the face of a 
vidicon tube and transformed into a 
video signal by standard TV tes i riilnu's. 
In practical machines, the choices are 
usually determined by desired speed, 
economy, patent position, and other 
factors. 

One of the most interesting variations 
of recognition logic is found in a Syl- 
vania machine. During scanning, each 
character, regardless of size, is electron- 
ically expanded to fit precisely with a 
320 -element matrix. This eliminates 
character size and misalignment prob- 
lems. The machine has sufficient recog- 
nition logic to identify some 2000 
different characters -enough for about 
20 complete upper and lower case alpha- 
bets and symbols. 

An experimental IBb1 machine dem- 
onstrated in 1962 contained two unusual 
features. First, it used a coarse scan to 
determine line position and character 
size, then a fine scan for actual reading. 
And second, its logic circuits are pro- 
grammed to learn to identify new type 
faces automatically. When a type face 
the machine has not seen before is fed 
in, along with an identification of each 
character, the device automatically ana- 
lyzes the characters to determine which 
characteristics of each are important in 
identification, and which important in 
avoiding confusion between similar 
characters. Then, having "taught" itself 
it new type face and stur.cl the recogni- 
tion criteria in its memory, it can start to 
work at once reading the new ' type. 

All current operational reading ma- 
chines read printed and typewritten 
characters. But many experiments de- 
signed to lay the groundwork for hand- 
writing reading are underway. Leon 
Harmon of Bell Telephone Laboratories 
has studied several possible approaches, 
both by building working prototypes 
and by computer simulation. One of his 
approaches, for example, involves the 
use of a captive stylus. As an operator 
writes on a sheet of paper, two anus 
attached to the stylus sense its move- 
ments. The movements are fed to a logic 
circuit which analyzes them .aul at- 
tempts to tell, by noting the number and 
sequence of loops, points, dots. .crossings, 
and other features. the characters that 
have been written. \'tile a device re- 
quiring the rise of a captive stylus yyotlld 
have limited usefulness. it would be 
applicable in certain situations. such as 

telephone operators noting records of 
long -distance calls. 

A more general approach has been 
demonstrated with a svorking prototype 
machine at Rabinow Engineering. 
Signals developed by sweeping a 
handwritten number across a row of 
photocells are computer- analyzed to de- 
termine the number's characteristics. If, 
for example, the logic circuits detect the 
beginnings of three lines, one above the 
other, then a split in which the middle 
line becomes two lines, then these two 
lines joining the top and bottom lines, 
the character is identified as a three. Sim- 
ilar characteristic's are identified for each 
of the other numbers. The machine can 
accurately identify carefully written nu- 
merals. Its tolerance for writing varia- 
tions is fairly large, but it has not yet 
been determined what percentage of 
non -specially prepared documents it 
might be able to read. 

Another interesting experimental 
handwriting reader has been demon- 
strated by IBM. A Hying -spot scanner 
makes use of an unusual moving circular 
pattern to follow the edges of characters 
to be recognized. A computer analyzes 
the characteristic's of the numbers and 
determines their identity. 

Although nuuly engineering problems 
remain, one large -scale test seemed to 
prove the feasibility of the approach. In 
September, 1962, ICO students at Tufts 
College were given :30 minutes of in- 
structions, then put to work writing 
numbers. Of more than 56,000 num- 
bers written and fed to the machine, 
it misread or rejected only 120 -about 
one out of 500. 

Reading numerals, of course, is Ian 
simpler than reading letters. Not only 
are there fewer numbers, but each one is 
separate. Letters run together in words. 
The problem is further complicated by 
the fact that some people print -and 
thus separate all letters -while others 
connect some, put breaks between oth- 
ers within the same word. 

'While machines capable of reading 
handwriting are still sou le distance in 
the future, those able to read printed 
and typewritten doclunents are already 
at work in ]many places, and will sooli 
be in operation in hundreds of others. 

Says Jacob Rabinow, president of 
Rabinow Engineering: "Every input to 
computers is eventually going to be on 
paper. Not punchcards, not tape. Typed 
paper. Paper is cheap, easy to correct. 
Everybody has and ruses typewriters. 
Throughout business, we start with in- 
formation written on pieces of paper so 
that people can read it. Then we punch 
it on cards or perform some other extra 
step so the computer can read it, too. 
VV'hv not skip the extra step? Fast, accu- 
rate, relatively inexpensive optical read- 
ers will soon break the last bottleneck 
and make possible truly automated 
paper work." 
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LOWEST PRICES ANYWHERE! 

FREE MAIL 
CARD 
TODAY 

VALUE- PACKED ELECTRONICS CATALOG 

FROM THE WORLD'S LARGEST SUPPLIER 

490 
VALUE - 
PACKED 
PAGES 

send today for your money- saving 

including the 
COMPLETE 
knight -kit' 
CATALOG 

ALLIED 1965 CATALOG 
BIGGEST SELECTION BIGGEST SAVINGS ON: 

PLUS 
SPECIAL PRODUCTS 

AND EXCLUSIVE 
VALUES AVAILABLE 

ONLY FROM 

ALL/ED 
EXTRA! BARGAIN PARTS SECTION! 

Famous Build- Your -Own Knight -Kits' 
Our Own Knight Stereo Hi -Fi 
Other Famous -Make Stereo Components 
& Complete Systems 
Tape Recorders and Tape 
Phonographs and Accessories 
FM -AM and AM Radios 
CB Transceiver Values 
PA Systems & Intercoms 
Ham Station Equipment 
Test and Lab Instruments 
Automotive Electronics Equipment 
TV Tubes, Antennas, Accessories 
Parts, Tubes, Transistors 
Tools and Hardware Books 

satisfaction guaranteed or your money back 

EASY TERMS: Use the Convenient Allied Credit Fund Plan 

SEE 
OTHER 

SIDE 

For your FREE 1965 ALLIED 
Catalog, fill in card, detach and 
mail now. (Please give other 
card to an interested friend.) 

SEND 
CARD 
TODAY 

MAIL 
NOW 

Name 
PLEASE PRINT 

Address 

City Zone 

State 

1 -K 

SEND CARD TODAY 

for your 

FREE 
ALL /ED 

1965 CATALOG 

ELECTRONICS 
FOR EVERYONE 1985 

160 RAO10 

Name 
PLEASE PRINT 

Address 

City 

State 

Zone 

1 -K 

SEND CARD TODA 

for your 

FREE 
ALL /ED 

1963 CATALOG 

y ALLIED 
ELECTRONICS R 

EVERYONE 1905 

7P 
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FREE 
send for your money- saving 

IL!IEll 490 -PAGE 

1965 ELECTRONICS CATALOG 

WORLD'S LARGEST BIGGEST SELECTION 
WITH THE BIGGEST SAVINGS IN ALLIED'S HISTORY! 

1965 knight -kits -save more than ever 

NEW 
Electronic 
Exposure Meter- 
ultra- sensitive, 
professional 
performance 

NEW 
KG -834 Solid -State 
54 -Watt Stereo Hi -Fi 
Amplifier -at 
amazing low cost 

NEW 
Electronic Auto 

Analyzer for 
troubleshooting 
ignition systems 

NEW 
O O O ' '" C -560 Deluxe Tome CB Transceiver 

with transistorized 
power supply supply 

NEW 
King -size 6" VTVM- 
tops in accuracy at 

the lowest price 

See many other outstanding do -it- 
yourself kits: Hi -Fi, Hobby, Citizens 
Band, Amateur, Intercom, wst In- 
strument- wonderfully easy to 
build- savings up to 50%. 

NEW STEREO HI -Fl -most for your money 

'Ì"Q'r 4 ae 

NEW 
Knight KN -330 Ster- 
eo Hi -Fi Receiver - 
top performance at a 
new low price 

NEW 
Knight KN -990A De- 
luxe Hi -Fi Record 
Changer at tremen- 
dous savings 

NEW 
Knight K N-2350 
Speaker System - 
acoustic suspension 
type at lowest cost 

CITIZENS BAND TRANSCEIVERS -top values in CB 

NEW 
Knight KN -2565 23 Channel 
CB Transceiver -a deluxe per- 
former at big savings 

NEW 
Knight KN -2580 8- Channel CB 
Transceiver, with transistorized 
power supply 

PLUS: Tape Recorders and Tape Phonographs & Accessories 
FM -AM and AM Radios Ham Station Equipment Test and Lab 
Instruments Automotive Electronics Equipment PA Systems and 
Intercoms Top Values in Power Tools, Soldering Guns, Hardware 

Biggest Selection of TV Tubes, Antennas, Parts, Tubes, Tran- 
sistors, Books ... everything in Electronics for everyone. 

FREE 
SEND CARD TODAY FOR 
YOUR 1965 ALLIED CATA- 
LOG, and give one card to 
an interested friend. 

satisfaction guaranteed 
or your money back 

EASY TERMS: Use the con- 
venient Allied Credit Fund Plan to 
make your purchases. 

ALLIED RADIO 
100 N. Western Ave., Chicago, Illinois 60680 
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ELECTRONIC 
CROSSWORDS 

By JAMES R. KIMSEY 

(Answer on page 118) 

ACROSS 

1. The voltage, many times higher 
than the impressed voltage. 
produced by the collapsing field 
in a coil when the current 
through it is abruptly cut off. 

9. Be. 
10. Wielder of the blue pencil (col - 

loq.) . 

11. A radar navigation system of 
two ground stations which 
measure the distance to an air- 
borne transponder beacon and 
relay this information to the 
aircraft. 

12. Conductor connecting antenna 
to the receiver or transmitter. 

14. Specific band modulation 
(abbr.) . 

15. Ceremonial act. 
16. The polygraph. 
18. _ compensation: a control de- 

vice that compensates for volt- 
age drop due to current flow. 

19. Myself. 
20. Recurrent. 
22. Type of current (abbr.). 
23. Malt beverage. 
24. Organ of sight. 
26. Junction of component leads. 
28. Hot line color. 
29. Celestial body. 
31. In like manner. 
33. Switch position. 
34. Amplification factor. 
35. Solid non -metallic mineral. 
37. A combination of electrical 

components which prevent ex- 
traneous signals from passing 
into or through an electronic 
circuit. 

39. That property of a color TV 
system which permits typical, 
unaltered monochrome sets to 
receive substantially normal 
monochrome from the trans- 
mitted signal. 

DOWN 

1. Having the same number of 
electrons outside the nucleus of 
the atom. 

2. A two -terminal device which 
will conduct electricity more 
easily in one direction than in 
the other. 

3. Employ. 
4. The progressive rotation of the 

cross -section of a wave guide 
about the longitudinal axis. 

5. Rate of motion in a given di- 
rection. 

6. Dutch commune. 
7. wave," also called a 

sky wave. 
8. Energy which a system pos- 

sesses by virtue of its motion. 
13. Pleasant odor. 
14. The connection of components 

end to end in a circuit, to pro- 
vide a single path for the cur- 
rent. 

17. Aromatic seeds used to flavor 
pickles. 

21. A metallic element widely used 
for plating chassis to improve 
its appearance and for soldera- 
bility and to prevent corrosion. 
Also used in photocells. 

24. Printer's measure. 
25. Direction. 
27. An electrically charged atom. 
30. Not worthy. 
32. Tough iron alloy. 
36. Either. 
38. Research building. 
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October, 1,64 

The Criterion 
sets the pace 
for CB Roof Top 
Antennas 

The new Style 240 - handsome white fiber- 

glass with chrome plated hardware - sets 

the standard for judging excellence in all CB 

roof top antennas. 

Keen and flexib'e, this whip has the superior 

qualities of Columbia Products exclusive fila- 

ment oriented fiberglass construction: greater 

resistance to precipitation static than conven- 

tional metal construction; less hazardous 

under live wires; will not take a set, springs 

back to its original position after repeated 

impact; is non -corrosive. Easily installed. 45'' 

height above vehicle top. 

For free literature, see your CB Dealer or write 

COLUMBIA PRODUCTS CO. 
Subsidiary of Shakespeare Co. 

Route 3, Columbia, South Carolina 
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MODEL SS724 

NEW SOLID STATE 
Crown RECORDER 
- THAT'S PRICED 

AT ONLY $895 
COMPARE PERFORMANCE 

Quarter -Track Record /Play Data 

ips db cps s/n 
71/2 ± 2 50-25,000 54db 

33/4 +2 50- 15,000 45db 

17/8 +3 30-10,000 45db 

COMPARE VERSATILITY 

Incorporates the Crown use - tested 
solid state control center, featuring 
plug -in circuitry modules for quick 
adaptation to a variety of specific 
uses in home, commercial and labo- 
ratory recording.Audio circuitry,* 1/4 

db from 10- 100,000 cps. Third head 
permits playback while recording. 
Complete pushbutton control. And, 
many other features. 

THE HALLMARK 
INVEST OF CROWN - 

IN CROWN SUPERLATIVE 

QUALITY CRAFTSMANSHIP 

THROUGHOUT! 

INDIVIDUAL PERFORMANCE 
RECORD SUPPLIED 

WITH EACH CROWN 

WRITE DEPT. EW -1O 

I N T E R N A T I O N A L 

1718 Mishawaka Rd. Elkhart, Ind. 
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Measuring "Sonic Boom" 
(Continued from page 60) 

overpressure. Fig. 4 shows in block dia- 
gram form the hookup for response meas- 
urements. 

Synchronization 
All data recorded is synchronized on 

the recorder as each of the recording 
oscillographs contains an "interrupter" 
circuit which establishes a timing track 
on the photosensitive paper record. 
These are not necessarily synchronized 
to each other, however, so the timing 
tracks in themselves do not supply the 
answer. 

But at test control headquarters, 
Room 305 of the FAA's Aeronautical 
Center administration building south- 
west of Oklahoma City, a telephone 
line provides round -the -clock hookup 
between each of the three test sites and 
the test supervisors. Just prior to each 
flight pass, an ordinary microphone cali- 
brator ( taped to the mouthpiece of an 
extension phone) is turned on briefly. Its 
400 -cps tone is recorded on the timing 
track, and the first half -cycle of this tone 
provides a synchronized time reference 
for all recorders. Stability of the internal 
interrupters is adequate to maintain 
synchronism throughout the pass. 

In addition to the test sites already 
described, a mobile unit is used for pres- 
sure tests only. It operates from a differ- 
ent location at each pass and its equip- 
ment is just for such pressure tests. The 
mobile unit is tied into the communica- 
tions network by two -way radio, and the 
influence of CB radio makes itself felt 
in a label affixed to the microphone of 
the mobile two -way radio in test control 
headquarters: "10 -4 is the word." 

At each test site, all equipment is 
interlocked in such a manner that press- 
ing a single button starts everything 
rolling. This reduces the need for tech- 
nicians to move about during a test - 
and in the early stages at least, human 
movement in the house caused more 
structural response than did the booms. 
As indications of system sensitivity, the 
instrumentation engineers report that 
they are able to tell whether a slight 
breeze exists -and if there is a breeze, 
they know from what direction is it 
blowing - all from their instruments. 
Similarly, if a technician walks through 
the house, his location can be pin- 
pointed at any instant. During a flight 
pass, the technicians must hold their 
breaths. 

Checking the Calibration 
Described thus far has been the com- 

plete instrumentation system. However, 
an almost equally elaborate system is 
used to double -check the calibration. 
Thermocouples are spotted near each 
of the instrumentation transducers and 

their outputs go to separate recorders; 
this is to allow correction of the record 
for temperature effects. Each instru- 
ment is calibrated every morning. This 
means that the technician's day begins 
at 5:30 a.m. although the first flight pass 
does not occur until 7:00 a.m. 

The calibration boxes are virtually 
the only items of custom equipment in 
the entire installation. They provide 
standard sources of voltage, current, re- 
sistance, and pressure for each of the 
transducers, as well as switchable termi- 
nations for both transducers and other 
instruments. Each such box was built at 
Langley Field and individually cali- 
brated to its matching transducers and 
oscillographs prior to the test. 

Output of all this equipment is a 
photopaper trace representing the vari- 
ables being measured. These reels of 
oscillograph records are then reduced to 
meaningful data by FAA engineers. 

The recording oscillograph, which 
produces the readout record, is similar 
to a galvanometer or zero -center micro - 
ammeter, except that a tiny mirror re- 
places the needle. Input signal is applied 
to the coil of the movement. A beam of 
light is focused on the mirror, from 
which it reflects to the photopaper; as 
the coil swings the mirror, the light 
beam moves on the paper. The paper 
itself is in motion at a constant rate of 
speed, similar to that in a direct -writing 
pen recorder, and the result is a photo- 
graphic record of the signals applied 
to the coil. 

In these tests, two types of galvanom- 
eters are used. In the pressure -meas- 
uring instrument chain, frequencies up 
through 2 kc. must be preserved to ac- 
curately reproduce the steep wavefront. 
For this, a fluid -damped- movement in- 
strument is necessary. For other meas- 
urements, frequencies higher than 500 
cps are unnecessary, so the simpler, 
electrically damped instruments are ade- 
quate. 

In either case, the output of the re- 
cording oscillograph is a roll of exposed 
photopaper which is then developed 
into a permanent record. For study pur- 
poses, photocopies are made from these 
primary records. 

SIMPLE RADIO 
USING a minimum of parts, the three 

transistor radio shown in the dia - 
grant has been suggested by G -E to pro- 
vide the maximum results for a mini- 
m of parts. Using 3 volts and a 
5000-ohm earpiece, the radio can he 
built into a very small package. 

FERRITE CORE 
ANT.- 232Ahy 
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Remote Console 

24- position switch, 
located on trans- 
mitter /receiver unit, is 
used for checking var- 
ious circuits during 
tune -up or servicing. 

INTERNATIONAL 
EXECUTIVE 

750 -HB2 

introducin 
(with Built -iii Test Circuits) 

INTERNATIONAL 
EXECUTIVE 
750 -HM2 

It's totally new . . . a Citizens Band transceiver with built -in test 
circuits. Now at the "turn" of a switch, located on the transmitter/ 
receiver unit, you can instantly check the operating performance 
of various circuits within the set. Makes tune -up and servicing 
easy. Checks filament, plate and input voltages, transmitter for- 
ward and reflected power, modulation, etc. 

This "years ahead" built -in test feature has been incorporated into 
International's two new transceivers. The 750 -HB2 with its func- 
tionally designed remote console* for desk -top installation, and the 
750 -HM2 for mobile communication. Both transceivers have 23 crys- 
tal controlled channels, and operate on 115 vac, 12 vdc, and 6 vdc. 

NEW Built -in test circuits. NEW Delayed /Expanded 

AVC. NEW Simplified cabling. NEW Built -in S /Meter 

and Transmit /Meter as standard equipment. NEW 
Microphone with improved characteristics for better "close 

talk" quality. NEW Speech Clipper /Filter Amplifier. 

*Base station remote console available separately. Ask for RMO -24 HB2 

See the 750 -HB2 and 
750 -HM2 at your Inter- 
national dealer today! 
Ask him about his 
trade -in /trade -up plan. 

Remote Console and Speaker 
Console. Two units may be 
"stacked" or installed separately. 

o 

LL 

o__ 

24- position switch, located 
on transmitter /receiver unit, 
is used for checking various 
circuits during tune -up or 
servicing. 

October, 1964 CIRCLE NO. 189 ON READER SERVICE PAGE 89 

www.americanradiohistory.com

www.americanradiohistory.com


Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Bargain Packed Catalog - Unheard of 
LOW, LOW, DISCOUNT PRICES on Brand 
Name Speakers, Changers, Tubes, Tools, 
Stereo Amps, Tuners, CB, Hi -Fi's, and 
thousands of other Electronic Bargains. 
Credit plan available. 

NAME 

ADDRESS 

CITY ZONE STATE 

If you have o friend interested in electronics 
send his name and address for a FREE sub- 
scription also. j 

1 FREE 

OLSON ELECTRONICS, INC. 

302 S. Forge Street Akron, Ohio 44308 

CIRCLE NO. 203 ON READER SERVICE PAGE 
GET 

INTO ELECTRONICS 
V.T.I. training leads to success 
as technicians, field engineers. 
specialists in communications. 
guided missiles. computers. 
radar and automation. Basic S. 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S, also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Feb- 
ruary, September. Dorms. 
campus. High school graduate 
Dr equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 

SUB CARRIER ADAPTERS 
for the reception of 

background music programs (continuous music with- 
out commercials) now being transmitted as hidden 
programs on the FM broadcast band from coast to 
coast. Use with any FM tuner. Adapter plugs into 
existing multiplex output of tuner or easily wired 
into discriminator. 

text with schematics $3.00, kits $45.00 
self powered adapters $75.00 

MUSIC ASSOCIATED 
Sound Systems since 1950 

65 Glenwood Road, 
Upper Montclair, New Jersey 

phone 744 -3387, area code 201 

EARN Engineering DEGREE 
1n .- .I_.r;. Ii, ITn -II,_i el'Ilit\II. 'l'111' IIIt under- 

' nd tlm. onlinueo eduemimt.`. 
'.-1 eleitrvoniTs mlu-tr.. 

Virn `in: 
- , ,. r 

ont 
T 

mlltc iron` 
- -aduates now employed. neiden t 

('Iti o r, lit u ,-1:o1.I.,l ,1 

nl lot f.ïe eualog. 
American Institute of Engineering & Technology 

1141 West Fullerton Parkway, Chicago 14. III. 
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New CB Circuits 
(Continued frotta page 55) 

of the schematic (L1 through L4). 
These coils are interesting in that they 
excite the reeds into motion with a 
method significantly different from con- 
ventional designs. ( In the usual reed 
relay, audio or a transient is fed to the 
reed rela) 's own coil.) The Cadre sys- 
tem uses unique reed -exciting coils to 
pull the reeds down slightly from their 
rest position. Among other advantages, 
no separate audio oscillator circuitry is 
needed to generate accurate tones. In- 
stead, the reeds are magnetically 
"plucked" to attain their implicit fre- 
quency precision. 

hi our example, coil L4 is driven at 
this moment by "B +" from encoding 
switch Si. The coil pulls down its cor- 
responding reed (4), near the center 
of the schematic. Coil energy, however, 
is of short duration: derived from a 
stored charge on capacitor Cl. The ef- 
fect is to momentarily pull, then release, 
the reed which is then free to vibrate 
in tuning -fork fashion at the desired 
audio rate. Two other selected reeds are 
set into motion, in turn, as the S1 wiper 
sweeps across other contacts of the en- 
coding switch. Heed vibrations set up 
corresponding sine -wave energy in the 
reed -relay coil, RL2, and the tones cou- 
ple into the CB transceiver ria matching 
transformer TI. Tone modulation of the 
transmitter occurs. 

Upon receipt of the tone signal, a 

similarly equipped CB transceiver proc- 
esses the three tones for decoding. 
Tapped from the loudspeaker, audio en- 
ergy is applied to the reed -relay coil 
(reed -exciting coils are not used on re- 
ceive), RL2. If the frequencies are cor- 
rect, three reeds commence to vibrate, in 
sequence. As the reeds open and close 
their contacts, R -C circuits (near bot- 
tom center of the schematic) are acti- 
vated, e.g., C2 -R1, C3 -R2, and C4 -R3. 
The net result is controlling the forward 
bias of transistors Q1 and Q2. Wired 
as an "and" gate, the transistors conduct 
current only when both are properly 
biased, a condition which occurs only 
for the correct code. (A more detailed 
circuit analysis would reveal that the 
time -constant circuits are charged and 
discharged by the reeds in rather com- 
plex fashion. The result is that only the 
correct tone frequencies and sequence 
add up to the desired effect, i.e., forward 
biasing of both transistors at the same 
time.) The time -constant circuits are 
also designed to bleed off incorrect audio 
frequencies. 

Conduction of the transistors ener- 
gizes holding relay RL1 and the CB 
receiver opens to the the incoming call. 
111e loudspeaker is connected and a 
lamp illuminates to warn that a desired 
call has been received. 

REFERENCES 

1. RCA, Commercial Engineering Dept., 415 S. 
Fifth St., Harrison, N.J. 

2. General Radiotelephone Co., 3501 W. Burbank 
Blvd., Burbank, Calif. 

3. Cadre Industries Corp., Endicott, N.Y. 

Fig. 3. Complete schematic diagram of the Cadre Model 525 selective -call unit. 
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HOW LINEAR 

IS YOUR SWEEP? 

THE fastest way to align a TV or 
FM set is to use a sweep generator 

to cover the frequency of interest and 
then adjust the various tuned circuits 
for proper responses as suggested by 
the manufacturer. 

However, a question could arise -in 
the case of a distorted waveform, what 
portion of the distortion is clue to the 
circuits being checked and what portion 
is due to inaccuracies within the sweep 
generator? 

To assure correct frequency response 
measurements, the output of the sweep 
generator should be flat over the 
range of interest and the output im- 
pedance of the generator should match 
the generator cable termination. These 

OUTPUT 

IN21 

SYNC 

MARKER 
GEN. 

SCOPE 
VERT. 
INPUT 

50K 

SCOPE GND 

SCOPE SYNC 

SWEEP GEN. 
OUTPUT IMPEDANCE 

VALUE 
OF R 

53n. 27n 
72n. 39n. 

300.n. 150n 

OMIT R IF GENERATOR OUTPUT LEAD IS 
TERMINATED 

72 -OHM GEN, 
CABLE 

(A) 

120n. 

68n 

120n. 

(B) 

TO 300n 
RECEIVER 

INPUT 

requirements are necessary and if either 
one is not satisfied, it could result in a 

poor response from a properly aligned 
tuner or i.f. strip. 

The flatness of the sweep generator 
can be checked with a test circuit sug- 
gested by Sylvania and shown in (A). 
Set the generator to sweep the fre- 
quency of interest and any deviations in 
generator output over the swept fre- 
quency will show up on the trace. The 
marker generator can be used to spot 
frequencies of interest. 

To match the impedance between the 
commonly used 72 -ohm sweep generator 
output impedance and a typical 300 - 
ohm TV set input impedance, the circuit 
shown in ( B) should be used. 

tpt9;114^r #(i 3. 
+DC 

-DC r--AC 

' \ 

-10A OUTPUT 

4%4 Y, 
. -..- 

250V 
1000V 
e000v 

,..- ./ 
500MA 100 MA 

2.5V 10MA 
10V 

$ 
loA 

1 

50V1Ì - 1 MA 

COMMON 

-R>tl 

z 

R:100 
R 10.000 

WV-38A 

ZERO OHMS 

Ï 

+10A 

AC5KV DC5KV 

NOW BETTER THAN EVER! 
The famous RCA WV -38A Volt -Ohm -Milliammeter 

NEW FEATURES... 

COLOR -CODED FRONT PANEL MARK- 
ING simplifies operation, reduces 
chance of error. 

METER MOVEMENT PROTECTED 
AGAINST BURNOUT. Special silicon 
diodes guard meter against overload. 

PLUS... 
POLARITY REVERSAL SWITCH. Re- 
verses polarity of test leads without 
need for re- connecting. Handy for check- 
ing front -to -back resistance ratio of 
electrolytic capacitors and many types 
of semiconductor devices. 

39 DIFFERENT MEASUREMENT 
RANGES. 

MEASURES CURRENT from 50 micro - 
amps full scale to 10 amps full scale. 

SPECIAL 0.25 volt and 1.0 volt (full - 
scale) DC ranges ... useful in check- 
ing transistor circuits. 

... and many additional features that 
have made this instrument the best 
V -O -M buy on the market today. Only 
$47.958. Kit version, WV- 38A(K), only 
$29.95*. 

See it at your Authorized RCA Electronic 
Instrument Distributor. 

'Optional distributor resale price. Prices subject to change without notice. Pries may be higher in Alaska, Hawaii and the west. 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

The Most Trusted Name in Electronics 
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TEST 
EQUIPMENT 
PRODUCT REPORT 

Western Reserve Electronics Model 300 Digital V.O.M. 
For copy of manufacturers brochure, circle No. 65 on coupon (page 13). 

THE Model 300 is a unique type of 
portable v.o.m. that is referred to as 

a "Digital Passive Scaler" by its manu- 
facturer. Across its entire measurement 
range, values accurate to within 1% of 
indicated are presented for direct read- 
ing from three in -line thumb -wheel 
knobs. Ranges for the passively meas- 
ured values are 10 pa. to 10 amps d.c., 
100 mv. to 1000 volts a.c. and d.c., and 
one ohm to one meg resistance. 

There are two safety features -one for 
the instrument, the other for the meas- 
ured circuit. First, the entire instrument 
is overload -protected by a "fail- safe" re- 
settable system which derives its activa- 
tion power from the overload. A sensed 
overload, either a.c. or d.c. voltage or 
current, internally disconnects the instru- 
ment on all functions and ranges until 
the overload has been removed. Second, 
the safety of sensitive and semiconductor 
devices in circuits is assured by virtue 
of a safe, power- limited shunt ohmmeter. 
In addition to being safe for all semi- 
conductor circuits, this ohmmeter has an 
extra feature when applied to resistance 
measurements in silicon semiconductor 
circuits. Measurements are the same as 

92 

those made if the semiconductor devices 
had been removed from the circuit. 

The Model 300 has two operating 
modes. In its "Search" (analog) mode, 
the instrument can be used as a conven- 

10V. 

tional v.o.m., but with extended ranges 
and the additional advantages of the two 
safety features. In its `Digital" mode, 
the instrument can be used for precision 
measurements wherein the accuracy of 
the indicated value is to within 1 %, and 
the value indicated is easily interpreted 
by any operator. The extended ranges 
and two safety features pertain to the 
"Digital" mode as well. 

The 1% accuracy is achieved by an 
unusual circuit technique. This tech- 
nique utilizes a precision conversion net- 
work which reduces varying values to 
be measured to a precise value on an 
accurately calibrated indicator. The indi- 
cator is a fixed point on a temperature - 
compensated, taut -band meter and is 
used directly for d.c. measurements and 
in conjunction with a bridge circuit for 
a.c. measurements. The amount of con- 
version needed to cause the meter's 
pointer to reach the fixed point is read 
directly as the measured value from the 
set of three in -line thumb -wheel knobs 
which control the conversion network. 
The decimal point and measurement 
units change with function and range 
selection and are indicated by a unique 
mechanical arrangement. 

The digital -mode resistance measuring 
circuitry is basically that of a Wheat- 
stone bridge. The proper bridge ratio 
arms are selected automatically with 
range selection. Since the readout in- 
cludes an automatically positioned deci- 
mal point and automatically displayed 
measurement units, the Wheatstone 
bridge is direct reading. 

The characteristics of the power - 
limited shunt ohmmeter make it useful 
for locating shorted or opened silicon 
diodes in circuit. The equivalent .05 -volt 
source of the ohmmeter is so low that it 
causes no noticeable conduction of sili- 
con p -n junction; hence, a good diode 
appears like the resistance across it on 
the X1 through Xlk ranges. A check to 

7, 
/ 

------ 
,v. 

i 
Sw i i cÑ - 

i 

FUNCTION /RANGE SWITCH 

1 

MEASUREMENT 
UNITS DISPLAY 
WINDOW 

THUMBWHEEL KNOBS 
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DIGITAL READ -IN /READ -OUT SW- IT- CHING 
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24 BIG FULL -COLOR PAGES! 

THE 1965 

PHOTOGRAPHY ANNUAL 

25 

Enjoy the 1965 PHOTOGRAPHY ANNUAL -a 
superb showcase of color and black- and -white photos 
by outstanding photographers the world over! 

Enjoy, too, the convenience of having this year's 
edition delivered to your home immediately! But 
you'll have to send for your copy right now -the 
supply is going fast! 

So, don't miss out on this se;1 -out issue. Fill in and 
mail the special order form below- TODAY! (Note: 
Payment must be enclosed at this low price.) 

GET THE 

EXQUISITE 

LEATHERFLEX -BOUND 

EDITION 

for just $2.50-prepaid! 

If you treasure superb photographic art, 
you will certainly want to add the per- 
manent, Leatherflex -Bound edition of the 
1965 Photography Annual to your photo 
library. This deluxe, gold- embossed edi- 
tion will be mailed to your tome, post- 
paid, for just $2.50, when yo i check the 
appropriate box on the form. 

PRICE $1.25 V.S,A, and canada PHOTOGRAPHY 
1965 

PARTIAL CONTENTS include these Portfolios... 
* War Pictures by the late renowned photographer, Robert Capa. * Preview of a new glamor book by Sam Haskins, 

author of Five Girls. * Abstract Color by Wynn Bullock. * Dali -the surrealist as Philippe Halsman sees him. * Unusual Nudes by Masaya Nakamura. * The Wonderful World of Children by Michael Pierce. 

PLUS...a group of pictures of the late President Kennedy and 
Jacqueline Bouvier, taken by Hy Peskin shortly before they were 
married...an extensive International Portfolio, full notes on the 
pictures...24 color pages (8 more than last year)...and more! 

FILL IN, DETACH & MAIL THIS ORDER FORM TODAY! 

ZIFF -DAVIS SERVICE DIVISION Dept. PA 
589 Broadway New York, N.Y. 10012 

Please send my copy of the 1965 PHOTOGRAPHY ANNUAL as I've in- 
dicated below: 

Send me the regular edition. My $1.25, plus 151; for shipping and 
handling, (25e outside U.S.) is enclosed. 

Send me the Deluxe Leatherflex -Bound edition, postpaid. My $2.50 
is enclosed. (Orders outside U.S. add 50C to partially defray postage 
and handling costs.) Allow two weeks additional for binding and 
mailing. 

NAME 
please print 

ADDRESS 

CITY 

EW -104 I 

ZIP 

(Payment must be enclosed with order.) 
STATF COD 
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see that the diode is not open- circuited 
can be made by selecting the X1Ok or 
X1O0k range and noting an appreciable 
change in resistance. This technique is 

not possible with typical conventional 
ohmmeters. Such meters usually use a 
1.5 -volt source and are required to sup- 

ply too much current on their low ohms 
ranges. Such high current may result in 
excessive power dissipation in sensitive 
semiconductor devices. Also, although 
the current and power are low on the 
X100k range of the typical ohmmeter, 
the voltage is high -frequently in excess 

of many published transistor Vie abso- 
lute maximum ratings. 

The Model 300 is compactly enclosed 
in a rugged fiberglass case which is about 
the size of a small lunch box and weighs 
six pounds. Price for the instrument is 
$350. 

Sencore PS127 Oscilloscope 

For copy of manufacturer's brochure, 
circle No. 66 on coupon (page 13). 

AFAIRLY recent addition to the Sen- 
core line of service -type test equip- 

ment is the Model PS127 wide -band 
5 -inch -CRT oscilloscope. The company 
has had a 3 -inch -CRT model in its line 
for some time for technicians who re- 
quire portability for in -home TV servic- 
ing. For those who want a larger tube 
scope for the service bench, the PS127 
should fill the bill. The scope should also 
meet the requirements of many labs and 
production lines as well as the needs of 
the teclmician working on color -TV sets. 

The vertical amplifier has a calibrated 
vertical input attenuator so that rapid 
direct reading of peak -to -peak input 
voltages can be made. This amplifier has 
a response that is within 3 db from 10 
cps to 4.7 mc. with a maximum sensitiv- 
ity of 17 mv. r.m.s. per inch on direct in- 
put. An unusual double -ended probe is 
used with the scope. A connection made 

to one end of this probe provides direct 
input, while a connection made to the 
other end provides low- capacity input. 
Using the low -C input, peak -to -peak vol- 
tages of up to 5000 volts can be ob- 
served. This permits the scope to be used 
in fairly high -voltage circuits. 

The horizontal section uses a phan- 
tastron circuit as the time -base genera- 
tor. This produces a linear sweep from 
5 cps to 500 kc. 

The circuit employed in the scope is 

quite conventional. It uses a total of 
nine tubes, including the 5UP1 cathode - 
ray tube, and two rectifiers. The vertical 
signal is applied to an input cathode 
follower, then to a pentode amplifier. 
The output of this stage is applied to 
a push -pull driver and push -pull output 
tube to the vertical- deflection plates of 
the CRT. Horizontal input from the 
sweep oscillator or from an external 
source is applied to a cathode follower, 
then to a triode phase splitter, to a push - 
pull horizontal output stage, and then 
to the horizontal -deflection plates of the 
CRT. A sync -pulse clipper and blank- 

ing -pulse clipper are also used in the 
horizontal section. A half -wave high -vol- 
tage rectifier and a full -wave low -voltage 
rectifier, both using RC filtering, corn - 
plete the circuit. 

The Model PS127 is available from the 
manufacturer's dealers at a price of 
S169.50. 

AN instrument that combines two 
functions in one is the Model 801 

resistance- capacitance bridge and in- 
circuit capacitor checker, made by Elec- 
tronic Measurement Corp. The in- circuit 
capacitor checker has become invaluable 
in providing rapid indication as to 
whether suspected capacitors are open, 
leaking, or shorted without disconnect- 
ing the components for the test and 
reconnecting them afterwards. However, 
a suspected capacitor may exhibit none 
of these faults but cause trouble because 
it is off value. To determine this, the 
troubleshooter has had to disconnect his 
in- circuit checker, get it off the bench, 
and set up an entirely different instru- 
ment, the R -C bridge, if he has one. 
Again, valuable time is lost. With the 
Model 801, he can conduct the com- 
prehensive range of tests provided by 
both instruments through the same set 
of test leads. A switch connects one 
instrument in place of the other. 

For the in- circuit shorts test, an a.c. 
bias voltage applied to the grid of the 
self -rectifying tuning -indicator tube 
causes the eye to close. The component 
under test is shunted across the grid 
circuit. A complete short or substantial 
leakage (an independent leakage test is 

also provided ) will kill the bias, causing 
the eve to open. The test for open ca- 
pacitors is provided by an oscillator 
tuned to about 20 mc. but prevented 
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EMC Model 801 R -C Bridge and Capacitor Checker 
For copy of manufacturer's brochure, circlr No. 67 on coupon (page 13). 

u51UYTUiJdSFMiCF.IICIMPU#tOR 
MOAT CIIi iFSTFR 

EMC 
MODEL SOI 

( 

from oscillating by an overcoupled sec- 
ondary winding on the oscillator coil. 
This is the condition with no capacitor 
( or an open one) shunted across the sec- 
ondary, via the test leads. A good or 
shorted capacitor loads the secondary, 

permitting oscillation. Since the oscilla- 
tor tube is the triode section of the 
magic eye, bias developed on its grid 
during oscillation causes the eye to close. 

The R -C bridge permits precise meas- 
urements of capacitance, in 4 ranges, 
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NOW! get this BIG BONUS with your purchase 

of a PHOTO FACT Library! this deluxe new 
Four - Drawer 
FILE CABINET 

(with full -drawer suspension) 
worth $55.00-available only 

with your purchase of a 

PHOTOFACT LIBRARY 
consisting of 200 SETS 
plus valuable Free extras! 

boost your earning power -own and use 
the world's finest TV -radio service data 
Now, more than ever, it pays to own a PHOTOFACT Library 
-the time -saving troubleshooting partner guaranteed to 
help you earn more daily. Now, you can start or complete 
your PHOTOFACT Library the special Easy -Buy way, and 
get absolutely FREE with your purchase, the deluxe 
4- drawer File Cabinet worth $55.00, plus valuable extras 
described below! 

OWN A PHOTOFACT LIBRARY THE EASY -BUY WAY: 

Only $10 down 30 months to pay 
No interest or carrying charges Prepaid transportation 
Add -on privilege of a year's advance subscription to cur- 
rent Photofact data, on the same Easy -Buy contract 
Save 30t per Set -special $1.95 price applies on Easy -Buy 
(instead of regular $2.25 price) 

PLUS: In addition to the deluxe File Cabinet, you get a com- 
plete Color TV Servicing Course, 2nd Class Radiotelephone 
License Course, Transistor Radio Servicing Course, and Test 
Equipment Guide! 

4 WAYS TO SELECT YOUR PHOTOFACT LIBRARY 

1. Complete your present PHOTOFACT Library 
2. Order a PHOTOFACT "Starter" Library -200 

Sets (Sets 401- 600 -coverage from 1958 to 
1963 -only $12.66 per month). 

3. Order by brand name and year -see the 
handy selection chart at your distributor. 

4. Order a complete PHOTOFACT Library -get 
FREE File Cabinets to accommodate the 
entire library, the Courses listed above, plus 
an 8- volume Set of "101 Ways" Test Instru- 
ment books worth $18.50. 

feature; 
drawers 
open all 
the way 

Offer for Limited Time Only -Act Now! 

October, 1964 

A PHOTOFACT LIBRARY PAYS ITS OWN WAY - 
ORDER TODAY AND GET THE FREE BONUS EXTRAS 

See your Distributor for PHOTOFACT Easy -Buy 
details or send coupon today! Ask also about 
a Standing Order Subscription to current 
PHOTOFACT and Specialized Service Series - 
FREE File Cabinet also available! 

HOWARD W. SAMS & CO., INC. 
Howard W. Sams & Co., Inc. Dept. EWF -10 
4300 W. 62nd St., Indianapolis, Ind. 46206 

Send full information on Easy -Buy Plan 

My Distributor is: 

Shop Name 

Attn 

Address 

City State Zip 

L 
CIRCLE NO. 212 ON READER SERVICE PAGE 

J 
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send today for your 

sample copy of 

PF REPORTER 

.,r 

the leading 
magazine of 
the TV -Radio 
servicing 
field! 

see how a subscription 
HELPS YOU EARN MORE 

MONTH AFTER MONTH 

r tir- FREE -, 
PF REPORTER, Dept. EWR -10 
Box 68003, Indianapolis, Ind. 46268 

Send me a FREE sample copy 
of PF REPORTER. 

Name 

Address 

City 

LState Zip 

CIRCLE NO. 250 ON READER SERVICE PAGE 

AUTOMATIC 

TRANSISTORIZED 

BATTERY CHARGER 
CHARGES 6, 8 or 12 V. BATTERIES 
FULL 6 AMP RATE 
HEAVY GUAGE ALUMINUM CASE 
BUILT -IN AUTOMATIC RESET 
CIRCUIT BREAKER 

Guaranteed for 5 Years 
Ask your electronic or automotive distributor for 

W MODEL NO. BC2 
MANUFACTURED BY 

/l WORKMAN 
SARASOTA FLORIDA PRODUCTS INC. 

CIRCLE NO. 238 ON READER SERVICE PAGE 
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from 10 pf. to 5000 ¡_Lf., and resistance, 
in 4 ranges, from .5 ohm to 500 
megohms. Values of inductors -or resist- 
ance and capacitance beyond the al- 
ready comprehensive ranges provided 
internally -can be determined through a 
calibrated ratio scale by comparing the 
unknown component against an easily 
connected resistor, capacitor, or inductor 
of known value. Since the range of ratio 
measurements extends from 1:1 to 
400:1, very few known standards would 
be required for comprehensive coverage. 
A power -factor test and d.c. leakage test 
are also provided. 

This instrument will solve the prob- 
lem for many technicians who ask them- 
selves which type of capacitor -testing 
equipment they ought to have. Aside 

from the great convenience obtained by 
combining these functionally related 
tests, it has been possible to keep the 
cost down. There is only one power sup- 
ply, of course. Since the various test 
functions are never used simultaneously, 
it is possible to get double duty out of 
some elements with a well -devised 
switching arrangement that also makes 
the instrument easier to use. The tuning - 
indicator tube, for example, is a common 
null indicator in bridges of this type. It 
is also the type of indicator used in 
separate in- circuit testers, and the same 
tube serves as combined oscillator -indi- 
cator for the open test. 

Model 801 is available in kit form at 
$24.95. The factory -wired version sells 
for $38.95. 

Frequency Calibrator 
(Continued from page 57) 

which should be checked most carefully 
against the diagram before power is ap- 
plied to the circuit. With this compact 
construction, errors are very easy to 
make and quite hard to correct once 
made. 

Adjustment 
When the wiring is checked and found 

OK, arrange a temporary power sup- 
ply, with switching as shown in Fig. 2, 
and connect it to the calibration oscilla- 
tor. With the crystal and tubes VI and 
V4 in their sockets and the primary 
power on, close the "Main Switch" and 
let the device warm up for some minutes. 
Tune in a convenient standard -fre- 
quency signal (such as WWV or 
WWVH ) on the receiver. Attach a short 
length of wire temporarily to the junc- 
tion of R6 and R5 and adjust the trim- 
mer Cl until a harmonic of the calibra- 
tion oscillator crystal zero beats with the 
standard. 

Next, insert V2 and V3 in their sock- 
ets, remove the temporary antenna from 
the junction of R5 and R6, and attach it 
to the output connector. Turn on the 
receiver b.f.o. and tune across any band. 
Calibration signals should now appear 
at every 10 kc. If an oscilloscope is 
available, check the output for sym- 
metry. The positive and negative square 
waves of the calibration output should 
be of exactly equal lengths. If this is not 
the case, adjust either C5 or C6 until 
both halves of the square -wave cycle are 
of equal length. 

Finally, insert V5 in its socket, set the 
"Audio" control (R21) to about mid- 
range, and check performance again, 
with the "Tone" switch closed. A clean 
musical tone should now be heard every 
10 kc. across any band. If the tone is 
ragged and splatters across the dial, back 
off on the audio volume until a clean 
tone appears. If an oscilloscope is avail- 
able, adjust the modulation until it is 

just a bit under 100 percent. Adjust the 
audio tone frequency by means of the 
screw on the back of L1. Lowest fre- 
quency obtainable with the constants 
shown is about 580 cycles; highest fre- 
quency is slightly above 1200 cycles. 

Installation 
When the performance of this calibra- 

tion oscillator is satisfactory, it is ready 
either for installation in the receiver or 
as an outboard item. There are no special 
problems in this installation except that 
the coupling between the oscillator out- 
put and the receiver input must be very 
loose. With the oscillator described, a 
Ir length of unshielded coaxial cable 
1" from the antenna coil gave an 
"S" -meter reading of 3, which is about 
right for the purpose. Too close a cou- 
pling will result in overloading of the 
receiver input and, in some instances, 
"blast through," so that the calibration 
signal can be heard at all points on the 
dial. The lead from the oscillator output 
to the coupling point should be shielded 
to prevent interference with other serv- 
ices. This shielding is very important 
when the receiver i.f. is an even multiple 
of 10 kc. 

Performance 
Several calibration oscillators on this 

general design have been built and put 
into service. Once installed, they work 
and keep on working and have needed 
no maintenance of any sort to date. Esti- 
mated and recommended maintenance 
procedure includes checking calibration 
against a standard (such as WWV or 
WWVH) every six months, and replace- 
ment of all tubes about every 5000 
hours. 

If the calibration oscillator is used sev- 
eral times each hour, wiring should be 
such that the filaments are on all the 
time that the receiver is in operation. If, 
however, the calibration oscillator is used 
only a couple of times a month, it will 
be economical to wire it so that the fila- 
ments are turned off when the oscillator 
is not in use. 

ELECTRONICS WORLD 
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Can you recognize these three great stars? 

The first two are obvious to movie goers: Rock Hudson 
and Doris Day starring in Universal's new comedy, 
"Send Me No Flowers." The third is ours and its on 
the table. It's the Incomparable Concertone 800. This 
unique stereo tape recorder plays a vital role in this 
hilarious new movie. When the script called for a tape 
recorder, Universal Pictu -es wanted the finest, most 
modern machine available. That's why they selected 
the Concertone 800 to appear. It's as modern and 
sophisticated as the live stars of the movie. The 

Concertone 800 is the only stereo tape recorder with 
double Reverse-o-matic® and six heads -allowing you 
to record and play contCnuously without reel turnover. 
The 800 (portable or tape deck) is priced realistically 
and provides an exclusive combination of features. It 
starts as low as $379.95. Send for a free Concertone 
800 brochure and the name of your nearest dealer. 
Write to Concertone, Box 3866, South El Monte, Calif. 

C O N C E R T O N EC e 
ROCK HUDSON and DORIS DAY star in "SEND ME NO FLOWERS" 

Cctober, 1964 CIRCLE NO. 170 ON READER SERVICE PAGE 97 
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RCA TRAINING 
can be the smartest investment you ever made! 

Start building a profitable career in electronics now! 
New RCA " AUTOTEXT" will help you learn faster and easier! 

If you're considering a future in 
electronics, now is the time to 
start! A great new teaching aid - 
"AUTOTEXT" developed by RCA, 
and introduced by RCA Institutes, 
Inc., will help you master the funda- 
mentals of electronics almost auto- 
matically! "AUTOTEXT" is a sys- 
tem of programmed instruction, 
proved with thousands of students. 
Even people who have had trouble 
with conventional home training 
98 

methods in the past are finding it 
easier and more fun to learn this 
new way. All you need is an interest 
or inclination in electronics, RCA 
"AUTOTEXT" will help you do the 
rest! And the future is unlimited; 
the jobs are available! The impor- 
tant thing is to get started now! 

Founded in 1909, RCA Institutes is 
one of the largest technical schools 
in the United States devoted exclu- 
sively to electronics. The very name 

"RCA" means dependability, integ- 
rity, and scientific advance. RCA 
Institutes offers the finest facilities 
of home training. A Service of the 
Radio Corporation of America, RCA 
Institutes, Inc. gives you the tech- 
nical instruction you need to plan, 
build, and realize the career you 
want in today's fastest growing field. 

Investigate your future now at RCA 
Institutes. It can be the smartest 
investment you ever made. 

ELECTRONICS WORLD 
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HOME TRAINING COURSES 
In addition to the new "Introduction to Electronics" RCA Institutes 

offers this complete selection of Home Training Courses: 

Electronic Fundamentals 
Electronic Fundamentals 
(in Spanish) 
TV Servicing 
Color TV Servicing 
Transistors 

Liberal Tuition Plan. All RCA 
Institutes Home Study courses are 
available under a Liberal Tuition 
Plan. This plan affords you the most 
economical possible method of home 
study training. You pay for lessons 
only as you order them. If, for any 
reason, you should wish to interrupt 
your training, you can do so and you 
will not owe a cent until you resume 
the course. No other obligations ! No 
installment payments required. 

RCA Personal Instruction. With 
RCA Home Study training you set 
your own pace in keeping with your 
own ability, finances and time. RCA 
Institutes allows you ample time to 
complete the course. Your lesson 
assignments are individually graded 
by technically trained personnel, and 
helpful comments are added where 
required. You get theory, experi- 
ment, and service practice beginning 
with the very first lesson. All lessons 
are profusely illustrated. You get a 
complete training package through- 
out the entire course. 

Communications Electronics 
FCC License Preparation 
Mobile Communications 

Automation Electronics 
Automatic Controls 

You Get Prime Quality Equipment. 
All kits furnished with the course 
are complete in every respect, and 
the equipment is top grade. You keep 
all the equipment furnished to you 
for actual use on the job ... and you 
never have to take apart one piece 
to build another. 

CLASSROOM 
TRAINING 
in New York City and Cherry Hill, 

N. J. (near Camden) -You can 

study electronics in the city of 

your choice. 

No previous technical training re- 
quired for admission. You are eli- 
gible even if you haven't completed 
high school. RCA Institutes Resi- 
dent Schools in New York City and 
RCA Technical Institute in Cherry 
Hill, N. J. offer training that will 
prepare you to work in rewarding 
positions on research and production 
projects in fields such as automation, 
transistors, communications, tech- 
nical writing, television, computers, 
and other industrial and advanced 
electronics applications. If you did 
not complete high school, RCA will 
prepare you for such training with 
courses specially designed to provide 
the basic math and physics required 
for a career in electronics. 

Industrial Applications 
Nuclear Instrumentation 
Digital Techniques 

Computer Programming 
Drafting 

Free Placement Service. RCA Insti- 
tutes graduates are now employed in 
important jobs at military installa- 
tions with important companies such 
as IBM, Bell Telephone Labs, General 
Electric, RCA, and in radio and TV 
stations all over the country. Many 
other graduates have opened their 
own businesses. A recent New York 
Resident School class had 93% of 
the graduates who used the FREE 
Placement Service accepted by im- 
portant electronics companies ... and 
had their jobs waiting for them on 
the day they graduated! 

Coeducational Day and Evening 
Courses. Day and Evening Courses 
are available at Resident Schools in 
New York City and Cherry Hill, N. J. 
You can prepare for a career in 
electronics while continuing your 
normal full -time or part -time em- 
ployment. Regular classes start four 
times each year. 

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY! 

SPECIFY HOME STUDY OR NEW YORK OR CHERRY HILL, N. J. RESIDENT SCHOOL. 

RCA INSTITUTES,INC. Dept. EW -04 A SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK, N.Y.10014 

Valv. 
October, 1964 

The Most Trusted Name in Electronics 
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In these times.. 
every man needs the tremendous coverage, 
engineered precision, and incomparable 
reliability of a hallicrafters. 

S -118 
Short Wave /AM 

Communications Receiver 
495 kc. - 31 Mc. 
plus 185-420 kc. 

$99.95 

i 

What you can hear: English- language news throughout the 
world Hundreds of foreign stations Radio amateurs 
Marine and aviation communications Local broadcast and 
Conelrad Citizens band Military channels Voice of America 

Foreign languages WWV international time reports 
Continuous aviation weather Civil and emergency frequencies 

Features for best reception: Electrical bandspread for ultra -fine 
tuning BFO for code reception Automatic Noise Limiter 
Slide -rule dial with logging scale headphone jack tuner 
output jack for use with existing audio system Socket 
for emergency or portable use on DC. 

For 64 -P9- miniature 

book "Guide to Short 

Wave Listening" plus 

color brochure, send 

35c to Dept. 14 -J 

lia%&raiers 
5th & Kosteer Aves., Chicago 24, III. 

... where the new ideas in communications are born. 

New SX -122 general cover- 
age receiver, $295.00. Dual 
conversion on all bands. Con- 
tinuous coverage, AM thru 34 
Mc. Electrical bandspread, 
calibrated for amateur bands. 
Superior stability and sensi- 
tivity. Antenna trimmer. 
Three steps of selectivity. 
CIRCLE NO. 186 ON READER SERVICE PAGE 

SX -110 Communications Re- 
ceiver $169.95 Four bands: 
AM plus 1.6 - 34 Mc. short 
wave Electrical band - 
spread Dial calibrated for 
amateur bands Antenna 
trimmer, "S" meter Crys- 
tal filter, BFO, ANL 7 
tubes plus rectifier. 

Back Issues Available 

Use this coupon to order 
back issues of 

ELECTRONICS WORLD 

We have a limited supply of back is- 
sues that can be ordered on a first - 
come, first -served basis. Just fill in the 
coupon below, enclose your remittance 
in the amount of 65C each and mail. 

(Issues prior to 1963 
not available.) 

ZIFF -DAVIS SERVICE DIVISION 
Dept. BCEW, 589 Broadway 
New York 12, New York 

Please send the following back issues of 
ELECTRONICS WORLD. I am enclosing 

to cover the cost of the 
magazine, shipping and handling. 

Month Year 

Month Year 

Month Year 

Name 

Address 

City__ Zone State 

No charge or C.O.D. orders please. 
EW 
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ENLARGER- 

PHOTOTIMER 

SCR timing circuit permits 
time delays between fraction 
of a second and one minute. 

rr HE solid- state, time -delay relay 
shown in the sketch can be used to 

replace clock- operated, or other electro- 
mechanical devices used in photo dark- 
rooms. Time delays ranging from a 
fraction of a second to nearly one minute 
are attainable with the values of R1 and 
Cl shown. Repeatability is better than 
2 percent. 

The SCR functions as a very sensitive 
relay to supply sufficient current to ener- 
gize the output relay coil. The SCR can 
be triggered on by a few microamperes 
of current available from the high -im- 
pedance timing circuit consisting of R1 
and Cl. With the switch in the "Reset" 
position, Cl charges to the peak negative 
value of the supply voltage (about 165 
v.) through diode D1 and resistor R2. In 
this position, the lamp load is off. When 
the switch is placed in the "Time" posi- 
tion, the lamp comes on and capacitor 
Cl starts to discharge towards the posi- 
tive peak supply voltage value through 
D2, R1, and R3 at a rate determined by 
the setting of R1. Since the time constant 
associated with this network (Cl -R1) is 
numerically long, and current flows for 
a part of each cycle, this process takes 
many complete cycles of the supply volt- 
age. In practice, the voltage across Cl 
never attains its ultimate value since 
once it becomes positive enough (about 
2 v.) to trigger the SCR, the SCR ener- 
gizes the relay which extinguishes the 
lamp and terminates the cycle. 

The "Time Adj." control Rl can be 
calibrated by means of an accurate clock 
with the resultant time marks scribed on 
a plastic dial for use by a pointer at- 
tached to the rotor of R1. 

The wattage of the enlarger lamp is a 
function of the current -carrying capacity 
of the relay contacts. 

This information was supplied by 
General Electric. 

TIME 
ADJ. 

RI 
250K 

2 W. 

R3 
3.3K 
v2W. 

D2 D 

rIN1693-+ 

o 
17 V.A.C. 

RELAY 

R2 CONTACT 

33K (N.C.I 

I /2W. 

120V. 
ENLARGER 

LAMP 

TIME RESET 

1N1693 

CI 
10000. 
300V. T IMEG. 

--AnMnv.- 
I/O W. 

RELAY 

1N1692 

G-E 
x5 

i 
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MN Stereo Review 

STEREO TEST RECORD 
FOR HOME AND LABORATORY USE 
EXTRA: AS A DEMONSTRATION OF TIE HGEST POSSIBLE FBEUTV. THIS RECORD INCLUDES A 
PROGRAM OF MSC RECORDED DIRECTLY ON TIE MASTERwRN NO INTERVENING TAPE PROCESS 

Why We Make the Model 211 

Available Now 
Although there are many stereo test records on the mar- 
ket today, most critical checks on existing test records 
have to be made with expensive test equipment. 

Realizing this. HiFi STEREO REVIEW decided to produce 
a record that allows you to check your stereo rig, ac- 

curately and completely, just by listening! A record that 
would be precise enough for technicians to use in the 
laboratory -and versatile enough for you to use in your 
home. 

The result: the HiFi STEREO REVIEW Model 211 Stereo 
Test Record! 

Stereo Checks That Can Be 

Made With the Model 211 
Frequency response -a direct check of eighteen 
sections of the frequency spectrum, from 20 to 

20,000 cps. 

4/ 
Pickup tracking - the most sensitive tests ever 
available on disc for checking cartridge, stylus, 
and tone arm. 

4/ 
Hum and rumble -foolproof tests that help you 

evaluate the actual audible levels of rumble and 

hum in your system. 

Flutter -a test to check whether your turntable's 
flutter is low, moderate, or high. 

Channel balance - two white -noise signals that 
allow you to match your system's stereo channels 
for level and tonal characteristics. 
Separation -an ingenious means of checking the 
stereo separation at seven different parts of the 
musical spectrum -from mid -bass to high treble. 

Stereo Spread 

ALSO : Speaker Phasing 

Channel Identification 

PLUS SUPER FIDELITY MUSIC! 
The non -test side of this record consists of music re- 
corded directly on the master disc, without going through 
the usual tape process. It's a superb demonstration of 
flawless recording technique. A demonstration that will 
amaze and entertain you and your friends. 

October, 1964 

NOW...GET THE FINEST 

STEREO TEST 
RECORD ever produced 

for just...$498 
Featuring Tests Never Before Available 

Outside Of The Laboratory 

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S 

MODEL 211 STEREO TEST RECORD 

Warble tones to minimize the distorting effects of room acoustics 

when making frequency- response checks. 
Warble tones used are recorded to the same level within ± 

1 db from 40 to 
20,000 cps, and within ± 3 db to 20 cps. For the first time you can measure 
the frequency response of a system without an anechoic chamber. The frequency 
limits of each warble are within 5% accuracy. 

White -noise signals to allow the stereo channels to be matched in 

level and in tonal characteristics. 

Four specially designed tests to check distortion in stereo cartridges. 

Open -air recording of moving snare drums to minimize reverberation 

when checking stereo spread. 

All Tests Can Be Made By Ear 
HiFi STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers 
to all of the questions you have about your stereo system. It's the most complete test 
record of its kind -contains the widest range of check -points ever included on one test 
disc! And you need no expensive test equipment. All checks can be made by ear! 

Note to professionals: The Model 211 can be used as a highly efficient design and 
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close 
tolerances -affording accurate numerical evaluation when used with test instruments. 

DON'T MISS OUT -ORDER NOW 
The Model 211 Stereo Test Record is a disc that has set the new standard for stereo 
test recording. There is an overwhelming demand for this record and orders will be 
filled by ELECTRONICS WORLD on a first come. first served basis. At the low price of 
$4.98, this is a value you won't want to miss. Make sure you fill in and mail the coupon 
together with your check ($4.98 per record) today. 

FILL IN AND MAIL TODAY! 

Stereo Test Record 

Electronics World -Dept. SD 

One Park Ave., New York 16, N.Y. 

Please send me test records at $4.98 each. My check (or money 
order) for $ is enclosed. I understand that you will pay the postage. 
(Orders from outside the U.S.A. add 50c to partially defray postage and handling 
costs.) 

Name 
(Please Print) 

Address 

City Zone State 
SORRY -No charges or C.O.D. orders! EW -104 
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RFOR "DOCTORS 

OF SERVICING" 

Id 

CL.e4NS, LI» 
and PR() 

For handy guidebook to better servicing, 

write Channel Master Corp., Ellenville, N.Y. 

Where there's 
a contact... 

or a relay... 
Service with Contact Shield! Pro- 
tective! Corrective! It not only 
cleans and safeguards contacts bet- 
ter on TV, radio, and hi -fi sets; on 
all relay- operated electrical equip- 
ment, regular protective mainte- 
nance with this versatile cleaner 
prevents sticky relays -while cor- 
rective servicing unsticks them ... 
in seconds. Promotes greater con- 
ductivity, keeps relays working 
smoother, longer. Contact Shield - 
the professional service man's 
cleaner. 

APPLICATIONS 

INCLUDE: 
Spotters 

Bowling Alley Automatic Pin Sp 

Vending Machines Pinball Machines 

Slot Machines Telephone Switchboards 

IBM Computers and other data 

processing equipment such as 

Industrial Equipment using relays, 

welding machines, etc. 

"Use it 

NEED A 
1 10 VOLT 

A.C. OUTLET? 

In CAR, BOAT or TRUCK, 
YOU HAVE IT WITH A 

POWER 
INVERTER 

Actually gives you 110 volt, 60 

cycle A.C. from your 6 to 12 volt 
D.C. battery! Plug inverter into 
cigarette lighter, and operate 
lights, electric shavers, record 
players, electric tools, portable TV, 

radios, testing equipment, etc. 
Frequency stable within one cycle. 

Models from 15 to 600 $'295 
watts, priced as low as List 

See Your Electronic Parts Dealer or Jobber, or Write. 

CORPORATION 
1058 Raymond Ave. 

St. Paul 8, Minn. 

In Canada, Atlas Radio Corp. Ltd. - Toronto, Ont. 

CIRCLE NO. 228 ON READER SERVICE PAGE 
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with any 
12 volt CB 
transceiver" 
New Cadre Selective Call encoder -decoder 

Put an end to meaningless chatter at 
the home base and in the mobile units. 
Contact only the stations you want to 
talk to. 3 -tone, fool -proof selective call 
system provides up to 24 different tone 
codes. Code can be changed in field 
easily with no special relay needed. 
Easy connection to any of the famous 
Cadre 5 -watt CB transceivers -works 
with all 12 volt transceivers, regardless 
of make. Get the Cadre 524 today. 
Only $69.95. 

V - -- r=e INDUSTRIES CORP. 

Commercial Products Div., Endicott, N.Y. 
CIRCLE NO. 164 ON RLADER SERVICE PAGE 

ADDING VU METER 

TO TAPE RECORDER 
By JOHN W. HOGAN 

Chief Eng., Nortronics Co. 

/MOST home tape recorders currently 
1,1 in operation do not have meter - 
type record -level indicators. It is sim- 
ple to add a vu meter to these machines 
by using the single transistor emitter - 
follower circuit shown below. The n -p -n 
transistor requires a positive d.c. supply 
which is obtained from the "B -plus" of 
the amplifier in the tape recorder. 

The input to the transistor should be 
coupled to a point on the existing am- 
plifier at or near the plate of the second 
stage of the microphone preamp. Be cer- 
tain to choose a point before the high - 
frequency recording equalization is in- 
corporated. The signal level required 
across the 250,000 -ohm calibration con- 
trol is approximately 1 v. r.m.s. when 
the recording head is being driven to a 
level of O vu or "zero level." 

The pot should be adjusted so that the 
meter reads 0 vu while a 400 -cps tone 
is recorded on the tape at 12 db below 
saturation. This will be about 2% har- 
monic distortion on playback. If an oscil- 
lator and a voltmeter are available, con- 
nect the voltmeter to the loudspeaker 
voice coil and the audio oscillator, set 
at 400 cps, to the high -level input of 
the recorder. Turn up the record -level 
control to a full setting and make a 
saturation recording on the tape. Then, 
reduce the record level and make a 
series of 400 -cps tone recordings at vari- 
ous level settings without changing the 
oscillator output control. Use the micro- 
phone to identify the settings for the 
various recorded levels. 

When playing back the above record- 
ings, first set the playback control to give 
a convenient reading on the voltmeter 
for the saturated signal -one volt is suffi- 
cient. The normal recording which then 
gives a reading of 3,1 volt, or 12 db less, 
is the one you want. Return the record - 
level control to the setting which gives 
this record level, and then adjust the 
calibration control of the vu meter to 
read 0 vu in the record position with the 
same 400 -cps input. 

A vu meter will insure that recordings 
are made at the maximum undistorted 
level. 

OO 1,100 
TO 
.250 
V. 

ELECTRONICS WORLD 
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EW Lab Tested 
(Continued from page 30) 

stylus on its new V -15 cartridge and pre- 
sumably has developed techniques 
which assure the precise positioning 
and dimensional tolerances which are 
essential to the successful use of this 
type of stylus. 

The frontal radius of the stylus is 

0.9 mil, while its edge radius is only 
0.2 mil. A shadowgraph measurement 
of the stylus of our test cartridge on 
an optical comparator confirmed these 
dimensions. We tested the cartridge in 
a Shure SJME -3012 arm. It tracked the 
Cook Series 60 test record, with its ex- 
tremely large low- frequency amplitudes, 
and the 30 cm./sec., 1000 -cps bands of 
the Fairchild 101 record, at only % gram 
tracking force. Its intermodulation dis- 
tortion, measured with the RCA 12 -5 -39 
record, reached 3% at 23 cm. /sec. with 
a 1 -gram tracking force. Increasing this 
to 1.5 grams reduced the IM1 to 3% at 
27.9 cm. /sec., which is the highest re- 
corded level on this record. Few car- 
tridges will even approach this low 
distortion level, even at much higher 
tracking force. Increasing the force to 2 
grams produced no significant improve- 
ment at lower levels. A force of 1 gram 
was used for our other tests. 

The frequency response, with CBS 
Labs STR -100 test record, was within 

2 db from 20 cps to 16,000 cps. Chan- 
nel separation averaged 25 db or better 
up to 10,000 cps, and better than 10 db 
up to 20.000 cps. The output was 6.1 
mv. per channel at 3.54 cm. /sec. veloc- 
ity ( equivalent to 5 cm. /sec. lateral ve- 
locity ) . The measured vertical stylus an- 
gle, using the CBS STR -160 record, was 
20 degrees. Hum shielding was very ef- 
fective. The 1000 -cps square -wave re- 
sponse, with the CBS STR -110 record, 
was very good, showing only moderate 
ringing. 

In listening tests, the cartridge 
sounded as good as it measured. On 
stereo records, it gave a clean, well - 
defined sound, with no noticeable color- 
ation. The advantages of the elliptical 
stylus, which are quite subtle on most 
records, were clearly audible when play- 
ing mono LP records. They had a sparkle 
and definition which we had never be- 
fore heard from them, with no trace 
of the rattling distortion which is pro- 
duced by playing a mono disc with a 
conical stylus of very small radius. 

The V -15 is a deluxe cartridge, selling 
for S62.50. It ranks with the very best 
of today's stereo cartridges with respect 
to tracking ability and low distortion, 
and does a superior job of playing mono 
LP's of any vintage as well as stereo 
discs. Although it is physically quite 
bulky, and heavier than most current 
cartridges, it will fit into practically any 
standard arm. 

October, 1964 
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NEW PRODUCTS 
Sic LITLRATCI:L 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 13. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

HIGH -RELIABILITY CONNECTORS 

1 

Amphenol has announced a new line of high - 

reliability connectors, in which not only every 
part and all the materials going into the con- 
struction but complete details on production 
procedures are coded to insure unformity and 
performance. 

With the new quality control program, ac- 
cordiii io the company it will be possible to 

locate connectors m.rtuuiauurcd under the same 
conditions, at the same time, and with the same 
parts and materials on the same production line 
as those that went into a specific application. 
Tests can then be run that will confirm potential 
difficulties -if this is actually the case. 

The new procedure is expected to be extended 
to tite firm's entire connector line including com- 
mercial units for communication and electronic 
data processing applications. 

ELECTRONIC SLIDE -RULE 
Cleveland Institute of Electronics is now 

L marketing a new slide -rule which has been 
developed exclusively for electronic engineers 
and technicians. 

Its special design features are said to facilitate 
reading the various scales. Scales for solving re- 
actance and resonant frequency problems are 

provided. In addition, the slide -rule accurately 
locates decimal points and provides widely used 
formulas and conversion factors not found on 
other scales. 

The instrument comes complete with a 123 - 
page instruction manual. 

FLUX -CORED WIRE SOLDER 

3 
Semi-Alloys, Inc. has recently developed a new 
flux -cured wire solder specifically designed 

for soldering steel assemblies. The solder can be 
supplied in several alloy compositions and in 
wire diameters from .005" to .250 ". The wire can 
be used in all of the common soldering tech- 
niques. 

HIGH -GAIN U.H.F. ANTENNA 

4 
Winegard Company has announced a new 
all -channel u . h. f. antenna which has been 

atoned the "Tracker." The antenna uses the "in- 
cident wave" principle with a tangent paraboloid 
reflector system. 

The company claims uniform frequency re- 
ponse across all u.h.f. channels 14 -83 with a 
measured gain of +13 db. The impedance match 
into 300 ohms is 1.5:1 or better at all u.h.f. 
frequencies. 

Four feet high, the unit is constructed of 
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anodized aluminum. Snap -lock hardware holds 
the element securely in place and makes installa- 
tion easy and quick. 

H.F. AMPLIFIER TRANSISTORS 

5 
Motorola Semiconductor Products Inc. has 
recently introduced a line of high -frequency, 

small-signal amplifier transistors specifically de- 
signed to meet 1V and FM applications requir- 
ing high- ,gain, low -noise devices. 

The new line includes both "n -p -n" and 
"p -n -p" types. The "n -p -n" silicon types are 
numbered 2N3291 through 2N3294 while the 
"p -n-p" germanium units have been designated 
2N3283 through 2N3286. Both series of devices 
have guaranteed forward a.g.e. characteristics 
which is an important consideration for r.f. or 
i.f. amplifier applications. 

Typical characteristics for the germanium se- 
ries include a 2000 -inc. maximum frequency of 
oscillation, power gain of 20 db at 200 nie., and 
a 5 -db noise figure at 200 mc. For the silicon se- 
ries. the noise figure is 7 db at 200 nit., all other 
ratings being the same. 

PROTOTYPE PRINTED CIRCUITS 
BVero Electronics, Inc. is now offering a 
"universal" wiring board for prototype cir- 

cuit design and assembly. Known as "Vero - 

board," it combines the advantages of the 
printed- circuit technique without the cost or de- 
lays of custom printed circuits. 

The board itself is manufactured from syn- 
thetic resin bonded laminate, to which are bonded 
a number of strips of copper running the full 
length of the board. The board is pierced with a 

regular matrix of holes at 0.2 ", 0.156 ", or I ". 
Spacing of the copper conductors and the hole 
matrix enable a large variety of printed circuit 
and normal wire -ended components to be used to 
achieve a compact unit. 

The board is reusable and comes complete 
with assembly aids and accessories. 

DUAL -CONTACT TEST SOCKETS 

1 
Automech Associates, Inc. is offering custom 
test sockets which permit quick and reliable 

plug -in testing of relays and measurement of 
contact resistance. Dual- contact test sockets pro- 
vide double contacts for each terminal through 

wiping action of gold -plated phosphor bronze 
socket pins. The test sockets are made to order 
to mate with relay headers and will accept 
straight pin, hook, flattened, pierced, and turret 
terminals leads. 

Test temperatures can range from -100 to 
+ 400 degrees F. 

WIRE BUNDLE MOUNTING PLATE 

8 
The Thomas & Betts Co. has recently in- 
troduced a new adhesive-backed metal mount - 

ing plate for holding wire bundles and harnesses. 
Developed for applications where telephone or 
communications cables mast be supported with- 
out drilling, the plates provide excellent holding 
strength after setting 13 minutes. Pull -off force 
after 48 hours is 42 pounds. 

The plate will accommodate "Tv- Raps" tics up 
to Vie wide. AV'ire bundles tip to -1" in diameter 
may be mounted with this new clamping device. 

NEW SCOPE CAMERA 

9 
Beattie-Coleman, Inc. has introduced a new 
canera. the \tII -i65 "Oscillotron," which 

permits the recording of oscilloscope traces in 
the nanosecond range. 

The camera has an ultra -fast 86 mm., f /I.2 
Zens and utilizes Polaroid 10.000 speed film. 
Object-to-image ratio is 1:I. Interchangeable 
backs accept Polaroid film packs and 4 x 5 sheet 
filins. It has a .synchronous electric shutter. Data 
recording on the film edge is an optional ac- 
cessory. 

SOLID -STATE VIBRATOR 

1 

Forest Electric Company is now offering the 
V'E -l01), a solid -state vibrator eliminator 

which replaces most non -synchronous vibrators, 
eliminating "hash" and "sticking" frequently en- 
countered. 

The unit is designed to afford direct replace- 
ment in 12 -volt systems, is hermetically sealed in 
epoxy resin. weighs 61/2 ounces, and measures 
It /" clia.x2Mo," high. The mounting is a 5 -pin 
header. 

11 

SILICON RECTIFIER DIODES 
Westinghouse Semiconductor Division has 
added a new line of medium -power silicon 

rectifier diodes. 
Type 402. jEDEC series I N 1 183.4, are designed 

for severe industrial service involving cyclic load- 
ing and widely varying operating conditions. 
Principal applications are in cl.e. power supplies, 
inverters, welding controls. converters, motor 
controls, and frequency changers. 

The new diodes are rated 40 amperes with low 
reverse -leakage current, but can be used at cur- 
rents up to 70 amps with proper cooling. Maxi- 
mum one -cycle surge current under load is 1000 
amps peak: maximum reverse -voltage ratings are 
tip to 1000 visits peak. 

They are hermetically sealed and fused. They 
have all -welded cases to withstand thermal 
stresses, eliminate leakage or moisture penetra- 
tion. 

12 

TRANSISTOR HEAT DISSIPATOR 
International Electronic Research Corp. has 
developed a "staggered- finger" transistor 

heat ilissipator which the company claims is 

more efficient than other units of up to two - 
thirds more mass and one -third more volume. 

Standard configurations are available in six 
transistor case hole patterns with other hole pat- 
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terns available on special order. Heat dissipa- 
tion of a single unit holding a 2N1899 transistor 
mounted on an epoxy bond shows temperatures 
held at 69 "C at about it a:uts, 10I C at about 
20 watts. and 130 -C at 30 watts. 

The dissipators are fabricated of aluminum 
and are available with two finishes: black ano- 
dized per MIL -A -81125 or Insulube 448 for posi- 
tive insulation to 500 volts. 

SOLID TANTALUM CAPACITOR 

13 
Remet Dept., Linde Division of Union Car- 
bide Corporation has developed what is said 

to be the smallest polar solid tantalum capacitor 
ever made. Ille " Keiner P- series" unit. 

Measuring 0.D90" square and 0.095" thick, the 
new "\V case size i, in addition to the firm's 
line of P- soies rectangular capacitors for oiuted- 
circuit applie;Itions. 

The new unit is available in values front (1.33 

to 10 µf. in 5. It). and 20 percent tolerances. with 
voltage ratings of 6. 10, IS, 25, 35. and 5(1. Oper- 
ating temperature range is -55 to +85 de- 
grees C at full rated voltage. 

14 

SOLDER CREAM 
Alpha Metals, Inc. has developed a new 
screenable solder cream which has been es- 

pecially formulated for microtnodule work, in- 
cluding component and substrate soldering. A 
combination of pre- alloyed solder atol rosin flux, 
it can be applied through silk screens, etched 
masks, and other similar devices in thicknesses 
up to .025 ". 

After screening, the cream is easily cured to 
form a dry, non -tacky, non -flaking coat, ready, 
for use any time after curing. 7'hr new cream 
is being offered in 7 and I1 ounce glass jars and in 
larger quantities in special plastic -lined steel 
containers. 

PHOTOCONDUCTIVE CELL KIT 

15 
Glairez Corpora tion is marketing a special 
kit for design engineers which contains a 

selection of photoconductive cells plus technical 
data. Dive different types, in both cadmium sul- 
phide and cadmium selenide, are included in 
the kit. 

The CI.'d13. (:1,603 \. C1.7041, CL707, and 
CL902 comprise the selection, which varies suf- 
ficiently in sensitivity. spectral response, speed, 
and size to suit most applications. 

VISE FOR ELECTRONICS 

16 
iVilton Corporation has introduced a new 
specialized vise for electronics work. It is 

designed for delicate small assemblies and 
printed- circuit boards. 

The unit combines the strength of heavy gauge 
steel construction. the rigidity of double slide 
bars, and the gentle yet sure grip of rubber - 
wrapped jaws. The jaw opening adjusts with a 

crank handle to accommodate work pieces up to 
61/2". The rubber jaw faces are 2" wide. 

CUSTOM TRANSFER SHEETS 
11 Chart -Pak, Inc. has announced the avail. 

I ability of "Deca -Dry" custom transfer sheets 
made from original artwork for logotypes, sym- 
bols, designs, headings, captions, trademarks, 
drawings, original lettering styles, labels, codes, 

October, 1964 

Triple 
your tape recording 
fun (buy Tarzian Tape three reels at a time!) 

There are some sounds that you plan to preserve. You know in advance - 
"Here is something I will want to keep, permanently, on tape." You're ready 
for them. 

There are other sounds, though, that you can't predict or schedule. They 
just come along, never to come again. Do you have an extra reel of tape on 
hand? Are you ready for the moment that cannot otherwise recur? 

Why not take this good advice? When you buy tape, buy at least three reels. 
And buy brand name tape, so you can be confident of its quality and certain 
it won't harm your recorder. 

Of course, we hope you'll choose Tarzian Tape. We thoroughly test other 
brands along with our own -and the impartial equipment in our labs assures 
us that you can't do better. 
FREE: Our 32 -page booklet tells you hots to get more out of your tape recordings. 

Write for your copy. 

SARKES TARZIAN, Inc. 
World's Leading Manufacturers of TV and FM Tuners Closed Circuit TV Systems Broadcast 
Equipment Air Trimmers FM Radios Magnetic Recording Tape Semiconductor Devices 

MAGNETIC TAPE DIVISION BLOOMINGTON, INDIANA 
Export: Ad Auriema, Inc., N.Y. Corrado: E. J. Piggott Enterprises Ltd., Toronto, Ont. 
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DO YOU SAVE YOUR COPIES OF 

Electronics ̀VOI I[l 

Make sure they're kept neat and always 

handy for instant reference -with a hand- 

some file that's designed to hold a full 
year's copies! 

washable Kivar cover has a leather- 
like appearance 

available in maroon backing with black 

sides or black with maroon 

24 -karat solid gold leaf embossed letter- 
ing for magazine's name 

attractively priced at only $2.95 each, 3 

for $8.00, 6 for $15.00 

files are shipped to you prepaid and are 
fully guaranteed 

NOTE: these special -quantity prices apply for 
any combination of titles, so you can have them 
for all your favorite magazines. 

Order several today -for all the Ziff -Davis mag- 
azines: Popular Photography, Modern Bride, HiFi/ 
Stereo Review, Electronics World, Popular Elec- 
tronics, Flying, Car and Driver, Popular Boating, 
Amazing, and Fantastic, and for your other favor- 
ite publications, as well. (Ziff -Davis magazine files 
available in colors of your choice as noted in cou- 
pon. Those for other publications will be shipped 
in standard colors available.) 

Jesse Jones Box Corp., Dept. EW Box 5120 
Philadelphia 41, Pa. 

Please send me: (Fill in title, quantity and 

check appropriate column for color desired) 

MAGAZINE 
TITLE 
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BLACK 
BACKING/ 
MAROON 

QUANTITY SIDES 

MAROON 
BACKING/ 

BLACK 
SIDES 

$2.95 each, 3 for $8.00 or 6 for $15.00 - 
shipped prepaid - fully guaranteed 

Total amount enclosed 
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and any other frequently used printed matter. 
Images on the custom sheets transfer simply 

by lightly rubbing with a medium pencil, bur- 
nishing tool, or ball point. A rigid plastic base 
material prevents image distortion due to heavy 
pressure or sharp points. 

A heat -resistant adhesive and cohesive ink keep 
transferred images firmly in place. The sheets 
measure 1314" x 161/" with a 121/2" x 15" print- 
ing area and arc available in black. red, blue, and 
white. Artwork may be supplied by the customer 
or prepared by the manufacturer for a nominal 
charge. 

18 

INDICATING LIGHT LINE 
General Electric Company is now marketing 
a new line of indicating lights for use on 

electronic equipment, business machines. ma- 
terials handling scstems. and commercial and in- 
dustrial machinery. 

The lights, designated CR103, Type H, have 
been designed for quick, easy mounting and in- 
stallation and offer the user a variety of lens 
shapes and colors. -Ihey can be used wherever 
oil -tightness is not required. 

Types HA and HD require a I" hole for 
mounting: 'type HB require only a 11.41' mount- 
ing hole, while the compact Type HC takes a 

mounting hole. 

19 

NEW TRANSISTORS 
RCA Electronic Components and Devices has 
announced two new series of transistors, 

each containing four types. 
The silicon "n -p -n" high- voltage transistors 

have been designated 411256, 2N3440, 2N3441, and 
2N3442. They are designed for use in power sup- 
plies, stable deflection circuits, and high -voltage 
operational and differential amplifiers. 

The second series contains four new silicon 
"n -p -n" planar transistors, Types 40231, 40232. 
40233, and 40234. They have been specifically de- 
signed for audio amplifier applications in radios, 
television sets, phonographs, tape recorders, and 
other consumer -type audio equipment. 

Ratings and characteristics on both series arc 
available from the manufacturer. 

IGNITION TUNE -UP 
On Rite Autotronics Corp. is offering a tune -up 
LU instrument kit which lets a motorist per- 
form all ignition tests on his car. I'ive high - 
accuracy instruments are included in the kit: an 

idle tacit. a cam dwell tester, coil tester, alternator 
diode and ignition cable tester, and a regulator - 
generator tester. All of the instruments are 
housed in an unbreakable fitted carrying case. 

21 

HIGH -POWER TRANSISTORS 
Delco Radio Division is now offering two 
new series of advanced process, germanium 

high- potter transistors, the DTG 1000 and 2000 
series. The new devices have current ratings of 
15 and 25 amperes with sustaining voltage V,, 
capabilities ranging as high as 32:. Volts in se- 

lected units. The basic series of five (DTG 2000) 
devices are characterized by 25- ampere collector 
current ratings and sustaining voltages from 30 
to 121) volts. 

The DTG 1000 series are H- ampere high - 
voltage devices especially characterized by electri- 
cal parameters needed for auto ignition and 
video horizontal and vertical deflection circuits. 
Package configuration is the diamond -base TO -3 

design. 

22 

TRANSISTORIZED TV 
Emerson Radio and Phonograph Corporation 
has recently introduced an 11-inch television 

receiver which incorporates 22 germanium and 
silicon transistors. 13 silicon diodes and recti- 

fiers, as well as one silicon gate-controlled switch 
developed specifically by Texas Instruments for 
TV applications. 

DUAL MESSAGE INDICATORS 

23 
Leecraft Manufacturing Co., Inc. is now of- 
fering a new line of compact rectangular 

indicator lights which contain two lamps for the 
purpose of activating two legends, separately or 
simultaneously. 

:\ wide variety of lamps is available in a full 
range of voltages. The units are designed to 
suit the applied circuit voltage and to insure 
the required lamp life Any applicable legend 
or trademark can be hot-stamped on high -heat 
plastic lenses which can be furnished in a variety 
of colors. Housing is nylon and the bezel can be 
furnished in different finishes. 

The units snap into a 1.281 x .395 hole with 
no additional hardware. Terminations can be 
either 1/4" male tab or wire leads. 

24 

1 -WATT AVALANCHE DIODES 
North American Electronics Division has in- 
troduced a new series of I -watt avalanche 

diodes using the polymerized silicon encapsulat- 
ing technique. 

The new series, registered as JEDEC Type 
IN-1323 through 1N4358, is rated I watt at 75 
degrees C in the 1)0-7 size package. The series 
is available in tener voltages from 6.8 volts to 
201) volts with 5. 10, and 20 percent tolerances 
available. The standard device is supplied with 
silver leads. 

25 

SOLID -STATE COMPONENTS 
I.E.H. Manufacturing Company, Inc. is now 
marketing a new line of replacement tran- 

sistors and silicon rectifiers which the company 
claims will cover approximately 95% of all re- 
placements. The new line consists of 9 transistors, 
12 silicon rectifiers, 4 silicon diodes, and 3 dual 
diodes. Also included are epoxy molded silicon 
rectifiers in standard or miniature sizes. All units 
in the line are skin -packed. 

26 

REPLACEMENT TIPS 
Oryx Company is now offering four new 
replacement tips for its miniature precision 

soldering irons. :\ new gold -alloy tip material 
and a special iron -plating close the gap between 
the company's regular copper -alloy tips and its 
solid nickel tips. 

The "-I-" and "U" tips are made of a solid 
gold -alloy and have a diameter of only 40 /100th 
inch. They are intended for the finest microcircuit 
applications where the joint heat load is neg- 
ligible. They are designed for use on the firm's 
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model 1 or lea fi 1 soldering instruntenlc. 
1 he kites "1 "' and "11" have diameters of .x,_" 

and a planed end. The "V" lip is a long -life, 
iron coated lip %chile the "11" i i e is tinplated. 

D.C. TUBULAR CAPACITOR 
Cornell- Dubilicr Electronics Iras ann11utired 
a new d.c. tubular capacitor with polcstcrene 

dielectric filin wrap. 
1 he I cps 1V'Itl' is nec mied for precision 

listing cira tits. hi h. O" tinted circuits. long 
time conlanI c ¡icons. and similar applications in 
gwali s indi.rlial equipment. 

pullulant Inircltie. of the new capacitor are: 
c\ncinds low capacitance change with lrntpera- 
tore. lote diclec iii absot1lion. and sett High 
insu latiun resistance. 

TRANSIST- ORIZED INDICATOR 
Transitrun Electtuni( Corporation i, 11os. 

marketing a tlansistolirrd neon il Iir.11ur 
light which has been trademoned "l he 1Liman- 

he unit tillers the operational advantages of 
a single he' nlelicalls sealed package containing 
all the nears. :nc Breuil IompnuIu fur positive 
and n(gatise ttnn -on and lion loll. It is available 
in Salim!. 11a1 lt :micaI conliguiations including 
clip- loon uolid! I s 1C% fur Ilintell cilcnit !watch. 
front and leaf panel mount adaptcl Rise.. and 
complete standard tir 51,e1ial ii hoed chi nit huard 
assemblies. 

he indictor can be mounted on iii Celliers 
w-ilIi was imum height above the chi nit rand of 
I).:t!NI" which is compatible wiih ("mentional 
P(: I oarel spacing. 

INTEGRATED BRIDGE RECTIFIER 
Vaiii Inc.'s Special Products 1)is i.ion has re- 
cently introduced the 1N -ICI; ink gl;ucd 

bridge rectifier. a silicon asalanche rectifier single - 
phase bridge in an electrically insulated case. It 
is rated with a minimum : silato he collage of 
no sills and a n1a\imlm of ;nn (ill.. 

21 

28 

29 

'I lie output current is steel at 10 :taps at 
1(1(1 C and IS :imps at :111 C. The unit is rated 
with recense un 11111 (quai to 11.1 nia. max at 
rated voltage and IIIll C and I toll /leg forward 
voltage drop. SIIIge current is 111(1 :mops and the 
maximum junction till 1115th'( is 1111 t.. 

HIGH- CAP- ACITY CAPA- CITORS 

30 
Acrocas Corporation's MT) Ditisiost can 
supply eel antic cap:lr'ilul -s fur Itaneietor tir - 

coils with capaliII r(quirmnls front III pl. up 
to I1í11111111 pl. I he ara Mlles \I( tl. \I(. "111'í, 

\I(: IiI. and \I(' Or, ac of `Crlal :un' rnnsnuc- 
01111. .Ille, elle] IIr\illl designs with a ti icier 
Wan u5ua1 selection of tattle. and tolerances. 
Coil. :ne lite -fisted at nice iatvl soilage and 
mal. Il( ul.111111auured to high- leliabilil% stand- 
aid. on 1,1111..1. 

31 

HI -FI - AUDIO PRODUCTS 

FM STEREO ANTENNA 
JFD Electronic, Colpoialio11 is now offering 
the I.PL -I \I lo-cell log- periodic antenna for 

F NI- stereo applications. "Ibis new unit pros ides 
up to 4.1 db more gain than a 10- element f \I 
sag 1, according 111 tlhe unupans. 

I he antenna opeIalr, on OW lull t%:n11nglh 
log -periodic utndc. I he a ii is of "1." shaped log. 
periodic dipoles is a back hie. limn led Is lie that 
Inanities Ilont -tI -back iatio, up Io _l ill. . \. the 
impedance match is secs high. the "I. dipoles 
c1111los a :u l.m i..iou line rranshitmei5 and I lilt 
phased led 11 11.x111155 u) insure precise :11111 -uhnt 

..,.7 
?,. 

impedance. Na it ow Il( 'idths :uni ' lobe 
lesels !less than 21.6 db) help reject distort' 
prn11teing reflected signals. 

I lit antenna I11115 facto, Pl( :n.omblcd. 'I he 
dipoles arc constituted of I aluminum tithing. 

lcelse -inl Ii 111.11 I. and ball inch 111.1'11. l'e'intince 
each dipole to Pmoidr e\tia sh"',0111 against ire 
and wind loading. I he rut ]e antenna is gold 
alodised for COI ru,ilrn pi 1"11. 

01 her leIs its the I.I'I. line are available 
with s. li. and I cells. 

MATCHED STEREO MODULES 
19 RC \ sales Corporation nieird the high- 
UL id ts i mu puncut Fuld ait II a line ml I.i boa I. 
soc- balanced .tel1r11 511111111 11111dule. I he 11155 line 
Il,ISits it .1 " Stlhlinlltalic IC(mld i 11.111'gl'I. :1 

solid stair 1 WW1 -amplilici', till sits nl .prakrr 
strio5. and a 10115111e r- antplificl- changer 

rn.onlbl(. 
Ail of the Innl1111rnl. :tir .lriifi1 III Is designed 

to he compatible and capable of bring assembled 
into a complete 555ím without technical know 
how. l he c1napnnents ale housed in a cabinet of 
walnut settee'. and selected h.udwuiNls. 

TRANSISTORIZED CONVERTER 

33 
FTon icsi 

n 

Co. Inc. anti a a u'an- 
silitc.lorirtv cnselter 5%biis i tte is csigncltering d Iu op- 

erate I2 -salt Stereo tape equipment in aircraft 
and boats with !I -soh electrical .%stems. 

Input of the (onset na 1111. at I.:I amps 
and "'UP"' i. 19.0 %alt, al ' :nips- l\ I ighIi oar 
pound. the l'C I" h.l, no tun% ing Tim Is .Ind Inr.l'- 
tires 'l _' ssidr \ _ high \ I1't" long. 

34 

BATTERY -OPERATED AMPLIFIER 
Prema- l'uwer ( Ian% has just introdurci a 

imitable :nnplih(r 111.11 walk, on flashlight 
II" IIIiis and ha. a Ir(1u,m5 reslonsc of 
111 -I1 111111 cps. 

I he " \miti -111\" \lade! \ 71111 features all - 
tianastnr design Igo instant Iclimin :tor.. II ol- 
lcrs une -knob operation. .\ single colnol turns it 

e 4 1 

ARE YOU CASHING -IN 
111 

ON THE PROFITABLE ri 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession 

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

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

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

IMMOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF431 

Send me FREE entrance exam. 

Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation 

Address - - - - 
City - _ Zone State 

Everything you ever wanted in a CB transceiver! 

JfiYRSBR 

Newest! Most Versatile! Most Power Out! 
The I I channel "Messenger III" will change every idea you ever 
had about what a Citizens Hand unit should offer! Tiny, all 
transistor, it's really quiet. really hot! Interchangeable for base 
or mobile -use it as a full 5 -watt battery powered portable pack 
set or a 3 -Hatt PA system. The "Messenger Ill ", %sith an aero- 
space transistor developed for the "Relay" communications 

satellite, delivers more power output with maximum legal 
input! Double conversion receiver with high 1st I.F. 

provides excellent spurious and image rejection. Set - 
and- forget "Volume" and "Squelch" controls make - 

it possible for the first time to nark "close -in" or 
at extended range with initial settings. Furnished 
with dynamic microphone -full line of acces- 
sories available for selective calling, portable 
field pack, or public address use! 

Cat. No. 242 -150 $189.95 Net 

WRITE TODAY 
for details on the 
"Messenger" CB 
line -or see your 
distributor! 

I( 

II® 1110 Tenth Ave. S.W. Waseca. Minnesota 
Please send full details on the "Messenger" CB line. 

NAME 

ADDRESS 

CITY STATE 

E. l'. JUI{NSUN CUM I' 1\Y 

CIRCLE NO. 201 ON READER SERVICE PAGE CIRCLE NO. 191 ON READER SERVICE PAGE 
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SELLING THAT 

RECORDER? 

I BUYING A I 
RECEIVER? j 

ELECTRONICS WORLD runs a Hot 
Line into the 201,000 electronics 
professionals who buy the magazine 
each month. And, for only 35¢ a 
word, a personal classified ad will 
help you make your connection. 

ELECTRONICS WORLD has the 
largest audience of its kind in the 
world, and this creates an ideal 
market place for you. Actually, when 
you get together with your co -pro- 
fessionals, you may find that many 
are near neighbors. Yet your mutual 
needs may be met only through the 
medium of our classified columns. 

Take advantage of our special per- 
sonal rate of 35¢ a word (including 
name and address) 

NO MINIMUM REQUIRED 

a saving of 25¢ a word 
from our commercial 
rate of 60¢. , 

A small investment can bring quick 
results, and complete data is 
printed in the Classified Advertis- 
ing Section. Write your ad and mail 
it today, with your payment to: 

MARTIN LINCOLN 
Classified Advertising Manager 

ELECTRONICS WORLD 

One Park Ave., N. Y., N. Y. 10016 

DECEMBER ISSUE CLOSES OCT. 5th 
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un or oll 
watts (EI 
Flashlight 
eration. 

and adjusts volume. It is rated at 25 
\ music power), 40 watts peak. The ten 
batteries will provide 200 hours of op- 

The amplifier measures 83/A" wide x 31/4" high x 
814" deep and weighs only 7 pounds with bat- 
teries installed. It can be adapted to a.c. operation 
by means of a plug -in power adapter which is 
available separately. 

35 

TRIPLE -PLAY AUDIO TAPE 
Eastman Kodak Company has announced a 
new music- quality, triple -play audio tape. 

Type P105. 
The tape uses a high -output oxide applied with 

advanced coating techniques to give a signal -to- 
noise ratio that is as much as 6 db greater than 
conventional triple -play tapes, according to the 
company. 

It comes on a 7" reel carrying 3600 feet of tape 
to provide more than 11/2 hours of uninterrupted 
music at a recorder speed of 71/2 ips. 'Where ex- 
tended play is important. the 7" reel will give a 
total of fì hours four -track stereo or 12 hours 
four -track mono per reel at 33,4 ips. 

'I-he tape is also available on 5 ", 1800 -foot reels 
and a 31/4", 60(1 -foot reel. 

36 

FOUR -WAY SPEAKER SYSTEM 
Sherwood Electronic Laboratories, Inc. is 
now marketing "The l anglewood," a four - 

way speaker system that features six speakers. 
Over -all response is 29- 17,500 cps ± 21/2 db. A 

12 db (((till e crossover isolates the four speaker 

response ranges at 200, 600, and 3500 cps. The 
system handles 75 watts of program material. 

The two 10" woofers have staggered resonances 
of 171/ and 181/2 cps and there is an 8" mid- 
woofer, an 8" midrange, and two 31,42" ring- radia- 
tor tweeters. All speakers are individually 
chambered and rigidly mounted to 1" thick, 
cross -braced Flakeboard baffles. 

The enclosure is of 1" thick solid -core walnut 
veneer with a hand- rubbed finish. The cabinet 
measures 31" high x 24" wide x 13" deep. 

31 

RADIO /INTERCOM UNIT 
Fasco Industries Incorporated is now offering 
a transistorized radio /intercom for household 

installation. The system consists of a master con - 

trol unit which offers complete intercom facilities 
with gain independent of the radio volume con- 

trot. Power output is 11,_' trans and pourer input 
is 16 volts a.c., 12 watts (a class 2 power trans- 
former is included). The radio section covers the 
standard broadcast band 540- 1600 kc. and the T \f 
band. Module construction is used in the receiver. 
A high- impedance phono jack is included. The 
receiver uses I(1 transistors and 7 diodes. :A 5" I' \f 
speaker, 45 ohms impedance, is used. 

The complete system includes 1 master control 
unit, I door station, and 3 remote -control units 
plus a complete installation package. 

3 -WAY SPEAKER SYSTEM 90 LTV University has added the "Classic 
Jo Trench Provincial" 3 -way speaker system to 
its line. 

Housed in a French Provincial cabinet measur- 
ing 36" x 29" x 16" deep, the speakers are a heavy- 
duty, high -compliance 15" woofer; an 8" deluxe 
direct -radiator mid -range; and a "Sphericon" 
super tweeter. The system provides virtually uni- 
form response from below 20 cps to 40,000 cps. 

COMPACT STEREO PHONO SYSTEM on Shure Brothers, Inc. has entered the pre - 
ntiuus- quality, packaged -component market 

with its "\II(10 Niasimum Performance Phono 
System," which will be offered initially in two 
models. One unit is a portable unit completely 
self -contained in Samsonite luggage -style cases. 
The second is the "Library Model" which is 
housed in solid walnut cabinetry. 

Both units feature solid -state preamp_ /amplifier 
and two ultra- compact speaker systems. Each unit 

is equipped with the company's V-15 "Stereo 
Dynetie" cartridge with Bi- Radial elliptical sty- 
lus. The systems' automatic turntable is the I)ual/ 
Auto Professional Model 1009. Inputs are pro- 
vided for other program sources such as AM, FM- 
stereo tuner, and tape recorder. 

Operating controls include ,stereo /mono switch, 
separate treble and bass controls, speaker balance 
control, on- off- volume switch, and phono -aux. 
microphone (p.a.) switch. 

40 

BATTERY RECORDER 
Superscope Incorporated has recently intro- 
duced the Sony Model 905 "Voice Command" 

battery recorder. a 2 -in -1 tape recorder featuring 
a voice -activated mechanism with transistorized 
computer -type electronic switching and automatic 
ga in control. 

The complete Nfodel 905 consists of two units. 
-The upper part is the actual recording instrument 
and, when detached from the matching a.c. pow- 
ered amplifier /speaker base. serves as an inde- 
pendent battery- operated portable recorder. 
When placed on the base, the recorder will play 
back on the hi -ft amplifier /speaker in the base. 
The base also contains a charger and while the 
amplifier /speaker is in operation, the batteries 
are automatically recharged. 

Tape speeds are 33/a and 17 /s ips. Frequency 
response is 90 -9500 cps. Il will handle reel sizes 
up to 31/4". It comes complete with leather case 
and lifetime nickel- cadium rechargeable bat- 
teries. 

SOLID -STATE STEREO PREAMP 

41 
McIntosh Laboratory Inc. has added the C24 
solid -state stereo prcamp to its line of audio 

components. 
The new unit has frequency response of 

20- 20.000 cps +0, -0.5 db; distortion is less 
than .1 % at 2.5 volts and less than .3% at 10 
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lull.. l hi. input 4.1(1101' has vie ensilions: 
tape. tuner. phono I. phono 2. and tape heal 
Input '(IISiI i% IT un aux.. lape. tuner. and tape 
mini lot is .21) cult: on piton° I and phono 2. 2 

um.; and un tape licol 2 in. I here i. a - 

pensalor se itt h ss hic h provides RI. \.% or LP 
pl (sin:dir.ttion. 

IK silicon -glair. matisistois are used in the 
pleamp. Poteri 'entitlements are II5125 soils. Lill 

cycles, S tram.. I hr Rout panel is If" %side x 

5.7 /I6" high °hile dits chassis is 11" wide x ,t" 
high \ II" dctp iuchiding un11111lois. (.leat:tur 
its Iront ul the mounting panel. including knobs. 
is I1.: inches. 

MINIATURE TAPE RECORDER 

42 
Gtaig- Panorama, Inc. is now offering the 

L (I.R -190 "'tilt unie Notebook." a completely 
self. contained miniature tale recorder which may 

be operated be one hand. 
the special " \I /one.. design e hints a 

built -in tuitiuphonc and eu meld for monitoring 
recording lest! and bane' file. Is lilt push button 
(tumid for starting and stopping the unit. 

Ilse reroute' lectures a snap in lape pack lus 

taatmling up In :111 minutes and is equipped to 

seth:nge the nickel cadmium boucots will 
lemming them IYunt the unit. I heft is a separate 
pause switch un the init. plu. single-action Itser 
soon] ol hit plat. 1 11011. Il'ts ilul. .top. 

he insu nl i. fil _ long. \ .::I" high. X 

Ils" wide. It tunics tsilh a leather tattsing case. 

HI -FI SPEAKER SYSTEMS 
Hartley Products Coupons has added the 
\Lurk III and Mail, IC (:uncut mtastei 

spt:lkei ss.ittuus to its line Ill hi -li Ills . 
Both 55sttuls arc identical in sise. ulcaaning :18" 

high \ 24" wide X lui" step. I ht \I:nL I11 is 

I seul in a nunlelu oiled %%afoot cnclo.ule It hilt' 
the Mails 1\ is in a traditional tubbed oiled - 
tsalnul housing. 

Both seslenus use lits 218\IS IS" woofer uilh 
rtsponse dots' lo Ili less Middle and high be- 
dutn its :ne handled by the new '__m \IS speaker. 

43 

Both speakers vinyls magnetic suspension and a 

patented ti i po15Hill plastic cone construction. 
'I he I iossosc i uetl5ol L. which pills ides a droop 
of 12 db per ut last. has been set at 25(i cps to, 
insure optimum blend of bass and midi:In e. 

44 

STEREO TURNTABLE 
Weathers Industries has added the I own- 
send- stele. ills mable °t it. liuc. .\ I °.pole 

55nchtnnoils lisl, a sis moon di ices the alumi- 
num platter uilh .111(5 .03'; %slits and flutter. 'ilue 
platter and Ion, .6111 ale suspended on a delta 
wing suspension s5Hen1 that produces -50 db 
tumble. I hr Isalnut tont:unt will accept any 
standard carat idge and is adjustable to stylus pres- 
s111es recommended for each cartridge. 

Speed is :131 rpm. I he turntable comes con- 
(Continued on page 116) 
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SEND THE HANDY COU- 

PON INDICATING YOUR 

NEEDS 

ROHN 
Manufacturing 

Co. 
BOX 2000 

PEORIA, ILLINOIS 

ROHN 

The most Famous Abme in 

TOWERS of ALL KINDS. 
Here are the advantages you get 
when you insist on ROHN TOWERS 

LARGEST FULL RANGE OF TOWERS -you can get any- 
thing from home TV and amateur radio towers to 
heavy -duty communication and micro -wave towers. 
Included are 500 foot self -supporting towers, 1,000 
foot guyed towers, "fold- over" and crank -up towers. 
Regardless of your needs, ROH N can supply it. 
UNQUESTIONED LEADERSHIP IN DESIGN AND MANU- 
FACTURE -you get the latest in advanced tower engi- 
neering. All communication towers are engineered 
to EIA specifications, and are proved by thousands 
of installations. No other manufacturer can surpass 
the quality and fine reputation of ROHN. 
QUALITY MATERIALS AND WORKMANSHIP -Only high- 
est quality steel is used which fully meets the speci- 
fications for the job. ROHN towers are hot -dipped 
galvanized after fabrication -a feature ROHN pio- 
neered! 

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

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

Also available: Rohn Lighting Kits, Microwave Pas- 
sive Reflectors, Tower Installation Service and En- 
gineering Assistance. Representatives World -Wide 
to Serve You. 

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

Send me complete literature on the following ea11N products: 
HMO e TV Towers I] Amateur Towers 
Communication Towers AM -FM Broadcasting Towers 
Micro-W0 . Towers Government 

Nome 

Firm 

Address 

City Stat. 

i 

"World's Largest EXCLUSIVE Manufacturer of Towers: designers, 
engineers, and installers of complete communication tower systems." 

J 
CIRCLE NO. 210 ON READER SERVICE PAGE 

Your Postmaster Suggests: 

Always Include 

Your (ZIP CODE) Number 

in your 

Return Address 

SCIENCE/ 
ENGINEERING 

Educationally- strong college courses in the fastest 
growing professional fields of Physics, Mathe- 
matics, Engineering (Nuclear, Electronic, Electri- 
cal); including Engineering Technology (Nuclear, 
Electronic). Optional four -quarter, all -year sched- 
ule permits completion of regular 4 -year B.S. 

degree courses in three years; and, A.S. degree 
courses in two years. Electronic Engineering in- 
cludes computer and space communication systems; 
and, laser /infrared engineering. Fall Quarter en- 
rollments limited. Write now to Director of Ad- 
missions, for Cotolog W -11. 

NORTHRIDGE COLLEGE of 
SCIENCE & ENGINEERING 

In The San Fernando Valley" 
NORTHRIDGE, CALIFORNIA 91325 
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SAVE UP TO 5449... 

'r; 

Í' 

Kit GD -983 

$84900 
(Includes Bench) 

On This NEW Heathkit ®Version Of The 
Thomas "Coronado" All- Transistor Organ! 

A Professional Organist's Dream With A Be- 
ginner's Simplicity! 
That's the new Heathkit /Thomas "Coronado" 
All -Transistor Organ with every deluxe organ 
feature you've ever dreamed of for complete 
versatility! And it's all wrapped up in a luxurious 
piece of walnut furniture that will be the show- 
piece of any home. It's all yours to enjoy at a 
savings that can't be found anywhere else . 

up to $449! It's like getting 'A off! 
Simple To Build, Simple To Play! 
You don't have to be an electronics wizard to 
build it, nor a professional organist to play it. 
Famous Heath "Engi -nuity" has reduced as- 
sembly of this magnificient instrument to simple - 
to- perform steps that require no special talents, 
knowledge or tools. Makes a fascinating, en- 
joyable project for the entire family! And the 
famous Thomas "Musical Fun Book" is in- 
cluded to start you easily playing many favorite 
tunes immediately. A special, recorded, 48- lesson 
course is also available at a $30 savings to pro- 
vide you with a firm and lasting knowledge of 
music ... lets you learn at your leisure! Before 
you know it, you'll be creating the sounds of an 
entire orchestra! 
Each and every component in the GD -983 is a 
genuine Thomas factory- fabricated part. And 
its advanced all- transistor circuitry means less 
heat, better tone, longer life, and virtually 
trouble -free performance. 

Save $150 On The 

Heathkit /Thomas 

"Largo" Organ! 

You even tune the organ yourself with the aid of 
a prealigned tone generator and a special count- 
ing method ... requires no special "musical ear "! 
What's It Like To Own This Beautiful Organ? 
Playing this luxurious Heathkit /Thomas "Coro- 
nado" is truly a rewarding activity that becomes 
more exciting, more fascinating each day! Just 
think of its many advantages! 
1. A Hobby For The Whole Family ... every 
one from Mom to Junior can share the fun and 
ease of building and playing it. Provides a 
creative common family interest. 
2. Develops Musical Interest & Expression . . 

less complicated than other instruments, the 
organ is ideal for teaching children as well as 
grown -ups a priceless knowledge and appre- 
ciation of music. 
3. Parties Come Alive ... you're a one -man band 
when friends gather for an evening of fun. And 
teens love the rhythm and bounce of its wealth 
of musical effects. 
4. Provides A Wholesome Creative Outlet . . 

helps you unwind, forget your problems, and 
ease tensions. 
Check the features, then send for the demon- 
stration record and hear it for yourself. You'll 
agree that there's not a better organ buy on the 
market today than the Heathkit /Thomas 
"Coronado"! 
Kit GD -983, Organ & snatching walnut bench, 

290 lbs. $849.00 

10 true organ voices Variable Repeat 
Percussion for additional effects Two 
37 -note keyboards 13 -note heel & toe 
bass pedals 20 -watt peak power ampli- 
fier Walnut cabinet Transistorized 
plug -in tone generators ... warranted for 
five full years Expression pedal. 

Kit GD -232 A, organ only, 158 lbs. 
$349.95 

Compare These Features With Organs Costing 
Twice As Much! 

17 true organ voices Two full -size 44 -note 
keyboards Built -in 2 -speed Leslie speaker 
plus 2 -unit Main speaker system 28 notes of 
melodious chimes for hundreds of chime var- 
iations 13 -note heel & toe pedal board, 
range C thru C New stereo chorus for excit- 
ing "stereo" effects Color -tone Attack, Re- 
peat & Sustain Percussion ... the only organ 
to give you all 3 Treble accent Reverb 
Manual Balance Pedal Volume Control 
Expression Pedal Headset outlet for private 
playing 5 -year warranty on transistor tone 
generators 75 -watt peak power transistor am- 
plifier Hand -crafted, full -bodied, walnut - 

finished cabinet, completely assembled 
Matching bench included. 

r- 

HEAR IT YOURSELF! 
Convince yourself by sending for a 7 ", 
331/3 demonstration record! Order 
No. GDA -983.2 for Deluxe GD -983 
organ, GDA -232 -5 for low -cost GD- 
232A organ. Each record 50c. Do it 
now! 

L 

r-- 
HEATH COMPANY, Dept. 15 -10 -2 
Benton Harbor, Michigan 49023 

Please reserve GD -983 
Organ for Nov. delivery. 

Enclosed is $ 

Please send model 

Please send Free 1965 Heathkit Catalog. 

Name 
(Please Print) 

Address 

J 

City State Zip 
Prices e specifications subject to change without notice. CL -192 

112 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


Regardless Of What You Pay For Other Color TV 

It Can't Perform As Well As This One... 

i 

And Yet A Heathkit Set Costs As Little As 399! 
Exclusive I leach Features For Unequalled Per- 
formance! That's right. No matter how many 
of your hard -earned dollars )ou pa) for 
another brand of color TV. now can equal 
the performance of the Heathkit All-Channel. 
High Fidelity 21" Color TV! Why? A// color 
sets require minor periodic adjustments to 
maintain peak picture performance. The 
Heathkit GR -53A is the on /I set with a 
"built -in service center" that provides the 
facilities for perfect picture adjustments. 
Heath's simple -to- follow instructions & de- 
tailed color photos show you exactly what to 
look for and how to achieve it ... quickly, 
easily! You become the expert! Result'' Beau- 
tiful, true -to -life color pictures day in and 
day out ... and no costly color TV service 
calls for simple picture alignment! 
And since you service & maintain the set 
yourself, a costly service contract isn't re- 
quired! Heath warrants the picture tube for 
I year, all other parts for 90 days. 

No Trade -In Required! 
Keep your present set as a handy "second" 
set for the den, bedroom, children's room, etc. 

Quick & Easy To Assemble! 
No special skills or knosledge required. All 
critical assemblies are factors -built and test- 
ed. Simple step -by -step instructions take ) ou 
from parts to picture in just 25 hours! 

Convenient Time -Pay Plan! 
Only IO%,; down, and the rest in easy monthly 
installments. Get free catalog for full details. 

Finest Components, Most- Advanced Circuitry 
With the Heathkit GR -53A you're assured of 
the finest parts and most advanced color TV 

October, 1964 

circuits that mores can hay . at up to 
S2(I0 savings. You enjoy rock -steady pictures 
with no overlap or color fringing. 

But Don't Take Our Nord For It! 
See the special articles on the Heathkit GR- 
53A in the May issue of Popular Electronics, 
June issue of Radio -TV" Experimenter. Febru- 
ary issue of Popular Mechanics. April issue 
of Science & Mechanics, and the August issue 
of Radio -Electronics! 

Now Compare The Features nd The 
Price! 
In addition to the ones already mentioned, 
there's the high definition 70` 21" color tube 
with anti -glare bonded safety glass; 2 -i.00) 
volt regulated picture poser.. 27 tube, 8 diode 
circuit: deluxe Standard- Kollsma1 VHF 
tuner with push -to -tune fine tuning for indi- 
vidual channels and transistorized UHF 
tuner for all -channel (2 -83) reception; auto- 
matic color control and gated AGC for peak 
performance; line thernlistor for longer tube 
life; two hi -lì outputs plus tone control: trans- 
former operation; chassis & tube mounting 
on sturdy one -piece metal support for easy 
set -up and servicing; plus a low price of only 
5399. 

Use The Coupon & Order Yours Now! 
And be sure to check the appropriate box to 
get your Free 11CW 1965 Heathkit Catalog 
with complete descriptions & specifications 
of the GR -53A as well as over 250 easy -to- 
build kits! 

Kit GR -53A, chassis, tubes, mask, UHF & 
VHF tuners, mounting kit, and special 
6" .v 9' speaker, 127 l b s . $399.00 

CIRCLE NO. 187 ON READER SERVICE PAGE 

The Only Color TV You 
Can Install 3 Ways! 

1. In New Heathkit Deluxe Walnut Cabinet (Illust. 
above), model GRA -53 -7, 85 lbs . $115.00 

2. In Heathkit walnut- finished hardboard cabinet 
(Illust. below), model GRA -53 -6, 52 lbs.... $49.00 

3. In a wall, bookshelf, or custom cabinet! 

FREE! 1965 

Heathkit Catalog! 

HEATH COMPANY, Dept. 15 -10 -3 
Benton Harbor, Michigan 49023 

D Enclosed is $ , plus shipping. 

Please send Model(s) 

Please send FREE 1965 Heathkit Catalog. 

Name 

Address 

(Please Print) 

City State_ Zip 
CL-193 

Prices & specifications subject to change without notice., 
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DOES 

YOUR 
BUSINESS SLUMP 

v -oa v\i'j° Oae \m. ,< 
(01;1' 

. . 
AS TEMPERATURES SOAR? 

DIVERSIFY WITH 2 -WAY 

MOBILE -RADIO MAINTENANCE ! 

Hundreds of progressive radio servicemen are 
filling the summer slump in entertainment ra- 
dio-by adding mobile -radio maintenance! 
Actually, mobile -radio service is business 12 
months out of the year -often on contract basis 
-paid for by going organizations. So rise above 
competition -and end that summer slump - 
send coupon below for "How to Make Money in 
Mobile -Radio Maintenance ". It's free! 

THIS BOOKLET IS BASED UPON A CAREFUL 
SURVEY OF THE ACTUAL OPERATING PRAC 
TICES OF SUCCESSFUL MOBILERADIO EN- 
GINEERS. IT SHOWS TYPICAL CONTRACT 
PROVISIONS . . . MONTHLY FEES . . IN- 
STALLATION CHARGES . . . LABOR RATES 

Lampkin instruments are the most popular 
mobile -maintenance meters. 

MAIL COUPON TODAY » 
r 

LAMPKIN LABORATORIES, INC. 

BRADENTON, FLA. 

CIRCLE NO. 128 ON READER 

Get Your First Class Commercial 

F.C.C. LICENSE 
euirxcr! 

Career opportunities in communi- 
cations electronics are almost 
unlimited. Prepare now. Let 
Grantham train you - by corre- 
spondence, or by classroom and 
laboratory instruction. Get your 
first class commercial F.C.C. license 
in as little as 3 months, or at a 
slower pace if you prefer. Then, 
continue in more- advanced elec- 
tronics training if you wish. Di- 
ploma awarded. Our catalog gives 
full details. 

Learn how our training can pre- 
pare you for your F.C.C. license; 
write or telephone the School at any 
one of the teaching divisions listed 
below, and ask for "Catalog 46." 

Grantham School of Electronics 

1505 N. Western Av., Los Angeles, Cal. 90027 
(Phone: HO 9 -7878) 

408 Marion Street, Seattle, Wash. 98104 
(Phone: MA 2 -7227) 

3123 Gillham Road, Kansas City, Mo. 64109 
(Phone: JE 1 -6320) 

818 -18th St., NW, Washington, D.C. 20006 
(Phone: 298 -7460) 
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LAMPKIN 105 -8 
FREQUENCY METER 
RANGE 0.1 TO 175 MC ANO UP 
PRICE $260.00 NET 

piste with toIICIII TII and walnut hase and measures 
171/2" ,vide x 141/2" deep x JVI" high. including 
tone,u m. 

45 

CB- HAM -COMMUNICATIONS 

GENERAL- COVERAGE RECEIVER 
I l amnia rlund \l auula, l tiring Company is 

currently introducing a net- general- coverage 
receiver, the HO -66. 

The unit is aten-tube superhet with electrical 
banctspread tuning and direct dial calibration. 
Coverage is 540 kc. to 31) ntc. .1 tenlperature- 

LAMPKIN 205 -A 
FM MODULATION METER 
RANGE 25 TO 500 MC 

PRICE $270.00 NET 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send 

Free booklet Dota on Lampkin 
meters 
Nome 
Address 
City State 

SERVICE PAGE 

BUILD this new portable 

MOOS HI-F1 

Amplifier - 

Speaker 
NEW MOLDED ENCLOSURE! 

Enhances any decor. Rugged enough to meet 
critical field requirements. Lightweight ... only 
20 lbs. 

NEW OPTIONAL RE- CHARGEABLE BATTERY! 
Long -life 10 -volt re- chargeable battery mounted 
inside for economical, portable operation. A.C. 
supply and connectors for external 12 -volt 
battery provided as standard equipment. 

NEW TRANSISTOR CIRCUITRY! 
15 -watt solid state amplifier with two inde- 
pendent low noise inputs for true "transistor 
sound ". 

JAMES B. LANSING SPEAKER! 

Kit Model PMS -15 $129.95 less battery 
Kit Model PMS -15B $174.95 with battery 

rR. A. MOOG CO. 
DEPT. 1001, TRUMANSBURG, N.Y. 

Send farther information 

Send Kit(s) without battery @ $129.95 
Send Kit(s) with battery @ $174.95 

Enclosed is check money order. No C.O.D.s 
please. Prices F.O.B. Trumansburg, N.Y. 

NAME 

STREET 

CITY STATE ZIP 
L 

CIRCLE NO. 241 ON READER SERVICE PAGE 

cotnpens: ted high- Ilequcnc) oscillator provides 
excellent stability. 

An exclusive "auto -response" circuit permits a 

complete range of audio output -front the ,sharp 
response required in short -wave reception lo the 
broad response neress..iry for high- fidelity broad- 
cast reception. phis function is entirely auto- 
matic. 
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NEW FM TWO -WAY RADIO LINE 
General Electric Company has launched a 

new generation of tl' a Il. i. l n l-iLCtl FM two -way 
radio products which has been t'adenamed 
" >IASIR Progress Line." 

The line makes cytcnsive use of silicon tran- 
sistors. The series includes transistorized mobile 
units and nansistnized base stations for all 
major bands in the mobile radio spectrum. 11.11.f. 

frequencies as well as lot-- I,;nl,l, 111111 -band, and 
high -band v.ln.f. It includes 11.11.1. mobile units 
with r.f. power up to 60 watt.. In s.h.f. the 
mobiles are available up to lilt) watts. (lase sta- 
tions range up to 330 watts, depending on the 
frequency selected. 

Details on the complete line. with information 
on special features. will be supplied by the com- 

pany. 

MARINE ELECTRICAL GROUND 

41 
Heath Company is introducing a corrosion - 
proof marine electrical ground system that 

protides 13.8 square feet of grounding surface - 
which exceeds the 12 fool figure required by the 
FCC. 

The new system. Model MD -I4. is designed to 

be used on both single- and dual -engine craft 
with a minimum keel length of nine feet. The 
system consists of two heavy -gauge copper tubes, 
8 feet long and 11 /I" in diameter, which are 

strapped to each side of the boat's keel with 
brass mounting snips and bolts. Only seven holes 
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arc required for permanent mounting, with just 
one hole through the hull. 

Because of its design and location. the NID -14 
will not catch on rocks, logs, etc. or interfere 
with normal boat maintenance. Since the weight 
is distributed equally, it will not affect the bal- 
ance. steering, or maneuverability of any water 
craft. 

48 

"CONVERTIBLE" CB TRANSCEIVER 
E. F. Johnson Company has just introduced 
the "Messenger III," a multi -purpose CB 

transceiver which can he adapted for use in four 
different types of two -way radio applications. 

The all -transistor trait which measures less 
than 21/4" high, less than 61/4" wide, and 834" 
deep. can be converted for use as a mobile, under- 

dash unit. as a base station. as a self -contained 
p.a. amplifier, or as a full 5 -watt battery -powered 
portable pack set. Powered by rechargeable 
nickel -cadmium batteries. in portable use the 
unit is slid into a high -impact plastic carrying 
case, the battery and antenna connections are 
mated, and the unit is ready for field use As a 

portable the unit weighs 10 pounds and meas- 
ures 91/2" wide x 9s /a" high s 43/+" deep and is 
equipped with carrying handle and adjustable 
shoulder strap. 

The transceiver will cover any 11 channels in 
the 23- channel banal and permits the instant 
selection of any one channel by rotating the 
channel -selector switch on the front panel. The 
unit comes complete with crystals for one chan- 
nel and dynastic microphone with coiled cord. 
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MANUFACTURERS' LITERATURE 

WIRE 8. CABLE CATALOGUE 
Belden Nlaunufacturing Company has just re- 
leased a new electronic wire and cable cata- 

Iogue, No. 8íi4. 
Thirty -five new numbers are introduced in the 

publication including control cables. FEI' Teflon 
cables, paired cables. quads. and miniature pre- 
cision video cable.. 'Ihe rest of the first's line is 
also pictured and described in tite catalogue. 

CONDENSED GLOSSARY 
En International Resistance Company is offering 
LW a "Condensed Glossary of Electronics Termi- 
nology" as a service to the industry. 

The pocket -sized publication lists a total of 133 
terms. Words that in hn language mean other 
things are included, along with definitions of 
computer types and various solid -state and other 
devices. 

MICROCIRCUIT KIT DATA 

51 
Conning Class %%'orks' Electronic Products Di- 
vision has issued a four -page technical bulle- 

tin which describes a kit of microcircuits specifi- 
cally designed for evaluation testing. 

The kit allows a designer to determine the 
exact behavior of the company's thin -film tin 
oxide resistors under his particular conditions of 
use. Illustrations in the bulletin include photos 

October, 1964 

make it easy on yourself 
See the direct answer -on only the 
range -scale you want- automatically 

Sensitivity 20,000 ohms per volt DC; 5000 
ohms per volt AC. Accuracy ±3% DC; ± 5% 
AC; (full scale). DC Volts in 6 ranges 
0 -6000. AC Volts in 6 ranges 0-6000. AF 
(Output) in 4 ranges 0.300 volts. DC Cur- 
rent in 5 ranges 0 -10 amps. Resistance in 
4 ranges 0 -100 megohms. Supplemental 
ranges also provided on external overlay 
meter scales. Meter movement protected 
against extreme overload and burn -out. 
Polarity reversing switch. Automatic ohms - 
adjust control. Fuse -protected shunts. Mir- 
rored scale. Complete with 11/2-volt and 
9 -volt batteries, test leads, and easy -view- 
ing stand. Batteries freshly packed 
separately. 

No Reading Errors! 
No Multiplying! 

Just set the range switch, and only 
the scale you want in the exact range 
you want appears automatically. In- 
dividual full -size wide -view scale for 
each range -and only one range -scale 
is visible at any one time. Reading is 
clear, easy -and direct. Net, $5995 

DYNAMATIC 
375 VTVM 

It's automatic! See only the full scale you want 
and read the exact answer- directly. No multi- 
plying. Eliminates errors. Net, $8995 

See Your B &K 
Distributor 

or Write for 
Catalog 
AP21 -N 

BAK MANUFACTURING CO. 
DIVISION Of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Coro.. 50 Wrngold, Toronto 19, Ont. 
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 

CIRCLE NO. 121 ON READER SERVICE PAGE 

SilY YOU SAW IT IN 

E1ecironics World 

BARGAIN T V 
MINT/N? 

SERVICEMEN! 
Write for SENSATIONAL CATALOG 

HENSHAW RADIO SUPPLY 
3619 TROOST KANSAS CITY, MO. 

B. S. Degree in 36 months 
Small professionally- oriented college. Four -quarter 
year permits completion of B.S. Degree in three 
years. Sumner attendance optional, Engineering: 
Electrical (electronics or power option), Mechan- 
ical, Civil, Chemical, Aeronautical, Business Ad- 
ministration: General Business. Accounting, Motor Transport Administration. One -year Drafting - Design Certificate program. Graduate placement outstanding, Founded 1884. Rich heritage. Ex- cellent faculty. Small classes. 200 -acre campus. Well equipped labs. New library. Residence halls. Modest costs. Enter Jan., March, June, Sept. For Catalog and View Book, write Director of Admis- sions today. 

1 61 04 College Avenue Angola, Indiana 
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Blonder- 
Tongue 

UHF 
converters 

are 
performance- 

proved 
in 3 million 

homes 

Blonder- Tongue Labs. Inc. 
9 Ailing Street, Newark, N.J. 

CIRCLE NO. 162 ON READER SERVICE PAGE 

Tuner covers 26 -54 and 88 -174 MC 
in eight overlapping bands with 
good sensitivity. Ideal for use with 
amplifier or Hi -Fi to listen to Air- 
craft, CB, Fire, Police and other 
signals in the VHF bands. 

355A AM /FM TUNER $4995 

Order today or sema for free catalog on full line 
of converters ana receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

when it's time to think of college 
you should read this 
FREE CAREER BOOKLET 
about electronics at 

L 

MILWAUKEE ms -2zo L 

SCHOOL OF ENGINEERING 
Dept. EW -1064, 1025 N. Milwaukee Street 
Milwaukee, Wisconsin 53201 

Tell me about an engineering career through 
residence study in: 

Electrical fields Mechanical fields 

Name Age 

Address 

City, State 
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J 

and the schematic of the microcircuits in the kit. 
Vso shown are a general parameter listing as 

well as performance charts of typical thin -film 
resistors. 

CONTROL CATALOGUE 
5Centralab is offering an 8 -page catalogue cov- 
cuing its " Fastach II" control system. Listed 

are all controls and accessories necessary for the 
assembly of exact replacements for single, dual, 
triple, and quad single -shaft controls, dual con- 
centric controls, and units with switches. 

Approximately 98% of all exact-replacement 
control applications are covered by the items 
listed. 

53 

POWER OUTLET BOXES 
\Vaber Electronics Inc. has issued an eight - 
page brochure which lists its complete line of 

pre -wired master power control outlet boxes. All 
of the power outlet boxes described in the bro- 
chure arc rated at l;í amperes, 130 volts and cus- 
tom units are also available to meet specific re- 
quirements. 

More than 100 units are described and illus- 
trated in brochure #564. 

MICROWAVE DEVICES 

54 
h u 
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on all microwave devices produced by the firm's 
Microwave Device Division. 

The catalogue contains information on trav- 
eling wave tubes, backward wave oscillators, mi- 
crowave phototubes, gas lasers, klystrons, magne- 
trons, microwave diodes, rocket planar triodes, 
waterloads, and waveguide windows. 

A rapid referencing' system is used to enable a 

reader to locate any device readily. 

INDUSTRIAL EQUIPMENT LINE 
P. \1'. IlcIt, Inc. lets issued a short -form, 

5tá.1 -page catalogue covering ch:natteristics of 
its line of six gaussmeters, three special probes, 
six models of magnetic testing systems, a fall line 
of miniaturized hall effect devices, plus Hall ef- 
fect multipliers and wattmeter transducers. 

Complete technical details are supplied on the 
above product categories. 

MINIATURIZED PAGING SYSTEM 

5 6 
Round Iliti Associates has issued a pocket - 
size brochure describing its miniaturized ra- 

dio paging system for use in offices, stores, plants, 
schools, construction sites and other similar appli- 
cations. 

The four -page publication pictures and de- 
scribes the system in operation and lists advan- 
tages of the system. 

51 

PRECISION TRIMMERS /INDUCTORS 
LRC Electronics, Inc. has issued a new cata- 
logue illustrating a complete line of precision 

trimmer capacitors and inductors. Electrical and 
mechanical specifications along with dimensional 
diagrams of each unit are included in this 16-page 
publication. 

58 

SEMICONDUCTOR CATALOGUE 
General Electric Company has issued a 40- 

page catalogue which gives applications and 
characteristic ratings on the firm's line of muore 

than 1400 semiconductors. 
Highlights include new silicon economy tran- 

sistors, double heats ink diodes, silicon controlled 
switches and reference amplifiers, active, discrete 
functional devices, and a complete line of SCR's. 

Catalogue 640.10 includes information on inte- 
grated circuits and military specifications. 

DESIGNERS' DATA SHEETS 
SQ¡y \lotorola .Semiconductor Products Inc. has 

U announced the availability of several series 
of silicon switching transistors characterized for 
"worst- case" design conditions. 

1 he Designers' Data Sheet permits the design 
engineer to design circuits from information 
presented on the data sheet. In order to do this. 
the usual typical curves, which provide sonie 

guidance to the engineer, have been supple- 
mented by limit curves which are directas ap- 
plicable to "[worst -case" switching circuit design. 

New annular silicon devices which are charac- 
terized with designers' data include "n -p -n" types 
2A'5252, 2N3253 and "p -n -p.' types 2 \3241 and 
2N:1245-all high- current, high -speed switching 
devices; and "n -p -n" types 2N2369, 2\3227 : d 

"p -n -p" types 2N3248 and 2\3249 which are 
high- speed, low -current switching units. 

AUDIO CATALOGUES 

6 
Argos Products Company has issued two new 
catalogues: the first covers a line of high -fi- 

delity speaker systems while the second, available 
to dealers and distributors, covers sound -system 
equipment. This 12 -page catalogue gives com- 
prehensive information on portable, transistor 
battery -powered sound -column p.a. systems; music 
and voice -range sound columns; as well as baffles 
with speakers. 

TWO -WAY RADIO PRODUCTS 

ei 
Decibel Products, Inc. is now offering copies 

I of its catalogue cuvcring two -way radio prod- 
ucts. The listing includes omni- directional, bi- 
directional, and uni- directional antennas in 
frequency bands from 27 to -ISO mc. as well as 

duplexers, cavity filters, coaxial cable assemblies, 
and mounting hardware. 

The catalogue has been designated No. 12. 

CONNECTOR CAPABILITIES 

62 
ITT Cannon Electric Inc. has issued a 12- 

page brochure detailing its capabilities in the 
production of microminiature connectors. 

The publication illustrates the firm's standard 
microminiature connectors as well as many special 
configurations that incorporate the company's 
" \ljeropim" /"\licrusocket" combination. 

l'II/lTO CREDITS 
Page Credit 

34 (top left), 35 (top left) IBM 
34 (top right) Philco Corporation 
34 (bottom), 54 (top) RCA 
35 (top right) Rabinow Engineering 
36 Farrington Mfg. Co. 

42, 44, 46 Westinghouse Electric Corp. 
47, 48 Ampex Corporation 
51 Rosemount Engineering Co. 
54 (center) General Radiotelephone Co. 
54 (bottom) Cadre Industries Corp. 
58, 59 Official Photo, FAA 

Answers to Transients Quiz 

(Appearing on page 76) 

IA1 10 IFI 5 

111) 8 IGI 1 

ICI 6 (HI 4 

IDI 9 II) 7 

IEI 2 IJI 3 

Answer to Electronics 
Crosswords 

(Appearing on page 87) 
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ELECTRON ICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60C per word (including name and address). Minimum order $6.00. Payment 
must accompany copy except when ads are placed by accredited advertising agenc ies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 35C per word (including name and address). No Minimum! Payment must accompany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10C extra per word. All copy subject 
to publisher's approval. Closing Date: 5th of the 2nd preceding month (for example, March issue closes January 5th). Send order and remittance to: Martin Lincoln, 
ELECTRONICS WORLD, One Park Avenue, New York, New York 10016 

FOR SALE 

TRANSISTOR Ignition coils, components, kits. Advice 
Free. Anderson Engineering. Wrentham 5, Mass. 

JUST starting in TV service? Write for free 32 page 
catalog of service order books, invoices, job tickets, 
phone message books, statements and file systems. 
Oelrich Publications, 6556 W. Higgins Rd. Chicago, 
III. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Parabolic Reflectors, Picture Catalog 10C. 
Meshna, Nahant, Mass. 

TRANSISTORIZED Products importers catalog. $1.00. 
Intercontinental. CPO 1717, Tokyo, Japan. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service, Box 1151 E, Man- 
chester, Connecticut 06042. 

INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500 -J NW 7th Ave., Miami 50, Fla. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics. Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal, Canada. 

NEW transistor buried treasure, coin detectors. Kits, 
assembled models. $19.95 up. Free catalog. Relco, 
A -22, Box 10563, Houston 18, Texas. 

WEBBER Labs. Transistorized converter kit $5.00. Two 
models using car radio 30 -50Mc or 100- 200Mc, one 
Mc spread. Easily constructed. Webber, 40 Morris, 
Lynn, Mass. 

COPYRIGHTED theory gravitation caused by pushing 
radiation from stars. Important spaceage implica- 
tions. $1.00 refundable. Carnahan, 4407 Ave. H, 
Austin, Texas. 

RESISTORS precision carbon -deposit. Guaranteed 1% 
accuracy. 1/2 watt 80. 1 watt 12C 2 watt 15C. Rock 
Distributing Co., 902 Corwin Road, Rochester 10, N.Y. 

TRANSISTORS, SCR's, diodes, Nickel Cadmium batteries, 
meters, crystals, Components. Quality Guaranteed. 
Send 10 for catalog. Electronic Components Co., 
P.O. Box 2902, Baton Rouge, La. 70821. 

CONVERT any television to sensitive, big- screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Box 10563, Houston 18, Texas. 

COMPLETE KNIFE catalog 25C. Hunting, Pocket, Util- 
ity. Heartstone, Dept. ZD, Seneca Falls, New York. 

TV CAMERAS, transmitters, converters, etc. Lowest 
factory prices. Catalog 10e. Vanguard, 190-48 99th 
Ave., Hollis, N.Y. 11423. 

TAPE RECORDER & TELEVISION SALE. Latest models, 
$10.00 above cost. Arkay Sales, 22-02 Riverside Ave., 
Medford, Mass. 02155. 

DIAGRAMS, service material, Radio, Television, $1.00. 
Supreme Publications. 1760 Balsam, Highland Park, 
III. 60035. 

LIGHT control. Dim, bright. Plugs in lamps, outlets. 
Uses house bulbs. $1.90 + 10C. Walt. Weiler, Hunt- 
ingdon, Penna. 

HP 205AG audio generator 375 VTVM 256B Dumont 
scope LCR bridge meters ARC xmitters. WE regulated 
power supplies GE CFIAC recorder Weston 432 Watt- 
meter, sonar gear. Sell, trade, want hi -fi equipment. 
Harry Johnson, 200 Woodmont, Johnstown, Pennsyl- 
vania. 

RESISTORS, NEWEST TYPE METAL OXIDE FILM, 1/e, 1/4, 
1/2, 1 watt $.07 -$.12 each, 18-470,000 ohms RESISTOR 
KITS, COPPER CIRCUIT BOARD, CAPACITORS, BATTERY 
MOTORS, HIGH BARRIER, TERMINAL BLOCKS, etc. 
Write: FARNSWORTH ELECTRONIC COMPONENTS, 88 
Berkeley St., Rochester 7, New York. 
SALVAGE CIRCUIT BOARDS packed with dozens of tran- 
sistors, diodes, miniature transformers, capacitors, 
etc. Assortment "A" $5.00, "B" $4.00, "C" $3.00, all 
different, postpaid. ENGINEERING ASSOCIATES, 434 
Paterson Road, Dayton, Ohio 45419 
METERS -Surplus, new, used, panel and portable. Send 
for list. Hanchett, Box 1898, Riverside, California. 

- PRICE 
SILICON 

CONT. RECT. 

7 
PRV Amp 

70 .90 
140 1.30 
200 1.50 
250 1.90 

1 300 2.15 

TESTED 
25 

Amp 
1.90 
2.25 
2.40 
2.60 
2.85 
3.10 

- - - 

WAR - 
COMPANION 
RECTIFIERS 

11/2 2 25 
Amp Amp Amp - - 1.00 
.35 .40 1.20 
.40 .45 1.30 
.45 .50 2.00 
.50 .55 2.15 

- 
.60 .65 2.45 
.65 .72 - 
.75 .85 - 

1.00 1.10 - 
1.20 1.25 - 

350 2.40 
400 2.75 
450 3.10 
600 3.45 
600 4.85 
700 - SCRs 900 - 

1000 - 
VARIACS 

2 AMP.. 110V . . 7.50 
3 AMP.. 110V . . 8.95 
4 AMP.. 230V 15.94 

712 AMP..110V ..14.95 
10 AMP..110V ...18.95 
20 AMP..110V ...29.95 

METERS 
SQUARE 

11/2 
0 -1MA $2.95 ea. 
O.2MA 52.95 ea. 
0 -100 MV $2.95 ea. 
0 -500 MMA $2.95 ea. 
0 -300 MMA $3.95 ea. 

4.. 
AC Volts 0 -2: 3: 5. 10: 

15: 25: or 50.$2.75 ea. 
DC -MA 0 -250. 150 

or 100 $4.95 ea. 
DC Volts 300 $5.95 ea. 
AC MA 0 -150 $3.00 ea. 
DC Volts 0 -25. 
200. 300 or 500 $4.95 ea. 

3.. 
0.30 VDC $5.25 ea. 
0.5 MA DC. $3.05 ea. 

ROUND 

0 -200 VAC 54.49 ea. "5" meter 0.9 53.75 ea. 

0 -200 MA OC..54.25 ea. 
MMA ...54.95 ea. 

0 -100 MMA ...55.25 ea. 
O -1 MA ( Arbitrary 
Scale) $3.95 ea. 

3,. 

0 -150 VAC 3" 
Rd. .... 54.95 ea. 

0.1 MA (Arbitrary 
Scale) $3.95 ea. 

0 -150 VDC Weston 
(dual Scale) .$4.95 ea. 

0.150 VDC $4.75 ea. 
0.20 MA DC 53.95 ea. 
O -5A AC (marked 

0 -150i $3.75 ea. 
0 -75 VDC $3.95 ea. 

412" 
0 -50 VDC 14 scales basic 

0 -1 MARCI .54.50 ea. 

MONTHLY SPECIALS 
Solenoid Guardian No. 16AC 115 VAC -2 Ib. pull 

1.79 ea. 12 tor 20.00 
Spectrum Analyzer Vectron SA20 w/s Band Plug-In 
Model Ir 20 -S $225.00 Dumont r322 Scope dual beam DC or AC coupled excellent condition with manual $369.00 
SCR 70PRV7 Amps. tested $75,100 Switch DPST Rust proof 6Á125V new... 12 for 54.50 Germanium Diodes ........Computer type -58. /100 
Micro Switches V3 -1 SPOT 4/52.19 Micro Switches ISMI SPOT 4/1.75 
Transformer I50V PRI 3100 VCT -400 MA ..3.95 

ASSORTED RELAYS -QUANTITIES 
WRITE FOR PRICES. 

All Shipments FOB NYC 

ADVANCE ELECTRONICS 
79 Cortlandt St.. New York 7, N.V. RE 2 -0270 

NO. 152 ON READER SERViCE PAGE 
October, 1964 

M Q C Q , C D SINCE 1957 M C R O 

EVERY DEAL A FAIR DEAL 

GC 
0. 

-8 
N 
t.7 
-8 
GO 
Q 

C 
ca 

LARGE, SELECT STOCK! DEPENDABLE, FAST SERVICE! 

Every tube tested on our own laboratory for mutual conductan 
we guarantee FREE replacement for one year of any or 

all 
purchased ring 

c us 
conditions. 

Ph mpt 're runs on any det ntler any If Aerating 
Prompt refunds o any e merchandise. 

raitor tubes of r new, but may be electrically per- 
fect factory seconds or used tubes -each clearly so marked. 

042 
0Z4 
1A7GT 
103G7 
1H4G 
1HSGT 
1L4 
1L6 
1N5GT 
1OSGT 
1R5 
155 
174 
1114 
1115 
1V2 
1 %2 
2A3 
2ÁF4 
3005 
3BN6 
3BZ6 
3C06 
3CF6 
3C56 
3LF4 
324 
3V4 
3V4 
4807A 
4827 
5458 
5ÁT8 
5AV8 
5AW4 
50157 
5J6 
508 
5U4G 
5U8 
5V4G 
5V6GT 
5 %8 
503GT 
5Y4G 
647 
688 

6AB4 
6AC7 
6AF4 
6AG5 
6AG7 
6AH4GT 
6AH6 
60K5 
6AL5 
6AL7 
6AM8 
6AN8 
6505 
6AQ6 
GAQ7GT 
6AR5 
6555 
6AT6 
6508 
6AU4GT 
GM/SOT 
6AU6 
6AU8 
6AV5GT 
6AV6 
6AW8 
6A%4GT 
6A%SGT 
688 
6806 
66C5 
6BC8 
6006 
60E6 
66F5 
60E6 
6BG6G 
6BH6 
60J6 
6BK5 
66117 
6BL7GT 
6BN6 
6B06GT 
6007 
58Y5G 
6BZ6 

6027 
6C4 
6G5 
6C6 
6006 
6CD6G 
6CF6 
6CG7 

6K7 
6K8 
6L7 
6N7 
607 
654 

8GT 

6W6GT 
6 %4 
6 %5 
6 %8 
606G 
7A4 " XXL 
7A5 
746 

7F8 
7H7 
7N7 
707 
7%7 %%FM 
7Y4 
7Z4 
12A8 

$35 
PER 

for HUNDRED 
ASSTD 

ANY TUBE LISTED 
6CL6 
6CM6 
6CM7 
6CN7 
6C56 
6CÚ6 
60E6 
61306 
6F6 
646 
6J4 
6J5 
6J7 
6K6CT 

6567 
65E5 
65E7 
65.17 
65K7 
65L7GT 

65QjGT 
6557 
604 
678 
6118 
6V6 
6W4CT 

747 
7A8 
784 
705 
706 
707 
708 
7C4 
7C5 
7C6 
7C7 
7E6 
7E7 
7F7 

CRO 

12A05 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12AX4GT 
12AX7 
12027 
1204 
121346 
12BA7 
120E6 
1213E6 
12BH7 
12006 
12807 

12BY7 
12CAS 
12J5 
12K7 
I2L6 
1207 
12547 
12SG7 
125J7 
125K7 
125N700 
12507 
12V6GT 
12W6GT 
12x4 
12Z3 
1447 
1207 
1486 
1407 
19 
19AU4GT 
190G6G 
19J6 
1978 
24A 
25AV5 
251356 
250N6 
25L6GT 
sW4GT 

2525 
2526 
26 
3505 
3585 
35C5 
35L6GT 
35W4 
35Y4 
3525GT 
37 
39/44 
42 
43 
45 
50A5 
SOBS 
SOCS 
50L6GT 
50X6 

SPECIAL PURPOSE 
and INDUSTRIAL 

TUBES 

AT SPECIAL SAVINGS! 

Type 
872A 
884 
885 
954 
955 
957 
2050 

2051 

5643 

5654 

5686 

5687 

5703 

5725 

5726 

5751 

5763 

5814A 
5879 

5881 

6146 

6159 

6201 

6900 

Price 
$6.95 

.80 

.75 

.20 

.30 

.30 

.90 

.90 

.75 

.75 

1.50 

.75 

1.50 

.90 

.40 

.90 

.80 

.75 

.90 
1.95 

2.45 
2.75 

1.00 

1.95 

Type Price 
0A2 $ .60 
0A3 .70 
OA4 .75 
0B2 .45 

0B3 .65 
0C3 .50 
0D3 .40 
2021 .55 
2E20 1.95 
IX 150A 

New 18.011 

5R4OY 1.95 
614WA 1.15 

218 8.00 
304TL 35.00 
4168 18.95 

5129 .50 

7507 L 32.00 
807 1.00 
81IA New 3.95 
815 2.50 
8296 7.00 
832 3.00 
832A 5.50 
866A 2.95 

EXTRA SPECIALS: 
I, 2 volt VIB 890 
r. I volt New VIB $1.49 
50 salt 25K Sprague Re,istors ill, 

P.O. Box 55 Park Sta. WRITE DEPT. ®FOR OUR FREE 
ELECTRON TUBE CO. Paterson 3, N. J. ,COMPLETE LIST OF TUBES & 

SPECIAL PURPOSE TUBES 
Not Connected With Any I ALL TUBES SENT POSTAGE PAID. Please send 35c handling for orders under $5. Send 
Other Mail Order Tube Co 25% dep. on C.O.D. orders. Send approx. postage on Canadian and foreign orders. 
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1 It 'A IiT.4 -11. IKW fire a,lr;lst Transmitter $650. 

101tANU Nf:W ItU. ET -In Co l tini un Ica Ions Trans. 
1 

,inter _ 2'MC AM :ì5) \V $500. 

sI E:c1:11, Ts- 393 /GB Freq. Nitr 211 --1N0 Ml' 
.11112 , Ac'cy $195. 

11G. with co' mplete sets of spares SLOW 
I COLLINS 231G-211 5K\' Auto -Tune 'Cransmltter 

HP 6089 Sig. Gen. 10MC.- 400Mc, like new. S 595.00 
G.R. Unit Oscill's 1211B 5 to 50mc. New . 210.00 
HP 650AR Sig. Gen. 10cy to 10me. 

Excellent 300.00 
HP 475E Tuneable Blolmeter, New 99.00 
HP 212A Pulse Generator, Excellent 325.00 
HP 205 AG Audio Generator, Excellent 295.00 
TS 418 /U Sig. Gen. 400mc to IOOmc. Like 

new 495.00 
Measurements Corp. 31 Intermodulation 

Monitor, New 150.00 
Empire Devices Broadband X -tal mixer type 

CM- 1(171', 1120mc to 1700me. Excellent 90.00 
Waveguides 

HP X37DC. New, $30.00. HP 537OC, New 62.50 
Close -out 1111 ft of RG- 11A /U, PL -259 each 

end. New 3.50 
SPECIAL PRD 1100A 3db. Attenuator 22.50 
P111) 390 Adaptor, NEW 22.50 
PRD 13011 6db. Attenuator 25.00 
H. P. 455A Probe T. Connector 20.00 
AN /URM 14 Mike Simulator Q 
AN /UKH -1 100kc Dig Counter 290.00 
AN /URM 25 Sig. Gen 1OKc -SOMc. Q 
HP 683C 2 to 4 KMC Sweep Oscillator 1800.00 
TS-47A/APR Sig Generator 75.00 
TS -147/D x Band Test Set 675.00 
BC -1032B Panadaptor 5.25 me IF 125.00 
Ballentine 300 VTVM 99.00 
Hewlett Packard 430B Power Mtr. 120.00 
TS -917 Analyzer for TIP 175.00 
Dumont 324 Scopes 245.00 
SP -600 1X -540 KcS4mc /s 450.00 
Tektronix 514AD 375.00 
HP 400D VTVM 160.00 
HI' 525B 210.00 
HP 500E Freq Mtr. 150.00 
TS452 B/U Sig Gen. 5.100mc, FM Wave - 

meter 5 -100mc 225.00 
HP 200D Audio Gen. 95.00 
Bird 63A VHF Wattmeter 150.00 
GP 4154. SWI 130.00 

IWANTED: BUY OR TRADE: l'RC: Ali: :I 
API( !I; 11:-1, _, 13 /A1tN; Aft 11-5: T- :I.¡k; Ii -:Ip. 
11G-ti 1 IT n -:InA, etc. 

SPACE 4178 Park Ave. 

ELECTRONICS (212) c 9 -0300 
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"TAB ", SILICON 
'NEWEST 

Plv /Rms 
50/35 

- .05 
Piv /Rms 
400/280 

.20 
Piv /Rms 
800/560 

.48 
ALL TESTS 

150MA* 
TYPE! LOW 

Piv /Rms 
100/70 

.09 
.. Ply/Rills 

500/350 
.24 

Piv /Rms 
900/630 

.55 
AC & DC 

DIODES 
LEAKAGE 
Piv /Rms 
200/140 

X12 
Piv /Rms 
600/420 

.32 
- PIV /Rms 

1000/700 
.70 

& FWD 

Factory 
Otd.! 

Pie /Rms 
300/210 

.16 
Piv /Rm 
700/490 

.40 
Piv /Rms 

_ 
1100/770 

.75 
& LOAD! 

DMaC. . 
iPn 

o{we1r 
1 5S7p0 

y 
flu 

pcuyt 
s . 

3 
Cas&e1dG! 

5VpDeC 
c ia@ S1550 I 

SILICON 
DC 

AMPS 
3 

12 
18. 
35 

100 
_ 240 

D.C. 
AMPS 

3 
12 18 
35 

100 
240 

POWER 
50Piv 

35Rro5 
.12 
.40 
.25 
.85 

1.75 
4.50 

300Piv 
210Rms 

.40 
1.00 
1.00 
2.25 
3.75 

16.50 

DIODES 
100Piv 
70Rm5 

.18 

.60 

.45 
1.10 
2.15 
5.70 

400Piv 
280Rms 

.45 
1.25 
1.30 
2.50 
4.60 

24.50 

STUDS & 
15OPiv 

105Rm5 
.22 
.70 
.60 

1.40 
2.50 
6.90 

500Piv 
350Rm5 

.50 
1.40 

Query 
2.85 
5.65 

Query 

P.F.* 
200Piv 
14ORm5 

.30 

.85 

.85 
1.60 
3.10 
8.40 

600Pí 
420Rms 

.60 
1.55 
Query 
3.40 
8.00 
Query 

SU. Pressfit 18A unto 100 Piv 4 for $1 I 
Micro or MuSwltch CSD 35Amp /AC -DC 3 for SI 

"TAB" *SCR's *TRANSISTORS* DIODES!!! 
Full Leads Factory Tested & Gtd! U.S.A. Mfg. 
PNP SOWatt /1SAmp HiPower 7036 Pckg! 
2N441, 442. 277, 278, D5501 up to _''' 50 volts / VCBO $1.25 @ . 5 for $5 2N278. 443, 174 up to 80v $3 @ 2 for $5. 
PNP /I0Watt /3A- 2N155. 156.235.242.254. ! S I 

255, 256. 257. 301. 351: c35 0, 4 for $1 
PNP /signal up to 350MW 705. 625 @. 6 for Si 
NPN /Signal IF, RF, OSC. 705, OV5. 625 5. 6 for S1 
PNP 2N670/300MW C35 @, 4 for $1 
PNP 2N671 /1Watt C50 (ñ. 3 for $1 
Silicon PNP T05 & 7018. PCkg C25 @. 5 for $1 
T036, T03 Pckg Mica Mtg Kit 5 for $1 
Power Heat Sink Finned 80 Si, 51.25 @ 5 for S5 
3Amp /T03 /Pwr Transistors Untested! 10 for $1 
Stabistor Diodes up to one watt 5 for $1 
Silicon Diodes 35Amp Studs Untested 3 for $1 
Silicon Diodes epoxy /750Ma Untested ....25 for $1 

2N1088 4/$1. 1039 3/91. 1040 2/$1, 11141 $1 
2N538, 539, 540 /3 Amp 2 for S1 
Zener 50/60V Auto Ignition $1 
100V Auto Ignition Transistor $3 
Kit Zeners 4(10 Mw to IOW Asstd 3 for $1 

"SCR" SILICON CONTROLLED 
PRV 7A 16A 25A 

25 .50 .85 1.20 
50 .85 1.20 1.40 

100 1.35 1.80 2.20 
150 1.65 2.20 2.70 
200 1.85 2.50 3.00 

TERMS: 

F.O.B. "TAB" Our 

for 
Shown 

111 -WO, Liberty St., 
Send 25r Phone: REctor 

RECTIFIERS! 
PRV 7A 16A 25A 
250 2.40 2.75 3.20 
300 2.70 3.20 3.60 
400 3.25 3.60 4.25 
500 4.00 4.45 4.90 
600 4.50 5.15 5.65 

Money Back Guarantee! 
18th year. S2 Mln. order 

N.Y.C. Shpg choices 
C.O.D. %e Dep. Prices 
subject to change. 

N. Y. 6, N.Y. 
2 -6245 for Catalog 

CIRCLE NO. 225 ON READER SERVICE PAGE 
120 

TUBE and vibrator tester. Shell model 102, self- service, 
one knob control, 8 inch meter, 102 sockets. Tester 
panel only with chart. $14.95. Used, very good condi- 
tion.f.o.b. Indianapolis. John Kirby, 3606 Delmar Road, 
Indianapolis, Indiana 46220. 

PRINTED CIRCUIT BOARDS. High Quality, Fast Delivery, 
Free Catalog and Sample. Lehighton Electronics, Box 

281, Lehighton, Pa. 18235. 

$100.00 WEEKLY Spare Time selling Banshee TS -30 
Transistor Ignition Systems and Coils. Big Demand. 
Free money making Brochure. Slep Electronics, Draw- 
er, 178ZD -EW Ellenton, Fla. 33532. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog free. (Courses 
Bought). Lee Mountain, Pisgah, Alabama. 

ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 

Valparaiso, Indiana. 

HIGHLY -EFFECTIVE home study review for FCC com- 
mercial phone exams. Free Literature! Cook's School 
of Electronics, Box 10682, Pittsburgh, Pa. 15235 (Es- 
tablished 1945, Jackson, Miss.) 

REI First Class Radio Telephone License in (5) weeks 
Guaranteed. Tuition $295.00, Job placement free. 
Radio Engineering Institute, 1336 Main Street, Sara- 
sota, Florida. 

DRAFTING, Blueprint reading, schematics. Send $2.00 
first lesson. Complete home course $25.00. Prior Inc., 
23 -09 169 St., Whitestone 57, N. Y. 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. Stereo -Parti, 1616 -E. W. Ter- 
race Way, Santa Rosa, California. 

SAVE 30 -60% Stereo music on tape. Free bargain cat- 
alog /blank tape /recorders /Norelco speakers. Saxitone, 
1776 Columbia Road, Washington, D.C. 

RENT 4 -TRACK STEREO TAPES -When you narrow it 
down it has to be TRIMOR- Goodbye to partial satis- 
faction- Service and Dependability our keynote -ALL 
LABELS and TITLES -No Deposit- Postpaid both ways. 
Write for FREE BROCHURE and TAPE CATALOG. TRIMOR 

Company, Dept. TR, P.O. Box 748, Flushing, New York 
11352. 

TAPEMATES MAKES AVAILABLE TO YOU -ALL 4 -TRACK 

STEREO TAPES -ALL LABELS -POSTPAID TO YOUR DOOR 

-AT 40% COMBINED SAVINGS. FOR FREE BROCHURE 
WRITE TAPEMATES CLUB, 5280 -E W. PICO BLVD., LOS 

ANGELES, CALIF. 90019. 

WINDSOR Tape Club members HEAR BEFORE THEY BUY. 

Free "samplers" of new releases. Save on tape pur - 
chases. -All major labels. Free brochure. Windsor Tape 
Club, Dept. E, Windsor, Calif. 

BEFORE renting Stereo Tapes try us. Postpaid both 
ways -no deposit -immediate delivery. Quality -De- 
pendability - Service - Satisfaction - prevail here. If 
you've been dissatisfied in the past, your initial order 
will prove this is no idle boast. Free Catalog. Gold 
Coast Tape Library, Box 2262, Palm Village Station, 
Hialeah, Fla. 33012. 

SOUND effects. Montages portray harbor -foghorn, 
street scenes, camping, many others. Stereo tape, 
$5.00. Specify tracks. Sountage, Box 176, Levittown, 
New York 11756. 

SCOTCH recording tape at big discounts. Brookline 
Electronics, 2831 West 23rd St., Brooklyn, New York 

11224 

MYLAR, Sarkes Tarzian Galaxie 1800'/1.69. Free com- 

ponents, tape catalog. Pofe, 1716 -E Northfield, 
Muncie, Indiana. 

PLANS AND KITS 

BUILD your own inexpensive microfilm system. Plans 
$2.00. Microfilm, Box 23, Oakcreek, Wisc. 53154. 

RECORDS 

DISCOUNT Records, All Labels -Free Details. Write 
Cliff House, Box 42E, Utica, N.Y. 

potty 
HANDY 

SPOTLIGHT 
FOR AUTOS 
TRUCKS and 

BOATS 

Universal Plug 
Fits both 6 volt and 

12 volt cigarette 
lighter sockets - 
bulb interchangeable 

MOTOR REPAIRS 

ROAD LIGHT 

SIGNAL LIGHT 

SPOT LIGHT 

ONLY 

50 
Spotty throws a wide, 
medium and direct beam. 
Back of light has red glow. 

Cord reel is built in to 
store cord when not in use. 

Universal plug fits snugly 
into handle when not in use. 

Adjustable stand for setting 
up on highway. 

Spotty is always ready to 
use ... no batteries to 
run down or wear out ... 
just plug into cigarette 
lighter. 
Comes complete with wire 
to reach all parts of car. 

Consumes minimum current. 

CONSUMER SERVICE COMPANY 
160 Mercer St., New York, N. Y. 10012 

Enclosed is $ ........................... for Spottys 
at $3.50 ea. plus 25 cents ea for postage and 
handling. (N. Y. C. residents please add 4% sales 
tax.) Foreign orders $1.00 additional. 

............................ 
PLEASE PRINT) 

Address 

City. . State. _ Zip Code 

Sorry-No charges or C.O.D. orders. EW -104 

ELECTRONICS WORLD 
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SCR -625 MINE DETECTOR 
Complete portable outfit in erigi -$3250 
nal packing, with all accessories L 
Brand New 

VICTOREEN RADIATION DETECTOR 

$225 Model 506 BRAND NEW. actual value 
$49.50 SPECIAL, WHILE THEY LAST 

LM FREQUENCY METER 
,'star calibrated modulated. Heterodyne, 125 KC 

,n 20,0011 lie. with Calibration book. í79.5D 
mplete, like new 'P 

LM Frequency Meter a above, c mpletely checked 

Ironwith 
tubes and er tai, Ie'. cal!brn- $34.50 hook, Exc. Used, clean 

BC -221 FREQUENCY METER 
Equipped With original calibration charts. 125 Kc to 
20.000 Kc with crystal Check points in all ranges. 
Excel. Used with original Calibration Book. Crystal, 
and all tables. CHECKED OUT! 
Unmodulated $89.50 Modulated .... P.U.R. 

BC -221 1000 Kc Crystal Brand New... , $8.95 
BC221 FREQ. METER CASE. aluminum. with toll, t,. -IIpply. Shock moo01e1. BiR\ \1, \1' \V - -$2.95 

BC -906 FREQ. METER -SPECIAL 
Cavity tyre,' 1 -15 to 2:13 A10. li1,.with iile,ina. 
Manual and o' I, al calil,rmio cf.', in- $13.88 eluded. BRAND NEW. OUR LOW PRICE. 

Determine 
or plane. 
tubes and 

INDICATOR 
APN -4, complete 

LORAN APN -4 
)NI FINE QUALITY 

NAVIGATIONAL EQUIPMENT 
exact geographic position of your boat 

Indicator and receiver complete with all 
crystal. 

ID -6B /APN -4, and RECEIVER R -9B/ 
with tubes. Exc. Used. $69.50 

NEW! APN -4A Receiver- Indicator as above, changed 
to operate same as APN4 -B for improved perform- 
ance NEW $88.50 
Shock Mount for above $2.95 

INVERTER POWER SUPPLY for above APN -4. INPUT: 
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like 
New $22.50 
12 -Volt Inverter Power Supply for above APN -4. 
like \,.. l'.U.I:. 
We carry a complete line of replacement parts and 
accessories for above. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Used in ships and aircraft. Deter - 
mines position by radio signals from C 
known xmitters. Accurate to within 
1% of distance. Complete with 
tubes and crystal. IN LIKE NEW Con- 

dition $79.50 

Used, with all parts, less tubes, crystal $29,50 
and visor Special 

INVERTER POWER SUPPLY for above APN -9. INPUT: 

24 V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50 

12 -V. Power Supply for APN -9, like New P.U.R. 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 
We carry a complete line of replacement parts and 
accessories for above. 

APN 3 SCOPE -12 -INCH 
Has vertical and horizontal sweep 
uith focus and ) tensity Controls, 
coaxial antenna Changeover motor. 
Complete with 11 tubes and 3JP1 
CR Tube. For 115 V. 400 cycle AC 
and 24 V DC. Clrcu It dram $14.955 
gram included. LIKE NEW. 

_, 

tt T5100AP 'SCOPE, eve- se 1. li1,e n, $42.50 till, :II tube., \iv.tal.s and t R tube 
..\. abate, 1111:1 \11 NEW $69.50 

BC -929 3 -Inch Scope, with all tubes, 
BRAND NEW $14.95 
Conversion instructions, with diagram, for 100 V 

AC operation s 65 

TS- 16 APN TEST SET 
For aligning and calibration o 
radio altimeters. May be used ; 

check calibration of count or c,t 
molts and modulator sweep Ire., 
and bandwidth of Iran +nutter. 
111din- oscillator range: 340 to 
72 rtes. 24 V . DC input. 

;,,weir with fuse.. , ecting calm u,,,ou ,Omn.ue BRAND NEW 

U O 
i9 

'Cf -ii'0 

-. $19.95 

EE -8 FIELD PHONES 
Checked out, perfect working or- 
der. Complete with all parts. Excel- 
lent ÿÿ LIKECNEW! Each $14.50 

e 

TG -34A CODE KEYER 

1 

O9m qa)r 
j 
f1 ;,) 

Self- contained automatic unit, 
reproduces Code practice signals 
recorded on paper tape. By use 
of built -in speaker, provides 
more persons at 

signals 
sp eds 

one 
from 

5 to 25 WPM. IIW I! 

. Tested 4 . j . Sot of 15 Reels Army i olio 
Practice Lessons, BRAND \I \\, 
original peeking P.U.R. 

October, 1964 

IMPORTERS - EXPORTERS 

of ELECTRONIC EQUIPMENT 

We specialize in the export 
of military surplus electronic 
equipment: 

All at LOWEST PREVAILING PRICES. 
In addition to items shown on this page, 
we have in stock or can obtain for export 
and domestic customers, military electronic 
equipment made for World War II, Korean 
War, and later. We maintain one of the 
largest stocks of Government Electronic 
Surplus Equipment in America! 
IF YOU DON'T SEE WHAT YOU WANT 
HERE, WRITE US YOUR NEEDS. WE'LL 
QUOTE ON ANY GOV'T SURPLUS EQUIP- 
MENT YOU SEE ADVERTISED ANYWHERE. 
Write or call today for our low LOW 
PRICE, and SPEEDY DELIVERY FROM 
STOCK! 

All packing and shipping is made directly 
from our own warehouse in NYC to give 
you substantial savings in handling costs! 

WE BUY FOR CASH 
our surplus Military Electronic Equipment your 

AN /ARN -7 RECEIVER 
Frequency range 100 Kc to 1750 KC in 4 bands. Air- 
craft navigational instrument comprising superhet 
receiver and additional circuits- Complete $29.50 with tubes, exe- cond. J 

Accessories for above, available. 

AN /APR -4Y FM & AM RADIO RECEIVER 
High precision lab instrument. suitable for 
monitoring and measuring frequency and relative 
signal strength of signals from 38 to 4000 Mc., 
in 5 tuning unit ranges. For 110 V 60 cycle AC 
operation, built -in power supply. 79.50 
LIKE NEW, SPECIAL $ 
TN -I6, TN -17, TN -I8. TN -19 d TE -54 
Tuning Units for above in stock.. P.U,R. 

SCR -522 2 -METER TRANSMITTER -RECEIVER 
Terrilic buy! VHF 'Cransmitter- lteceiver, 100 -1 .mill Mr. 
-1 channels. Slat- controlled. Amplitude nodule: t! 
oice. Complete with all 18 tubes, top r rack ,: ' 

xetal a- LIKE NENI P.U.R. PECIALLY PRICED 
SCR522 as above, exe. Used $32.50 

AN/ART -13 100 -WATT XMTR' 
11 CHANNELS 
200.1500 Kc 
2 to 18.1 Mc 1 "I :,:- : "4- °'--- .. 
79Exc. Ill,' 

VSED 60 
complete with Tubes "" t 

Famous Collins -4utotune Aircraft Transmitter. :151 
t'\V, MCW. Quick change to any of ten preset eh:: 
n.ls or manual tuning. Speech amplifier'clipper uses. 

:irbpn nr magnetic mike. Highly stable. itignly ac- 
t.e VF1I. Built 

í' 
Xtal controlled controlled caliltr :0or, 

t'PSI is modulate 813In final up to 90% class "B." \ heal "HOT" Ham buy at our low price! 
AN /ART -13 XMTR, as above. In LIKE NEW $89.50 condition. with all tubes and Crystal 

0.16 Low Freq. 05e. Coil for ART -13 7,95 
24V Dynamotor for ART -13 11.95 

We carry a Complete line of spare parts for above. 

DY'A'OTiR VAL E : xce ent BRAND 
Type Input Output Used NEW 
DM -32A 28V 1.IA 250V .05A 2.45 4.45 
DM -33A 28V SA 575V .16A 

28V 7A 540V .25A 4.45 7.50 
DM -34D 12V 2A 220V .080A 4.15 5.50 
DM -35 12V 625V .225A - 19.50 
DM -36 28V 1.4A 220V .080A 1.95 2.95 
DM -42 28V 23A 515/1030/2/8 

MA 215/260 - 12.50 
DM -43 28V 23A 925V .220A 

460V .185A - 7.95 
DM -53A 28V 1.4A 220V .080A 3.75 5.45 
PE -73C 28V 20A 1000V .350A 8.95 14.95 
PE -86 28V 1.25A 250V .050A 2.75 3.85 
DM -37 DYNAMOTOR. Input 75 5 V DC P 9.2_ A. 11t- 
bm rl_. -e V Te- n __5 Mn. TtR1 \It NF1V. F_neh $3.25 

SCHEMATIC DIAGRAMS r o onth spage. ot each 65g 
Please include 25% Deposit with order -Balance 
C.O.D -, or Remittance in Full. 50e Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
Warehouse, N.Y.C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

77 Leonard St. New York 13, N. Y. 
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FAMOUS BC -645 TRANSCEIVER 
15 Tubes 435 to 500 MC 
Can he modified for 2 -tt'ay fial'f r 
communication. 'oi,-e or aai ï tÌ 
code, on ham band .l_ii -430 -.11' .- 
me. citiz ns adio 460.470 '''' - ' 

fixed and ntnnile 150 %'í 
480 mc, television experi- I 

mental 470 -300 mc, 13 -) t-. 
tubes (tubes alone worth 
more than sale price:): 4- 
7F7, 4 -7117. 2 -7E6. o 

BRAND 6F6, 2 -953 and 1 -R-E- 
316A- Now covers 460 to NEW 
490 inc. Brand new BC -645 with tubes, less pourer 
supply in factory carton. 

I Shipping weight 25 lbs. SPECIAL! $19.50 
PE -101C Dynamotor. 12'24V input $7,95 
UHF Antenna Assembly 2.45 
Complete Set of 10 Plugs 5.50 Control Box 2.25 

SPECIAL "PACKAGE" OFFER: 
BC -643 Transceiver. It, namotor and all a cr:` r' ' above. (OMPLETE. BR\ \D NEV, 
While Stocks Last $29 O 

BC -344 RECEIVER. 150 -1500 Kc., 
continuous tuning. 4 -band, for 115 V 
60 Cycle AC. Excellent used. perfect $19.50 
working order. complete with tubes. 
BC -342 RECEIVER. 1.5 to 18 Mc. AC 
Only. Like New. complete with all $79.550 
tubes 
BC -348 SUPERHET RECEIVER 200 to 500 Kc 
and 1.5 to 1800 Mc. Voice Tone. CW. Self -con- 
tamed dynamotor for 24 V DC. Exec. Used. 
Checked out 589.50 
AC Power Supply $14.50 

BC -683 FM RECEIVER, 27 to 38.9 Mc , Com- 
plete With all tubes. exc. used. Checked 
out. in working order $49.50 
BC -603 FM RECEIVER. 35.50 Mc. Complete t'ith all 
tube., checked tut. Like New $49.50 Original Tech. \lanual for above. S 3.15 
AC Power Supply for above, wired $12.95 
12 -Volt Mobile Dynamotor 
Power Supply. NEW $ 5.50 

BC1206 -C BEACON RECEIVER 
195 to 420 Kc. made by 

24 -28 volts DC. 135 Kc. IF. 0 $ 

Setchel - Carlson. Works on 

Complete with 5 tubes. Size 

bs XLIKE NEW t .4 $ 1 0.95 
USED. 1, -. tones $4.95 

234 -258 MC RECEIVER AN /ARR -2 
BRAND NE\V I1 -tube UHF Tunable ReceiverQ t-jith 
erhenlat i-. t)nly a few .t this low price! 

$0.178 
t 

011,1, , t, ilh tunes. Es.'. ,, t,l $5.95... 

ARB CRV 46151 NAVY AIRCRAFT RADIO RECEIVER 
ILIO to 9030 KC in 4 hands: 190 -550. :3D- Inoi,. 
3 -6 \Ie. 6 -9.030 Mc. 6 -tube super with lo,'al I 

r 
w 

tote tuning. band change. Complete $39.50 ith tubes and dynamotor. like new 
.As Above, brand new- $59.50 
power Simply. 110 V AC wired 5 8.95 

ARC -3 RECEIVER! 
Complete with All tubes Exc. Used $21.50 

Like NEW $33.50 
Crystal -controlled 17 -tube supernet. tunes from 100 
to 156 MC.. AM.. on any 8 preselected Channels. 
28 -volt DC powe input. Tubes: 1.9002, 6.6AK5. 
í125H7, 3.12507, 1.9001, 1.12H6. 2.125N7. 
1- 125L7. 1.12A6. 
110 V A.C. Power Supply Kit for above 15.00 
Factory Wired and Tested 19.95 

ARC -3 TRANSMITTER 
Companion unit for above tunes 100 to 156 MC On 
any 8 pre -selected channels. 9 tubes. crystal con- 
trolled, provides tone and voice modulation. 28V 
DC Power input. Complete with all $1895 Tubes: 3-6V6. 2.832A. 1-125147, í.6J5. a 
2 -6L6. Exc. Used .. Only 
Like new co dition . . ....$28.50 
ARC -3 PUSHBUTTON CONTROL BOX 55.95 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like 
Type Description Used NEW 

BC -453 Receiver 190 -550 KC $14.95 $18.95 
BC -454 Receiver 3.6 MC 15.95 19.50 
BC -455 Receiver 6 -9 MC 13.95 19.50 
BC946 Receiver 550 -1500 Kc Complete with all 
tubes, Brand Ness. in iginal packing $44.95 
1.5 to 3 MC. Receiver Brand New $19.95 

110 Volt AC Power Supply Kit for all 274 -N and 
ARC.5 Iteceiver.. ('omplete tt'ith metal 1 95 

instructions V U 
8 

Factory wired, tested, ready to operate .512.50 
SPLINED TUNING KNOB for 374 -N nd Alt(- -5 
It F:('T'IVER,. Fits BC -453. BC -454 ands 490 I,,- only 

_' 1 to :1 \I Transmitter. Brand New $12.95 
l4 

all tub 
Is and crystal, 

BRAND NEW 
plete $10.75 

Like New- ..... ....................$7.95 
BC -438 TRANSMITTER -5.3 to 7 íic. Complete with 
l) r 11 tubes and r ystal. $12.95 13R:1ND NEW 
I .rite -.. .. , .... .57.95 
AC 696 TRANSMITTER k-4 Complete with 11,95 Tubes R C tai New 
ßC -4 1. 31 d I ..UAED 3.45 NEW 5.95 

A I.I. .4Cí I :. ,RII.S.VV : \TL.4RI.F. FOR 4ß0\'E 

MICROPHONES Checked Out, Perfect 
T -17 i'arhnn Hand \like, 
Fixe. Used 54.45 ............ . ...Brand New $7.95 
R5.38 Navy r, -pe Carbon Hand Mike. 
Ene. Used 53.95 Like New $5.75 
HEADPHONES Checked Out, Perfect 
Model Description EXC. BRAND 

USED NEW 
HS -23. High Impedance $2.79.. 54.95 
HS33 -low Impedance 3.15.. 5.45 
115- 30.... Low Imp. I featherwt.) .90.. 1.65 
H -16 U.. . High Imp. 12 units) .. 3.75.. 7.95 
TELEPHONICS -600 ohm Low Impedance HEAD- 
SETS. BRAND NEW. PER PAIR $3.95 
CD -307A Cords. with PL55 plug and JK26 Jack .99 
Earnhnne Cushions for above -pair .50 
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QUANTITY TUBE BUYERS 

WHY PAY MORE? 
Rad -Tel's Quality BRAND NEW 

TUBES 1 
UP 

FREE 
Your Choice 

1B3-1G3 

1K3 -1J3 
with the 

purchase of 
every 

10 TUBES 

*Mfrs. Sug. list price 

1 year GUARANTEE 
Tubes branded - boxed 

Rad -Tel 

SEND FOR 

TUBE CIRCULAR 

WITH 600 TYPES 

TERMS: 25% deposit on all 

orders, balance COO. Orders 

under $5 add $1 handling 

charge plus postage. Orders 

over E5 plus postage. 

Type Price Type Price Type Price 

0Z4 .79 68E6 .55 12AT7 .76 

1B3 .79 6666 1.70 12407 .61 

145 .77 6806 1.12 12AV6 41 

1X2 .82 6807 1.00 120X4 67 

3CB6 .56 6CB6 55 I2Ax7 .63 

3V4 .63 6CG7 .61 12806 .50 

5U4 .60 6556 1.10 128E6 53 

568 .84 616 .71 12897 .77 

513 .46 666 .63 12816 .56 

6AF4 1.01 6S4 .52 12817 .77 

6ÁL5 47 6SN7 65 258061.17 

6ÁM8 .78 618 .85 2516 57 

60.05 .53 6118 .83 35C5 51 

6994 .85 6V6 .54 35W4 42 

6AU6 .52 6W4 .61 35Z5 60 

69V6 .41 6x8 .80 5005 53 

6901 66 7AÚ7 65 5016 61 

RAD -TEL TUBE COMPANY 
I Dept. EW 55 CHAMBERS ST., NEWARK, N. J. 07105 

CIRCLE NO. 207 ON READER SERVICE PAGE 

HIGH FIDELITY 

LOW, LOW quotes: all components and recorders. Hi -Fi, 

Roslyn 9, Penna. 

HI -FI Components, Tape Recorders, at guaranteed 
We Will Not Be Undersold" prices. 15 -day money -back 

guarantee. Two -year warranty. No Catalog. Quotations 
Free. Hi- Fidelity Center, 1797 (L) 1st Avenue, N.Y., 

N.Y. 10028 

HI -FI components, tape recorders, sleep learn equip- 
ment, tapes. Unusual Values. Free Catalog. Dressner, 
1523 Jericho Turnpike, New Hyde Park 10, N.Y. 

FREE! Send for money saving stereo catalog #E1OW 

and lowest quotations on your individual component, 
tape recorder or system requirements. Electronic 
Values, Inc. 200 West 20th Street, N.Y., N.Y. 10011. 

FREE -$1.00 Value "Miracle" Record cleaning cloth 
with every quotation on HIFI EQUIPMENT. Our "ROCK 
BOTTOM" prices on NAME BRAND amplifiers- tuners- 
taperecorders- speakers- FRANCHISED -59 YEARS IN 

BUSINESS. Write for this month's specials -NOW! 
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St., 
New York, New York 10019. 

REPAIRS AND SERVICES 

TV Tuners Rebuilt and Aligned per manufacturers spe- 

cification. Only $9.50. Any Make UHF or VHF. We ship 
COD Ninety day written guarantee. Ship complete with 
tubes or write for free mailing kit and dealer brochure. 
JW Electronics. Box 51B. Bloomington, Indiana. 

RCA Test Equipment, Authorized Repair & Calibration 
Center, Nationwide. Edwin Bohr /Electronics, Box 4457, 
Chattanooga, Tennessee 37415. 

TELEVISION Tuners -Rebuilt, Air Tested $9.00 Plus 
Shipping. Guaranteed. Texas Tuners, Box 222, Robert 
Lee, Texas 76945. 

MAGAZINES 

FOR sale; 168 Radio Electronics Magazines from Janu- 
ary 1949 to December 1963, all for $45.00; A. Lago, 92 

Andrew Street, Bayonne, N.J. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning 
terms, frequency discounts, closing dates, etc. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Insert 

Words j `@` 
35 Reader Rate 

NAME 

ADDRESS 

CITY _ 

@ .60 Commercial Rate 
time(s) Total Enclosed $ 

ZONE STATE 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does 
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols 
such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -1064 

GREGORY ELECTRONICS 

Reconditioned FM 

2 -Way Radio Savings 
THIS IS A PARTIAL LIST - 

WRITE FOR NEW FALL '64 
E- X- P- A- N -D -E -D CATALOG 

LINK 2210 
150.170mc 

Wide band transceiver. Complete With all acces- 
sories. less crystals and antenna. 12 volt $39 
Add $15 for crystals and tuning of the receiver 
only. Makes an ideal monitor receiver. Same unit 
without accessories. 12 volt $25 

MOTOROLA 450 -470mc 
T44A1, 12 volts. complete with all accessories 
less crystals and antenna $98 
Same unit less accessories $68 
T44A6, 6/12 volts. complete with all accessor- 
ies, less crystals and antenna $108 
Same unit less accessories $78 
T44A6A, 6/12 volts, complete with all acces- 
sories, less crystals and antenna $128 
Same unit less accessories $98 

r °i 30 -50mc 

MOBILES 
GE 2 -Piece Unit -6 volt or 12 volt 

4ER6 -4ET5 30w 30 -40mc 40 -50mc $ 88 
4ER6 -4ET6 60w 30 -40mc 40 -50mc $108 
Complete with all accessories except antenna 
and crystals. 
Equipment can be crystalled and tuned to any 
frequency in the 30 -50mc band. 
GE 2 -Piece Unit -6 volt or 12 volt 
4ER6 -4ET5 30w 30 -50mc $168 
4ER6 -4ET6 60w 30- 50mc.. ...... $188 
Complete with all accessories including antenna 
and crystals. Fully narrow banded I Tx & Rx : 

and tuned to your frequency with in the 30- 
50mc range. 

We Buy Late Model Equipment for Cash 
-Write; Wire or Phone! 

ELECTROnICS..... 

GREGORY 
ELECTRONICS 
CORPORATION 

249 Rt. 46 Phone 773 -7550 
Saddle Brook, N.J. Area Code 201 

CIRCLE NO. 185 ON READER SERVICE PAGE 

PHOTOGRAPHS 

PHOTOGRAPHS and Transparencies wanted -To $500.00 
each. Valuable information -Free, Write Intraphoto- 
EW, Box 74607, Hollywood 90004. 

AIRCRAFT RADIO 

WANTED Aircraft Radio Sets -Collins: 51R3- 51X -51Y 
-51V -51Z, Bendix: T -21; R21; DFA -70; RA -18C; MK-7; 
GSA -1, Test Sets: ARC- Boonton -Collins -Hewlett- 
Packard. Highest prices paid. J. Lee, Box 105, New 
Haven, Conn 

PRINTING 

1000 BUSINESS Cards $3.90. Samples. MTL Printing, 
Box 947, Chicago 90. 
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sAFCo AUTO : 

shIighhl 
Always Ready for 
Instant Use 

111111111111111 

For 6 or 12 volt 
use. Bulbs are 
interchangeable. 

LIFETIME 
NO BATTERIES 
TO BURN OUT OR 
RECHARGE EVER 

WARNING LIGHT 

WORK LIGHT 

FLASHLIGHT 

ONLY 

$298 

THE ONLY 
FLASHLIGHT 
DESIGNED 
EXCLUSIVELY = 

FOR THE 
AUTOMOBILE E 

Plugs into cigarette 
lighter socket. 

Powerful beam - 
more light than a 
5 -cell flashlight 

Body glows red 
for safety. 

Heavy duty 
permanent 
magnet. 

10 ft. cord reaches 
all parts of car. 

TRUNK LIGHT 

-11111111111111 c.OUPON 1 1 C 

e. 

TO ORDER - 
CONSUMER SERVICE COMPANY - 160 Mercer St., New York, N. Y. 10012 

Enclosed is $ for Auto Flashlight - at $2.98 ea. plus 25c ea. for postage and handling. - (N. Y. C. residents please add 40/0 sales tax.) 
Foreign orders $1.00 additional. 

- 
Address........................._......_................................ ............................_.. - - 
City _..._ State Zip Code __...._..... 

Sorry-No charges or C.O.D. orders. EW -104 - 

111111d11111111111111111111111111- 

October, 1964 

TUBES 

TUBES -TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual- 
ity. Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5 -7000, Barry Electronics, 512 Broad- 
way, New York N.Y. 10012. 

Send for & TV Tubes 33ç each. Se d or fre e list. 
Cornell, 4215 -W University. San Diego, Calif. 92105. 

BRAND New Tubes, World's lowest prices on Radio, 
TV- industrial- special purpose tubes. Write for free 
parts catalog. United Radio, Newark, N.J. 

BEFORE you buy receiving tubes, test equipment, Hi -fi 
components, kits. parts, etc.... send for your giant 
free Zalytron current catalog, featuring Standard brand 
tubes; RCA, GE, etc. -all brand new premium quality 
individually boxed. One year guarantee -all at biggest 
discounts in America! We serve professional service- 
men. (lobbyists, experimenters. engineers. technicians. 
Why pay more? Zalytron Tube Corp., 469 -W Jericho 
Turnpike, Mineola, N. Y. 

7" TV test tube -$6.99. Tubes -6146 -$2,95; 6211 
(12AU7 equiv.) 390, 3 for $1.00. Germanium diodes. 
tested, equiv. 1N34. 1N60 etc., 30 for $1.00. Tophat 
silicon rectifiers, 750 MA -1000 piv 750. Transistors, 
tubes, resistors, condensers etc., bargain priced. Free 
catalog. Arcturus Electronics, Dept. ZD, 502-22nd St., 
Union City, N.J. 07087. 

ELECTRONIC TUBES -Top Brands SOLD at substantial 
savings! (Minimum Order $15.00) Authorized GE Dis- 
tributor, Send for FREE Buyers' Guide for all your 
Tube Requirements. TOP CASH PAID for your excess 
inventory (New ONLY -Commercial Quantities). Metro- 
politan Supply Corp., 443 Park Avenue South, New 
York, N.Y. 10016, 212 -MU 6 -2834. 

T.V. radio tubes new top brands, 75% off list. Vincent 
LoPresti, 316 South 20 Street, Birmingham, Alabama 
35233. 

GUARANTEED Electron tubes 4CX1000A- $89.95@ 
4CX250R- $34.95 ea- 4CX300A- $34.95@ 4 -65A- 
$8.95@ 4 -125A- $18.95@ 4- 250 -$24.95@ 4 -400- 
$34.95@ 416B -$12 50@ 832A- $8.95@ 829B- 
$9.95@ 2C39A- $9,95@ 3CX100A5- $9.95@ (TWT- 
EM778- $295.00 HA- 9B- $250.00 HA -20GE- $195.00 
HA- 20M- $195.00) (KLYSTRONS -SAL 39- $295.00 SAL 

89- $1495.00 2K48- $49.95 BL 6310 -$99,95) Mid - 

West, 54 Mix Avenue, Dayton 27 Ohio. 

WANTED 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal. Norwood, Mass. 

GET IT from G00DHEARTS 
ALL -BAND SSB RCVR BARGAIN: Hallicl':tl'tors R- 

Alìlt -7, 5.511 RC to 4i3 me continuous: Voice, l't'. 
MEW; 2 OF's, 2 IF's; S -lae ter; -155 kc \t1; lì 
Iect choices. I'w-r required 270 V 1111 , : de. 

V -I A . Less pr +ply, ,v /Handhook, other pii 
t1 checked` 

,e aligned, clean, 10 ! h b grid, fo 149.50 L,' Ang. 
Same w /GO Cy pw-c ,,ply, ready to Use.. .179.50 
Add 5211 for 5su Frndurt Detector installed.) 

TIME PAY PLAN: Any purchase totaling 10% 8101,011 or mm e. down payment n n,.. . 

ARC -5 5'er Beer 1911.5311 kc 85 kc IF' s. Cue 
a tld cnn,ertrr for above or other ia',rn. Checked 
electrically, Ir'lots of tech. data. w /spline 14,95 knob. n Ills fall LOS Ang 

i, \del .u:, for 0X0r:t -clean .elected unit.) 
NAVY'S PRIDE. RBS RECEIVER 2-20 Inc 11 -tulle 

uperhe t. checked A ready to use. w /P,v. 
sply, tech dala, fob Charleston. .i . .. . 

69.50 S. 

AN APR -4 RECEIVING SET: Tulle :18 to 10110 me. In- 
clude, TS -Ili, 17. 18 :\l'11-1; plug: hand- 179.50 nook: checked. grtn I11í, fob 1,,s Aigeltu. . 

t0í1 Soo for 'l'\ -111. 975- 22I10 :Ilia .$125 for 
TV -St. 217.5 -1000 1 add 5:511 for iii , slum 
of the pw'r silly: and sun for t 

Pain:,, 1, Ipter'':b'r i1 t,1 II' -111: add 51115' for 
111'1' l'on :ulal Pler'8 '5" Rn nu - 3 no . 

LM FREQ. METER l'!.-, kr to 20 

. 

n 
emb 

in. heter, 
d. C signal tV 'A\I. " .Ilf ̀, { Clean, 100,r 57.50 

plug, data. I6lhs fob LA 
snit 822 for 1.\i sply w -'plugs, data, or C10 for FAO, 
onu i is for 1.\I t, parr. data. nr'ludod. 

TS -323 UR, 20-100 Inc. similar GI:ItTSCll 1'\11. 
('r,stal. 01 ' \V hanrlhoolf u0 0101mnt 
supplement. iii . Xtl .heck points & Inni rue ti,i rti' 

closely approach crystal WI 
schematic. instruct., splr data," 1.8111. 199.50 checked. 100 ", grid, fob Los sag 

LAVOIE LA 6 .Irlt -d'l!I Deter. Ere. i. \icier A u Huai 
11111 -.5011 has 001 r' xt I. 

.0(11rr thrums,. Built -In 60 ry par .Ply. 315.00 
Brand new. fob Los 111g 

BERKELEY COUNTER .5571 s ]a -ic 0 =! , freq. 
,'ter Plu, extender t2 toe. Dior;. 1,7:1795.00 

-r01, w honk. fob Los Angeles. only 
LP SIGNAL GENERATOR 111,, Ice to - 

Vo to 1.0 V. Complete. certified 250.00 
TS-413 U SIGNAL GEN. 17 5.40 Inc. l'... 279.50 xll calih., \'o ralib, to 1.11 v. Cr,'tif 
GEN. RADIO =805 -C MICROVOLTER 10 ke to : 

"7, ohms. Like 1(10 r; 750.00 gild. 
into 

ook. Regular $221 -,,. n1,- 

BOONTON =152A CITIZEN'S BAND MICROVOLTER 
1 -5 , e l'or IF. 20 -2R , c for 1íF. AM R FM, n - 
nd.nfreq. Up to 100.1100 n . Terminated 225.00 . ord. pur npiy, honk, grtd 

BOONTON =202-F MICROVOLTER 175-22.-r mc. 175.00 
up to 0.2 V C\\-'.AM'F1I. new. with 1 X. L 

S. CORP. .80 SIGNAL GEN. 2 -101. 
d 

, 375.00 
_ r. \'n Cali]. to 11111.!1111, u,. Perl . 

ROLLINS =30A ITS- 13(18,1'1 aIII101 \'m.Tl :tt 10.7 to 
4mr Inc. up to 10 y into 50 ohms, up to 129500 10 watts ENV. Regular st8_000, only... . 

NAVY LAE -2 MICROVOLTER 520- 131111 me. 129.50 n, V Si' '.tit charts, cards, honk 
C-BAND MICROVOLTER AN'URM-35, 4.43-8 Ion,. 

_100 to n dlnn w'a1l pulse mod. capat.tt 295.00 i,Irs. In.ernal I011 cy pw'r nply 
X-BAND MICROVOLTER TS-739B 'UPM-10, 3r.00 8.5-9.0 lone 11V 'FM /pM, -8:1 to +:50 rllmt 
WESTON INDUSTRIAL -TYPE TUBE ANALYZER Mot. 

,l t' Type 9B has 6 meters. 12 roniro Ls. 
1 79.50 \\ nnt1. ene. cond., regular 3t1mr, only. 

CASH Paid! Sell your surplus electronic tubes. Want 
unused. Clean radio and TV receiving, transmitting 
special purpose. Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab,test equip- 
ment. Want commercial Ham Receivers and Trans- 
mitters. For a Fair Deal write: Barry Electronics, 512 
Broadway, New York, New York 10012 (Walker 5- 7000). 

MUSICAL INSTRUMENTS 

ACCORDIONS, GUITARS, BAND INSTRUMENTS! Save 1/2. 

Famous makes, free home trial. Easy terms. Trades. 
Free Discount catalogs. Mention instrument. Interna- 
tional Music Mart, Dept. EW, 5535 Belmont, Chicago, 
41. 

MUSIC 

SUB CARRIER ADAPTERS for reception of background 
music programs (continuous music without commer- 
cials) now being transm'tted as hidden programs on 

the FM broadcast band. Use with any FM tuner. Stand- 
ard parts. Text, schematics $3.00. Kits $45.00. Self - 
powered adapters $75.00. Music Associated, 65 Glen- 
wood Road, Upper Montclair, New Jersey. Telephone 
744 -3387 area code 201. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL F'LM-- Adults only -"Childbirth" one reel, 
8mm $7.50; 16mm $14.95. International W, Greenvale, 
Long Island, New York. 

SCIENCE Bargains- Request Free Giant Catalog "CJ" 
-148 pages- Astronomical Telescopes, Microscopes, 
Lenses, Binoculars, Kits, Parts, War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

TEST SCOPE TS-34 AP 411 e -3 n, 
c 

- :t .iii. 39.50 Len. simulates 3 screen. Itendi to use.. 
DuMONT .304A LATE -MODEL TEST SCOPE 149.50 0C to 250 kc. Hand w1red. C,rl ilieels ... 
TEKTRONIX SCOPES gild 0K ,1 gn'goo 

51.15: to 1, r .rasi,. :1(1',ry :'395.00 sweep rai n, u, .m. Cali]. civil, !inn ., 
.51 4.AD i. _,nn.. Plus Vid,., lb '. r Line.. , .450.00 

51:1: II\' ., c..i fur rii _a mc t,,- s...495.00 
. : 3 1 5 1 1 :3" -Cope adds ,t slow sw erns. 395.00 

=512 5" .cope :,Ids , sln,v nwrrt,- 450.00 
HEWLETT -PACKARD GOODIES gr,d 0K A , noon+: 
=10013 Secondary Low Fr,-.t. Standard ` 295.00 
=202A Inn- t'req. Function Grnrrator 295.00 
=410A all- PUrPO.e \'T\'\I up i, 700 ti 

t 

150.00 
r520A tread, s r11,111,0, 10 nu r to 100 

Or. It Schmidt Trigger :aldol, how nire! 295.00 
=4000 , Plus Ind. Con =2011t tic: con 

It 
rr 

,,,I]1.''. : ,s dc \'T\'\It't rlovn to a lo' as I rr,, full -Cale. \s Paire s 265.00 
SOLA 51., \"A t onstam Voltage Tran- i,r er 49.50 
SOLA Same :Wove except 0 -1 KVA out 79.50 
RAYTHEON, s :thole 0 -1 KVA out 79.50 
SOLA dual Ina. 95-125'190-250 , 1 ph 6(1 149.50 tu I IS V -1 0 -0 KVA 
SOLA 195 -2311 \¡I 1 plc to 223!1 Vo ^_ ICVA 89.50 
SORENSEN l :l,rti'mnie Line Voltage Regulador =,00, 

95-130 VI 60 ry in adiustablr 110.120 Vo, 99.50 0.1 f slay. burn,. 11''6. 5011 \'A 
SOR. =1a011.ß as all °,'r e rcpt 11 -1 I(VA 179.50 
SOR. =1500 SIHc. similar ahoye, 1 t u KVA 179.50 
SOR. =:Soon, same =5005 Ion 0-:1 I(5-. \ 279.50 
SOR. =100aaS _= 5,as but 11 -10 I(V.A.495.00 
SUP. ELECT. "II11C is Electronic. almost ide,riic:rl 

spe í IE -_unan Ls 
g%5 

-tan 1 ph 
511/(111 in. 1, :1 2G Vo. rl, mt. 21" 279.50 h. Irse canino,, orig. Park 0 -3KVA 

1 xA00 S3(1-t0 for 1 'abinet. ) 

SUP. ELECT. "EM" is Electro Mechanical Line Been - 
I:no, holds to -_l': ZERO harmonic,. 99.50 i -1911 Vi 45 -13x5 110.1'2', Vo. 1 Y KVA 

SUP. ELEC. "EM" an Gahm', lad n.,: I:V.A....279.50 
PWR SPLY FOR ART-13 & OTHER XMTRS. 79.50 I 1.5, .50 ,i0 .. m. hntln H\".s out. New.... 
LEEDS & NORTHRUP Relyin-Varlcy Voltage 1tl,i.ler' 

4 ,ngti. .' t.at r, w 'instructions. 49.50 mt rsme l'."!,'mJ It 

Also L &N 4 -Dial & 5 -Dial Bridges. pointer and Lamp - 
and -Scale Gaines, Gertsch Ratiotrans. etc. 
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CIRCLE NO. 233 ON READER SERVICE PAGE 
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HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning Cat- 
alog! Drawer H400, Ruidoso, New Mexico 88345. 

BOOKS 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

PUBLISH your bock! Join our successful authors: 
publicity advertising promotion, beautiful books. All 
subjects invited. Send for free appraisal and detailed 
booklet. Carlton Press, Dept. ZDJ, 84 Fifth Avenue, 
N.Y.C. 11. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association, Box 24 -ZD, Olympia, 
Washington. 

LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 721, Dept. 
e.g., Lexington, Kentucky. 
NOW Amateur Radio license correspondence classes! 
Free details, write Valley Schools Dept. K12, Box 608, 
Aurora, Ill. 60507. 

PATENTS 

INVENTIONS: Ideas developed for Cash Royalty sales. 
Raymond Lee, 2104G Bush Building, New York City 36. 

COINS 

TWENTY page #27 Retail price list of LISA and 
Canadian coins 10Q. Our retail selling prices on 
thousands of coins and coin collectors supplies. Bry- 
son Incorporated, 612 -Z White, Toledo 5, Ohio. 

FREE Catalog 
OF THE WORLD'S FINEST 

GOV'T. SURPLUS 
ELECTRONIC BARGAINS 

TS- 1478 /UP MICROWAVE 
SIGNAL GENERATOR 

Portable unit designed 

616 t. 
for testing and adlust- 

& Q' ing Radar, Beacon, and 
Communication systems 
operating in the fre- 
quency range of 8500 to r 9600 MC. Provides .i . 0 ° A. either F -M or CW test 
signals of known power 
level & frequency. This 

unit contains a direct -r ading freq. meter and a 
power -level meter which measures power referenced 
to one Milliwatt (DBM). Used to measure both the 
freq. and power level of the input and output signals. 
Spectrum width, frequency change, recovery time, and 
standing wave ratio. Also can be modulated externally. 
Operates from 115 V. 50 -1600 cy.- less cables, plugs, 
adapter, pick up horn. Size: 111/4 x 183/4 x 121/4 ". 
TS- 147B /UP Test Unit, as Photo - Used: $99.50 
TS- 147A /UP (Similar to TS-147B) - Used: $75.00 

RT- 82 /APX -6 RADAR IDENTIFICATION SET- 
Receiver- Transmitter covering freq. range of 950 -1150 
MC. I.F. Freq. 59.5 1.5 MC. (Can be Converted to 1296 
and 1220 Bands.) With Tubes. (30) 64636, 1/6A56, 
1 5687. 1% 3E29, 3 /6AL5. 1/5Y3. 2'3824, 3 /6ALS. 
2 12AU7. 7 6AK5, 1/2142. 1/2C46, . 16.0. 1/1N -43, 
1 1N -25. Digit Counters. Tuners for Trans.- Freq., Rec.. 
Freq. and LO Freq. Operates from 24 Volts DC 8 
115 

1Ce 
Volts 

Used. 
0 800 cycle. Shpg. Wt.: 45 lbs. $16.95 

BC -348 RECEIVER 
BC -348R RECEIVER - AM 6 Bands 200 -500 KC and 
1.5 to 18 MC. Crystal phasing, antenna align., beat 
oscillator & audiogain controls, vernier and speed 
tuning, output jacks for phones and speaker. With 
Tubes: 3/687, 1/617, 1/6C5, 1/6K6, 1/688, & 1/6F7. 
Voltage required: 24 Volts 2 A. & 220 VDC 70 MA. 
Size: 18 x 101 /2 x 91/2 ". Wt.: 38 lbs. Used ....$89.50 
AC POWER SUPPLY - In cabinet with speaker when 
purchased with Receiver $20.00 
DM28 DYNAMOTOR - 24 VDC for Rec. Used 6.95 
FT -154 Shockmounting for Rec. Used 2.75 
PL -103 Plug - for Receiver. Used 1.50 

Address Dept. EW Prices F.O.B., Lima O. 
25% Deposit on C.O.D.s Minimum Order $5.00 

SEND FOR BIG FREE CATALOG! 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 
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INVENTIONS WANTED 

INVENTORS. We will develop, help sell your idea or 
invention, patented or unpatented. Our national manu- 
facturer clients are urgently seeking new items for out- 
right cash sale or royalties. Financial assistance avail- 
able. 10 years proven performance. For free informa- 
tion, write Dept. 42, Wall Street Invention Brokerage, 
79 Wall Street, New York 5, N.Y. 

PERSONALS 

BORROW $1,233 Airmail! Repay $54 for twenty -nine 
months. State licensed. Postal Finance, Dept. 15 -R, 
Kansas City 1. Kansas. 

ONLY $35.92 Monthly repays $800.00 (thirty payments). 
Borrow $100 -$1,000 entirely by airmail. Write today. 
Bankers Investment Company, 92 -A, Hutchinson, 
Kansas 67501. 

BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents -Earn $750 to $1.000 monthly. 
Men urgently needed. Car furnished. Business ex- 
penses paid. No selling. No college education nec- 
essary. Pick own job location. Investigate full time. 
Or earn $6.44 hour spare time. Write for Free Litera- 
ture. No obligation. Universal, CZ -10, 6801 Hillcrest, 
Dallas 5, Texas. 

I Made $40,000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N. Oklahoma City 6, Oklahoma. 

AMAZING Mail Order Profits using proven methods. 
Research. 3207 -H Southern Hills, Springfield. Mo. 

HOW And Where to Raise Capital. Details Free. Finan- 
cial, Box 785 -H, Springfield, Mo. 65801. 

HIGHLY WEEKLY EARNINGS! Address -mail letters fea- 
turing real merchandise. Get $10 with every order - 
keep $8 profit. Supplies furnished. Free particulars. 
Modern Merchandising, Box 357, Oceanside, N.Y. 

FREE REPORT: "609 Unusual, Successful Businesses." 
Box 122 -ZDA, Wheeling. III. 

FREE Book "990 Successful, Little -Known Businesses." 
Work home! Plymouth -717M, Brooklyn 4, New York. 

ORDER direct from import house Transistor Radios. 
Distributors Wanted: Samples: 8 transistor $10.00. 
Kidd Company, 24 Hedgewood Drive, Birmingham, 
Alabama 

SILICON RECTIFIER SALE 
IMMEDIATE DELIVERY 

FULLY GUAR'NT'D NEWEST TYPE 

AMERICAN MADE FULLY TESTED 

750 MA- SILICON "TOP -HAT" DIODES 
LOW LEAKAGE FULL LEAD LENGTH 

Ply RMS 
50 35 
.05 ea 

PIV RMS 
100'70 
.09 ea 

Ply RMS 
200'140 
.12 ea 

PIV RMS 
300 210 

.16 e' 
PIV RMS 400'280 

.20 ea 

PIV RMS 
500/350 

.24 ea 

PIV RMS 
600'420 

.32 ea 

PIV RM5 
700 490 

.40 ea 
PIV; RMS 
800'560 

.48 ea 

PIV RMS 
900. 630 

.55 ea 

PIC RMS 
1000 700 

.70 ea 

PIV RMS 
1100 770 

.75 ea 

ALL TESTS AC & DC & FWD & LOAD 
SILICON POWER DIODE STUDS 

D.C. 50 PIV 100 Ply 150 PIV 200 Pit' 
AMPS 35 RMS 70 RMS 105 RMS 140 Rnls 

.12 .18 .22 .30 
11 .45 .65 .75 .90 :fi .90 1.15 1.50 1.70 1.60 1.90 2.30 2.80 

IOI' 1.75 2.15 2.55 3.15 
D.C. 300 PIV 400 PIV 500 PIV 600 Plv 
AMPS 210 RMS 280 RMS 350 RMS 450 RMS 

.40 .45 .55 .65 1.10 1.35 1.50 1.70 
:3.3 2.35 2.55 3.00 3.50 
tot 3.50 4.20 5.25 7.00 Lim 3.75 4.60 5.65 8.00 

"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 
7 16 25 7 16 25 

PRV AMP AMP AMP PRV AMP AMP AMP 
25 .50 .85 1.20 
50 .85 1.20 1.40 

1110 1.35 1.80 2.20 
1511 1.60 2.10 2.65 
200 1.75 2.40 2.90 

2511 2.30 2.65 3.10 
:3011 2.60 3.00 3.40 
100 3.00 3.40 4.15 

51111 3.75 4.25 4.75 
000 4.00 5.00 5.25 

Money Back guarantee. $2.00 min. order. Orders 
F.O.B. NYC. Include check or money order. Shpg. 
charges plus. C.O.D. orders 25% down. 

Warren Electronic Components 
230 MERCER ST. N.Y. 10012 N.Y. OR -3 -2620 

October, 1964 

DOUBLE BONUS SALE 
F 
R WORTH OF 

* Transistors * Diodes 
R * Rectifiers * Coils 

Bonus * Resistors * Precisions 

E 
= i * Condensers Etc. 
Add 250 for handling 

P 
L 
U 
S 

BOTH BONUS #1 AND #2 FREE WITH 

$100 Bonus 

FREE 
POLY PAK 

ANY $10.00 ORDER 

CHOOSE ANY 

51.00 ITEM 

LISTED BELOW 

FREE 

3- TRANSISTOR 1 95 
AMPLIFIER 

Only Wired, 
3" x 2" x 3/4" subminiature 
Printed W /Transistors 
Circuit 

ELECTROSTATIC 

TWEETER 
° $1.49 

MADE BY LORENZ 
FOR GRUNDIG -4" 
sq. illustration re- 
sembles twee tweeters in 
stock. 

DOUBLE 
POWER 
Features! 

Millions Bot -NO chance to Test! 

50W POWER 

1036 Transistors 
"Gold" 3 For $1 

103 POWER 

Transistors 
10 For $1 

FACTORY 
D SEMI- KON- DUCTORS 

3 1 -WATT ZENER DIODES, axial leads, 6V SI 

4 SYLVANIA 2N35 NPN, transistors, T022 $1 

6 2N112 TYPE 1F, OSC TRANSISTORS, 1022, untested $1 

1 2N706 500MW NPN PLANAR 1018 300MC $1 ] 3 TEXAS 20W TRANSTRS, 2N1038 w /heatsink, TOS 51 

4 G.E. 2N43 OUTPUT TRANSISTORS, TO5 case $1 

3 2N1264 UHF TRANSISTORS, 300 me T05 case $1 ] 10 PNP SWITCHING TRANSISTORS, TOO case Si 

2 2N964 EPITAXIAL MESA 500 MC, PNP, TO18 $1 

1- 6 ZENER DIODES, upright styles, asst $1 

-1 2 TRANSITRON 1N429 ZENER REFERENCES $1 

SILICON PLANARS: ] 214497, 2N498, each 51 

4 SUBMINIATURE 2N131 TRANSTRS, rf -if, pnp $1 

4 CK721 TRANSTRS, in new aluminum case, pnp Si 

10 NPN SWITCHING transistors 2N440 equals $1 

3 CBS 35W TRANSTRS, 2N1434, pnp, stud Si 

10 FAMOUS CK722 TRANSTRS, pnp $1 ] 15 PNP TRANSISTORS, asstd. types and cases Si ] 15 NPN TRANSISTORS, osstd. types and cases 51 

2 -2N341 NPN SILICON TRANSISTORS, 1 watt Si 

3 CBS 20 WATT TRANSISTORS, pnp stud 2N1320 Si 
-1 1 3N35 TETRODE, 150 me transistor, silicon $1 

5 SUN BATTERIES TO 11 /7" sixes lightsensitive Sl 

I i. 6 -AMP 1000V SILICON STUD RECT'S 2 for 1 491 

3 2N255 PWR TRANSISTORS, or equal, T03 case $1 

25 SEMI- KON- DUCTORS, transistors, diodes, rect 51 

5 GENERAL ELECTRIC 2N107 type pnp transistors 51 

_1 HOFFMAN SATELITE SILICON SUN CELL, 1 /8x1" Si 

1 15 UPRIGHT SILICON DIODES, worth $40 Sl 
2 'MESA' 4 -WATT TRANSISTORS, npn, silicon TOS $1 

11 6 TRANSISTOR RADIO SET, osc-ifs- driver, p - Si 

2 -25 AMP SILICON STUD RECTIFIERS Si 

20 WATT NPN SILICON MESA, 2N1648 transtrs Si 
11 2 -SOOMC PNP MESA TRANSISTORS, TO1B case $1 

1 6 TOP HAT RECTIFIERS, 750 mil, 400 volts Si 

1 1- SILICON NPN "PLANAR" 2N718, 1018 case, 100MC $1 

10 SYLVANIA MICROWAVE MIXER SILICON DIODES 51 

10 PHILCO MAT HI -FRED. TRANSISTORS, untested. S1 

S SYLVANIA ONE AMP 700V RECTIFIERS, epoxy. $1 

4 G.E. 2N170 TYPE TRANSISTORS, npn, rf Si 

1 Of' 
FOR OUR XMAS BARGAIN CATALOG ON: 

Semiconductors Poly Paks l Parts 

P 
OLY 
AKS 

TERMS: sent meek. money order, 

1 
,elude postage -avg. wt. per flak 

Ib. Rated. net 30 days. CODS 
25 .. 

P.O. BOX 942W 
SO. LYNNFIELD, MASS. 

"PAK- KING" of the world 

10 WATT 

ZENERS 
4 TESTED A A 

STE 9 
45V 
50V 

0V , EA. 6 
6V - 8OV 

C 8V 90V 
12V 100V WRITE FOR 20V 110V OTHER 24v - 124V VOLTAGES 

C 25 TRANSISTORS: 
switching . rf untested . 

25 TOP HAT RECTIFIERS 
751 Iu untested 

CI 25 EPDXY RECTIFIERS 
axial lead. 750 Intl un- 
225 

5 GERMANIUM DIODES 
i5:I4, LASS. untested 
25 "GLASS" TINY SILI- 
CON diode., axial. VA- ir.tod. 

PER 
PAK 

WORLDS $1 PARTS PAK MOST POPULAR 
3 -UTC SUBOUNCER TRANSISTOR TR'FORMER, asst. ..51 
10 ELECTROLYTICS, FP 8 Tubulors, to 500 mf $1 
30 "TEXAS" PRECISION RESISTORS to 2W, 1% $1 
60 Ceramic Condensers, discs, npo's to .05mí Si 
4 TRANSISTOR TRANSFORMERS, asst, worth $25 Si ] 40 WORLD'S SMALLEST RESIST. 5% too, 1 /10W Si ] 40 SUBMINIATURE COND., to .05mí cerafil too $1 
3 TINY V CONTROLS, w /sw, 2K, .5 meg., 1 meg. SI 
4 TRANSISTOR TRANSFORMERS, asst., worth 525 Si 
1- INFRA -RED PHOTO DETECTOR TRANSDUCER Si 

'¡1 1 -INFRA -RED PARABOLIC REFLECTOR 8 FILTER $1 _ SO ONE WATTERS, resistors, osstd. values, S/ too S1 
60 TUBULAR CONDENSERS, to .5mf to 1 KV Si 
60 TUBE SOCKETS, receptacles, audio plugs, etc 51 
10 PANEL SWITCHES, rotary- micro -slide -power 51 

TEXAS fie! 400V 
6 for S 1 Epoxxy Rectifiers 

30 POWER RESISTORS, to 50W, to 24 Kohms $1 
50 MICA CAPACITORS, to .Olmf, silvers too S1 
10 VOLUME CONTROLS, to 1 meg., switch too Si 
50 RADIO 8 TV KNOBS, asstd, colors, styles Si 
10 TRANSISTOR ELECTROLYTICS, 10 to 100 mf Si 
525 RADIO -n -TV SURPRISE, wide variety SI 

' 50 COILS 8 CHOKES, rf -if, oso peeking, etc 51 
35 ALLEN BRADLEY 8 IRC TWO WATTERS 51 
100 ASST. HALF WATT RESISTORS, 5% too $1 
60 HI -0 RESISTORS, 1/2, 1, 2W to 1 meg. 5% too 51 - 10 TANTALUM ELECTROLYTICS, worth $15 Si 
10 PHONO PLUG -n -JACK SETS, tuners -amps Si 

_ 30 MOLDED COND, black beauty, mylar, vit -D $1 

15 TRANSITRON PRV 
AMP 

BRAND 
L. 1.nn SCR'S NEW 11 1_5 

SILICON 1.f 

CONTROLLED 30 

RECTIFIERS 4110 

25 
AMP 

1.50 

SILICON POWER DIODE STUDS 
Amps Volts Sale Amps Volts Sale Amps Volts Sale 

Il _00 37C '_r _ 1.60 - wi I1111 2.95 
7 r 4t)í1 

61111 
81111 

590 
690 
89C 

I,:, 1.75 
1.95 
2.50 

-I:,,l 
- 11'11 

200 
- 

3.75 
1.50 
x.80 

I mOI 95e - - I.OS 5.11 25 4.50 
50 

100 
49e 

t. 
11''' 
150 

1.29 
1.50 

2-111 
7210 

311 
100 

4.95 
5.90 

I 

200 
300 

88c 
1.19 :I. 

00 
2511 

L.75 
1.95 

2411 
7240 

1 511 

21111 
6.75 
8.25 

4111 1.37 
.99 ,] 511 

:MO 
25 

2.55 
1.50 

F2 111 

7240 
11111 
3110 

12.50 
19.95 

25 Mili 5.29 .511 311 1.95 

CIRCLE NO. 206 ON READER SERVICE PAGE 

EQUIPMENT 

HEAR Aircraft, Tower Emergencies, weather. Portable 
9 Transistor AM -FM -VHF Aircraft receiver. Beautiful 
Black with Gold Trim. $26.50. Free Details. Transco, Box 
13482, North County Station, St. Louis 38. Mo. 

TRANSISTORIZED Television Translators, Rebroadcast 
25 miles, F.C.C. approved, Battery Powered. Anderson 
Company, Piedmont, S. Dak. 

ELECTRONIC equipment designed, modified or built 
to your specifications. Pacific Electro Mechanical Ind., 
Route 2, Box 390, Lincoln, California 95648 

FREE electronics catalog. Tremendous bargains. Elec- 
trolabs, Department C -107E, Hewlett, New York 11557. 

APN -4B LORAN INDICATORS ID -6B/ APN- 4 -\V:lo 
octal. all 25 tubes, mi Sweep Speed witches in good condition. 1.0h checked $39.95 flint. 

L $ 
VNt 

KELVIN- VARLEY PRECISION VOLTAGE DI- 
VIDER _ 1,0011 ohms O.1 " Hallo 1:11,.1,111 

With Gal,onometer. ad Elec. tronirr Work' Sept. 64. Lois checke l $49.50 
í 

Good condition 
RA -42B POWER SUPPLY -Input 

n 
115' : :1: ß 

11c 
: Out- 

put 11 1v 01na ß.tivAC 3.5A: Dual choke .E 
duo, 1i1 apacitor with schematic. $6.75 

RA -42A POWER SUPPLY- Sat'.te as :hove hot with 
volt ,e ut llliamp :peters. Also n r he $10.45 ,:Sur. r, nods 

R-2378 VR MOBILE RECEIVER :t 11. 111 1a I t '- 
.1:. 

. it ,atar power unply- tan > 

to 12vIiC with 
01I ' 

schematic. Use:! $26.95 
Send money Order or check with order- Please in- clude postage -Excess promptly refunded. Minimum 
COD Order 510.00 with 25% Deposit. 
Write for Bulletin =40 - LOADS OF BARGAINS 

R. W. ELECTRONICS, INC. 
2430 5o. Michigan Ave. Dept. 1073 
Chicano. Illinois 60616 Phone CAlumet 5.12°t 
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MISCELLANEOUS 

SPANKEE! New Fashioned Shingle! With Old Fashion 
Results! $1.00 Postpaid. Spankee! Box 466, Salem, 
Mass. 

SAVE $200 to $2.000 on European automobiles deliv- 
ered at low. low factory tax-free prices by using our 
direct shipment plan. Delivery guaranteed, references 
available. Tourist and Military deliveries available in 
Europe. Information on all models and makes Eurauto. 
Postbus 333. Rotterdam. Holland. 

Men Only!- Surprise Package $1.00. Enterprises, 
Box 266 -ZO, Spring Valley, N.Y. 10977. 

JOHN F. KENNEDY "HALF DOLLAR" key chains. $2.98 
postpaid. R. Coleman, P.O. Box 1625, Richmond, Cali- 
fornia 94802. 

JUST released! 50,000 words of inspiration and truth 
projected upon a backdrop of Universal Laws and 
Principles. Fourteen issues of Lemurian Viewpoint in 

binder. $2.50 postpaid Lemurian Viewpoint, Dept. 5, 

Ramona, California 92065. 

GOLD, treasure, coin locator, $2.00 complete. Guaran- 
teed. Treasures -14, Ashland, Oregon. 

EMPLOYMENT INFORMATION 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extras. travel 
expenses. Write only: Foreign Service Bureau, Dept. D, 

Bradenton Beach. Florida. 

EMPLOYMENT Res. mes, Get a better job & earn 
more! Send only $2.00 for expert, complete Resume 

Writing Instructions. J. Ross, 80 -34 Kent St., Jamaica 
32, N.Y., Dept. EW. 

FOREIGN- U.S.A. Hot listings. All -year jobs now hir- 
ing. Transportation. Family relocation. Stamped re- 
turnable envelope. Global, Box 286 -W, Oroville, Calif. 

$7,200? $10,000? $20,000? INDUSTRY needs your 
skills! Name, address, postcard. Box 3667, Fullerton, 
Calif., Empl. Division. 

GOVERNMENT SURPLUS 

JEEPS $64.50, boats $6.18. typewriters $4.115, air- 
planes. electronics equipment, thousands more. in 

your area, typically at up to 98 °ó savings. Complete 
directory plus sample Surplus Market -letter $1.00. 
Surplus Service, Box 820 -K. Holland, Michigan. 

HELP WANTED 

EARN Extra money selling advertising book matches. 
Free Samples furnished. Matchcorp, Dept. MD -104, 
Chicago 32, III. 

NIMS 
NATIONWIDE IMPROVED 

MAIL SERVICE- 

A PROGRAM 

FOR REDUCING POSTAL COSTS 

AND IMPROVING SERVICE 

MAIL EARLY IN THE DAY 

IT'S THE BETTER WAY! 

LETTERS READY? - MAIL THEM EARLY! 
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How to replace top quality tubes with identical top quality tubes 

Most of the quality TV sets you are presently servicing were designed around 
special Frame Grid tubes originated by Amperex. More and more tube types 

originated by Amperex are going into the sets you'll be handling in the future. 
Amperex Frame Grid tubes provide 55% higner gain-bandwidth, simplify TV 

circuitry and speed up your servicing because their extraordinary uniformity 
virtually eliminates need for realignment when you replace tubes. 

Amperex Frame Grid Tubes currently used by the major TV set makers include: 

2ER5 2GK5 2HA5 3EH7 3eK5 3HA5 4æ7 4EJ7 4a8 4GK5 *mm 5GJ7 

6EH7 osJr 6sn5 osso 6FY5 6Gu7 oo*s 6H^5 6HG8 7HG8 8GJ7 

If your distributor does not yet have all the Amperex types you need, please 

be patient-in some areas the demand keeps gaining on the supply. 
Amperex Electronic Corpnration, Hicksville, Long Island, New York 11802. 

CIRCLE NO. 248 API READER SERVICE PAGE 
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WHERE THE SILVERAMA® SCREEN BEGINS 

TV picture quality depends on precise control of phosphors 
Television picture quality depends on the quality of the phosphor 
screen inside the faceplate. That's why every RCA Silverama re- 
placement picture tube is completely rescreened -in the same pains- 
taking manner and with the same precision -as RCA picture 
tubes produced for use in original equipment. Before receiving 
their new Silverama screens, reused glass envelopes are scrubbed 
completely clean and giver a series of chemical baths internally to 
restore them to the peak of their optical capabilities. 
RCA produces and develops its own screen phosphors. These are 

Drying ovens remove 
moisture from phosptor 

formed by reacting solutions of zinc sulfate and zinc and cadmium 
sulfates with hydrogen- sulfide gas in this complex precipitator, 
(above). The resulting zinc sulfide and zinc -cadmium sulfide are 
then activated, fluxed, fired, washed, dried, and screened to form 
phosphors which emit blue and yellow light, respectively. These 
are carefully blended to produce phosphors that possess the pleas- 
ing "white ", high light output, and uniform smoothness, which 
characterize RCA Silverama picture tube screens. 
Make RCA Silverama your first choice in picture tubes. 

Phosphors are blerded 
for best scree, quality 

RCA ELECTRONIC CCMPONENTS AND DEVICES, HARRISON, N. J. 

Base mate *ials are fired 
to form the phosphors 

The Most Trusted Name in Electronics 
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