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just 21/2" larger than a "compact" 
... yet it measures up to the design 

philosophy of the mighty Patrician! 

The difference between full -sized sound and 
compact compromise is measured in just a 
few cubic inches ... inside the new Marquis 
300! This modest extra volume has allowed 
E -V engineers to extend useful bass response 
smoothly -up to an octave more than many 
popular "bookshelf" speaker systems! 

But the Marquis has more than bass ... it 
has balance! Balance that results from three 
precision component speakers exactly 
matched to each other and to the magni- 
ficent Marquis enclosure. 

Don't look for revolutionary or radical de- 
signs in the Marquis 300. For this system 
is the evolutionary product of over 11 years 
of specialized electro- acoustical research. 
Starting with the famous E -V Radax dual- 

cone 12" speaker for bass and mid - 
bass, we have added the outstanding 
performance of the E -V 5" cone mid- 
range speaker plus the brilliance of the re- 
nowned Super -Sonax VHF tweeter. These 
popular and proved components have been 
housed in an enclosure whose tuned acous- 
tical phase inverter permits highly efficient 
performance within remarkably modest di- 
mensions. 

The net result is a speaker system as attrac- 
tive to the eye as it is impressive to the ear. 
We invite you to form your own opinion of 
the Marquis 300 at your E -V high fidelity 
showroom soon. We're betting that you'll 
be glad to make room -just 21/2" more all 
around -for the new Marquis 300! 

ELECTRO -VOICE, INC., Consumer Products Division, Dept. 334N, Buchanan, Michigan 

CIRCLE NO. 113 ON READER SERVICE CARD 

SPECIFICATIONS 
Size: 29-1/2"H, 19"W, 15 -1 /8 "D 
Weight: 57 lbs., shipping 
Components: SP12B, TC8, T35 -type 
speakers; Combined 800 and 3600 cps, 
1/2 section crossover; 2 -AT37 L-pads 
Frequency Response: 40- 19,000 cps 
Power Handling Capacity: 30 watts program 
Impedance: 16 ohms 
Finish: Mahogany or Oiled Walnut 
Price: $190.00, net 
Marquis 63 enclosure only, less components, $70.W, net 

gilker& 01CC, 
SETTING NEW STANDARDS IN SOUND 



THIS SET IS' TERRIBLE... 

NO MORE "SERVICE BARGAINS" 

FOR ME! 
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For window -size blow -ups 

of this message, send i Oc to 

Sprague Products Co., 

51 Marshall St., North Adams, 
Mass., to cover handling 
and mailing costs. 
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HOW TO as SURE OF 
GOOD TV SERVICE... 

Beware the Service "Bargain." If 
Iyou shop around for cut -rate prices or r extra -liberal service contracts, you're 

asking for trouble. A "something- for -nothing" 
offer usually means cut -rate parts and sub- 
standard service methods. The reputable service 
dealer spends years in study and training - 
thousands of dollars on test equipment, tools, 
and service manuals -countless hours in keep- 
ing up -to -date on new developments and serv- 
ice techniques. Because of this heavy investment, 
he can't afford to offer "bargains." 

Rely on a Fully Qualified Independ- 
ent Service Dealer. Well known 
and highly regarded by your friends 

and neighbors, his professional training and 
experience have made him a real technical 
expert. He takes pride in his work. He wants to 
stay in business. And he stakes his reputation 
and his future on satisfying you. So he'll use 
only component parts of the highest quality 
and latest design -plus his thorough knowledge 
and keen skills -to do the job right. Depend on 
him; he can't afford to let you down! 

Your TV set provides you with a wealth of entertainment. 

Keep it in the best repair ... at lowest cost ... by calling 

your local TV -RADIO Service Dealer at the first sign of trouble! 

THIS MESSAGE WAS PREPARED BY SPRAGUE PRODUCTS COMPANY, 
DISTRIBUTORS' SUPPLY SUBSIDIARY OF SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS FOR . 

YOUR INDEPENDENT TV -RADIO SERVICE DEALER 
CIRCLE NO. 146 ON READER SERVICE PAGE 
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The Quality ... Features .. . 

Engineering Excellence 

You Expect from Scott 

at Unexpected 

Prices! 

From the famous Scott engineering 
laboratories ... an amazing low priced 
FM Stereo tuner kit that performs like 
higher priced Scott units. All the exclu- 
sive Scott features you want and need are included: "Time - 
Switching" multiplex circuitry, Wide -Band design, Sonic Monitor 
stereo indicator, precision tuning indicator, and separate level 

controls for perfect channel balancing. Scott engineers used new 

Space -Age compactron circuitry to assure perfect performance at 

this remarkably low price. 
Like all Scott kits the new Model LT -111 comes with an exclusive 
full -color instruction book to make construction absolutely fool- 
proof. The high conductivity copper RF front end is pre -wired and 
aligned at the factory. All wires are pre- 

cut and stripped. Scott's amazing new 
Align -A -Scope lets you align each sec- 
tion of the tuner perfectly without special 
instru ments. 

Specifications: Usable Sensitivity 4.0 Av ; 

Signal to Noise Ratio 55 db; Harmonic 
Distortion 0.8 %; Drift 0.02 %; Capture 
Ratio 6 db; Selectivity 32 db; I.M. Dis- 
tortion 0.3% (CCIF); Separation (1 kc) 

over 30 db. Dimensions in accessory 
case: 15 %w x 5%h x 13 44d. 

Available early in April. 
Prices slightly higher west of Rockies. Subject to change 

without notice. 

New 

Scott 
FM Stereo 

Tuner Kit 

New 

Scott 
30 -Watt Stereo 

Amplifier Kit 

$109.95 $99.95 Imagine) A stereo amplifier kit ... from 
Scott, the quality leader ... at less than 
$1001 This superb 30 -Watt stereo am- 
plifier has all of the most needed Scott 

features: dual tone controls, tape monitor, front panel stereo head- 

phone output, derived center channel output, all- aluminum chas- 

sis, scratch filter, stereo balancing, and loudness -volume control. 

Unique Scott output circuitry delivers full power down to the low 
frequencies where power is really needed and where most moder- 

ately priced amplifiers fail to meet their published specifications. 
That is why the new Model LK -30 will drive most inefficient 
speaker systems to full room volume. 
Like Scott's new tuner kit, the LK -30 utilizes a full color instruction 

book, Kit -Pak container, and all the Scot - 
kit features the experts recommend so 

highly. Its performance will astound you I 

H.H. Scott Inc., Dept. 160 -3,111 Powdermill Rd., Maynard, Mass. 

Rush me complete details on your new budget priced FM Stereo 

Tuner and 30 -Watt Stereo Amplifier kits. 

Name 

Address 

City Zone State 

Include names of interested friends and we will send them details, too 

CIRCLE NO. 143 ON READER SERVICE PAGE 

Specifications: Power Rating (IHFM) 
30 watts; Power Band (IHFM) 25- 19,000 
cps; Distortion under 0.8 %, Hum and 
Noise -70 db, Frequency Response 
(normal listening levels) 20. 20,000 cps 
±1 db, Dimensions in accessory case 
15 /wx5' /,hx13 >d. 
Available early in March. 

Export: Morhan Exporting Corp., 458 Broadway, N.Y.C. 

Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto 



MARCH 1963 /VOL. 69 NO Electronics Woii(I 

Publisher 
PHILLIP T. HEFFERNAN 

Editor 
WM. A. STOCKLIN 

Technical Editor 
MILTON S. SNITZER 

Service Editor 
SIDNEY C. SILVER 

Associate Editor 
P. B. HOEFER 

Editorial Consultant 
OLIVER READ 

Industrial Consultant 
WALTER H. BUCHSBAUM 

Art Editor 
MILTON BERWIN 

Art and Drafting Dept. 
J. A. GOLANEK 

Advertising Sales Manager 
LAWRENCE SPORN 

Advertising Service Manager 
ARDYS C. MORAN 

ZIFF -DAVIS PUBLISHING COMPANY 
Editorial and Executive Offices 
One Park Avenue 
New York 16, New York 
ORegon 9 -7200 

MIDWESTERN and CIRCULATION 
OFFICE 

434 South Wabash Avenue 
Chicago .5, Illinois 
WAbash 2-4911 
Midwestern Advertising Manager 
Gilbert J. Jorgenson 

CONTENTS 
25 Bionic Computers Ken Gilmore 

Il ill computers of the future be able to learn, to reason, and to think? 
By imitating the human brain and nervous system with electronic equip- 
ment, we are just now beginning to make some headway in that direction. 

29 Turntable Testing at Home Edgar Villchur 

Simple tests and techniques, all without the use of test equipment, are able 
to tell much about the operation and performance of record playing equipment. 

33 Antennas for Business Radio Howard H. Rice 

36 Sceptron -A Sound- Operated Fiber -Optic "Brain Cell" Leo S. Balandis 

A new optical pattern recognizer that -understands- spoken commands. It 
may be used in the future for dial-less phones and key-less cash registers. 

38 
40 
43 
44 
46 
48 

50 

53 

72 

Recent Developments in Electronics 

Regulated Transistorized Power Supplies John R. Collins 

Kobe ( "Ten ") Transistor Substitution Directory 

An AM -FM Car Radio T. A. Prewitt 

9 -Watt Transistorized Hi -Fi Amplifier Stanley E. Bammel 

Proposal to the FCC - 
A Citizens Radio Technician License R. L. Conhaim, 19W7577 

l .sad; cstcrl method of rlr-iutin rap operation of CB gear that does not meet 
technical requirements, along with a way of getting better CB repair work. 

Color- Pattern Generators Walter J. Cerveny 

The signals produced by the various types are useful for different 
purposes. Learn advantages and disadvantages and make your choice. 

Oscilloscope Photography in Industry Ray A. Shiver 

Special scope ((((II ans (Ire used to record important waveforms and those that 
are too fast for direct viewing. Here is a description of the technique. 

Binary Numbers & Boolean Algebra Walter S. Andariese 

A basic look at two important mathematical areas that find wide usage 
in the operation and in the design of present -day digital computers. 

6 For the Record (Editorial) w. A. Stocklin 

ELI Defines "High Fidelity" Is Pay -TV Here? 

16 

58 
70 

EW Lab Tested 
Audio l h monies .ADC -1 "Mark II" Phono Cartridge 
Fisher l .11-6ll F114fultiplex Tuner 

Mac's Electronics Service John T Frye 

Report on New V.F.O. (EW Lab Tested) 

MONTHLY FEATURES 
WESTERN OFFICE 

9025 Wilshire Boulevard 
Beverly Hills, California 
CRestview 4 -0265 
Western Advertising Manager 
Bud Dean 

Coming Next Month 
Letters from Our Readers .... 
Reader Service Page 

4 

12 

21 

Technical Books 
Electronic Crosswords 
Radio & TV News 

68 

83 

90 
FOREIGN ADVERTISING 

REPRESENTATIVE 
D. A. Goodall Ltd., London, England 

March, 1963 

New Products and Literature ....92 
Copyright lC 1963 by Ziff -Davis Publishing Company. All rights reserved. 

3 



THE 

FINEST 

STEREO 

HEADPHONES 
YOU'VE 

EVER 

HEARD 

Jensen's new 1IS -1 Stereo 
Ileadphones are ready for 
you. We think you will agree 
with the experts who say they 
are the finest ever. Reasons? 
They cover the frequency 
range with extra smoothness 
because they have new fluid - 
damped transducers devel- 
oped by Jensen. And they are 
good to look at, easy to ad- 
just, comfortable to wear. 
Cord comes out one side .. . 

you don't get tangled up. 
Impedance 8 ohms. Complete 
with Jackbox for connecting 
to any stereo amplifier. Write 
for Brochure MII. 
HS -1 With 3 conductor plug and 
accessory jack box Net $24.95 
HS -IL With 4 spade lug terminals 

Net 22.50 

ensen 
MANUFACTURING COMPANY 

Division of THE MUTER CO. 

6601 SOUTH LARAMIE AVENUE, CHICAGO 38. ILLINOIS 

CANADA:RADIO SPEAKERS OF CANADA, LTD., TORONTO 

CIRCLE NO. 123 ON READER SERVICE PAGE 
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COMING 
NEXT 

MONTH 
ELECTRONICS IN BANKING 

Bankers have turned to the electronics 
industry for help in meeting the great 
paper challenge of 13 billion checks a 
year. Ken Gilmore explains the opera- 
tion of Magnetic Ink Character Recog- 
nizers and their companion computers - 
which combine to turn in a tremendous 
job of bank accounting -quickly and ac- 
curately. 

MUSIC -SPEECH DISCRIMINATOR 

If commercials get you down, here is an 
interesting solid -state device that will re- 
ject all speech and pass all music. It 
takes just seven transistors and can be 
home -built for under $30.00. Ideal for 
those seeking continuous background 
music. 

FORD TRANSISTOR IGNITION SYSTEM 

J. Oldham of Ford Motor Company's 
Ignition Product Engineering Depart- 
ment, discusses the company's new 
"Perma- Tuned" system which promises 
increased point and plug life, easier 
starting, better high -speed performance, 
and improved fuel economy. 

NEW CB CIRCUITS 
Among the interesting new circuits being 
employed in class D Citizens Band units 
are Communications, Inc.'s "Speak - 
Easy," Poly-Cornm's "Model 23," and 
Metrotek's "Monocall." Len Buckwalter 
discusses the special points of interest on 
each of these new circuits. 

Eletll rUll ies"orlti 

EXPANDING U.H.F. TV COVERAGE - 
ROLE OF TRANSLATORS 

When v.h.f. goes u.h.f., certain character- 
istic limitations in transmission coverage 
will show up. Techniques for overcoming 
these drawbacks, including the use of 
translators, have been developed from re- 
cent experience. This article includes 
ways of "filling in" areas where signal is 
poor in an attempt to duplicate the serv- 
ice presently provided on v.h.f. 

THE HALL EFFECT 

Although the principle has been known 
for decades, it is just moving out of the 
laboratory. John R. Collins points out 
how it is being applied in a good number 
of measuring devices and other instru- 
ments, including gaussmeters, genera- 
tors, ammeters, multipliers, and many 
others. 

SOLID -STATE 3-CHANNEL 

COLOR ORGAN 

A compact, well -designed display device 
that produces changes in color intensity 
and hue in step with musical signals. 
This transistorized unit can be con- 
nected to the output of any hi-fi ampli- 
fier and is capable of handling up to 1 

kw. of light power. 

All these and many more interesting 
and informative articles will be yours in 
the April issue of ELECTRONICS 
WORLD ... on sale March 19th. 
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Pick the course for your career... 

Electronics Technology 

A comprehensive program 

covering Automation, Com- 

munications, Computers, 

Industrial Controls, Tele- 

vision, Transistors, and 

preparation for a 1st 

Class FCC License. 

First Class FCC License 

If you want a 1st Class 

FCC ticket quickly, this 

streamlined program will 

do the trick and enable 

you to maintain and serv- 

ice all types of transmit- 

ting equipment. 

Electronic Communications 

Mobile Radio, Microwave 

and 2nd Class FCC Prep- 

aration are just a few of 

the topics covered in this 

"compact" program . . . 

Carrier Telephony too, if 
you so desire. 

Broadcast Engineering 

Here's an excellent stu- 

dio engineering program 

which will get you a 1st 

Class FCC License and 

teach you all about Pro- 

gram Transmission and 

Broadcast Transmitters. 

Get A Commercial FCC License 
...Or Your Money Back! 

A Commercial FCC License is proof of electronics skill 
and knowledge. Many top jobs require it ... every em- 
ployer understands its significance. In your possession, an 
FCC Commercial Ticket stamps you as a man who knows 
and understands electronics theory . a man who's 
ready for the high -paid, more challenging positions. 

Cleveland Institute home study is far and away the 
quickest, most economical way to prepare for the FCC 
License examination. And that's why we can make this 
exclusive statement: 

The training programs described above will pre- 
pare you for the FCC License specified. Should 
you fail to pass the FCC examination after 
completing the course, we will refund all tuition 
payments. You get an FCC License ... or your 
money back! 

Before you turn this page, select the program that fits 
your career objective. Then, mark your selection on the 

Cleveland Institute 
of Electronics 
1776 E. 17th Street, Dept. EW -75 

Cleveland 14, Ohio 

March, 1963 

s-vo'4 City Zone State 
Accredited Member L Approved for Veteran's Training under Korean GI Bill. EW -75 

coupon below and mail it to us today. We'll send you .. . 

without obligation ... complete details on our effective 
Cleveland Institute home study. Act NOW and 
insure your future in electronics. 

Mail Coupon TODAY For FREE Catalog 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept. EW -75 
Cleveland 14, Ohio 

Please send FREE Career Informa- 
tion prepared to help me get ahead in 
Electronics, without further obligation. 

CHECK AREA OF MOST 
INTEREST- 

Electronics Technology 
Industrial Electronics 
Broadcast Engineering 

How to Succeed 
in Electronics 

First Class FCC License 
Electronic Communications 

other 

Your present occupation 

Name Age 
(please print) 

Address 

5 



T &C II 
TRANSCEIVER 

New dual conversion 6 channel crystal 
controlled transceiver with tunable re- 
ceiver for all CB channels. S meter and 
signal strength output indicator, external 
crystal socket, auxiliary speaker terminal 
and universal power supply. Deluxe 
chrome cabinet. List Price 199.95 

TOWN & COUNTRY 
MC -27 TRANSCEIVER 

ual conversion 6 channel crystal con- 
trolled. Exceptional sensitivity and selec- 
tivity. Double Gated Noise Suppression 
circuit, AVC with improved squelch cir- 
cuit. Universal power supply. Deluxe 
chrome cabinet. List Price 179.50 

CB ANTENNAS 

GIZMOTCHY 2 in 1 

Vertical -Horizontal Beam 
Antenna for hi- efficiency 
and greater distance base 
station performance 
List Price. .55.95 

BUDDY WHIP 
96 inch fibre glass mobile 
antenna. Can be adjusted 
to any position from driv- 
er's seat., List Price,24.50 

UTICA 
COMMUNICATIONS CORP., 

Dept. EW -3 
2917 W. IRVING PARK RD., 

CHICAGO 18, ILLINOIS 

Sold through leading Parts Distributors 
CIRCLE NO. 152 ON READER SERVICE PAGE 
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illl .. for the Record 
By W. A. STOCKLIN 

Editor 

EIA Defines "High Fidelity" 
ALTHOUGH not all of the facts have 

been made public as yet, we do know 
that the Electronic Industries Association 
has agreed on a definition of the term 
"high fidelity." Their recommendation will 
be presented shortly to the Federal Trade 
Commission in the hope that it will help 
them to determine what may or may not be 
advertised as a "high- fidelity" product. 

There is obviously a need for a realistic 
definition, but we suspect that the EIA 
recommendation will be identical to their 
previously published proposal. If this is 
so, it will be one of the biggest fiascos of 
1963. Imagine a definition that permits 
the term "high fidelity" to be applied to 
any product that (1) will produce 5 watts 
of music -power output and (2) has a fre- 
quency response within -3 db at 100 cps 
to -6 db at 8000 cps. No mention is made 
of many other important characteristics 
such as distortion, hum, power response, 
etc. Why? There are many table radio sets 
that could qualify as "high fidelity" under 
these standards. 

The EIA even apologizes in that they 

point out that their standards are inade- 
quate from an engineering and technical 
aspect and that only minimum standards 
were set. If they are not satisfied, why 
make such a recommendation? It is un- 
fortunate that those manufacturers who 
produce minimum -standard equipment 
will be given the same recognition as 
those producing truly high -quality de- 
signs. 

None of our readers will be misled but, 
unfortunately, the uninformed consumer 
will become even more confused about 
high fidelity than he already is. 

Why not call the low quality units sim- 
ply "radios and phonographs "? Then set 
realistic standards for high -quality de- 
signs. We might even set a number of dif- 
ferent standards to denote various levels 
of performance. 

We hope that the FTC gives consider- 
able thought to the recommended defini- 
tion before accepting it, since the stand- 
ard, as proposed, will not help them solve 
their problems regarding high -fidelity 
equipment. 

Is Pay -TV Here? 
BERNARD P. GALLAGHER, in one of 

his recent "Gallagher Reports " -a 
newsletter published in New York for ad- 
vertising, marketing, and media executives 
-has made some interesting comments 
which sort of lift one's eyebrows -"Pay -TV 
breakthrough is here -will be biggest in- 
dustry in communications field within ten 
years- Hartford first on- the -air test of 
Pay -TV." Interesting comments, but we 
wonder how any person can be so positive. 
Certainly the Hartford test wasn't the first, 
in that Zenith had a similar test in the 
Chicago area back in the late 1940's. Con- 
ditions haven't changed much over these 
years, with the exception that the eco- 
nomic status of the individual home owner 
has been raised, and people are more in- 
clined to spend money for entertainment 
today than they were twenty years ago. 

To be completely realistic, we do be- 
lieve that pay -TV will become a part of our 
everyday life in the years ahead. Our guess 
is that it will be at least twenty years be- 
fore an appreciable number of homes are 
covered and we doubt that it could ever 
surpass free TV, let alone become an in- 
dustry surpassing all other forms of com- 
munications. 

Technically there are no real problems. 
In fact even in the earlier tests there were 
no technical difficulties. There are various 
coding system methods, but this is rela- 
tively unimportant. There also will be vig- 
orous opposition, obviously, from corn - 
panies presently in free television and, of 
course, the movie houses. These, however, 

are simply desperation delaying tactics. 
As long as v.h.f. TV is the predominant 

form of transmission, pay -TV will be 
blocked. Congress, however, has helped by 
passing a law that all TV sets manufac- 
tured in 1964 and thereafter must include 
means for receiving u.h.f. TV stations in 
addition to those on v.h.f. It should then 
take five to eight years for present v.h.f: 
only models to become obsolete. Only then 
would the new all- channel sets become 
predominant. We have no doubt that tele- 
vision will eventually lose all v.h.f. chan- 
nels and will have to go all- u.h.f. but this 
will take at least ten years. Pay -TV should 
then make slow and gradual inroads from 
that time on. 

The most difficult problem is the avail- 
ability of first -rate program material that 
people will be willing to pay to watch. In 
all of 1962 Hollywood produced only 138 
films. Add to this the possible availability 
of legitimate stage shows, major sports 
events, operas, and symphony programs. 
To sum up, it would seem that there is a 

serious lack of top performing attractions. 
If pay -TV hopes to use second -rate attrac- 
tions, it will fail -the public will not pay 
for anything but the best. 

If pay -TV is to succeed, Hollywood 
would, for example, have to make available 
their entire inventory of new films. This is 
not as remote a possibility as it may seem, 
but it will take time. 

Yes, pay -TV will come, but it is not here 
today nor will it be the biggest industry in 
the communications field in ten years. 

ELECTRONICS WORLD 
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s Course prepares you 
irst class commercial 

,C. LICENSE 
he Grantham home study course teaches you prin- 

ciples of electronics in a simple "easy -to- grasp" manner. 
Each new principle is explained first in everyday lan- 
guage and then, after you understand it, is associated 
with the proper technical language. You learn and re- 
member more, because the emphasis is on understanding 
rather than on memorizing. 

This correspondence course is directed toward two 
Major objectives - (1) to teach you a great deal about 
electronics, and (2) to prepare you to pass all of the 
F. C. C. examinations required for a first class commer- 
cial operator's license. We teach you step by step and 
have you practice with FCC -type tests which you send 
to the School for grading and comment. You prepare for 
your F. C. C. examinations under the watchful direction 
of an instructor who is especially qualified in this field. 

Grantham training is the easy way to learn more 
quickly - to prepare more thoroughly - for F. C. C. 
examinations. And your first class license is the quick, 
easy way to prove to your employer that you are worth 
more money. 

Get details concerning how we can prepare you for 
your F. C. C. license and how that license can help you 
advance in electronics. Mail the coupon below to the 
home office of Grantham School of Electronics in Holly- 
wood, Calif., and our free catalog will be sent to you 
promptly. 
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offers 
interesting and profitable careers in 
RADIO AND TV BROADCASTING TWO -WAY RADIO COM- 
MUNICATIONS RESEARCH AND DEVELOPMENT RELAY 
STATION MAINTENANCE AUTOMATION ELECTRONICS 

TECHNICAL WRITING IN ELECTRONICS INDUSTRIAL 
ELECTRONICS ELECTRONIC COMPUTERS MILITARY 
ELECTRONICS INSTRUMENTATION TELEMETERING 

AERONAUTICAL ELECTRONICS SPACE ELECTRONICS 
and many other 

interesting and profitable fields of the present and future 

To get ahead in electronics, you must have the proper 
training and your employer must know that you have that 
training. Your F. C. C. license is a "diploma" in communi- 
cations electronics granted by the U. S. Government, and 
it is recognized as such by employers. Grantham School of 
Electronics specializes in preparing you to earn this 
diploma. 

HERE'S PROOF... that Grantham students prepare for 
F. C. C. examinations in a minimum of time. Here is a list 
of a few of our recent graduates, the class of license they 
got, and how long it took them: 

License Weeks 
Richard J. Shell, 4520 MacArthur Blvd. N.W., 

Washington 7, D.C. 1st 12 
John T. Mahoney Jr., 3121 N.E. 7th Ave., Miami, Florida 1st 13 
Minard Davis, 627 S.W. 106th, Seattle 66, Washington 1st 20 
Nicholas E. Lambert, RFD #1, Ulysses, Pennsylvania 1st 12 
Michael A. Rutkaus, Rt. 1, Box 664, Fairfax, Virginia 1st 12 
John W. Rompinen, Rt. 3, Box 403, Weaverville, N.0 1st 12 
Wayne Glaser, Cayuga Creek Rd., Cowlesville, New York 1st 12 
LeRoy R. Murray, 4320 N. 30th Dr., Phoenix, Arizona 1st 12 
Richard J. Snipas, 166 So. Bay Ave., Freeport, L.I., N.Y 1st 12 

If you are interested in details concerning our training, 
indicate in the coupon below whether you prefer home study 
or resident classes, and mail the coupon to the School's home 
office in Hollywood, California - to the address given in the 
coupon - for free details. 

Accredited by the National Home Study Council 

GRANTHAM SCHOOL OF ELECTRONICS 
LOS ANGELES SEATTLE KANSAS CITY WASHINGTON 

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS 
Grantham resident schools are located in four major cities- classes in 

F.C.C. license preparation are offered at all locations. New day classes begin 
every three months, and new evening classes begin four times a year. The day 
classes meet 5 days a week and prepare you for a first class F. C. C. license in 
12 weeks. The evening classes meet 3 nights a week and prepare you for a 
first class license in 20 weeks. For more information about the Grantham resi- 
dent schools, mail the coupon to the School's home office in Hollywood, Calif. 
Free details will be mailed to you promptly. 

1505 N. Western Ave. 408 Marion Street 3123 Gillham Road 821 19th Street, N.W. 
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D.C. 

Phone: HO 7 -7727) (Phone: MA 2 -7227) (Phone: JE 1 -6320) (Phone: ST 3-36141 

MAIL COUPON FOR FREE DETAILS - 
March, 1963 

NO SALESMAN WILL CALL-1.- L 

(Moil in envelope or paste on postal card) 

To: GRANTHAM SCHOOL OF ELECTRONICS 

NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 

Please send me your free booklet telling how I can get my com- 
mercial F.C.C. license quickly. I understand there is no obligation 
and no salesman will call. 

Name Age 

Address 

City State 
I am interested im 

Home Study, O Resident Classes 
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how will 

your success 

in electronics 

compare with 

this man's? 
Will you have a rewarding 
career, like Richard S. Conway? 

Or will you never get beyond 

a routine job? It's up to you. 

LET'S LOOK AT THE FACTS. There's something wonder- 
ful about understanding how a circuit works or what a 
filter capacitor does. If you've ever fixed a TV set, built 
a radio or used a voltmeter, you've tasted the thrills of 
electronics. 

This excitement may have led you to a job in electronics. 
But the glamour fades if you are stuck in the same job 
year after year. You'll be bored with routine and unhappy 
about prospects for future earnings. You'll discover, as 
have many men, that simply working in electronics 
does not assure a good future. 

If electronics is the "field of opportunity," how is this 
possible? No question about it, electronics offers many 
opportunities, but only to qualified men. In any career 
field, it is how much you know that counts. This is 
particularly true in the fast moving field of electronics. 
The man without thorough technical education doesn't 
advance. Even men with intensive military technical 
training find their careers can be limited in civilian 
electronics. 

ELECTRONICS KNOWLEDGE YOU CAN USE. CREI Home Study 
preparation gives R. S. Conway the technical background to deal with Engi- 
neers as Supervisor, Electronic Test Dept., Wilcox Electric Co. 

ADVANCED TECHNICAL KNOWLEDGE IS THE KEY to success in 
electronics. If you have a practical knowledge of current engineer- 
ing developments, if you understand "why" as well as "how," 
you have what employers want and pay for. With such qualifica- 
tions, you can expect to move ahead. 

CREI OFFERS YOU, for study at home, a complete program in elec- 
tronic engineering technology designed to prepare you for a 
rewarding, well- paying career in electronics. CREI equips you 
with a practical working knowledge of advanced and up -to -date 
electronic developments that will put you on the level of specializa- 
tion where men are most in demand. 

CREI MEN LIKE RICHARD S. CONWAY hold positions as associate 
engineers, engineering aides, field engineers, project engineers and 
technical representatives. They work in every area of electronics, 
from manufacturing to research. 

WHEN YOU ENROLL IN A CREI HOME STUDY PROGRAM, 
you study courses to which a number of today's leading engineers 
and scientists have made substantial contributions. You are 
guided and assisted by CREI's staff of experienced instructors. 
You study texts that are specifically prepared for home study use. 

F 



EMPLOYERS GIVE YOU SPECIAL CONSIDERATION for advancement 
with CREI Home Study preparation. Quality Control Manager Ray V. 
Smith of Wilcox Electric Ca. explains this to CREI alumnus Conway. 

INCREASE YOUR PROFESSIONAL STANDING. A CREI Home Study 
Program helps you gain neu authority and respect. Examining a complex 
installation with Conway is R. M. Soldanels, a technician at Wilcox Electric 
Co. who is currently studying a CREI Program at home. 

Through CREI, you have a choice of programs covering every 
field of electronics: 
RADAR COMPUTERS SERVOMECHANISMS INSTRUMENTATION 
AERONAUTICAL AND NAVIGATIONAL. COMMUNICATIONS TELEVISION 

AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY 
NUCLEAR ENGINEERING TECHNOLOGY 

Programs are available for men, such as engineers, who already 
have extensive technical knowledge, as well as for men with 
limited technical training or experience. 

THE HIGH CALIBRE OF A CREI HOME STUDY EDUCATION is 
attested to by America's biggest corporations, where CREI 
students and alumni attain positions ranging from engineering 
technicians to engineers to top officials. Such companies are 
National Broadcasting Company, Pan American Airways, Federal 
Electric Corporation, The Martin Company, Northwest Tele- 
phone Company, Mackay Radio, Florida Power and Light and 
many others. They not only recognize CREI Home Study educa- 
tional qualifications but often pay all or part of CREI tuition 
for their employees. 

CREI HOME STUDY PROGRAMS are the product of 35 years of 
experience. Each program has been developed with the sara0 

PREPARE FOR A SECURE FUTURE in electronics with a CREI Home 
Study Program. Richard Conway is shown relaring in his yard with his 
children. CREI helped further his career, increase his income. 

YOUR WHOLE FAMILY SHARES YOUR SUCCESS, Living is better for 
everyone when you get promotions and advancements through CREI Home 
Study. Above, Mrs. Conway and their two children, Cynthia and David, 
share Richard Conway's success. 

painstaking skill and care that CREI put into its electronics 
courses for the Army Signal Corps, its special radio technician 
courses for the Navy, and its group training programs for leading 
aviation and electronics companies. 
For those who can attend classes in person, CREI maintains a 
Residence School in Washington, D. C. 

YOU CAN QUALIFY for a CREI Program, if you have basic 
knowledge of radio or electronics and are a high school graduate 
or the equivalent. if you meet these qualifications, write for 
FREE 58 -page book describing CREI Programs and career op- 
portunities in advanced electronic engineering technology. NEW 
1963 edition is now available. Use coupon provided, or write to: 

R © 11 FOUNDED f927 

THE CAPITOL RADIO ENGINEERING INSTITUTE 
Department 1103 -A, 3224 Sixteenth St., N.W. 
Washington 10, D. C. 
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HOW 

can you talk 

long distance 

for only 

10 PER HOUR? 

This question, and many others 
about tape quality, tape use, and 
tape recording for fun, education, 
and profit, are answered in Tarzian 
Tape's new booklet, "Lower 
the Cost of Fun With Tape Re- 
cording." 

It's free when you mail the coupon 
below. 

i 
ÌSarkes Tarzian, Inc. 

Dept. EW -1 
Magnetic Tape Division 
East Hillside Drive 
Bloomington, Indiana 

Please send a free copy of "Lower the 
Cost of Fun With Tape Recording" to: 

Name 

Address 

City State 

I Have Have Not used Tarzian Tape 
I Own Plan to Buy A Tape Recorder 
I Buy Blank Recording Tape From: 

Name 

Address 

He Does Does Not Stock Tarzian 
Tape 

L 
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FROM OUR READERS 
TV SERVICE COVERAGE 

To the Editors: 
I've been a regular reader for the 

many years I've been fixing TV sets for a 
living -but you can cancel my subscrip- 
tion right now. I used to consider your 
magazine as useful as my v.t.v.m. or 
other tools of the trade. If you want to 
know why I don't anymore, take a look 
at some titles in your December issue, 
for example: "Lasers and Their Uses," 
"Electronic Weighing," "Radiation Fin- 
gerprinting," and so on. Come on now! 
How can one of those help me with the 
unstable sync on that tough dog now 
tying up my bench? You are blundering 
off into outer space, getting away from 
the real needs of your readers. All the 
issues in one year will not put one clime 
into my pocket. 

J. MCKENZIE 
Chicago, Ill. 

To the Editors: 
I want you to know how much I en- 

joyed the December article on "Lasers 
and Their Uses." I happen to be a TV 
service dealer, and I don't expect to be 
troubleshooting any lasers in the near 
future, but I like to be kept up on what's 
happening elsewhere in electronics. 

ROBERT WILKINSON 
San Francisco, Calif. 

Take your pick. -Editors. 
o ß e 

TRANSISTORIZED IGNITION SYSTEM 
To the Editors: 

There have been several inquiries ad- 
dressed to me from people who are in- 
terested in building my transistorized 
ignition system (August and December, 
1962 issues) in any or all of its versions 
for commercial exploitation purposes. 

The company for which I work has 
applied for a patent covering the circuit 
and all its modifications. 

Anyone who is interested in the com- 
mercial exploitation of the circuit should 
address their inquiries to: Patent De- 
partment, Litton I ndustries, Compo- 
nents Group, 336 North Foothill Road, 
Beverly Hills, California. 

BOCHOS N. SAATJIAN 
Triad Transformer Corp. 
Los Angeles, Calif. 

ß ß ß 

NON- DIRECTIONAL STEREO 
To the Editors: 

Mr. Hirsch's article on "Non- Direc- 
tional Stereo Effects" in the October 
issue performs a good service in directing 

attention to the fact that there is value 
to stereo reproduction, even through 
loudspeakers, entirely aside from the 
well -known directional, or "ping -pong 
ball," effect. 

The basis for Mr. Hirsch's thesis as to 
the independence of the two ears is pre- 
sumably the experience of observers lis- 
tening with one ear stopped up. Such 
listening must, of course, be done with 
loudspeakers rather than earphones to 
be of value. Beyond this, the validity of 
findings reported by persons having two 
good ears with one stopped up is open 
to question. The stopping up of one ear 
is a disturbing experience and would 
tend to interfere with subjective phe- 
nomena. Ideally tests should be per- 
formed with persons completely deaf on 
one side, who concededly could not give 
valid before -and -after testimony but 
could be examined as to what they ex- 
perience in the case of stereo. Such ex- 
periments would, it is believed, show 
that while the loss of one ear greatly in- 
terferes with the perception of sound 
sources and with directional effects of 
stereo, the non -directional effects are not 
entirely eliminated. I, personally, am 
now converting to stereo after having 
had one ear disconnected surgically, for 
different reasons of course. 

WINFIELD T. DURBIN 
Chicago, Ill. 

ß ß 

ELECTRONIC DRAFTING MACHINE 
To the Editors: 

An interested group of draftsmen in 
this northern Michigan town would like 
further information concerning the elec- 
tronic drafting machine described on 
page 49 of your October issue. In par- 
ticular, does the man who makes the 
punched card need a drawing or graphic 
description of some kind before he can 
make the punched card? Call this ma- 
chine design or does the operator have 
to know what he wants it to reproduce? 
Basically the question is -can this ma- 
chine replace engineer and draftsman? 

R. BARKER 
Packaging Corp. of America 
Filer City, Mich. 

The machine cannot actually do design 
work and it must be programmed by 
someone who tells it what to do. As with 
all automation techniques, some of the 
more routine types of job classifications 
will be eliminated, but because of all the 
additional work that must be clone in 

ELECTRONICS WORLD 



Find it and Fix it in 1/2 the time! 
EASILY SOLVES "TOUGH DOGS "... INTERMITTENTS ... ANY TV TROUBLE 

Olt 

*far 1076 ODE 
TELEVISION 
BLACK & WHITE AND COLOR ANALYST 

By Easy Point -to -Point Signal Injection, You see the Trouble 
on the TV Screen and Correct it -Twice as Fast and Easy! 
Simplified technique stops lost hours never recovered on 
"tough dogs ", intermittents, and general TV trouble- 
shooting. This one instrument, with its complete, accurate 
diagnosis, enables any serviceman to cut servicing time in half 
... service more TV sets in less time ... satisfy more custom- 
ers ... and make more money. 
With the Analyst, you inject your own TV signals at any time, 
at any point, while you watch the generated test pattern on 
the picture tube of the television set itself. This makes it quick 
and easy to isolate, pinpoint, and correct TV trouble in any 
stage throughout the video, audio, r.f., i.f., sync and sweep sections 
of black & white and color television sets - including intermit - 
tents. No external scope or waveform interpretation is needed. 
Checks any and all circuits -solves any performance problem. 
Gives you today's most valuable instrument in TV servicing - 
proved by thousands of professional servicemen everywhere. 
Available on Budget Terms. As low as $30.00 down. Net, $29995 

i 

SIMPLIFIES COLOR TV SERVICING, TOO 

Enables you to troubleshoot and 
signal trace color circuits in color 
TV sets, or facilitate installation. 

Generates white dot, crosshatch 
and color bar patterns on the TV 
screen for color TV convergence 
adjustments. 

Generates full co or rainbow dis- 
play and color bar pattern to test 
color sync circuits, check range 
of hue control, align color de- 
modulators. Demonstrates to 
customers correct color values. 

Time -Saving, Money -Making Instruments Used by Professional Servicemen Everywhere 

Model 960 Transistor 
Radio Analyst 

Model 360 V O Matic Model 375 Dynamatic 
Automatic VOM Automatic VTVM 

Model 700 Dyna -Quik Model 440 CRT 
Tube Tester Rejuvenator Tester 

See Your B &K Distributor 
or Write for Catalog AP2O-N 

B a K MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 
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TUIINFJ1I MICROPHONES 
designed to do a specific job better 

i VOICE. . , better on CB 

MODEL 355C 

New convenience for CB and 
mobile operation. Equipped 
with 11 inch retracted, 5 foot 
extended coiled cord, wired for 
relay operation. Response: 80- 
7000 cps. Level: -50 db. 356C 
has same specs, but with new 
"cool" interior. 
List Price. $12.50 

FIDELITY.. . for true recording 
This powerful little dynamic is 
designed for TV and broadcast 
use -a natural for applications 
where freedom and mobility are 
required. Comes with 25 foot 
attached cable, 3 conductor 
shielded. Desk stand optional. 
Response: 50- 18,000 cps. Level: 
-60 db. 
List Price $57.00 

CONVENIENCE ... for paging 
Turner's amazing "lift switch" 
model. Exclusive 3 way activat- 
ing switch arrangement makes 
this the ideal mike for amateur 
and paging jobs. Lift it, it's live! 
Push the momentary touch bar, 
it's live! Press the switch, it 
stays live! Response: 60- 10,000 
cps. Level: -52 db. 
List Price $49.50 

MODEL 251 -4_'lü "" 

Check your microphone needs and mail this coupon today. 

THE TURNER MICROPHONE COMPANY 
90017th ST. N.E. CEDAR RAPIDS, IOWA 

Please send me complete specifications . on the microphones 
described above. 

Narne 

Address 

City State 

THE MICROPHONE COMPANY 

IN CANADA: Tri -Tel Associates 
81 Sheppard Avenue West, Willowdale, Ontario 

14 CIRCLE NO. 151 ON READER SERVICE PAGE 

many of our industries, people in ,rs being automated 
may simply change their lob functions and raise their levels 
(and salaries) rather than lose their jobs. 

This has been the experience of some of our larger banks 
that have installed elaborate computers to do most of the 
clerical work. The number of bank employees in these institu- 
tions has not declined at all. As a matter of fact, it has in- 
creased somewhat, although the level in job functions of some 
of the workers has changed.- Editors. 

a a 

ELECTROLYTIC CAPACITORS 
To the Editors: 

What happens to the capacitance of electrolytic capacitors 
when a.c. or very low voltage d.c. is applied? I have in mind 
the use of electrolytics in speaker crossover networks and in 
d.c. circuits where the voltage applied is much lower than the 
rated voltage value. 

Also along these lines, measurements of capacitance are 
frequently made in simple RC bridge circuits to which 60 cps 
a.c. is applied. Will the capacitance of electrolytics measured 
this way be the same as their capacitance in a d.c. circuit with 
the proper forming voltage applied to the capacitor? 

JAY HUNTER 
New Rochelle, N.Y. 

According to several capacitor manufacturers we contacted 
on these questions, it appears that once the electrolytic is 
properly formed by the manufacturer, it can be used on low - 
voltage audio or a.c. as well as on a low value of d.c. that is far 
below the rated working voltage. After a period of time, how- 
ever, the oxide dielectric film is reduced so that capacity is 
increased possibly by as much as 25% in a few months. This 
means that there will he a downward shift in crossover fre- 
quency if the electrolytics are used in speaker crossover net- 
works and possibly increased leakage in low d.c. circuits. 

When measuring electrolytics on a common RC bridge in 
which 60 or 120 cps a.c. is applied, the measurements should 
he quite accurate if the electrolytic is still properly formed. 
Therefore, it would be a good idea to check the capacitor for 
leakage first as this is done by the application of a d.c. voltage. 
This voltage insures that the dielectric is formed and that the 
leakage is brought down to its normal value. Once this is done, 
the capacitance can be measured with the a.c. from the bridge 
and the capacitance value thus measured will be as accurate 
as the bridge is able to read.- Editors. 

MULTIPLEX SIGNAL GENERATOR 
To the Editors: 

The circuit diagram for the FM multiplex signal generator 
that is shown on page :36 of your January, 1963 certainly looks 
very interesting. Evidently, a lot of care and thought went 
into the design and construction of the unit. However, I don't 
think that the meter circuit will operate unless a ground con- 
nection is added at the bottom ends of resistors R67 and R70. 

JOSEPH GARDENA 
San Diego, Calif. 

Thanks to Reader Gardena and others for pointing out the 
missing ground. In addition, the compactron tube V4 should 
he a 6K11 rather than a 6D11 designated on the parts list and 
schematic diagram. 

Finally, in order to have balanced outputs from phase 
splitter V3B, both plate -load and cathode -load resistors must 
be equal in value. Hence both R26 and R30 should-be 4700 - 
ohm, 1 -watt resistors. 

For readers who are having difficulty in obtaining single 
19- kilocycle crystals from the sources indicated in the article, 
we suggest that these readers contact the Audio Workshop, 
Inc., 732 Broadway, New York .3, N.Y. This company is plan -. 
ning to make these crystals available at a price of about 
318.25.- Editors. 
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FRE 
SEND TODAY FOR YOUR MONEY -SAVING 

4111/Eli 1963 CATALOG 

rnci the 
eä 

night ' kít 
n ct-t-cro 

.._e 
R..e..t, 

BIGGEST SELECTION 
BIGGEST SAVINGS 

exciting build -your -own 

knight-kits- 

SEND FOR IT TODAY! 
MORE OF EVERYTHING SAVE MOST 
Eveything in Stereo Hi -Fi 

New All- Transistor Stereo 

Knights Super Value Hi -Fi 

2 -Way CB Radios 

Shortwave Radios 

Ham Station Equipment 
Tape Recorders d Tape PA Systems, Intercoms 
Photographs d Records Test d Lab Insrruments 
Trarsistor & FM -AM Radios Tools d Hardware 
World's Largest Selection of Parts, Tubes, Transistors, Books 

NO MONEY DOWN: Now! More Buying Power 
with your Allied Credit Fund Plan! 

:atisfoction guaranteed or your money back 

fl 

The U or s Largest Electronic upoly House 

ALLIED EXCLUSIVES 
See special money- saving 

products available only 
from Allied -plus all 
the famous makes! 

SEND FOR YOUR 
COPY TODAY! 

March, 1963 

ALLIED RADIO, Dept. 11 -35 -C 
100 N. Western Ave., Chicago 80, III. 

Send FREE 464 -Page 1963 ALLIED Catalog 

Name 
PLEASE PRIMI 

Address 

City 

State 
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AUDIO PRODUCTS TESTED BY HIRSCH -HOUCK LABS 

Audio Dynamics ADC -1 "Mark I1" Phono Cartridge 
Fisher KM -60 FM- Multiplex Tuner 

Audio Dynamics ADC -1 "Mark II" Phono Cartridge 
For copy of manufacturer's brochure, circle No. 58 on coupon (page 21). 

THE Audio Dynamics Corp. ADC -1 
was one of the first ultra- high -com- 

pliance stereo phono cartridges, de- 
signed to operate at tracking forces 
under one gram. The original ADC -1 
had a minimum compliance of 10 x 10 
cm. /dyne. Later this was increased to 
20 x 10-6 cm. /dyne. Now, with a further 
increase to 30 x 10 cm. /dyne, the car- 
tridge has received the "Mark II" des- 
ignation. 

The ADC -1 "Mark II" is a moving - 
magnet cartridge, with a replaceable 
stylus assembly. To reduce the stylus tip 
mass to a minimum (0.5 mg.) a tiny 
diamond cone with a 0.6 -mil radius is 

used. Stylus replacement requires no 
tools. 

The cartridge is encased in a Mumetal 
shield for hum reduction and is equipped 
with four output terminals. It is de- 
signed for termination in 47,000 ohms, 
and signal cable lengths should not ex- 
30 

r 
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teed five feet to avoid loss of high - 
frequency response. Its rated frequency 
response is ±2 db from 10 to 20,000 cps, 
with 30 -db rated channel separation 
from 50 to 7000 cps. The output is rela- 
tively high, 7 mv. at 5.5 cm. /sec. 

Before making measurements on the 
cartridge, we checked its ability to track 
high recorded velocities. It tracked the 
32 -cps band of the Cook 60 record at 1.5 
grams, and the 1000 cps, 30 cm. /sec. 
bands of the Fairchild 101 record at 2 
grams. Both records contain recorded 
velocities far greater than those usually 
encountered in musical recordings, most 
of which can be comfortably tracked at 
0.75 gram. This force was used for our 
frequency -response measurements. 

The CBS Labs STR -100 test record 
was used for frequency- response and 
channel- separation measurements. The 
response was ±2 db up to 14 kc., falling 

500 IKC 2KG. 5KC IOKC. 
FREQUENCY -CPS 

20KC. 

above that frequency. Our connecting 
cables were at or a bit beyond the maxi- 
mum recommended length, and it is 
possible that shorter cables would slight- 
ly extend the high- frequency response. 
The channel separation was better than 
20 db up to about 5 kc., reducing to 
13 db at 10 kc., and exceeding 7 db all 
the way up to 20 kc. 

ADC uses the RCA 12 -5 -71 (78 rpm) 
record as the basis for their specifica- 
tions, so we checked the cartridge at sev- 
eral points with this record. The read- 
ings were similar to those obtained with 
the 33 -rpm CBS Labs record. 

The square -wave response, with the 
1 -kc. square waves of the STR -110 rec- 
ord, showed one cycle of ringing, at 30% 

of peak amplitude, which was quickly 
damped. The cartridge output was 7 
mv. per channel at 5 cm. /sec. lateral 
velocity. The two channel outputs were 
almost exactly equal at middle frequen- 
cies. The sensitivity to induced hum, 
although relatively high, was about 5 db 
lower than earlier ADC -1 cartridges we 
have tested. Since this cartridge is not 
likely to be used with inferior turntables 
having strong hum fields, this should 
present no problem. We have used the 
cartridge with several different turn- 
tables without experiencing any hum. 

Finally, we measured `thë intermodu- 
lation distortion of the cartridge as a 
function of peak recorded velocity, using 
the RCA 12 -5 -39 record. At 0.75 gram 
the IM was quite large, but at 2 grams 
it did not exceed the residual distortion 
of the record and test equipment up to 
about 18 cm. /sec. velocity. 

The listening characteristics of the 
cartridge are best described as clean, 
musical, slightly bright, and with excel- 
lent definition. Surface noise is very low 
and there is a slight sparkle which is 
noticeable by comparison to some other 
fine cartridges. Needle talk is very low. 
We have found that these cartridges will 
track very nicely at 0.75 gram in good 
arms, and forces larger than 1.5 grams 
should never be required. 

The price of the ADC -1 "Mark II" is 
$49.50. 

Fisher KM -60 
FM- Multiplex Tuner 

For copy of manufa(lurcr's brochure, 
circle No. 59 on coupon (page 21) . 

THE KM -60 is an FM multiplex tuner, 
one of the "Stratakit" family of high - 

fidelity component kits by Fisher. These 
kits feature simple construction proce- 
dures, divided into a number of distinct 
stages ( "strata ") . In the case of the 
KM -60, there are 16 stages, each hav- 
ing all its parts (including pre -cut wire) 
in a plastic packet. The spiral -bound 
construction manual displays the steps 
for only one stage at a time, together 
with a life -size (or larger) pictorial lay- 
out of that part of the assembly. 

The marreal is written in a conver- 
sational style, which makes for enjoy- 
able reading, and explains the signifi- 
cance of each stage in the final opera- 
tion of the tuner. The critical circuits, 
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The power: 50 watts 
The price: $129.50 

The builder: You 

HeR 
,, pnrotor 

THE FISHER 
STPara Kir 

STRaTAKIT ° 
ewes UliDp CöaPt;t>rOCn !Z)N6 öWM tiW i. taa. VOW 

(lt could only be a Fisher StrataKit.) 
The KX -100 stereo control -amplifier kit would 
be an astonishing value under any label -50 
clean watts for less than $130 plus a few 
evenings of highly entertaining work. But the 
fact that it is a Fisher amplifier, with all the 
built -in quality that the name implies, makes 
it the most remarkable buy of the entire 
stereo era. 

The KX -100 is an authentic StrataKit. The 
StrataKit method of kit construction is the 
exclusive Fisher development that enables a 
totally unskilled and inexperienced person to 
achieve the same result as a professional 
laboratory technician. You can't help ending 
up with a faultless Fisher product when you 
build a StrataKit. 

In addition to more watts per dollar, the 
KX -100 features all the standard control and 
switching facilities plus a few remarkable 

March, 1963 

extras: A front -panel headphone jack with 
speaker silencing switch; full tape monitor- 
ing facilities with the famous Fisher Tape - 
Play System; a High Filter switch; and a 
revolutionary new circuit that permits direct 
connection of a center -channel speaker with- 
out using an additional amplifier! Yes, all 
that for $129.50 *. 

The KX -200 StrataKit, a highly advanced 
80 -watt stereo control -amplifier kit with 
built -in d'Arsonval bias /balance meter and 
volume- controlled center -channel speaker 
output, $169.50 *. 

The KM -60 StrataKit, world's most sensi- 
tive FM Stereo Multiplex wide -band tuner 
available in kit form, $169.50 *. 

The KS -1 3 -way speaker kit, only Slim -Line 
loudspeaker system 
in kit form, $59.50 * *. THE FISHER 

r 

FREE! $1.00 VALUE! The Kit 
Builder's Manual: a new, illus- 
trated guide to high -fidelity kit 
construction. 

Fisher Radio Corporation 
21-38 44th Drive 
Long Island City 1, N. Y. 

Please send me without charge The Kit Builder's 
Manual, complete with detailed information on 
all Fisher StrataKits. 

The 
Kit Builder's 

Manual 

Name 

Address 

City lone State 

L 
*Walnut or mahogany cabinet, $24.95. Metal cabinet, $15.95. ttln unfinished birch. $64.50 in unfinished walnut. Prices slightly higher in the Far West. 

Export: Fisher Radio International, Inc., Long Island City 1, N.V. Canada: TriTel Associates, Ltd., Willowdale, Ont. 
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OUTSELLS, OUTLASTS, 
OUTH EATS 
THEM ALL 
Model 250- standard of the 
electronics industry. Choose 
from 4 models -100 watt to 250 
watt. All heat in 21/, to 5 sec- 
onds. Built -in spotlights focus 
on work. $5.95 to $15.95. 

WORLD'S FIRST 
PROFESSIONAL 

ELECTRIC PLANE 
UNDER $50 

NEWEST IN 
THE ® FAMILY 

OF FINE TOOLS 
For edge and surface work. 
Souped up % HP motor 
drives cutters 14,500 RPM. 

saw 

Model 909 
"All Saw" 
America's fastest 
selling saw. 

Model 808 Drill 
2- speeds plus 

%" Jacobs chuck. 

Model 920 
"Zipp Saw" 
Great on the job and 
for awkward cuts. 

Model 202 
Sander 

For fine finishing 
in wood, plaster. 

WEN 

Model 910 
Belt Sander 
For any sanding job. 

PRODUCTS, INC. 
5810 Northwest Highway, 
Chicago 31, Illinois 
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such as the front end and multiplex 
demodulator, are pre -wired and aligned. 
The i.f. transformers are roughly 
aligned; final adjustment is clone with a 
received signal, using the unit's tuning 
meter. This process is further simplified 
by a switch on the chassis which con- 
nects the meter to the limiter grid for 
i.f. alignment (and normal operation) 
or to the detector Output for detector 
alignment. 

Physically, the tuner looks much like 
Fisher factory -wired tuners, with a rigid, 
brushed brass finished panel. On the 
panel are switches for controlling power, 
mono /stereo reception, and a stereo 
noise filter, as well as the tuning knob. 
On the rear of the chassis are two pairs 
of output jacks, for driving a tape re- 
corder as well as the main amplifier, and 
individual channel level controls. 

The unit has a 6DJ8 cascode r.f. am- 
plifier, a 6AQ8 mixer /oscillator, two 
6AU6 i.f. amplifiers, and two more 6AU6 
i.f. stages which also act as limiters. Two 
germanium diodes are used in the wide - 
band ratio detector. The multiplex chas- 
sis uses switching circuits similar to 
those in the company's multiplex adap- 
ters. A 12AT7 amplifies the composite 
signal which (after filtering to remove 
SCA modulation) goes to two four -diode 
switches. The 19 -kc. pilot carrier syn- 
chronizes a 12AX7 push -pull oscillator 
at 38 kc., which alternately gates on the 
two switches. Their outputs are left- and 
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right -channel signals, which are de -em- 
phasized and filtered to remove any 
38 -kc. component before going to the 
12AX7 dual output amplifier. This am- 
plifier uses negative feedback to reduce 
its output impedance and distortion. The 
19 -kc. pilot carrier is rectified, and the 
resulting d.c. used to close the beam on 
an EM184A eye tube ( "Stereo Beam "), 
signalling the fact that the station is 
transmitting in stereo. 

The unit we tested took 9,'_ hours to 
construct, plus alignment. This is a sim- 
ple procedure Nvith the built -in facility, 
and apparently is adequate to obtain 
full performance from the tuner. We 
were unable to improve on it by instru- 
ment alignment. 

Following is a comparison of our 
measured performance (listed first) and 

(Continued on page 89) 
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eaAflO Ìßd 
MAgns H[Iggi 
by Practicing at Home 
in Your Spare Time 
Electronics is the outstanding career field of 
the 1960's. There are more better- than -aver- 
age opportunities in Electronics than in any 
other field- openings for which you could 
qualify through NRI training. Thousands of 
men like yourself have stepped up to good 
money in Industrial Electronics, Radio and 
TV Broadcasting and Radio and TV Servicing 
with NRI training. 

Make More Money Soon 
If you decide to be a Radio -TV Service techni- 
cian, NRI training can help you step up your 
income soon after you enroll. We show you how 
to apply your knowledge to make extra cash in 
spare time doing Electronic repairs or servicing 
radios and TV sets for friends and neighbors. If 
desired NRI assists you in job placement when 
you're ready. In short, whatever branch of 
Electronics you select, NRI is well qualified to 
help you grow in your new career ... in useful- 
ness, in prestige, in monetary gain. 

Train With The Leader 

NRI is America's oldest and largest home -study 
Radio -TV, Electronics training school. For 
nearly half a century NRI has maintained the 
confidence and respect of students, graduates 
and the Electronics Industry by constantly sup- 
plying practical, complete, up -to -date home - 
study training at a cost most everyone can 
afford. Read the capsule descriptions of NRI 
courses on the other side of this page. Then, mail 
the postage -free card today for the FREE NRI 
CATALOG. National Radio Institute, Wash- 
ington 16, D. C. 

Equipment You Get Makes 
Training Faster, Easier 

The NRI "train -by- doing" method, using special training equipment, is the 
time- proved way to assure advancement or to turn your hobby into a new and 
profitable career in the fast -growing field of Electronics. All NRI courses, except 
FCC License training, includes special equipment at no extra cost. You build 
circuits and work experiments. Theory you study comes to life in an interesting, 
easy -to -grasp manner. NRI catalog pictures and describes equipment you get. 
Mail the postage -free card for more facts about NRI training and opportunities 
awaiting you in Electronics, Radio -TV. 

Turn Page For Facts On NRI Courses » 
Cut Out and Mail -No Stamp Needed 

NATIONAL RADIO INSTITUTE 
WASHINGTON 16, D. C. EM 

Please send me your Electronic, Radio -TV catalog 
without cost or obligation. I am interested in the course 
checked below. (No salesman will call. PLEASE PRINT. ) 

Industrial Electronics 

Radio -TV Servicing 

Math for Electronics 

Communications (Complete) 

FCC License 

Mobile Communications 

Aircraft Communications 

Marine Communications 

Name Age 

Address 

City Zone State 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
Approved for Veteran's under Korean GI Bit 



PICK THE CAREER YOU WANT 

IN THE WONDERFUL FIELD OF ELECTRONICS 

TRAIN AT HOME WITH THE LEADER 

INDUSTRIAL ELECTRONICS TELEVISION -RADIO SERVICING 
Prepare for a career as an Elec- 
tronic Technician in industry, 
business, government, the mili- 

tary, with this NRI course in 

Electronics -- Principles, Prac- 
tices, Maintenance. Computers, 
telemetry, automation, missiles. 
rockets all employ the same 
basic principles ... and that is 

what this NRI course stresses 

with illustrated lessons, special 
training equipment. 

TV -RADIO COMMUNICATIONS 
In the NRI Communications 
course you get actual experience 

as NRI prepares you for your 
choice of Communications fields 

and an FCC License. Corn- 
mercial methods and techniques 
of Radio and TV Broadcasting; 
teletype; facsimile; microwave; 
radar; mobile and marine radio; 
navigation devices; FM stereo 
multiplexing are some of the 
subjects covered. You work with 
special training equipment. 

SEE OTHER SIDE t 

(INCLUDES COLOR TV) 
NRI's time -tested course in 

Servicing not only trains you to 

fix radios, TV sets, hi -fi, etc., 
but also shows you how to earn 
spare -time money starting soon 
after enrolling. Fast growth in 

number of sets, color -TV, stereo, 
means money- making oppor- 
tunities in your own spare -time 
or full -time business or working 
for someone else. Special train- 
ing equipment included. 

FCC COMMERCIAL LICENSE 

1 
FIRST CLASS 

PERMIT 
NO. 20 -R 

(Sec. 34.9, P.L. &R.) 
Washington, D.C. 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

POSTAGE WILL BE PAID BY 

National Radio Institute 
3939 Wisconsin Avenue 

Washington 16, D.C. 

For men with Radio -TV expe- 
rience who want to operate or 
service transmitting equipment 
used in broadcasting, aviation, 
marine, microwave, facsimile or 
mobile communications. A Serv- 
ice Technician is required by law 
to have an FCC License to work 
on C -Band, other transmitting 
equipment. From Simple Cir- 
cuits to Broadcast Operation, 
this new NRI course trains you 
quickly for your Government 
exams. 

ALSO: Special courses in Mobile Communications; Aircraft 
Communications and Guidance; Marine Communications; 
Math for Electronics. 
Today, a career in Electronics offers unlimited oppor- 
tunity. Job counselors advise, "For an interesting 
career, get into Electronics." The National Associ- 
ation of Manufacturers says, "There is no more in- 
teresting and challenging occupation in American 
industry." 

When you train for a career in Electronics through 
NRI home -study methods your home becomes your 
classroom, and you the only student. You pick your 
own study hours, study when you want, as long as 
you want. No need to give up your job or go away to 
school. And there are no special requirements of pre- 
vious Electronics experience or education. Train 
with the leader. Your NRI training is backed by 
nearly 50 years of success. Mail the postage -free 
card. National Radio Institute, Washington 16, D.C. 

Mail Postage -Free Card 



YOU CAN BUY 

THAT NEW CAR 
WITH A FREE SIGNET SOUND CATALOG 

Hundreds of others have struck a cash 
bonanza by selling and installing SIGNET 
SOUND in their spare time ... and you can 
too. Now, with SIGNETTE* Intercom in the 
line, it's easier than ever. Get a SIGNET* 
SOUND Catalog, add a little initiative, and 
by this time next year you'll have a new car, 
an extra room in your home, or that electronic 
gear you've always wanted. Sounds too good 
to be true? Walk around your neighborhood! 
Check the churches and social clubs, meet- 
ing halls and offices, clinics and bowling 
alleys, garages and supermarkets. They're 
all prime prospects for the relatively low- GIIIIIIIID 
GENERAL DYNAMICS I 
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priced line of good quality sound systems, 
sound components and SIGNETTE Intercom 
equipment in the SIGNET SOUND Catalog. 
There's no inventory to stock; no invest- 
ment to make. You simply swing the sales, 
order the equipment, install it ... and col- 
lect. We provide the order forms, a valuable 
installation- made -easy manual, and the po- 
tent salesmanship of the SIGNET SOUND 
Catalog - and all for free. No obligation. 
Start now to turn opportunities into income! 
Circle our number on the order card or write 
1420 North Goodman St., Rochester 1, N.Y. 
*Trademark General Dynamics Corporation 
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offers you the BEST BUYS of both. 
All EICO models are available as Kits 
or assembled and Factory -Wired. So, 
whether you build it yourself or we do 
it for you -- either way -they look, sound 
and perform identically ... all best buys 
and top performers. 

. :... ....... 

kam 6 

7 

Over 2 million EICO instruments in use. 
Uni -card holders can buy at any EICO 
dealer with no down payment. Budget 
terms at most dealers. 

listen to the EICO Hour, WABC -FM, N. Y.. 95.5 MC, 
'Ion. -Fri. 7:15-8 P. M. Export Dept., Roburn Agencies 

IC., 431 Greenwich St., New York 13 

1. FM Multiplex Stereo Tuner ST97 
Semi -Kit $99.95 Wired $149.95 Incl. Metal Cover & FET 

2. 40 -Watt Integrated Stereo Amplifier ST40 
Kit $79.95 Wired $129.95 Incl. Metal Cover 

3. 70 -Watt Integrated Stereo Amplifier ST70 
Kit $99.95 Wired $149.95 Incl. Metal Cover 

4. FM Multiplex Autodaptor MX99 (Patent Pending) 
Kit $39.95 Wired $64.95 Incl. FE Cover Optional $2.95 

5. FM -AM Stereo Tuner ST96 
Kit 589.95 Wired $129.95 Incl. Metal Cover & FET 

6. Transistorized Stereo /Mono 4 -Track Tape Deck RP100 

Semi -Kit $299.95 (Patents Pending) 
(Tape transport assembled &tested; electronics in kit form) 
Wired $399.95 
(Handwired throughout by skilled American craftsmen) 
Carrying Case $29.95 Rack Mount $9.95 

7. 100 -Watt Stereo Dual Power Amplifier HF89A 
Kit $99.50 Wired $139.50 Enclosure E8 $4.50 

8. Slim 3 -Way Speaker System HFS6 
Kit $52.50 Wired $62.50 

9. 12 -Watt Integrated Amplifier HF12 
Kit $34.95 Wired $57.95 Incl. Metal Cover 

10. Stereo Dual Preamplifier ST84 
Kit $59.95 Wired $89.95 Incl. Metal Cover 

©1963 EICO Electronic Instrument Co., Inc. 

3300 N. Blvd., L.I.C. 1, N.Y. 

EICO 3300 N. Blvd., L.I.C. 1, N.Y. Ew -3 

Send FREE 32 -page catalog & 

dealer's name 

Send FREE booklet "Why Stereo" 

Send new 36 -page Guidebook to 
HI -FI. Enclosed is 25c for post- 
age & handling 

Name 

Address 

City lone State 

Add 5 °/e in West 
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comPUTERS 
Will future computers be able to learn, reason, and 

think for themselves? By studying the human brain 

and nervous system and by imitating their operation, 

we are beginning to make some headway to that goal. 
By KEN GILMORE 

IN a laboratory at Wright -Patterson Air Force Base near Dayton, Ohio, scientists 
are spending their time these days watching a mouse. The mouse -an electronic 
one -is learning to run a maze. 

The mouse is of tremendous interest to the Air Force because its "brain" -the com- 
puter which directs its activities -is a completely new kind of device. This different 
thinking machine may be the forerunner of a whole new generation of advanced com- 
puters. And although opinion among experts in the field is by no means unanimous, 
some workers foresee the day when these unique machines may outdistance today's 
most advanced computers as easily as present computers overshadow the abacus. 

Guiding the mouse through the maze is a bionic computer -a machine whose circuitry 
is based not on conventional computer elements, such as flip -flops and ferrite memory 
cores, but on principles which bionic scientists have learned from studying living brains 
and the way they work. 

The Model: the Brain Cell 
The basic element of the bionic computer is the artificial neuron -an electronic imita- 

tion of a nerve cell. Scientists have long known that living brains are composed of 
neurons: cells which are similar in some ways to computer elements. 

The biological neuron (shown in simplified form in Fig. 1) is a threshold device. It 
has many inputs -usually a few hundred but sometimes as many as several thousand - 
called dendrites (D), and one output, an axion (A). The processing of electrical signals 
takes place in the central cell body (B) . Most of the dendrites are excitory, that is, 
signals coming in over them tend to cause the cell to "fire." But some are inhibitory: 
signals appearing on these dendrites tend to keep the cell from firing. A neuron's status - 
firing or non- firing -at any particular moment is determined by the combination of signals 
appearing on the dendrites. If enough excitory signals appear, the cell threshold is ex- 
ceeded and the neuron fires. Of course, if inhibitory impulses are present, it takes 
more excitory signals to exceed the threshold. 

The biological neuron is essentially a digital device. Its output is "all -or- none." When 
its threshold is exceeded, it generates a constant -amplitude .5- millisecond pulse (Fig. 
2) . The normal resting potential is around -70 millivolts, and the peak potential is 
about +50 millivolts; hence, the pulse itself has a peak amplitude of about 120 millivolts. 
After firing, the neuron recovers fòr a millisecond or so -then if the signal is still present, 

25 



or else if another input signal comes along, it fires again. 

Neural Networks 
The complexity of the human brain is almost incompre- 

hensible. It contains on the order of ten billion neurons, each 
with hundreds or thousands of dendrites. The neurons are 
connected in semi -random patterns, with each one receiving 
signals from and sending signals to hundreds or thousands 
of others. Signals from eyes, ears, and scores of other sensors 
all over the body are fed into this complex network, where 
they set billions of patterns of currents swirling through tril- 
lions of interconnections. 

Somehow, this fantastic data -handling system, which 
dwarfs to insignificance our most advanced electronic com- 
puters, generates all human and animal actions and reactions. 
Also produced in ways only dimly understood are qualities 
we have come to know as intelligence, learning ability, and 
emotion. 

The electrical neural activity also accounts for memory, 
although there is some doubt as to how. Some physiologists 
and bionicists feel that a certain pathway set up for proc- 
essing a certain signal tends to "wire" the neurons so that 
they are more likely to conduct a similar signal along the 
same pathway the next time. If you solve a problem, for 
example, the neural currents tend to `bias" the neurons in- 
volved in a certain pattern. The next time you face the same 

problem, the biased neurons would tend to conduct currents 
along the same pathways, or to put it another way, to "re- 
member" the previous solution and repeat it. Continued 
exposure tends to reinforce the "biasing" or "wiring" and 
thus makes the memory firmer. 

Imitating the Neuron 
Although our understanding of the operation of complex 

biological neuron nets is extremely limited, the operation 
of single neurons is fairly well understood. Consequently, 
scientists have been able to construct artificial neurons- 
electronic circuits that duplicate closely the electrical activity 
of the biological neuron. 

At least twenty companies are working on such a project, 
and have come up with many different kinds of circuits. Fig. 
3 shows one such neuron designed at Bell Laboratories. It 
has six inputs -five excitory and one inhibitory. Its opera- 
tional characteristics closely approximate those of the bio- 
logical neuron, except that its input and output signals are 
on the order of one volt, rather than in the millivolt range 
as is the case with the biological model. 

The Aeronutronic Division of Ford Motor Company has 
built an artificial neuron called "MIND" (Magnetic Inte- 
grator Neuron Duplicator), which is simpler but does not 
imitate the behavior of the neuron as closely as the Bell 
model. General Electric, Melpar, and many other companies 

(Al Model of pattern -recognition system, 
based on array of neuron -like elements. 
Toggle switches for input sources and 
lights that display whether the sources are 
energized are in the two rectangular arrays 
on the front of the model. Neuron -like 
translation modules are also employed in 
similar array on right side of the unit. 

(B) Network of electronic neurons is assem- 
bled by L. D. Harmon of Bell Telephone Lab- 
oratories, who initiated project of simu- 
lating the functions of nerve cells with 
simple transistorized circuit. Array shown 
imitates some functions of the eye nerves. 

IC) The Air Force's "bionic mouse" learns 
to run maze in much the same way as does 
its live counterpart. Scientists hope that 
some day vastly more complex bionic 
brains may rival the human brain in its 
ability to think, to reason, and to learn. 
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have also built artificial neurons of one type or another. 
The Melpar model- called "Artron" by its inventors -is the 

neuron used in the Air Force's maze -running mouse. The 
mouse's "brain" contains just 10 "Artrons " -as compared with 
10- billion neurons in a human brain -but these give it enough 
learning ability to master the maze. 

When the mouse begins its learning task, it has an almost 
limitless combination of choices as to which legs of the 
maze it will follow. At first, its course is completely trial 
and error. But each time the mouse makes a turn which 
works out properly, the cells are biased to operate that way 
again -in other words, they "remember" the proper turns. 

The author saw the mouse put through its paces in Dayton 
recently. First, all circuits were returned to electrical neutral- 
ity-the mouse's memory was wiped clean. The first trip, it 
made scores of wrong turns and took about 45 minutes to 
find its way through the maze. The next trip out the time was 
cut in half. On the eighth trip, it ran through from beginning 
to end in 35 seconds flat, without a single error. 

Self-organizing Systems 

Scientists working with bionic computers are hopeful that 
these strange thinking machines may help break the program- 
ming bottleneck. Each step a present -day computer is to 
take must be outlined in detail before the machine can 
function. It frequently takes months of human time to pro- 

a left. The mouse, equipped with red and green sensors, 
won't be instructed- programmed, in computer language -to 
pay attention to the lights. But, like a live mouse, it will 
see them. If predictions hold, the mouse without being told 
will figure out for itself that red means left and green right. 
Then, when placed in a new maze equipped with lights, it 
should run it properly the first time. 

Bright Bionic Future 
A bionic brain might eventually begin to perform feats 

now completely out of the question for non -living systems, 
indeed, might display true intelligence. Pattern recognition, 
for example, is a field now in its infancy. A few machines 
have been built which can read several handwritten numbers 
or letters if they're written clearly enough. But human beings 
recognize with ease patterns of astonishing complexity. A 
child who can't add 2 -t- 2, for example, can recognize hun- 
dreds of different people at a glance, by differentiating be- 
tween the subtle changes in the patterns of their faces. 

Elementary self -organizing pattern recognizing systems 
called "Perceptrons" have already been built at Cornell and 
other places. So far, they work, but do well to recognize 
simple letters. But what scientists learn from these early 
machines may help them build more versatile devices in the 
future. 

A highly sophisticated pattern recognizer would certainly 

C- SYNAPSE 
(CONNECTION) 

B-BODY (GENERATOR) 

D-DENDRITE 
(INPUT) 

Fig. 2. The output pulse generated by a 
biological neuron may vary in amplitude from 
one neuron to another, but the output of any 
given cell tends to remain constant regard- 
less of the signals applied to its input. 

Fig. 1. Vastly simplified drawing of a neuron, 
the basic nerve cell of all living creatures. 

gram a computer to solve a problem which it can complete 
in a few minutes. 

Man, animals -and now bionic computers, such as the one 
which guides the mouse -on the other hand, fall into a cat- 
egory labeled "self- organizing data -processing systems." One 
man can tell another to make out a payroll, and no further 
instructions are necessary. Man, in other words, is self -pro- 
gramming. He operates on general instructions, filling in de- 
tails for himself. But a computer has to be instructed on 
each minute step: read certain names and amounts from the 
memory, compute certain figures, etc. 

Bionic computers are, to some extent, already self- program- 
ming. The mouse doesn't have to be programmed to run the 
maze -it figures out the process for itself. Furthermore, if 
the maze is changed, it sets to work and learns the new 
maze -again without being told. 

A new mouse -one with 40 neurons -is now being built and 
should be capable of even more complex behavior. In one 
experiment, Air Force scientists plan to put red and green 
lights on either side of the passageway. A green light will 
shine where a right turn should be made; red will indicate 
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be a useful device. In a satellite, it could look at clouds, 
spot important patterns and notify the ground station, ignore 
everything else. A spy -in- the -sky could look out for missile 
launchings, also for troop movements, armament buildups, 
or other tell -tale signs. It could look at microphotographs 
of blood samples and tissue sections and make diagnostic 
decisions. (MIT already has a working model of one such 
device which can recognize a certain type of cancer cell 
by looking at it through a microscope. ) 

Bionic brains, of course, wouldn't have abilities such as 
these the moment they rolled off the assembly line. Unlike 
ordinary computers which are ready to work as soon as the 
last soldered connection cools, bionic computers would have 
to learn their jobs. One Air Force scientist estimates that 
a newly completed brain might sit on the shelf for a year 
or more, soaking up information poured into it 24 hours 
a day. Its "education" received in this way would be com- 
parable in some respects to the education of a human being. 

Learning ability isn't the only benefit we may get from 
designing bionic computers to imitate living brains. Another 
is reliability. You were born with some 10 billion neurons- 
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Bionic pattern- recognition machine !earning to recognize "G." 

This small artificial neuron was developed by Ford Motor Co.'s -* 
Aeronutronic Div. as part of its self -organizing machine re- 
search work. The MIND (Magnetic Integrator Neuron Duplicator) 
device duplicates in some ways the fúnctions of live nerve 
cells. While it cannot imitate a living neuron as closely as 
can the circuit shown in Fig. 3, it is able to remember and 
learn from experience when taught by human or mechanical teacher. 

all you will ever have. When a neuron dies, it is not replaced. 
And about 1000 die every hour of your life. You'll lose 500 
million during a normal lifetime, yet you will still operate 
effectively. As a matter of fact, there is apparently no ad- 
verse effect on the system due to the death of individual 
neurons, within certain limits. 

Bionic scientists call this the principle of reliable oper- 
ation with unreliable parts. Because of the vast number of 
neurons and their system of random interconnections, when 
one dies others around it take over its tasks. Designers 
expect that bionic computers will similarly continue to work 
reliably even if part is damaged or destroyed. In a satel- 
lite, where repair is impossible, bionic devices would con- 
tinue to operate as part after part failed. Life expectancy 
of such devices -even without service -might be measured 
in terms of decades, rather than weeks or months as it is 

Fig. 3. Schematic diagram of electronic nerve cell. When the 
sum of the excitory inputs exceeds a preset level, the circuit 
"fires" and generates a pulse similar to the one produced by 
a biological neuron. If a signal appears at the inhibitory 
input, the firing threshold is raised. Under these conditions, 
the electronic neuron requires larger excitory signal to fire. 

0--1\M-- 

100K 

INHIBITORY INPUT 
O 

01,02,03,04 ARE 
21,1224 OR 
EQUIVALENT 

Artificial "nerve network" used to test behavior of Aeronu- 
tronic neurons. Transistor circuits are used in conjunction 
with devices to help them carry out decision- making functions. 

now usually the case with presently available equipment. 

Human Beings- Living Computers 
The idea which eventually resulted in bionic computers 

came from the brilliant mathematician, Norbert Weiner, in 
the late 1940's. His classic book "Cybernetics," published 
in 1948, pointed out for the first time that man could be 
considered not only as an animal with certain behavioral 
patterns, but as a fantastically complex information proces- 
sor-a flesh and blood digital computer. But far too little 
was understood about the human mechanism to hope to 
apply its principles to electronic circuitry at that time. 
Richard Caton had discovered in 1875 that the brain was 
essentially an electrical device, but that didn't help much 
either. Trying to explore the brain's operation by reading 
electroencephalograms is like figuring out how an IBM 7090 
works by measuring voltages on the outside of the cabinet. 

The breakthrough in the study of the brain's operation 
came in 1949 when Ling and Gerard invented the intracellu- 
lar electrode, a glass capillary tube with a conducting salt 
inside. Its over -all outside diameter was on the order of a 
few tenths of a micron ( more than 10,000 such probes laid 
side by side wouldn't cover an inch) . With the microprobe, 
it became possible for the first time to measure electrical 
currents in individual neurons. 

In the early 1950's, the need for computer systems orders 
of magnitude better than those then in existence became ob- 
vious. So scientists, while continuing to improve conven- 
tional computers as rapidly as possible, also began to look 
around for new approaches to data processing. They found 
one clue in the oldest data handling system in existence: 
the brain. Scientists around the country set to work to 
wrest useful secrets locked in the brain cells of animals 
and men. 

(Continued on page 63) 
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Fig. 1. Test for speed drift 
with an extra five grams stylus force. A fixed 
reference line on a strip of material overhanging 
the strobe disc permits operator to count number of bars that 
move past a given point in a period of time, denoting speed drift. 

TURNTABLE 
TESTING at HOME 
By EDGAR VILLCHUR President, Acoustic Research, Inc. 

The most important characteristics can be checked by 
simple tests and techniques with results that are just 
as valid, and sometimes more valid, than lab measurements. 

APREVIOUS article by this writer ( "Loudspeaker 
Testing and Measurement," October 1961 issue of 
ELECTRONICS WORLD) stressed the professional re- 

quirements of equipment and techniques suitable for testing 
speakers. It was pointed out, for example, that attempts at 
making rough frequency- response measurements at home 
generally produce results that are meaningless or even mis- 
leading. 

Two years of work in developing and testing the AR turn- 
table have led me to the conclusion that there is very nearly 
a reverse situation with regard to testing turntables and arms. 
Only one commercial test instrument has yielded measure- 
ments of flutter' and rumble that correlate well with listening 
results -a behemoth made by Dataservice Corp. that weighs 
its measurements according to perceptibility. Flutter and 
rumble measurements with standard unweighted instruments 
have proven to be less valid in predicting performance than 
controlled, comparison listening tests, using methods and test 
records to be described here. Other turntable characteristics, 

IThe American Standards Association defines "flutter" as any deviation in the 
frequency of reproduced sound; "wow" is described as a colloquial term 
commonly applied to flutter at relatively slow rates. 
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such as speed accuracy and drift, can be measured at home 
as reliably as they can in the laboratory. 

This article will describe methods of testing record players 
for the following characteristics: (1) speed accuracy, (2) 
speed drift (with time, line voltage, or change of mechanical 
load), (3) rumble, (4) flutter /wow, (5) vertical warp wow, 
(6) susceptibility to acoustic feedback and to floor shocks, 
(7) arm inertia and pivot friction, and (8) tracking error. 
Some of these tests, and particularly the one relating to flutter, 
take on meaning only in comparing two or more turntables. 
Others have validity by themselves, and the results can be 
compared to established Standards. 

Speed Accuracy 

Stroboscope cards are very common, but their proper use, 
and desirable standards of speed accuracy, are not as well 
known. It is not enough to glance at an illuminated strobo- 
scope card and determine whether the bars or dots appear to 
be stationary or in motion. If the turntable is so far off speed 
that a casual glance reveals the card lines to be in motion, 
the speed is beyond acceptable professional limits of accu- 
racy. 

29 



NAB Standards for the speed accuracy of turntables used 
in broadcast work is =0.3 %, which is to say a drift of strobe 
lines on a standard card of 21 per minute maximum. Once this 
high standard is achieved there is no need to improve accu- 
racy further. 

The drift of strobe lines must be counted while holding a 
pencil or other marker near them, viewing the card under 
an a.c. light, preferably fluorescent. A watch with a second 
hand and an assistant are needed. The count should be macle 
while the pickup is playing at normal stylus force at the 
outer grooves of the record, and it should be repeated at the 
inner grooves. 

Speed Drift 
Turntables may change speed after starting because the 

electrical resistance of the motor windings tends to increase 
with heat. This speed change does not take place at all in 
synchronous units, and modern induction motors can be de- 
signed to resist such drift. A strobe card check on starting, 
and again after a quarter of an hour of running, will show 
any speed change. 

A more important source of speed drift is variation in line 
voltage. Many turntables with synchronous motors remain on 
speed in the face of tremendous line -voltage drops, some- 
times to a value as low as 20 volts. A reasonable requirement 
for non -synchronous turntables is that their speed remain 
within the NAB ±0.3% accuracy when the line voltage is re- 
duced from 117 v. to 100 v. or increased to 130 v. The test 
consists of varying input voltage to the turntable over these 
limits with a variable autotransformer ( the arm playing in 
the outside grooves) and seeing whether the lines on the 
strobe card drift more than 21 per min. in either direction. 
If they do, and the user is in an area with large line -voltage 

the speed of the turntable is accurately clocked once again. 
There are no commercial home turntables that will not 

slow down enough on this test so that the change is readily 
measurable. Just how much increase of mechanical load 
should be tolerated before the 0.3% slow -down occurs has not 
been established as an industry standard. The writer believes 
that a turntable should be able to tolerate an extra five grams 
load on the pickup without slowing more than 0.3% or 21 
lines /min. on the strobe disc. 

This may not seem too difficult a trial, but probably one - 
third of current commercial units, both "heavy" and "light," 
would not pass the test. Some turntables appear to have high 
torque when the platter is stopped by hand, but this test is no 
index of useful torque, that is, the torque which keeps the 
platter from slowing down more than 0.3% in the face of 
increased mechanical load. A turntable may drop 0.7% in 
speed with only a few extra grams on the pickup, yet continue 
to revolve, at an unusably slow speed, under very great me- 
chanical loads. The ability of the turntable to resist stopping 
by hand does reflect total torque, but not necessarily that 
part of the torque applicable to playing records. 

Fig. 1 shows the speed -drift test made at a production line 
test station, with a nickel placed on the pickup. 

Rumble 
The NAB Rumble Standard for turntables used in broad- 

cast work is explicit: the maximum instantaneous level of 
rumble is to be at least 35 db below a test signal of 1.4 cm./ 
sec. at 100 cps. The ballistic characteristics of the meter must 
be the same as a vu meter, and the amplifier used in the test 
must have standard playback equalization. 

This Standard is a very exacting one, particularly if it is 
applied to both vertical and lateral rumble, and many current 
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Fig. 2. The amount of warp wow is determined by arm length L 

variations, a voltage regulator between the turntable and 
wall outlet will solve the problem. Where such line -voltage 
variations are expected, however, selection of a synchronous - 
motor turntable to begin with is generally more economical. 

The greatest weakness of turntables with regard to speed 
drift is susceptibility to changes of mechanical load asso- 
ciated with operating conditions. This type of speed variation 
takes place in both synchronous and non- synchronous units, 
because it results from slip in the drive system as well as in 
the motor. A simple method of varying the load on a turntable 
in a controlled manner is to add weight to the pickup -a U.S. 
penny for three grams, a nickel for five grams. 

The difference in mechanical load imposed on the turn- 
table between record drag on the outside grooves and drag 
on the inside grooves is typically equivalent to about two 
grams added weight on the pickup. A heavily recorded pas- 
sage may increase the mechanical load by an amount equal 
to an extra gram or two. Dust cleaners that bear on the ro- 
tating record may increase the load by as much as an added 
six grams. 

Turntable speed is first measured and recorded with the 
pickup playing a record's outside grooves at normal stylus 
force. This test should be repeated at least once to establish 
an accurate base for comparison. A nickel is then placed on 
the pickup ( after it is put back to the outside grooves) and 
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and the. height H of the pivot above the sur ace of the record. 

turntables do not meet it. However, rumble measurement 
methods can be changed to "improve" the readings. The use 
of a meter movement more highly damped than a vu meter, 
and the employment of a playback preamplifier without bass 
equalization (a procedure in use by one testing organization) 
serves to reduce measured rumble level as much as 25 db. 

Even with strict adherence to the NAB measuring tech- 
nique, however, the NAB rumble reading is not an adequate 
index of turntable excellence with respect to rumble. The 
NAB Standard itself specifically points out that its described 
testing technique yields a measured electrical level, not the 
aural annoyance value of the rumble. 

Rumble may be predominantly subsonic in frequency, or it 
may have strong components in the 30 -cps, 60 -cps, and 120 - 
cps region. Hearing sensitivity at the higher rumble frequen- 
cies is much greater, and the difference between hearing sensi- 
tivity to subsonic rumble and that to rumble in the 30- or 60- 
cps region is often much more significant than the difference 
between two turntables in absolute rumble level.2 Thus we 
may have two record players with the same unweighted 
rumble level, one very quiet in performance and the other 
exhibiting objectionable rumble. 

2Although subsonic rumble can load the amplifier the level would have to be 
very high to be significant, and this consideration is not ordinarily involved 
in modern turntables. 
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It was discovered early in the AR development project 
that our very accurate rumble- measurement equipment, built 
exactly to NAB specifications, did not provide as valid infor- 
mation in assigning relative ratings to two or more turntables 
as a simple listening test. We now use, in addition to the NAB 
specified equipment, the Dataservice meter referred to earlier 
for production testing, which gives frequency -weighted read- 
ings that correlate very well with listening results. When the 
production -line tester takes rumble readings, he also listens to 
the rumble ( in stereo ) at a set sound level, as an added check. 

A further advantage of listening tests is that lateral and 
vertical rumble are introduced in the same manner as they are 
under stereo operating conditions. Vertical rumble is normally 
the more significant component in stereo playback. 

The suggested rumble listening test consists of setting up 
two or more turntable -arm assemblies and playing an un- 
modulated groove on each with the same cartridge, in stereo. 
( Some available rumble and flutter test records appear in 
Table 1.) The preamplifier should be set for normal stereo 
operation, the treble controls should be all the way down, and 
the volume and bass controls should be set high enough so 
that the rumble is readily audible but not so high that acoustic 
feedback is introduced. The controls, of course, must not be 
changed when one turntable is disconnected from the pre- 
amplifier and the next one plugged in. 

The loudspeakers used must have reasonable response in 
the octave below 60 cps. The listener (or listening jury) 
should walk around the room to avoid dead spots at particu- 
lar bass frequencies, but should make sure the comparisons 
between turntables are made from the same room position. 

It is the writer's experience that differences in rumble be- 
tween one turntable and another on the above test are usually 
obvious, and sometimes easier to establish than differences in 
unsteady vu meter readings. The higher the volume at which 
the test can be conducted the more readily the differences 
can be spotted, but an insufficiently compliant mounting of 
a record player introduces acoustic feedback when the volume 
control is advanced too far, masking the rumble component 
being examined. 

One absolute rather than relative listening test that has 
validity can be made. This consists of determining the maxi- 
mum position of the bass and volume controls that will be 
used for a particular installation, and listening to the quiet 
groove record with the controls in that position. The rumble 
should be almost or entirely absent at all listening positions 
in the room. 

Flutter 
As in the case of rumble, raw measurements of flutter (by 

which is meant the per -cent signal frequency deviation 
caused by instantaneous variations of turntable speed) are 
not sufficient to predict turntable performance on music. This 
is because the perceptibility of flutter varies by a factor of 
more than 3 to 1 with the flutter rate. 

Speed variations at the rate of 3 per second are most notice- 
able in reproduced music. Flutter at ',3 cycle per second - 
corresponding to one cycle per revolution at 333 rpm -is less 
than half as noticeable, and flutter at much higher frequencies 
is only ',3 to 34 as noticeable. These relationships have been 
studied and validated, and are recognized by the ASA -IRE 
Standard "American Standard Method for Determining 
Flutter Content of Sound Recorders and Reproducers." This 
Standard proposes the use of a "flutter index" that is weighted 
according to perceptibility as determined by flutter rate. 

Two turntables with the same per -cent flutter would exhibit 
sharply contrasting performance in the steadiness of musical 
tones if one turntable had flutter whose predominant rate 
was 3 cps, while the other had flutter rates at l and 15 cps. 
A listening test on the standard flutter test band -a steady 
3000 -cps pure tone -would provide a better index of the 
relative quality of these two turntables than would measure- 
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Fig. 3. Test for determining arm inertia and pivot friction. 

meats that have been made with an unweighted flutter meter. 
No turntable or even professional tape machine will repro- 

duce the 3000 -cps steady tone so well in a normally reverber- 
ant room that some flutter variations are not apparent. The 
relative amount and rate of variation in different units, how- 
ever, is not too difficult to perceive, and flutter listening tests 
can be used to establish relative ratings of different turntables. 
The listener rates each turntable on how steady the test tone 
sounds. Such a test cannot be used on a single turntable with- 
out reference to another, except after long experience. 

The listener will probably be surprised, on first hearing 
a 3000 -cps test tone played, at how much audible flutter is 
produced by even a high -quality turntable. This does not 
mean that turntables are not good enough, but that the test 
conditions for flutter measurement have been purposely 
chosen to exaggerate the effect. A small amount of detectable 
flutter in the standard 3000 -cps test tone means undetectable 
flutter on music. 

In listening to the flutter test record the volume should be 
set moderately high, and kept the same for all turntables. 
Treble controls should be at normal. It is a good idea to turn 
bass controls all the way down, to isolate any effects of 
rumble. Make sure that the turntable has come up to speed, 
and listen to each unit for at least 15 seconds. You may move 
around the room to find the position in which flutter is most 
noticeable, but this is less important than it is in the case of 
rumble testing. 

Results of the above flutter tests can be checked against 
results with a piano record that has sustained tones. Flutter 
gives them a wavering, unsteady quality. 

Vertical Warp Wow 

Vertical warp wow is a term used to describe flutter caused 
by vertical motion of the tonearm due to record warp. When 
the needle follows warp in a record it not only swings vertical- 
ly but must also move back and forth horizontally in the 
groove, since different points on its arc do not lie above the 
same point on the record. This creates a relative velocity be- 
tween the needle and the record groove which is either added 
to or subtracted from the needle- groove velocity associated 
with rotation of the turntable. Groove speed variation, or 
flutter, is therefore introduced. It sounds exactly like any 
other flutter. 

The amount of warp wow is precisely determined by two 
elements -the length of the arm (needle to vertical pivots) 
and the height of this pivot above the record surface. The 
longer the arm, and the lower the pivot above the record, 
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Fig. 4. Measuring tracking error with triangle and protractor. 

Manufacturer 

Components Corp. 
Denville, New Jersey 

Dataservice Corp. 
`106 Calvert Street 
? Harrison, New York 

Varo, Inc. (formerly D &R) 
402 Guiterrez Street 

i Santa Barbara, California 

Record Price 

1106 (flutter) 
1108 (rumble) 

(flutter and 
rumble) 

$1.00 ppd.; $.89 at dealers 
$1.00 ppd.; $.89 at dealers 

$6.50 postpaid 

37 -1002 
(flutter and 

rumble) 

$3.95 plus $.20 postage 

Table 1. Test records that can be used to check flutter, rumble. 

the less will be the amount of vertical warp wow ( see Fig. 2) . 

The test for warp wow consists of a repetition of the flutter 
listening test, but with an 33" wedge placed under the record 
rim at one point. Listen for wavering of pitch at a one -per- 
revolution rate. 

Acoustic Feedback 

If you have tested a group of turntable -arm assemblies for 
rumble as described above, you have probably already en- 
countered acoustic feedback. Acoustic feedback between 
speakers and record player sets an upper limit to the level 
at which the rumble test can be conducted; a low- frequency 
howl builds up, even on a quiet groove, when the volume 
and /or bass controls are turned up too high. Less obvious 
symptoms of acoustic feedback, occurring at lower volume 
levels and noticeable on music, are a tendency to boominess 
that does not seem to be caused by any one of the reproducing 
components, and an apparent increase of rumble. 

The relative degree of freedom from acoustic feedback of 
different record players can be determined by noting how 
far the volume and bass controls can be advanced while the 
quiet grooves are being played, or with the pickup simply 
resting on a record with the motor off, before feedback sets in. 
The feedback should be egged on a bit by tapping the table 
surface on which the record player rests, or stamping lightly 
on the floor. A practical non- comparative test for an indi- 
vidual unit consists of turning the volume and bass controls 
to the maximum position at which they will be used in that 
particular installation, and then observing whether tapping 
or stamping sets up a train of low- frequency oscillations with 
the needle on the record. If oscillations are set up, improved 
shock -mounting is called for. 

3The vertical pivot refers to the pivot controlling vertical motion of the arm. 
Its physical disposition is normally horizontal. 
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Insensitivity to mechanical shock is related to the same de- 
sign elements that provide freedom from acoustic feedback. 
With proper shock -mounting of the turntable, heavy jumping 
or dancing nearby should not interfere with record perform- 
ance. 

Arm Inertia and Pivot Friction 
On a perfectly flat, perfectly centered record the only mo- 

tion of the arm is the slow sweep towards the center. Arm 
inertia and pivot friction do not need to be especially low to 
accommodate this motion. 

Unfortunately even the best records are both slightly 
warped and slightly off center. The arm must oscillate both 
vertically and horizontally to keep the needle in the groove, 
and if the needle is to keep in proper groove contact, inertia 
and friction must be at a minimum. 

Arm inertia is a function of the total effective mass of the 
arm referred to the needle tip, and must not be confused 
with stylus force. The counterweight, as a matter of fact, 
adds to rather than subtracts from the total inertia, at the 
same time that it counterbalances the effect of gravity. The 
desirability of keeping arm mass as low as possible is the 
reason that cartridge shells are often made of plastic or, if 
of metal, have cut -away sides. 

A simple but effective test for arm inertia and horizontal 
bearing friction, first described by C. G. McProud, can be 
performed with a standard 45 -rpm record. The record is 
placed eccentrically on the table, with the spindle against 
one edge of the large hole as in Fig. 3. The test is to see how 
much the stylus force can be reduced before the needle 
leaves the groove on its horizontal swings. 

The lowest stylus force at which the arm will play the 
record without leaving the groove- ignoring the severe wow 
caused by the variation in groove speed -is an index of both 
arm inertia and horizontal pivot friction. It is easy to compare 
record players on this test (the same cartridge must be used 
in each case); establishing a standard which reflects the prac- 
tical requirements of a high quality arm is not so easy. The 
writer feels that a very good arm should not be thrown from 
the groove in this test at the lowest force at which the arm 
is intended to work, with the record turning at 3333 rpm. Tor- 
turing the record player in this way is not an empty stunt, 
but a technique of simulating operating conditions in which 
high inertia and /or friction can give trouble. While the 
record eccentricity involved in the test is a gross exaggeration 
of any eccentricity ever actually encountered, the arm veloc- 
ities induced may be equaled under operating conditions, for 
example by a very sharp warp. 

Tracking Error 
Tracking error is sometimes specified as the maximum 

number of degrees that the cartridge is off -tangent to the 
groove at any point on the record. This is not a very mean- 
ingful specification. Two record players which have the same 
maximum tracking error may differ in tracking -error distortion 
by more than two to one. 

The proper way to specify tracking error is in terms of 
tracking -error index, whose dimensions are in degrees /inch 
radius. For example, a 9 -in. arm with the correct offset angle, 
installed with the correct overhang, will have a tracking -error 
index of approximately 0.32 ° /in. This means that the maxi- 
mum tracking error that will occur at any groove radius is 0.32 
degree times that radius. At any given radius, of course, the 
error may be much less, and it will be zero at two points. 
Tracking error will usually be maximum at the outside groove 
-about 1.8 °. 

The reason that this type of index was established is that 
a given amount of tracking error, creating distortion of x per- 
cent at the outside record groove radius of 5.5 in., will create 
distortion of 2x per -cent at an inner groove radius of 2.75 in. 

(Continued on page 82) 
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Types of antennas and their characteristics along with 
installation and maintenance information on this important 

link without which radio communications would be impossible. 

Editor's Note: The term `Business Radio," as used in this article, 
means the "Business Radio Service" as defined in the FCC Rules 
and Regulations, Part 11, Subpart L. We are specifically referring 
to the frequency bands 25 -54 mc., 150 -174 mc., and 450 -470 mc. 
Since many business organizations use, instead, the Citizens Band 
(class D, 27 Inc., and class A, 460 -470 Inc.) much that is said here 

is equally applicable to antenna systems using CB frequencies. 

THE OLD adage that a chain is only as strong as its 
weakest link has probably been applied to every type 
of electronic system from high -fidelity to space telem- 

etry. That the antenna is a vital link in the chain of radio 
communications is a foregone conclusion; without the an- 
tenna, the message would be "stuck" at the plate of the final 
power amplifier. The purpose of this article is not to justify 
the importance of any antenna, but to point out some of the 
ways in which the antenna can be used to increase the ef- 
fectiveness and efficiency of communications. 

Although we are primarily interested in antennas for 
Business Radio, the discussion is general enough to apply to 
most antenna systems. Since the majority of business radio 
communications is concerned with base -station -to- mobile 
and mobile -to- mobile service, we will concentrate on these 
systems. 

Antenna Types 

The basic element in virtually all communications antennas 

is the vertical quarter -wave "whip" radiator. At 30 mc., a 
quarter -wave whip is approximately 8 feet long; at 150 mc., 
18 inches; and at 450 mc., 6 inches. It becomes apparent 
that antenna arrays using multiple elements are more easily 
constructed at the higher frequencies since the size and 
mechanical strength limitations are more easily overcome. 

The simplest antenna is merely a vertical length of wire, 
one -quarter wavelength long, connected to the inner con- 
ductor of the coaxial transmission line. The outer conductor 
of the line is grounded. A typical example is the automobile 
rooftop antenna. For that matter, most mobile antennas are 
quarter -wave whips. The basic radiation or reception pattern 
resembles a doughnut with the whip projecting through the 
hole in the doughnut. This type of antenna transmits or 
receives maximum energy horizontally; there is relatively 
little vertical response. However, to achieve this pattern, the 
antenna must be working against a good ground plane. In 
mobile installations, the ground plane is provided by the 
metal body of the car. For tower -mounted base- station an- 
tennas, some means must be employed to achieve an artificial 
ground plane and isolate the antenna from the effects of the 
metal tower and transmission line. The tower or line will be 
in the same direction as the polarization of the radiated or 
received energy and may act as a parasitic antenna element. 

One method of isolating the antenna from the line and 
tower is by the use of ground -plane rods. At the base of the 
quarter -wave radiating element, four quarter -wave rods pro- 
ject at an angle slightly below horizontal. The particular 
angle is selected to maintain a proper impedance match. 

Fig. 1. From the basic "doughnut" pattern of the simplest omnidirectional vertical antenna is derived the more useful pattern 

shown. This pattern results in improved coverage all around the antenna by concentrating the radiated energy vertically and keep- 

ing most of it close to the ground. Such directivity is usually achieved by vertical stacking of a number of omnidirectional elements. 
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Fig. 2. Evolution of the coaxial dipole antenna from conventional dipole antenna. 

Fig. 3. Basic radiation patterns. r 

(D) 

Additional isolation is sometimes provided by four other hori- 
zontal rods that are mounted somewhat lower on the mast. 

The quarter -wave "hairpin" folded dipole type of antenna 
is another variation of the ground -plane approach. The folded 
dipole is the radiator, one end of which is grounded. The 
grounded radiator provides a direct ground for static electrical 
charges which could add to receiver noise level, and it also 
provides a degree of lightning protection without the use of 
arresters or gaps. The use of a folded element also provides 
an increase in antenna impedance, which makes for improved 
transmission -line matching especially when parasitic elements 
are used. 

From the horizontal dipole antenna, commonly used with 
TV receivers, the coaxial dipole antenna is easily evolved. The 
radiator is rotated to a vertical position, the lower element 
is enlarged into a tube, and the feedline is run through the 
tube to the junction of the two elements. (See Fig. 2.) The 
result is similar to the use of a ground plane. 

Other types of antennas, or a number of the more common 
types stacked together, are used to produce different radia- 
tion patterns, thus covering the desired geographical area 
with the most efficient radio signal. The basic pattern, as 
we have seen, is omnidirectional, ideally providing virtually 
equal coverage 360° around the antenna. Many basic hori- 
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(AI The antenna tower is most common and most prac- 
tical way to raise the antenna above buildings and 
other obstructions. (BI Quarter -wave "hairpin" folded 
dipole is driven element in this ground -plane antenna. 
One end of the dipole is grounded to form a discharge 
path for static. IC) This ground -plane antenna uses extra 
set of ground rods to provide a better artificial ground 
plane and isolate the antenna. The upper ground -plane 
rods are tilted downward for better impedance match 
to the transmission line and lower angle of radiation. 
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OMNIDIRECTIONAL 
CARDIOID 
UNIDIRECTIONAL 

zontal directional patterns are radiated by antennas incorpo- 
rating pattern- shaping design characteristics. A cardioid or 
heart -shaped pattern results in extended coverage over 180° 
by reshaping the omnidirectional pattern. A unidirectional 
pattern results when the antenna elements concentrate the 
signal more strongly in one general direction. (See Fig. 3. ) 
Many other lobe structures, in both horizontal and vertical 
planes, are obtainable with properly designed antennas or 
arrays. 

Directional Patterns 
An omnidirectional pattern fits the majority of applica- 

tions. Here the antenna is generally in the center of the 
user's operating area (Fig. 4). Coverage is required in 
every direction to maintain contact with mobile units during 
their normal travels. However, a user's operating area and 
communications requirements should be carefully analyzed 
to avoid placing too much reliance on an omnidirectional 
antenna when another pattern might do a more effective 
job. As an example, a cardioid pattern is more suitable for 
situations where maximum coverage is required in one gen- 
eral semicircular direction. Antennas located on lake or ocean 
shores fall into this category. A cardioid antenna directs the 
radiated energy over land instead of wasting half the output 
power over the water (Fig. 5) . 

Another example of a situation in which a cardioid pat- 
tern might be used to good advantage involves an organization 
whose antenna site is just outside of town. Radio coverage 
is desired within the town itself, with little call for coverage 
on the other side of the antenna. A cardioid antenna would 
shape the pattern to provide more complete in -town cover- 
age, while rejecting signals from outside the system's coverage 
area and thereby reduce interference to other radio systems 
on the antenna's non -radiating side. This is particularly bene- 
ficial in areas crowded with two -way radio users. A cardioid 
antenna is not always necessary to obtain this desired pattern; 
cardioid radiation can also be obtained by side -mounting an 
omnidirectional antenna the proper distance from a support- 
ing tower. In this case the tower structure acts as a parasitic 
element and re- radiates the energy to form the necessary 
concentration. 

More concentrated pattern -shaping is accomplished by a 
unidirectional or yagi- design antenna. This type pattern 
would fit the coverage requirements of a user interested in 
blanketing a specific site with a radio signal. Coverage of 
a city from a distant mountain site or right -of -way users, such 
as railroads and pipelines, are examples of systems which 
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might obtain more efficient coverage with an antenna that 
uses unidirectional radiation and reception. 

For bidirectional coverage, an omnidirectional antenna 
properly side -mounted and spaced on a tower will provide 
extra gain in the desired directions. The tower, in this case, 
is parasitically excited and serves as an antenna element to 
produce a bidirectional radiation pattern. However, more 
positive pattern control is obtained with an antenna specifi- 
cally designed for bidirectional radiation. 

The user who wants to extend the fringes of his omnidirec- 
tional pattern-to talk a bit farther and to take in new op- 
erating areas -can take advantage of omnidirectional high - 
gain antennas in the v.h.f. and u.h.f. bands. For a low -band 
user, a higher antenna location or increased base -station 
power may have to fill the bill. In most cases, the large size 
required for a low -band, high -gain antenna precludes its use. 
An antenna producing 3 -db omnidirectional gain in the 
25- 54 -mc. band, for example, would have to be at least 30 
feet long at 40 mc. Gain antennas are more practical in the 
higher frequency bands. 

The high -gain omnidirectional antenna, just like the other 
special -pattern antennas, shapes and concentrates the radia- 
tion signal coverage. Instead of shaping on the horizontal 
plane, however, the high -gain omnidirectional antenna works 
vertically. The "doughnut" pattern is flattened and, as a 
result, its over -all coverage is increased. The fringe perform- 
ance is thereby extended. ( See Fig. 1.) 

Antenna Gain 
The choice of high -gain antennas must be weighed against 

what similar range- boosting effects might be gained from 

IA) Omnidirectional coaxial folded dipole antenna. The coax 
skirt replaces the ground -plane rods cutting wind resistance. 

(B) Parasitic reflector element on this coaxial folded dipole 
produces cardioid pattern providing additional directivity. 
(CI Yagi coaxial folded dipole, using one director and one 
reflector, concentrates the radiated energy unidirectionally. 

increasing base -station power or placing a regular antenna at 
a higher location. A "rule of thumb" suggests that a 3 -db 
gain for the antenna is equivalent to a 100% increase in base - 
station power; a 6 -db gain is equivalent to a 100% increase 
in antenna height. This power increase, relative to a resonant 
half -wave dipole, is called effective radiated power. Another 
point to keep in mind is that an increase in base -station power 
does not affect an antenna's receiving capability, whereas 
an increase in antenna height and /or the use of a high -gain 
antenna insures better reception from the fringe areas of a 
system, as well as increased talking range for the base station. 

Gain is an indication of an antenna's ability to increase 
its effective radiated power in the desired direction or direc- 
tions. However, to have any meaning, gain must be relative 
to some standard. The practical standard against which gain 
is measured is the center -fed half -wave dipole antenna. This 
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antenna has its maximum energy radiated in a plane per- 
pendicular to the antenna. Sometimes the gain reference is 
an isotropic radiator: a theoretical point in space which is 
emitting radiation. Its pattern is shaped like a sphere, with 
the antenna spotted in the center. Equal energy is radiated 
in all directions. Generally, this pattern is used only as the 
basic gain standard for parabolic and other microwave an- 
tennas. Lack of directivity causes the isotropic radiator to 
have about 2.15 -db less gain than a half -wave dipole. Con- 
sequently, a two -way radio antenna which uses a theoretical 
isotropic radiator as a reference can have an apparent 2.15 -db 
gain and yet exhibit no gain relative to a center -fed half -wave 

(Continued on page 84) 

MIDDLETOWN COUNTY 

Fig. 4. An omnidirectional antenna is best suited to a radio 
system whose base station is located in the approximate cen- 
ter of the area in which it is desired to have communications. 

Fig. 5. An antenna that is horizontally directional is used 
to concentrate the energy to achieve more efficient coverage. 

LAKEVILLE 

----". 

L A K E 

35 



N 

A SOUND - OPERATED 

FIBEROPTIC "BRAIN CELL" 
A new optical pattern recognizer that "understands" spoken commands. It may find future 
use in dial -less phones, key -less cash registers, and typewriters that take dictation. 
By LEO S. BALANDIS/ Sperry Gyroscope Co., Div. Sperry Rand Corp. 

C'LN machines think? This question has been asked 
many times since the advent of high -speed digital 
computers. A recent invention by Robert D. Hawkins 

of Sperry Gyroscope Company comes close to being a "brain 
cell" -and is able to think, in the Webster dictionary sense 
of "to have or form ... a mental picture." In fact, this device 
-the Sceptron -literally has a photographic memory and 
makes decisions by comparing incoming signals with the in- 
formation that is contained in its memory. 
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Author Balandis triggers a Sceptron that has been "taught" 
to react when he says the word "five." Every time this word 
is spoken the numeral is lighted on the display illustrated. 

So far, this could be the description of a typical electronic 
computer, and its operation is conceivably within the capa- 
bility of computers if space and cost are thrown out the win- 
dow. The resemblance stops there. This device uses mechan- 
ical motion, light, tiny glass or quartz fibers, a photocell, and 
electricity. Its operating principles, as you might expect, 
are completely different from devices used in ordinary com- 
puters. Before we examine details of its operation, let's con- 
sider what Sceptron can do, and what needs it fulfills. 

A Pattern Recognizer 

Sceptron stands for Spectral Comparative Pattern Recog- 
nizer -which indicates that it can identify signals by their 
spectra or frequency content. The term "pattern recognizer" 
has been chosen because it is a current technical idiom ap- 
plied to machines which can identify sounds, images, or other 
patterns. Sceptron can be exposed to any signal in the audio - 
frequency range, and it will memorize it. Then it will rec- 
ognize it when it is repeated. Although this would seem to 
restrict the device to recognizing sounds, it actually can 
be applied to any information which can be translated into 
an audio rate. For instance, a picture might be scanned by 
a revolving slit and photocell such that a complex audio 
signal is generated. If this signal represents the significant 
features of the picture, then Sceptron will memorize and 
recognize it just as it does for a signal that is audio to begin 
with. Similarly, signals normally outside the audio band 
can be speeded up or slowed down by means of a tape re- 
corder. Human heart beats, for instance, could be memorized 
and any irregularities in a patient's pattern would be im- 
mediately detected. 

Within the audio range applications are numerous. Spoken 
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words are an immediate example. Sceptron has been success- 
fully demonstrated with human speech. When exposed to a 
word spoken by one person, the device has correctly identified 
the word out of continuous speech. 

Sceptron's memory feats stem from its ability to make 
hundreds of measurements on a complex signal. To recognize 
spoken words, for instance, it has been suggested that about 
3000 measurements per second are required. A single short 
word, such as one of the first ten numbers, lasts for less than 
a half second. Therefore, a device which can make on the 
order of 1500 measurements can memorize the essential 
characteristics of a single word. 

Although these measurements could be of many types, 
Sceptron is designed to make frequency measurements. This 
is where its unusual nature reveals itself: it is capable of 
packing 300,000 narrow bandpass filters in a volume of only 
a cubic inch. Obviously, this device is capable of handling 
a tremendous amount of information. Let's consider how 
it does it. 

Basic Components 
The basic components for a single Sceptron are shown in 

an exploded view on the cover. The fiber -optic array is the 
unique element. It is an open bundle of tiny quartz fibers, 
all held at one end. All fibers are approximately the same 
diameter, but their free lengths vary. Thus, each is a tiny 
cantilever beam, and will vibrate in its own fashion when- 
ever it is mechanically excited at its natural frequency. There 
is sufficient space around each fiber so that it can vibrate 
in ally direction without striking other fibers. The size of 
the fiber arrays with which we are working is fi cubic inch 
and it contains 700 fibers. We have also worked with tiny 
1/300 cubic inch arrays containing even more fibers. 

The fiber array requires a source of mechanical excitation. 
The driver provides this by converting electrical signals into 
proportional mechanical motion. The driver could be a piezo- 
electric device, as shown on the cover, or it could be elec- 
tromagnetic like an ordinary loudspeaker. Signals to be 
processed are fed into the driver which, in turn, shakes the 
fiber array mounted on it. 

Some means of detecting the pattern of fiber motion is re- 
quired; this is provided by shining light through the fibers 
onto a photocell. If we also place a photographic plate be- 
tween the fibers and the photocell, we can take a negative 
picture of the light pattern during passage of the signal. 
Each fiber that vibrates for that signal will leave a black line 
on the negative picture. (Note that as the fiber moves it 
carries its own tiny light beam with it.) Those that do not 
move will leave a small spot corresponding to its stationary 
or static position. Everywhere else, the plate will be trans- 
parent. When developed, this plate is the memory of Scep- 
tron, and it will be mounted with the array in its housing. 

How it Works 

Now let's consider how signal recognition is achieved. The 
mask is made by exposing it to the pattern of fiber motion 
during the time that the signal is on. (See Fig. 1.) It is de- 
veloped and placed back in its original position. In the ab- 
sence of any signal, the photocell will be in the dark, since 

The tiny masks by which the unit is programmed to recognize 
words are easily interchangeable, thereby changing its vocab- 
ulary. A small lever- controlled platen permits the change 
and allows proper positioning to be made. The Sceptron is 
shown here mounted on the diaphragm of an ordinary magnetic 
loudspeaker which is used to excite array of optical fibers. 

STATIC MASK 
(BLOCKS ZERO SIGNAL) 

---_-_--n1 REJECTION MASK 
(BLOCKS DESIRED 
SIGNAL AND ZERO 
SIGNAL) 

ACCEPTANCE MASK 
(TRANSMITS DESIRED 
SIGNAL; BLOCKS ZERO 
SIGNAL) 

Fig. I. These masks are prepared by exposing the photo emul- 
sion to light from the fibers during their response to the 
programmed signal. The bottom two masks are Sceptron's "eye 
views" of the word "five," the rejection mask having been 
developed negative and the acceptance mask is a positive. 

each fiber light spot will be blocked by a black spot on the 
mask. When a signal is received, the fibers will again vibrate 
in some pattern characteristic of that signal. If it is the same 
signal, all the light will still be blocked by the mask; if 
different, some light will get through because the mask pat- 
tern will not be matched. Thus, the photocell can tell us 
whether or not the signal is the same by virtue 'of the amount 
of light it sees. 

(Continued on page 77) 

Fig. 2. Recorded output from the device programmed to recognize the spoken word "five." Waveform at (Al is produced 
when the series of numbers from "one" to "ten" are spoken. Waveform at (B) is produced when the sentence that is shown is 
spoken into a microphone. Notice that different time scales are employed for both conditions that are illustrated below. 
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' EVERY TIME WE SAY THE NUMBER FIVE SCEPTRON WILL RECOGNIZE IT 
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TRA )VSIS TORIZED 
POWER SUPPLIES 
By JOHN R. COLLINS 

A survey of several different types of power 
supplies, special applications, and a discussion 
of their circuit designs and operation. 

ONE OF the most useful instruments in a research and 
development laboratory or on the test bench is a reg- 
ulated power supply, capable of providing a stable 

voltage which does not change with fluctuations in either 
line voltage or the load current. Nov that transistors able 
to handle sizable amounts of power are available, transis- 
torized power supplies are finding increasing use. Compared 
to vacuum -tube designs, transistorized supplies are generally 
smaller and lighter- important factors for mobile equipment 
or on a crowded bench -their efficiency is higher, and they 
do not require warm -up time. 

One of the many different types of transistorized power 
supplies now available is shown in Fig. 1. Made by Harrison 
Laboratories, Inc., it is designed to provide any desired output 
between 0 and 60 volts. Load -current variations from 0 to 

Fig. 1. Rack -mounted transistorized power supply that is designed 
to maintain either a constant- voltage or a constant- current output. 
The voltage range is 0 -60 and the current range is 0 -7.5 amperes. 

7.5 amperes and fluctuations in the line voltage between 105 
and 125 volts will cause changes in the output of less than 
0.02 per -cent or 10 mv., whichever is greater. 

A special feature of this instrument is that it can be oper- 
ated either as a constant -voltage or a constant- current supply. 
This is accomplished by means of a special current- limiting 
circuit which may be adjusted to any desired value. In opera- 
tion, the supply will function as a constant -voltage regulator 
until the load current reaches the selected level, after which 
the current will remain constant despite further lowering of 
the load resistance. The instrument can be deliberately oper- 
ated as a constant- current supply simply by setting the cur- 
rent limit control to the desired value of output current, and 
the output- voltage control to a value greater than the highest 
IR drop which will occur across the load. 

Current -limiting circuits protect instruments of this kind 
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even if the output is directly short- circuited. This feature also 
safeguards delicate test circuits, which may be connected to 
the power supply, against accidental overloads. 

Automatic test systems often require several different volt- 
ages to be applied in rapid sequence, and this requirement 
is sometimes fulfilled by using a different power supply for 
each voltage needed. However, the "Programmable Regatran" 
power supply (Fig. 2) made by Electronic Measurements Co. 
is specially designed for the rapid and remote selection of 
output voltages. 

The unit is designed so that the output voltage at the "- 
and " +" terminals is determined by the resistance connected 
between the " +" and "Rem" (remote) terminals. This is in 
contrast to most regulated power supplies, in which the out- 
put voltage is selected by the setting of a potentiometer on 

Fig. 2. Programmable power supply designed to provide a rapid series 

of output voltages through remote switching of control resistors. 

the front panel. In the "Programmable Regatran" supply, the 
output follows a fixed ohms -per -volt ratio called the program- 
ming constant which is usually 1000 ohms -per -volt. Thus a 
47,000 -ohm control resistor would develop a 47 volt d.c. out- 
put. 

An elaborate test setup for automatic operation is shown 
in Fig. 5. Four separate voltage regulator units permit four 
simultaneous voltages to be applied to the test circuit and, 
with seven resistors for each unit, a total of 28 test voltages 
is available. 

Control resistors of selected values to provide the needed 
voltages are arranged sequentially, and a stepping switch 
connects them into the circuit. Since an open circuit would 
cause an uncontrolled voltage rise which might damage the 
test circuit, precautions are taken to prevent opens. In par- 
ticular, make -before -break switches are used to retain contact 
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with one resistor until contact with the next resistor is estab- 
lished. A shielded coaxial cable is generally used to connect 
the control resistors to the power supply. This precaution 
prevents the injection of noise and ripple from external 
sources into the test circuit. 

A portable transistorized power supply, made by Sorensen 
is shown in Fig. 3. It will provide any selected voltage be- 
tween 0 and 40 volts at up to 5 amperes. It is recommended 
by the manufacturer for powering critical transistor circuits 
or for supplying a stable voltage for computers and communi- 
cations circuits. While the model shown has a handle for 
carrying, companion units are designed for rack mounting. 

A different kind of power supply, also made by Sorensen, 
is shown in Fig. 4. Compact units of this kind contain a trans- 
former and rectifier, and a completely transistorized voltage 
regulation system with a zener -diode reference, transistor 
amplifier, and a current -passing transistor. They are available 
for voltage outputs from 3 to 48 volts and for current up to 5 
amperes. However, individual units are adjustable over only 
a relatively small range, and this adjustment is made with a 
screwdriver. 

These miniature units are intended for use as highly stable 
supplies for transistor circuits, for regulated bias supplies for 
vacuum tubes, and as power sources for critical laboratory or 
production -line test equipment. An interesting application is 

the furnishing of d.c. for the filaments of vacuum tubes in 
low -level amplifiers where a.c. hum pickup is possible. 

Elementary Circuit 
The components of a transistorized power supply regu- 

lator circuit are shown in block -diagram form in Fig. 6A. 
After rectification, the unregulated d.c. voltage is applied to 
the regulator input terminals. The output voltage is sampled 
and this sample is compared to an internal reference voltage. 
If they are not the same, the difference is amplified and used 
to operate a control element which adjusts the output current 
in such a way as to maintain the output voltage at a pre- 
selected level. 

It is apparent from Fig. 6A that a transistorized power 

Fig. 3. Portable power supply with output of 0 -40 v. at 0 -5 amps. 

Fig. 4. Miniature d.c. power supply for fixed -output applications. 

PROGRAMMING 
RESISTORS 

PROGRAMMABLE 
REOATRMS 

- OND + REM yogy 

SELECTOR SWITCH Alt 
(MAKE BEFORE BREAK CONTACTS) 

STEPPING SWITCH 

1 

Fig. 5. Stepping switch and programming resistors for supply, Fig. 2. 

supply is a form of servomechanism, since the output is sam- 
pled and an error signal is derived which is used to correct 
the input. Such corrections are made instantaneously, and the 
output remains substantially constant at all times. 

A simple voltage -regulator circuit is shown in Fig. 6B. The 
control element, sometimes called the passing transistor, is 
n -p -n transistor Q1. It is connected in series with the line so 
that the full load current passes through it. In this configura- 
tion it acts as a valve and its conduction is varied to regulate 
the voltage at the output of the power supply. When the 
voltage (i.e., the IR drop) across the load resistance starts to 
increase, Q1 reduces the amount of current flow to bring the 
output voltage back to the original level. Conversely, when 
the output voltage starts to decrease, Q1 permits more current 
flow until the condition is corrected. 

The opening and closing of the valve are controlled by the 
collector current of another n -p -n transistor, Q2, which serves 
both as the comparison element and the amplifier. An exam- 
ination of the diagram will show that changes in Q2's collector 
current and the current through Q1 are out of phase. As a 
result, an increase in Q2's collector current will cause a reduc- 
tion in Q1's collector current and hence a reduction in the 
load current. Stated another way, an increase in the base - 
emitter voltage of Q2 (which will increase its collector cur- 
rent) will cause the output of the supply to decrease. 

The reference voltage is supplied by a silicon diode, CR1, 
connected in the reverse direction, as shown. Often called 
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(A) (B) 

Fig. 6. (A) Elements of d.c. supply, (B) simple voltage regulator. 

Fig. 7. Series voltage regulator with single- stage, common- emitter 
comparison element. R1,R2,CR2 provide constant current for 02,03. 

RI 

Fig. 8. Circuit of an elementary shunt -type voltage regulator. 

zener diodes, silicon- breakdown diodes have characteristics 
similar to voltage -regulator tubes. When they are subjected 
to a reverse potential, a very small current will flow and volt- 
age will build up across their terminals until the breakdown 
point is reached. At this point, current passes freely through 
the diode in the reverse direction and prevents any further 
build up of voltage. The effect is to stabilize the voltage at the 
breakdown level and to prevent any further increase. Since 
the zener diode is connected between the negative terminal 
of the power supply and the emitter of Q2, the emitter is held 
at a constant potential with respect to the negative terminal. 
The entire output voltage is dropped across a potentiometer, 
R, and a sample voltage is selected by adjusting the wiper 
contact of the potentiometer. 

The setting of the potentiometer determines the fraction 
of the output voltage to be compared to the reference voltage. 
Any difference between the selected fraction of the output 
voltage and the reference voltage becomes an error signal 
which is amplified by Q2 and used to regulate the current 
through Q1. It is evident that the magnitude of the output 
voltage can be determined, within the operating limits of the 

transistors, by the setting of the potentiometer, since the 
action of the circuit is such as to adjust the output voltage 
so that the selected fraction will equal the reference voltage. 
Once the output level has been selected, any fluctuation 
which causes a change in the output voltage will also cause 
a proportional change in the selected fraction which is com- 
pared to the reference voltage. A correction is made auto- 
matically as described above. 

Practical Circuit 
A more elaborate voltage regulator diagram, provided by 

Texas Instruments Inc., is shown in Fig. 7. An important 
feature is the pre -regulator, macle up of resistors R1, R2, and 
CR2. The function of the pre -regulator is to provide a con- 
stant current to the collector of d.c. amplifier Q1 and the 
base of control transistor, Q2. If point A is returned through 
a resistor directly to the positive terminal of the unregulated 
supply, as in Fig. 6B, ripple current caused by the unregu- 
lated voltage variations will be injected into the base of Q2. 
This ripple will be amplified by Q2 and Q3 and will appear 
in the output. CR2 and associated resistors help eliminate 
this difficulty. CR2 maintains a constant voltage across R2 
and a constant current to Q2 and Q3. In addition to improv- 
ing input regulation, the pre -regulator contributes to output 
stability. 

As in the previous example, Q1 serves both as the compari- 
son element and the d.c. amplifier. Cl is the phase -shift 
capacitor. It provides a margin against high -frequency insta- 
bility by modifying the gain -phase characteristics of the d.c. 
amplifier. A capacitor connected this way has the same effect 
as a capacitor from the base of the control element to the 
negative side of the power supply. It does, however, allow 
a much smaller capacitor to be used. 

It is obviously necessary that the collector current of Q1 
be great enough to serve as the base drive of the control ele- 
ment. This requirement may be substantial, since the base - 
drive current must be adequate to maintain the required out- 
put current over a considerable range. Because the current 
supplied to the base of the control element is usually small, 
it is often convenient to use a combination of two transistors, 
as shown. This method of connection reduces the current 
requirements of both transistors and permits the use of tran- 
sistors of lower power ratings for the control element. C2, 
a large capacitor (about 100 µf.) is connected across the 
output terminals to improve ripple suppression and reduce 
transients from the load. 

Shunt - Voltage Regulators 
The power supplies discussed above are called series volt- 

age regulators, since the control element is in series with 
the load. Where only small fluctuations in the load are ex- 
pected, it is often convenient to use a shunt voltage regulator 
of the type shown in Fig. 8. 

In shunt -type power supplies, a resistor (R1) is placed in 
series with the load and the control transistor is connected 
across the load. As in the previous example, the emitter 
of the control transistor is held at a constant potential with 
respect to the negative terminal by a zener diode. The poten- 
tiometer is set so that the transistor base is slightly positive 
with respect to the emitter. If the output voltage increases, 
the base of the control transistor Nvill become more positive 
with respect to the emitter, and this will cause an increase 
in the collector current. Since the collector current flows 
through the series resistor, the voltage drop across it will 
increase. In this way, the output voltage is corrected to its 
former value. 

Because of the voltage drop across the series resistor, the 
shunt regulator is not as efficient as the series type. It is 
simpler to construct, however. For this reason, the configura- 
tion is often used where it is desired to control a relatively 
constant load. 
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KOBE ( "TEN ") Transistor Substitution Directory 
KOBENO. TYPE AND SERVICE 

AMERICAN 
KOBE NO. TYPE AND SERVICE 

AMERICAN 

NUMBER MFGR. NUMBER MFGR. 

2SA30, P -con. 2N412, SYL 2SB33, P -a.f. amp.. d 2N34 SYL 
2SA254 2N1058 SYL 2SB262 2N109 RCA, SYL 

2N136,2N137 G -E 2N189,2N190 G -E 

2SA31, P -i.f. amp. 2N409 SYL 2N265 -2 G -E, BEN 

2SA255 2N410 RCA 2N324 
2N409 RCA 

2SÁ35 P -con. 
22219 RCA,SYL 

2N1144 G -E 

2N417 RAY 
2N1145 G -E 

2N135 G-E 
2N1265 SYL 

2SB34, P -a.f. amp., p. 12N185 TI 
2SA36 P -i.f. amp. 2N107, 2N135, G -E 2SB38, 2N186, 2N186A, G -E 2N136 

2N139 RCA,SYL 
2SB263 2N187A,2N188A, 

2N241Á 
2N218 RCA 

2N270 -5 RCA 2N413 
2N413A 

RAY, G -E 

RAY, GI 
2N291 -14 
2N319-2N321, 

G -E, MOT 

2N414 RAY, G E, GI 
2N323 RAY, HUG 2N414Á RAY, GI, SYL 
2N327A- 2N329A RAY, MOT, GI, SYL 

2SA40 P -m.s. sw. 2N123 G -E 2N464 RAY, MOT 
2N269 -4 RCA 2N465 RAY, MOT, GI, SYL 
2N394 G -E 2N466 RAY 
2N396 GE, SYL, GI, RAY, 2N633 TI 

TI 2SB37 P -a.f. amp., p. 2N43, 2N44 G -E 
2N404 RCA, TI, MOT, SYL, 2N109, 2N217 RCA, SYL GE,RAY,GI 2N104 RCA 
2N425 RAY, MOT, GI, SYL 22189 22192 G-E 2N518 G -E 2N238 TI 

2SA43 P -s -w r.f. CK13, CK14, RAY 2N331 RCA, GI, MOT 
amp. CK17 2N422 RAY, SYL 

2N128 SPR 2N632 RAY 
2N247 SYL 2N1097 G -E 
2N274-6 MOT 2N1098 G -E 
2N344,2N345 SPR 2N1144 G -E 
2N416,2N417 RAY 2N1145 G -E 
2N1432 SYL 

2SB39 P -a.f. amp., I.n. 2N175 RCA, SYL 
2SA64 P -h.s. sw. 2N240 SPR 2N220 RCA 

2N317 GI 2SB41, P -a.f. amp., p. 2N155 RAY 
2N397 G -E, RAY, TI, SYL 2SB131 2N255 BEN 
2N582 RCA, GI 

2N256 RCA, SYL 
2N584 RCA 

2N301 SYL, BEN 221017 RAY 2N307,2N307A SYL, BEN 
2SA105, P -con. 2N344, 2N345, SPR 2N376 RCA 
2SA270 2N346 2SB42, P -a.f. amp., p. 2N242, 2N296 SYL 
2SA108, P -r.f. amp. 2N370 RCA, SYL 2SB132 2N251 TI 
2SA109, 2N128 SPR 2SB61 P -a.f. amp. 2N322, 2N323 G -E, MOT 
2SA256, 2N324 G -E 
2SA266 2N422 RAY, SYL 
2SA110, P -con. 2N371 -2N373 RCA 2SB65 P -1.s. sw. 2N464 -2N466 RAY, MOT, GI, SYL 
2SA257, 2N374 RCA, SYL 2N467 RAY, GI 
2SA267 2N482 -2N486 RAY 2N592, 2N593 GI 

' 

2N499 SPR, GI 2N602 -2N604 GI, SYL 
2N504 SPR, GI 2SB120 P -a.f. amp., d. 2N591 RCA 2N544 RCA, SYL 

2SB121 P -1.s. sw, 2N398 RCA, SYL, MOT, GI 
2SÁ111, 
2SA258, 

P -osc. 2N371 
2N499 

RCA 

SPR, GI 
2SB151 P -1.s. sw. 2N456 TI, RCA 

2SA268 2N457 
2N51 22, TI, RCA 

2SA112, 
2SÁ259, 
2SA269 

P -mix. 2N372 RCA 225111 Á,22N55111B 

2N1043, 2N1044 

TI 

2SB152 P -1.s. sw. 2N1021, 2N1022 TI 
2SA116 P -r.f. amp, 2N346 SPR 2N1045, 2N1046 

vhf. 2N384 RCA, SYL 2SB180 P -a.f. amp., m. 2N524, 2N527 GE, MOT 2N1177 RCA 2N525, 2N526 GE, MOT, SYL 
2SA117 P -osc., vhf. 2N346 SPR 2N1038, 2N1042 TI 

2N384 RCA,SYL 2N1183,2N1184 RCA 
2N1178 RCA 2SB181 P -a.f. amp., m. 2N1039- 2N1041 TI 

2SA118 P -mix., vhf. 2N346 SPR 2N1183, RCA 
2N384 RCA,SYL 2N1183B, 
2N1179 RCA 2N1184A, 
2N1180 RCA 2N1184B 

2SB32, P -a.f. amp., d. 2N34 RCA 2SD33 P -a.f. amp., p. 2N649 RCA 
2SB261 2N105 G -E 2SD37 P -a.f. amp., p. 2N647 RCA 

2N107 
2N238 

TI 

SPR 
2N1101,2N1102 SYL 

P- "p -n -p "; N- "n -p -n "; con.- converter; i.f. amp. -i.f. amplifier; I.s., 
m.s., h.s. -low, med., high -speed sw'tch; s -w r.f. amp.- shortwave amp. 2N240 G -E, MOT 

2N322 TI osc. -oscillator; mix. -mixer; vhf. very high frequency; d.- driver; p.- 
2N367 SYL power; 1.n.-low noise; m.- medium power. BEN -Bendix, G- E- General 
2N405 RCA, SYL 

Electric, GI- General Instrument, HUG -Hughes, MOT -Motorola, RCA - 
Radio Corporation of America, RAY -Raytheon, SPR- Sprague, TI -Texas 

2N406 SYL Instruments. 
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Fig. 1. A version of the basic, 2 -band completely transistorized set that is used in Cadillac cars. 

AN AM -FM 
CAR RADIO 

By T. A. PREWITT / 

Avoiding circuit duplication without 

impairing performance was the goal. This 

is how Delco Radio engineers handled 

the problem in a transistorized design. 

Delco Radio Div., General Motors Corp. 

IN THE PAST several years, the listening audience for 
FM radio has grown enormously. Established stations 
have added more powerful transmitting equipment and 

better antennas to increase their coverage areas; the number 
of new stations has increased at a rapid rate. 

Furthermore, a large percentage of today's many FM 
listeners live, work, shop, and consequently spend a number 
of hours every week driving within the metropolitan and 
suburban areas served by such stations. For these persons, 
practical reception of FM signals while they are in their 
vehicles has much attraction now. 

Yet an FM -only receiver is not likely to satisfy the listener's 
needs. There will be occasions on which he may not be able 
to get the FM reception he wants -or simply prefers to listen 
to something available only on an AM broadcast. The ideal 
radio for him, then, must be designed to receive both services. 
Since he will be using only one at a time, completely sepa- 
rate circuitry for both bands is wasteful. Furthermore, there 
are obvious advantages in using transistorized circuitry, with 
respect both to reliability and the power -supply simplification 
made possible by direct use of a 12 -volt d.c. electrical system. 

In its 1963 car models, General Motors offers for the first 
time a line of custom -designed AM -FM receivers. Built by 
Delco Radio, these sets have all- transistor circuitry in which 
a number of interesting features appear. 

A representative version is model 1283295, used in Cadillac 
vehicles, shown in Fig. 1. The FM tuning section is at the 
top right, the main circuit board in the center, and the com- 
mon power- output stage to the left. Such bandswitching as 
is used is accomplished by depressing the appropriate end 
of the pivoted, horizontal bar just above the tuning dial. 

To illustrate the circuit approach employed, a block dia- 
gram (Fig. 2) will serve as well as a complete schematic. 
But for the diode -using detectors, each stage or block con- 
veniently represents one transistor -nine in all. The number 
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of semiconductor diodes used -is also nine. In addition to the 
separate detectors, these are employed in separate a.g.e. sys- 
tems for the two bands, the a.f.c loop for FM, and voltage 
regulation for stabilizing the supply to the FM front -end 
stages. 

Each band has its own tuned, r.f. stage. For FM, there are 
four i.f. stages, with the last two acting as limiters on stronger 
signals. The a.f.c. action is achieved with a voltage -variable 
diode capacitor, whereas the semiconductor stabilizing the 
supply is a zener regulator. The AM band has its independent 
oscillator. With these features, both high -quality performance 
on FM and high sensitivity on AM are obtained. 

Combining Circuit Functions 
Two fundamental approaches were available to the design 

engineers. The first was to start with a conventional AM 
receiver and add an FM tuning section, i.f. strip, and de- 
tector. A very simple switch could then apply the output of 
the desired detector to a common audio amplifier. Alternative- 
ly, the number of components used could be reduced sub- 
stantially by making the r.f., converter, and i.f. stages of the 
AM channel function as FM i.f. amplifiers. Ordinarily this 
would involve the use of a complex bandswitch that would be 
a potential source of trouble. 

After further study of the second approach, a method was 
developed to make these stages serve a dual purpose without 
the use of switch contacts through the use of automatic signal 
path switching. This general technique, which is based on 
the difference in frequency between signals in FM and AM 
service and the consequent involvement of different resonant 
circuits in each dual- purpose stage, is not a new one. As 
a rule, however, the result is some compromising of perform- 
ance on each band. In the case of the all- transistor design, 
it was possible to minimize the effect of these compromises. 

With reference to Fig. 2, it can be seen that the FM -AM 
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switch involves only three circuits. Antenna signal is applied 
to either the FM or AM r.f. amplifier; supply voltage is ap- 
plied to (or removed from) either the FM front -end tran- 
sistors or the AM local oscillator; and output from the appro- 
priate detector is chosen for audio amplification. 

A simplified schematic of the two stages that serve as mixer 
and i.f. on AM or 2nd i.f. and 1st limiter on FM (Fig. 3), 
showing interstage coupling, illustrates how automatic signal 
switching is arranged. 

The primaries of transformers T10 (10.7 -mc. FM i.f.) and 
T6 ( 262 -kc. AM i.f.) are in series in the collector circuit of 
transistor Q5. However the secondary of T10 is connected in 
the emitter circuit of transistor Q6, while the secondary of T6 
is placed in the base circuit of Q6. 

When the bandswitch, not shown, is in the AM position, 
operating power is applied to the AM oscillator, the car an- 
tenna is connected to the AM tuner, and 262 -kc. i.f. signals 
appear in the common i.f. strip. Since the tapped portion of 
the T10 primary consists of only a few turns, it offers little 
impedance to the 262 -kc. signal, all of which, in effect, then 
appears across the T6 primary. 

On the AM band, it is desirable to obtain high i.f. gain. 
This is accomplished by operating Q6 as a common- emitter 
stage. The secondary tap of T10, also a low- impedance path 
to 262 -kc. signals, ties the emitter of Q6 to ground through 
capacitor C33. The secondary of T6, which is connected in 
the base circuit of Q6, completes the common -emitter con- 
figuration. 

I.f. amplifiers are operated in the common -base mode on 
FM to simplify switching and eliminate the need for neutral- 
ization. The change is accomplished as follows: The 330 -µµf. 
capacitor across the primary tap of T6 bypasses the 10.7 -mc. 
signals; therefore the full signal voltage appears across the 
1'10 primary. Likewise, the .0022 -µf. capacitor across the 
secondary tap of T6 bypasses the base of Q6 to ground 
through capacitor C36. The T10 secondary injects the 10.7 - 
Inc. signal into the emitter of Q6, which thus operates as a 
common -base amplifier. 

Coupling to Q5 from the AM oscillator and r.f. stage, on 
the one hand, and from the FM tuning section, on the other 
hand, is somewhat different. Nevertheless, the same principle 
of separating and optimizing performance for each band is 

followed. 
Since the same vertical whip is used as antenna for recep- 

tion on either band, the problems of optimizing for either 
service occur here too. Since transmitted FM signals are 
horizontally polarized, there is some reduction in the strength 
of received signal. Most owners would prefer this sacrifice 
to having a conventional FM antenna on the car. On the other 
hand, the whip offers the advantage of being substantially 
omnidirectional. In practice, a change of only 2 or 3 db in 
signal is noted when the car turns a corner, which minimizes 
or eliminates audible changes. With the antenna adjusted to 
its recommended length (31 inches) its base impedance is 
approximately 50 ohms in the FM band. The tuner is designed 
to operate from this base impedance. 

For optimum signal transfer to the AM tuner, the lead -in 
cable must be the usual low- capacitance type, which has a 
characteristically high impedance of 160 ohms when used as 
a v.h.f. transmission line. To avoid impedance mismatch and 
standing waves on FM, this line is cut to half a wavelength 
at the center of the FM band. It accordingly repeats the 
50 -ohm impedance of the whip antenna at the input of the 
FM tuner. 

Reception Range 
Through long experience, the driver -listener has formed 

an idea of what kind of performance he can expect from a 
well- designed AM car receiver. He will have questions, how- 
ever, as to how much usable reception he can obtain on FM 
in a moving vehicle. Conventional statements, like the num- 
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ber of microvolts required for a given quieting level, in db, 
will have little practical meaning. Nor are claims of reception 
up to a given number of miles much better. 

Transmitter power, terrain, and the presence or absence of 
prominent signal- reflecting objects all enter into a determi- 
nation of satisfactory reception at the receiver. The chart in 
Fig. 4, therefore, probably gives the most realistic picture of 
what is possible. Assuming only a reasonably unobstructed 
location in level or gently rolling terrain, it shows the range 
of satisfactory reception at the radio installed in the car as a 
function of transmitter power. 

Reception of out -of -town stations within a metropolitan 
area will be reduced by surrounding, tall buildings. The graph 
will hold, however, in the more usual case: reception from a 
metropolitan station as the vehicle moves toward or from it in 
outlying areas. A transmitter whose effective radiated power 
is 25 kw., for example, will provide good reception more than 
20 miles away. A four -fold increase in e.r.p. will double the 
reception range. 
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9-WATT 
TRANSISTORIZED 

HI -FI AMPLIFIER 
By STANLEY E. BAMMEL 

Construction of an output- transformerless 
amplifier employing inexpensive transistors 
-for use with efficient loudspeaker systems. 

IT is we11 known that from the standpoint of size and 
power consumption, transistors offer tremendous ad- 
vantages as compared to tubes. Unfortunately, transis- 

tors often suffer from the disadvantage of rather complex 
circuitry which tends towards high cost. However, the ab- 
sence of an expensive output transformer and the availability 
of inexpensive, good -quality transistors has largely offset this 
disadvantage. 

The absence of an output transformer also offers per- 
formance advantages. Its unusually large amount of phase 
shift at low and high frequencies limits the amount of nega- 
tive feedback which can be used if an adequate stability 
margin is to be maintained. The amplifier to be described 
has about 40 db of feedback in each of its two main loops. 
There is plenty of stability as evidenced by the absence of 
overshoot in the square -wave response. 

JI 

R2 

CI 

C3 

RI OUTPUT FI SI SOI 

Front view of amplifier. The two output transistors are 
mounted atop the chassis but one is insulated from it 

Signal input is to the base of Q 1 ( see Fig. 1) . Q 1 and Q2 
are connected in a negative feedback loop so that together 
they act as a single, low- distortion, high -gain transistor. C2 
provides positive feedback which increases the collector load 
impedance of Q1. This maintains high gain within the 
negative feedback loop. This high gain is essential in order 
to obtain maximum effectiveness of the negative feedback. 
Q1 receives the negative feedback via its emitter from the 
collector of Q2. 

The output of Q1 and Q2 is direct -coupled to Q3 which 
is a grounded -emitter stage. Q3 is then direct- coupled to Q4, 
another grounded -emitter stage. However, the emitter of Q3 
receives 100% negative voltage feedback from the output. 
This holds the voltage gain between Q3 and the output to 
unity. The feedback does not affect the current gain, how- 
ever, which is very high. 

Fig. 1. Complete schematic diagram and parts listing for the eight -transistor hi -fi audio amplifier. A separate 
preamplifier would be required for equalization of magnetic phono cartridges and for any tone -control networks. 
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R1- 25,000 ohm audio taper pot 
R2 -1 megohm, 1/z w. res. (see text) 
R3- 39,000 ohm, Iz w. res. 
R4- 100,000 ohm, % w. res. 
R5- 22,000 ohm, yz w. res. 
R6,R11 -270 ohm, %z w. res. 
R7- 10,000 ohm, 1/z w. res. 
Rh, R10 -1000 ohm, 1/z w. res. 
R9 -2200 ohm, 1/2 w. res. 
R12- 10,000 ohm, t w. res. 
R13,R16 -470 ohm, 1/z w. res. 
R14- 15,000 ohm, 1/2 w. res. 
R15 -220 ohm, 1/z w. res. 
C1 -24., 6 v. elec. capacitor 
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C2 -.47 µf., 10 v. disc ceramic capacitor 
(Centralab UK10 -474) 

C3,C6 -100 µf., 50 v. tubular elec. capacitor 
C4 -100 µµf. disc ceramic capacitor 
C5 -.002 µf. disc ceramic capacitor 
C7,CS -.005 µf. disc ceramic capacitor 
C9- 1000 µf., 25 v. can elec. capacitor 
C10 -500 µf., 50 v. can elec. capacitor 
C11- -330 µµf. disc ceramic capacitor 
CRI -1N91 germanium diode 
SR1,SR2,SR3,SR4- 1N1692 silicon rectifier 
F1 -1 /4- amp "Slo -Blo" fuse (see text) 
JI- -Phono jack 

R3 

+ 

564 

25V.A.0 

S1- S.p.s.t. slide switch 
S01 -A.c. receptacle 
TI -Fil. trans. 117 volts pri., 25 v. @ I amp 

sec. 
Q1,Q4- 2N1302 "n -p -n" transistor 

(Texas Instruments) 
Q2,Q3- 2N1303 "p -n -p" transistor 

(Texas Instruments) 
Q5-2N213.4 "n -p-n" transistor (Sylvania) 
Q6 -2N591 "p -n -p" transistor (RCA) 
Q7,QS -2N307 or 2N307.4 "p -n -p" transistor 

(Sylvania) 
1 -2" x 31 /z" x 6" aluminum rhassis 
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The output of Q4 is direct- coupled to Q5 and Q6. Q6 
and Q8 are both grounded -collector stages or emitter follow- 
ers. The voltage gain of an emitter follower is slightly less 
than unity, but its current gain is high. The effect of these 
two transistors can be considered that of a single, high -gain, 
high -power p -n -p emitter follower. 

Q5 and Q7 are connected in the same type of feedback 
loop as Q1 and Q2 whereby two transistors act as a single 
transistor. In this case, the pair of transistors is connected 
as an emitter follower. Its characteristics are identical to 
those of the pair Q6 and Q8 except that Q5 and Q7 act as 
an n -p -n transistor. This gives push -pull operation by allow- 
ing Q5 and Q7 to operate on positive half cycles and Q6 
and Q8 to operate on negative half cycles. 

The voltage drop across CRl biases Q7 and Q8 for a 
quiescent (no signal) current of approximately 1 ma. The 
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Fig. 2. (Al Maximum power output into 8 -ohm load before clip- 
ping. (BI Total harmonic distortion vs. output (8 -ohm load). 

temperature characteristic of CR1 is in a direction to give 
temperature compensation to the output transistors. 

As an over -all result, all voltage gain takes place in Ql 
and Q2 and by far the greater part of the current gain takes 
place in the rest of the transistors. The use of localized nega- 
tive feedback rather than over -all feedback gives better sta- 
bility and overload characteristics, resulting in better tran- 
sient response. The large amount of current gain, in con- 
junction with the negative feedback, gives a very low output 
impedance, yielding good speaker damping. 

If you check the specifications of Q1 to Q4, you will find 
that their collector voltage ratings are 25 or 30 volts. Then 
you will notice that the power supply delivers 40 volts at 
quiescent conditions. This allows the collector voltage to 
swing considerably above its rating. However, the extensive 
use of local feedback gives much more voltage allowance. 
Over a considerable period of use and experiment, no trouble 
whatsoever has been encountered, except when using these 
transistors at higher power in the place of Q5 and Q6. There- 
fore, different transistors are used for the latter. These latter 
units are more expensive and have better voltage ratings 
but, due to inadequate frequency response, cannot be used 
as substitutes for Ql to Q4. 

Any substitutions for Q7 and Q8 should be undertaken 
carefully. The 2N307's called for have outstanding frequency 
and low- leakage characteristics compared to several other 
inexpensive power transistors tested. Unless a substitute 
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compares very favorably with these transistors, difficulty will 
be experienced with both thermal and high- frequency sta- 
bility. 

A "Slo -Blo" ,i -amp fuse is used in the a.c. line. If this type 
is not used, the surge when the amplifier is turned on will 
blow an ordinary fuse. At steady high power output, for 
which the amplifier is not intended, the fuse may blow. How- 
ever, it is considered adequate for all program material while 
giving maximum protection against accidental output short- 
ing. 

Construction 
The amplifier is completely contained on a 2" x 33í" x 6" 

aluminum chassis. C10 is mounted on the chassis with the 
metal mounting supplied with it since its can is grounded. 
C9, however, must be insulated with the insulating mounting 
plate supplied. As a matter of personal safety, use insulating 
tape on all exposed a.c. line connections. 

Q8 is fastened directly to the chassis since its collector is 

grounded. Q7 must be insulated, however. Use an insulating 
washer which is specified for this purpose. Some manufac- 
turers ( Sylvania among them) supply such a mica washer 
with each of their power transistors. Mount the washer be- 
tween Q7 and the chassis. In addition, the mounting holes 
must be larger than the screws in order to permit insulation 
between the screws and the chassis. Use insulating washers 
on the 'underside of the chassis as well. 

In order to achieve necessary cooling, the power transistors 
are mounted on the chassis. Thermal conduction between the 
transistors and chassis can be enhanced by the use of silicone 
grease (Dow Corning DC4 or equivalent). Before mounting, 
apply this grease to both the under side of the transistors and 
the chassis. With Q7, apply the grease to the insulating 
washer as well. Tighten mounting screws well so that the 
transistors make firm contact with the chassis. 

Connectors to the power transistors can be obtained from 
an old 7- or 9 -pin miniature tube socket. It is not a good idea 
to attempt to solder directly to the transistors. Connection 

(Continued on page 66) 

02 03 04 CRI 06 SR2 C3 SR3 

Underside view. The author used a printed board for most 
components (lower left) but conventional wiring may be used. 

Square -wave response of amplifier with 8 -ohm resistive load. 

100 CPS IKC. IOKC. 
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e/?ad, ?ìcAiurn £Zhv?Juse 
By R. L. CONHAIM, 19W7577 

THE proposed new regulations for the Citizens Radio 
Service should go a long Way toward cleaning up 
operations on this overcrowded and often misused 

band. True, as with any regulations, they have their pros 
and cons. But one place, in the author's opinion, where 
the FCC missed a bet is their failure to do something 
about better adherence to the technical standards set up 
for the class D Citizens Band. 

First, let us hasten to say that nothing in the technical 
standards in sub -part C of Part 19 of the FCC Rules and 
Regulations is unfair or difficult to achieve. But, the fact 
that so many stations are off frequency, so many are over- 
modulating, so many are using too much power, is evi- 
dence that something is wrong. And, it is not only the 
transmitters used by the renegades on the band that are 
failing to meet technical requirements. One has only to 
make routine, off- the -air frequency checks of even the 
most law- abiding users, and he will find many cases of 
off- frequency operation. 

When you compare the requirements of Part 19 with 
other services, such as industrial, business radio, public 
safety, and land transportation services, you will find little 
in Part 19 that differs radically from the regulations ap- 
plying to these other services. The big difference arises 
from the fact that no one could possibly have forecast the 
tremendous popularity of the class D band, or that there 
would be 350,000 licenses issued in just a few years. 

Licenses for Servicing 
All of the services mentioned, including the Citizens 

Band, require a holder of a second -class commercial radio- 
telephone license, or better, to make any adjustments to 
a transmitter that would affect its operating frequency, 
modulation, or maximum output power. The purpose of 
this requirement is to assure the maintenance of technical 
standards. The technical standards for all bands have been 
set up to assure maximum utilization of available spectrum 
space, and the least possible interference to users within 
the same band or on other bands. 

Equipment for all these other bands is sold and serviced 
by specialists in the field. The equipment, in practically 
all cases, is considerably more expensive than Citizens 
Band transceivers, a single mobile transmitter -receiver 
combination costing close to $500.00 or even more. Service 
for such equipment can obviously be expected to cost 
more. A routine survey indicates that maintenance con- 
tract service may cost from $5.00 to $8.00 per month, 
per mobile unit, and more for base stations. A frequency 
check of a single- or dual -channel transmitter usually costs 
in the neighborhood of $5.00. This kind of business is 
worthwhile for the professional service organizations in- 
volved, and the trouble of securing and maintaining a 
first- or second -class radiotelephone license is worth the 
effort. 

But, the sad truth concerning Citizens Band is that en- 
tirely too few holders of first- or second -class commercial 
radiotelephone licenses are interested in selling, installing, 
or servicing CB equipment -and for a variety of reasons. 
Most of the professional service organizations which han- 
dle two -way radio are too busy selling and maintaining 
the higher priced and more profitable equipment used in 

other services. Others have expressed the opinion that 
some CB equipment is not built to high technical standards 
and requires too much time to align, adjust, or repair, and 
that CB -ers are unwilling to pay their regular rates. Many 
persons employed by radio stations, governmental agen- 
cies, or large users of commercial radio equipment are 
unavailable for CB repair because of the requirements of 
their regular jobs. Occasionally, you will find a qualified 
license holder who is willing to perform CB service on a 
part -time basis during his off hours. But there aren't 
enough of these people, nor enough hours to take care 
of the CB equipment which needs adjustment or main- 
tenance. 

In talking with other organizations, the author has fre- 
quently encountered the attitude that CB requires dif- 
ferent test equipment, or entails the making of too many 
test harnesses because of the lack of standardization. For 
these reasons, the organization in question is unwilling to 
make the expenditures to secure the necessary equipment 
to service CB. 

So here we are, with a crowded band of ardent users, 
forced by circumstances or disregard for regulations to 
dabble unlawfully with their own equipment, or to have 
it serviced by unqualified personnel. Is it any wonder that 
there is such great laxity at the present time in the main- 
tenance of the proper technical standards? 

CB -A Special Case 
CB, by its own growth pattern, has made of itself a 

very special case, and will undoubtedly have to be treated 
as such. Is there any necessity for the requirement that 
most transmitter adjustments and repairs have to be made 
or supervised by the holder of a first- or second -class com- 
mercial radiotelephone license? Unquestionably, there is 
a need for competent repair services, and in order to 
establish high standards such repair personnel should be 
licensed. But certainly the knowledge required to repair 
CB equipment is nowhere nearly as extensive as that re- 
quired in other services. The holder of a second -class com- 
mercial license must pass a written examination, on which 
he must demonstrate his knowledge of all manner of elec- 
tronic theory and circuitry -much of which is not appli- 
cable to CB. It is no wonder, then, that few people have 
applied for such a license for the sole purpose of main- 
taining CB equipment. 

It becomes quite obvious, when one analyzes the prob- 
lem, that if CB technical standards are to be maintained, 
something must be done to find a more practical solution 
to the problem of adjusting and repairing transmitters. 
It is equally obvious that until some practical solution to 
this problem is found, technical standards on the class D 
Citizens Band cannot be maintained, and irresponsible 
dabbling with equipment is going to continue. 

A Practical Solution 
In looking for a solution, we have to be practical. We 

must find some source of technically adequate repair 
service which is readily available to the average CB -er and 
at the same time a source which will assure the mainte- 
nance of technical standards to the satisfaction of the 
FCC. Unquestionably, such sources will have to he li- 
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The acceptance of this proposal should go 
a long way in getting better repair service 
for CB equipment and cleaning up operation 
of gear not meeting technical requirements. 

censed to prove their ability to maintain technical stand- 
ards. But knowledge of CB equipment is not hard to 
acquire especially if the student is already familiar with 
electronic circuitry and theory. Fortunately, there is a 
very large pool of such "raw material" already available. 
We are speaking, of course, of the large number of TV- 
radio service technicians and technically qualified CB 
users, who with very little study, and proper equipment, 
could become the nucleus of an efficient, capable, and 
widespread service facility for all users of CB equipment. 

The author therefore proposes to the Federal Communi- 
cations Commission a special class of license which would 
authorize the holder to align, repair, and measure CB 
equipment to maintain it in accordance with the technical 
requirements of Part 19 of the Commission's Rules and 
Regulations. But, more than just requesting such considera- 
tion, let's spell out in detail how such a class of license 
would be set up, what its requirements would be, and 
how such license holders would function. 

Sonic of the Details 
The special class of license for which we ask consid- 

eration might be called Citizens Radio Technician Class 
License. Each applicant for such a license would be re- 
quired to prove his knowledge of radio laws and treaties, 
as they pertain to Citizens Band operation. He would have 
to be able to pass a written examination divided into two 
parts. Part one would cover knowledge of Part 19 of the 
Commission's Rules and Regulations and any other part 
referenced in Part 19. Part two would cover technical 
knowledge, specifically limited to Citizens Band circuitry, 
especially to transmitters with 5 watts or less of input 
power. Included would be all modulation, oscillator, and 
r.f. power circuits, antenna coupling, transmission line, 
and antenna theory, specifically as applied to Citizens 
Radio Service. Because by far the greatest problems in 
the Citizens Radio Service exist in class D, the technical 
requirements would only cover class D and the license 
would be good only for working on class D equipment. 
If the Commission saw fit, additional tests could be given 
on classes A and B and those applicants passing this addi- 
tional phase could be authorized to work on the higher 
frequency tranceivers. In the absence of such provisions, 
class A and B transmitters would have to be adjusted and 
repaired by holders of regular second -class commercial 
licenses. 

Because a great many people might qualify for such a 
license, and to prevent an excessive work load for FCC 
examiners, the Citizens Radio Band Technical License 
examination could be taken by mail much like the present 
Amateur Technician Class License. In the case of a Citi- 
zens Band Technician License, however, the examination 
would be given by the holder of a first- or second -class 
commercial radiotelephone license. 

The license would permit the holder to work on any 
class D equipment, but if he did so as a commercial service 
for which he charged a fee, he would have to demonstrate 
to the Commission, upon request, that he had equipment 
capable of reading frequency, harmonic radiation, modu- 
lation percentage, and power output within specified 
tolerances. 

If such a license were made official, the Rules and Regu- 
lations within Part 19 should be altered at some later date 
so that the owner of class D equipment could only change 
tubes in the portions of the transceiver not common to 
both receiver and transmitter, or change fuses. The chang- 
ing of any other part, the altering of circuits, or any 
alignment and repair, other than receiver i.f. alignment, 
would have to be done by the holder of a Citizens Band 
Technician Class License. 

Equipment Certification 
In addition, each Citizens Band transceiver would have 

to be certified, at least once every year, for frequency 
tolerance, acceptable harmonic radiation, power output, 
and modulation of less than 100% by the holder of a Citi- 
zens Band Technician Class License. Such certification 
and all repair work would be entered on official FCC 
forms or facsimiles thereof, one copy of which would be 
given to the owner of the transceiver and the other kept 
by the licensed service technician or repair organization, 
subject to inspection by the FCC. 

It may seem that the author is suggesting even more 
stringent requirements for Part 19 than are now being im- 
posed. This is true. It is based, however, on the fact 
that most CB equipment is made in transceiver form, in 
which some circuits are common to both receiver and 
transmitter. While in some cases present regulations al- 
low the user to adjust or repair such common circuits. 
many of the problems with overmodulation and splatter- 
ing arise from just such repairs and alterations. In an 
effort to get just a little more from his transmitter, the 
user often fools around with the modulation circuits, sub- 
stituting hotter tubes or otherwise beefing up the circuit 
to the point where overmodulation takes place. Under 
present regulations he may be permitted to work on these 
circuits because they are basically audio circuits. How- 
ever, if a readily available repair organization were in 
existence, such alterations should not be permitted by 
the user. 

The author believes that such a special class of license 
could be easily obtained by the average TV -radio service 
technician, or by many knowledgeable CB -ers, after 
very little study. The additional equipment required by 
a TV -radio service shop would be relatively low in cost. 
TV -radio service technicians are already used to working 
on equipment of the average CB quality. In fact, in many 
cases, such men are better qualified to work on class D 
CB equipment than those who are used to working on 
equipment built to much higher technical standards. 

If licensing such as is proposed in this article were to 
become effective, it would go a long way towards elimi- 
nating the technical problems that beset class D Citizens 
Radio Service and would eliminate much of the irrespon- 
sible alterations and adjustments of equipment which are 
now being made under the excuse that no qualified repair 
service is available. Further, it could be implemented 
without putting an undue workload on the FCC. It would 
place responsibility for adequate maintenance upon duly 
licensed persons, and it would further place responsibility 
on the CB owner for periodic check -ups of his equip- 
ment. 
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COLOR- 
PATTERN GENERATORS 

By WALTER J. CERVENY / Chief Engineer, The Hickok Electrical Instrument Co. 

sponse to at least 3.6 mc. and that it be able to sync well at 
the 3.58 -mc. color subcarrier frequency. Years ago a scope of 
this caliber was considered a laboratory instrument, however 
today it is within the financial reach of almost everyone. The 
choice of the color -pattern generator is not as easy to make. 
Several types are available and unless you are aware of the 
advantages and limitations of each, the decision can be diffi- 
cult. 

There are only two basically different color -pattern gen- 
erators -the NTSC -bar and the rainbow. Two different type 
rainbow generators are available -the continuous display and 
the gated rainbow. But before discussing them, let's talk about 
color TV transmission. 

NTSC Standards 
The NTSC ( National Television Systems Committee) , 

which was formed in the early 50's, set up standards for the 
compatible color TV system. These standards were later 
adopted by the FCC and are in effect today. Although the 
design of color TV receivers may change over the years, it will 
always be such that color sets will be able to operate with an 
NTSC signal. 

A color picture is transmitted as a combination of bright- 
ness (Y) and color difference (R -Y and B -Y) signals. The Y 
component is transmitted as an AM signal, while the color in- 
formation (chroma) is a 3.58 -mc. phase -modulated signal 
with a suppressed carrier. Both Y and chroma are transmitted 
on the same channel. In order to produce a color at a specific 
hue and saturation, the chroma signal fed to a color demod- 

70 110 ulator circuit in the TV set must have a specific amplitude and 
60 phase relationship with respect to the color burst signal. And, 

if the color is to have the correct brightness, there must always 
be a Y component in the signal. 

NTSC Color -Bar Generators 

160 
Fig. 2A shows the output waveform of an NTSC color -bar 

generator, a composite signal representing fully saturated 
170 primary and complementary colors. To understand how this 

composite signal is formed, remember that it is made up of 
180 two parts -a brightness, or Y component ( Fig. 2B) , and a 

90 
chrominance component ( Fig. 2C) . The chrominance com- 
ponent consists of a color burst and a series of six color bars 

200 and white; white is at zero level. The color bars and burst, 
whose phase and amplitude relationships are shown in Fig. 1, 

210 are produced by a common frequency of 3.58 mc. The burst is 
220 the reference and therefore at 0° phase; yellow lags burst by 

13° with an amplitude of .44; red is next with a phase of 76° 
and amplitude of .63; magenta has a phase of 120° and an 

300 240 amplitude of .59; and so on. 290 250 
280 270 260 It would exceed the scope of this article to describe in detail 

How NTSC -bar and rainbow -pattern genera- 
tors operate, are used to align color circuits, 
and points to bear in mind before buying. 

S\ LES of color -TV receivers are on the rise today for 
several good reasons: The sets are more reliable, they 
can be serviced easily in the home, and they do not 

require frequent readjustment -a far cry from the sets of a few 
years back. Programming time is increasing, and most of the 
leading manufacturers are now marketing receivers. This 
growth should convince the service technician that it is time 
to seriously "tool up" for color. 

If you own a color set and feel confident about making your 
own adjustments, you may have heard and wondered about 
color- pattern generators -how they work, what they can and 
are used to do, and which type -NTSC -bar or rainbow -would 
be best for making the various adjustments that are required 
in a color set. 

Basic equipment for black- and -white TV service includes 
a sweep and marker generator, a tube tester, a v.t.v.m., and 
an oscilloscope. Color TV service, in addition to this equip- 
ment, \vill require a wide -band scope and a color -pattern gen- 
erator. In the case of the scope the choice is not difficult to 
make. The requirement is that it have a flat frequency re- 

Fig. 1 . Vector diagram of a 100 % saturated NTSC color signal. 
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the operation of an NTSC bar generator. However, we will 
describe the operation of the Hickok Model 656XC gener- 
ator, shown in block -diagram form in Fig. 3. 

How the NTSC Generator Works 

The color pattern must contain all the elements of an NTSC 
signal; that is, sync, chroma, and brightness information in 
con-ect phase. The color -bar phase differences are produced 
with precision delay lines; their amplitudes are determined by 
potentiometers. The brightness component of Fig. 2B is pro- 
duced by Schmitt trigger circuits with appropriate time delays 
for each bar. 

The heart of the generator is a timer which consists of five 
blocking oscillators (31.5 kc., 15,750 cps, 4500 cps, 900 cps, 
and 60 cps) that are electrically locked together and con- 
trolled by a 315 -kc. crystal -controlled oscillator. The block- 
ing- oscillator outputs, when combined, produce the compos- 
ite. 

The chroma component is generated by a 3.58 -mc. crystal 
oscillator. The output of the 3.58 -mc. oscillator is fed to a 
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Fig. 2. Composite video signal (A) produced by an NTSC generator 
consists of two parts- brightness (B) and chrominance (C). Note 
that in C the amplitude of each bar represents the degree of color 
saturation. Over -all amplitude of all color bars with respect to 
the zero or blanking level is set by the brightness component (B). 
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cathode -follower stage which drives a delay line that has three 
output taps -one for each primary color ( red, blue, and 
green) . The three output signals from the delay line, which 
are of different phase, are fed to three chroma gates. Another 
output of the 3.58 -mc. cathode -follower is fed to a burst gate. 
All gates are driven by 15,750 -cps pulses derived from another 
delay line and four multivibrators. The outputs of three of the 
multivibrators are fed through attenuators to form three Y, 
or brightness, signals in time sequence. All four signals, sync, 
chroma, Y, and burst are then added together in the composite 
adder -stage to produce the composite color -bar signal. This 
signal is fed to a cathode -follower stage for a low- impedance 
output. The complementary colors ( yellow, magenta, cyan ) 
and white are generated by overlapping the primary color 
bars. For example, when the green and red bars are added, 
you will get yellow. Magenta is produced by mixing blue and 
red, cyan by mixing blue and green. From the diagram of Fig. 
1 you can determine that if vectors of the three primary or 
three complementary colors are added vectorially, the result- 
ant will be zero, or white. The brightness component will 

I- -T 
TIMER 

XTAL 
315 KC. 

OSC. 

315 HC 

GATE 

00T -BAR 

5750 CPS 

4500 CPS 900 CPS 

d 

COMPOSITE 

ADDER 

60 CPS 

CF 
q 

OUTPUT 
4 y 
COLORI 
BR 

SOUND 

OSC. 

SYNC 

GATE 

J 

15750 PULSE DELAY LINE 

BURST 

MULI. 

COMPOSITE 

ADDER 

3.58 
MC. 

OSC. 

CF 

I 
ADO 

BUR ® III c 

11.w elm 
11111FINIMEITII 

CHROMA DELAY LINE 

Fig. 3. Block diagram of Hickok 656XC NTSC color -bar generator. 

equal unity since the sum of the individual brightness levels 
equals 1 (.3 +.59=- .11 =1). 

To generate the R -Y, B -Y, -G -Y, and G -Y at 90° 
alignment signals, as in Fig. 2E, rather than color bars, one 
primary color bar is switched off, the phase of the other bars 
is changed to "alignment signal phase," and the Y component 
is removed. The rest of the process is identical to that de- 
scribed for generating color bars. 

To generate a dot pattern, the 60 -cps and the 15,750 -cps 
pulses are fed to a sync -gate circuit. Here the composite sync 
signal is formed. The 900 -cps pulses and the 315 -kc. pulses 
are fed to a gate- dot -bar circuit, where the dot information is 
formed. To complete the composite signal, the dot informa- 
tion is added to the composite sync signal in the composite 
adder stage. The output of the composite adder is fed to the 
cathode -follower output stage and the output attenuator. 
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Fig. 5. Block diagram of Hickok 660 rainbow -pattern generator. 

To produce a crosshatch pattern, the gate- dot -bar circuit 
is converted to an adder stage allowing the 900 -cps ( horizon- 
tal -bar frequency) and the 315 -kc. (vertical -bar frequency) 
to be fed to the output directly. Horizontal bars alone are 
produced by switching off the 315 -kc. signal in the crosshatch 
positions, and vice versa for vertical bars alone. 

In addition to the composite video output stage there is an 
r.f. oscillator that can be modulated by the composite signal 
so that color bar, dot bar, or alignment signals can be fed di- 
rectly to the antenna terminals of the color TV set through 
channels 2 -6. A sound -frequency crystal is also provided to 
facilitate fine tuning of the receiver. 

A less costly NTSC color generator (Model 661, Fig. 10) is 
also available. It differs from the generator just described in 
that it develops only one NTSC color (displayed on the entire 
CRT face) at a time. Each color is the correct brightness level, 
and in conformity with NTSC standards. Alignment signals of 
R - Y, B - Y, and G -Y at 90° are also available; these signals 
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are at black levels as shown in Fig. 4, lacking brightness (Y). 
In addition to the color signals, this generator also produces 

dot and crosshatch patterns, and vertical and horizontal bars. 
The crosshatch pattern consists of 20 vertical and 15 horizon- 
tal bars, less those in the blanking region. This is an aspect 
ratio of 4 to 3, ideal for height, width, and linearity adjust- 
ments. You merely make adjustments for perfect squares in 
all areas of the CRT screen. 

Alignment with an NTSC Generator 
Color demodulator alignment with an NTSC generator is 

relatively simple. On sets that demodulate in quadrature, that 
is, the type with R -Y, B -Y demodulators, a scope with a 
low- capacity probe is connected to the output of the R- Y de- 
modulator. A B -Y signal is fed to the set. Then, with the hue 
control set to mid- position, the R -Y phase is adjusted for a 
null or zero output of the B -Y signal. The scope is then con- 
nected to the plate or output of the B -Y demodulator and an 
R -Y signal is fed into the set. The quadrature phase is ad- 
justed for a null or zero output of the R -Y signal. Normally 
this completes the demodulator alignment since most receiv- 
ers use a fixed matrix for G -Y and do not require adjustment. 
However, if a G -Y adjustment is required, the scope is con- 
nected to the G -Y output. A G -Y signal at 90° is fed to the 
set and an adjustment is made for a null or zero output. 

On color sets that demodulate out of quadrature, that is 
sets with the so- called X and Z demodulators, alignment is 
also simple. Instead of connecting the oscilloscope to the 
demodulators, it is connected to the R - Y, B -- Y, and G -Y 
outputs which are located at the grids of the CRT. The pro- 
cedure then is identical to that for quadrature demodulators. 

Rainbow Generators 
Many service technicians might shy away from an NTSC 

color -bar generator because of the high cost, and especially 
when just starting to do color work. If they are willing to sac- 
rifice some performance and versatility for a saving in price, 
then the rainbow generator should be their choice. Later, as 
color service business increases and more complicated work 
is considered, an NTSC generator could be purchased. The 
rainbow generator could be used for installation and service 
in the home while the NTSC generator is used for bench work 
where an accurate standard signal source is required. 

(Continued on page 88) 

Fig. 6. "Rotating vector" produces rainbow -generator color pattern. 
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Fig. 1. The image paths and resultant print 
in a system that employs a beam -splitting 
mirror to reflect blue light to the film. 
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PHOTOGRAPHY IN INllUSTRY 
By RAY A. SHIVER / Instrumentation Laboratory, AirResearch Mfg. Co. of Arizona 

Description of cameras and techniques used to make a record of scope patterns 
-particularly those that are non -repetitive or too rapid for direct viewing. 

THE VALUE of the modern laboratory oscilloscope as 
a measuring instrument is well known to most engi- 
neers and technicians. However, the instruments avail- 

able to photograph cathode -ray oscilloscope traces and the 
techniques required to use them properly are probably not so 
well known. Some type of photographic record is very often 
desirable, or may be absolutely necessary in some cases, if 
the signal to be measured requires an extremely fast time 
base and is non- repetitive in character. Any type of signal 
that can be displayed on a CRO can also be photographed 
if the appropriate camera and film combination is used. 

Oscilloscope Cameras 
Conventional cameras can be used, of course, to photo- 

graph oscilloscope traces if a suitable lens and shutter corn- 
bination is used and some sort of light -tight enclosure is pro- 
vided. The disadvantage in this case is that the film must first 

be developed before the results are known. This can be a 
time -consuming process and, in addition, one cannot be abso- 
lutely certain of the results until the negative or print is avail- 
able for inspection. For these reasons most commercial cam- 
eras available for photographing CRO traces employ a 
Polaroid Landll back. For certain applications, high -speed 
35- millimeter strip cameras are also used. 

Cameras employing Polaroid backs offer many advan- 
tages, the most important of which are: First, the finished 
print is available for almost immediate inspection ( 10 seconds 
for film types 47 and 410) which permits a shot to be retaken 
immediately if for some reason the first is not satisfactory. 
Second, finished prints can be made on paper (types 42, 47, 
and 410) or on positive transparencies (types 46 or 46 -L) . 

Positive transparencies can be projected in conventional 
slide projectors, or they can be blown up for enlarged 
prints. And finally, Polaroid films are available with a wide 
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"L' 
The DuMont Model 302 camera -scope attachment discussed in text. 

range of speeds from an ASA rating of 200 for type 42 up to 
a rating of 10,000 for type 410. This permits a wide range 
of data to be photographed from steady -state signals up to 
extremely fast transients. 

Three oscilloscope cameras, employing Polaroid backs, 
that are representative of the types available for this work 
are shown in the photos. Note that in each case the camera 
back is mounted differently with respect to the screen of 
the cathode -ray tube. This is an important characteristic of 
each type of camera and determines the form the final print 
will take, as well as the construction of the viewing system 
used. 

Fig. 1 illustrates the picture -image path and the viewing 
system for the DuMont Model 302 camera shown in the 
photograph. Note the dichroic or beam -splitting mirror that 
intersects the primary image path. This is actually a yellow 
filter which diverts most of the highly photographic blue 
light to the camera while permitting some of the less efficient 
yellow and green to pass through for viewing purposes. For 
this reason this type of camera works best with a CRT em- 
ploying a blue -light phosphor, such as type P -11. 

Use of the beam -splitting mirror permits direct or head -on 
viewing of the CRO screen, which can be a big advantage 
when adjusting the gain of the scope to precise calibrate sig- 
nals. One disadvantage, however, is the image reversal caused 
by the mirror action of the beam splitter. This causes the final 
print to be a reversed image of the CRO trace. As long as 
one remembers the correct relationship of the final print to 
the original trace, there is no particular problem, although 
photographs taken on instruments with calibrated screens, 
such as spectrum analyzers, will show all calibration figures 
in reverse order. When using Polaroid type 46 or 46 -L film, 
which produces positive transparencies, this situation can be 
corrected by simply viewing or projecting the transparency 
from the reverse side. 

The Model 302 camera produces a final image that is con- 
siderably smaller than the CRO screen. This permits two 
full exposures to be made for each frame, as illustrated in 
Fig. 3. If it is not necessary to expose the graticule each time, 
several traces can be recorded on each frame, as shown in 
Fig. 4. Where practical, this method can produce a con- 
siderable saving in film. A movable back and slide track are 
provided on this model which permits advancing a frame 
a portion at a time for the desired spacing. A graduated scale 
indicates the position of the back with respect to the frame 
length. 

A camera designed to produce a full -size reproduction of 
the CRO screen is the Beattie -Coleman Model 12445 shown 
in the photo. Note that the camera back is mounted in such 

This Beattie -Coleman unit produces full -size photo prints. 

The Fairchild Model F -286 does not produce a reversed print. 

a way as to allow the full 10 -cm. scale of the graticule X axis 
(horizontal) to be photographed. Slightly over 8 cm. of the 

Y axis (vertical) will be covered using standard 3% x 4)4 

Polaroid film. Paper prints produced in this manner have an 
advantage in that they are more easily read because of the 
larger trace size. Also, a centimeter rule can be applied di- 
rectly to the print for measuring trace dimensions. Positive 
transparencies can be used to produce full -size contact prints. 

As in the previous example, a beam- splitting yellow filter 
is used to divide the light from the scope trace into two parts, 
one for photography and the other for viewing purposes. An 
added feature of this particular model is the ability to rotate 
the camera back 90 degrees in the same plane, if desired. 
This permits moving the back along the Y axis for recording 
multiple trace exposures on the same frame. On a 1:1 repro- 
duction ratio, the graticule can be pre- exposed before the 
camera back is moved in order to provide reference lines for 
multiple exposures. 

An example of a CRO camera that does not produce a 
reversed photo print is shown in the photo above. Note that 
the camera back now occupies the position of the binocular 
viewer found in the beam -splitting type. This particular 
model is a Fairchild F -286 and it provides non -reversed prints 
with an image reduction ratio of 2:1. This permits two ex- 
posures of the CRO screen for each frame. The image path 
is shown in Fig. 2. Since the viewing port is offset from the 
straight -line path to the CRT face, some parallax is intro- 
duced due to the spacing between the tube face and the 
graticule. This may make precise calibration of the oscillo- 
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Fig. 2. In this system, no beam -splitting mirror is used so 

scope difficult with the camera in place. However, for ordi- 
nary viewing purposes this offers little or no disadvantage. 
The camera back and lens assembly are mounted on a spring - 
loaded hinge arrangement that permits the camera to be 
positioned for two exposures per frame. 

Lens and Shutter System 
Most CRO cameras made by American manufacturers em- 

ploy a 75 -mm. f /2.8 or f /1.9 lens. This is generally coupled 
with a shutter having speeds up to 1/100 second as well as 
"time" and "bulb." The shutter is usually operated with a 
cable release external to the camera. Accessibility to the 
lens and shutter settings is provided for in several ways, de- 
pending on the make and model of the camera. The camera 
of the DuMont unit shown provides access through the small 
trap door visible in the photograph. Two thumb screws lo- 
cated on the bottom of the camera in the Beattie unit permit 
the back to be removed from the periscope for lens and 
shutter adjustment. A ring and detent assembly located on 
the front of the camera in the Fairchild unit allows the cam- 
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that the print is not reversed. Eye views scope screen obliquely. 

era to be completely removed from the barrel if required. 
It is not meant to suggest that the cameras described are 

the only models offered by a particular manufacturer. As a 
general rule, CRO camera manufacturers offer several differ- 
ent models with a choice as to camera orientation, lens and 
shutter accessibility, and other features. 

Exposing the Film 
Camera lens and shutter settings are dependent on the type 

of trace to be photographed, the type of film used, and the 
level of the CRO beam intensity. There are no hard and fast 
rules since often the same end result can be obtained with 
several different combinations of lens, shutter, and beam 
intensity settings. Generally the lower the beam intensity 
setting and the smaller the aperture size, the sharper the 
trace will be in the reproduction. When photographing 
steady -state data (where a stationary trace can be displayed), 
one of the faster shutter speeds can be used. This is illustrated 
by Figs. 5 and 6. The object in this example is to photograph 
five cycles of a 100 -cps sine -wave signal. 

Fig. 3. Both exposures made on single frame. Fig. 4 Five exposures made on single frame. 
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Fig. 5. Photo of 5 cycles of a 1 00-cps signal 
at a shutter speed of 1 /25 sec. 140 ursec.). 

1111 

1r11il,1. E ; 
11111111111111111111111111 rrlr/r, 

iimmail ml i 
Fig. 6. By using a shutter speed of 1/10 sec. 
1100 msec.) two complete sweeps are recorded. 
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Since the sweep system of most laboratory -type oscillo- 

scopes is calibrated in unit time per centimeter it is con- 
venient to first convert 100 cps to a function of unit time. 
Time (in seconds) = 1 /freq. (cps) = 1/100 or .01 second 
(10 msec.) . To display one complete cycle the CRO sweep 
would have to equal the time of the displayed signal, or in 
this case 1 msec. /cm., which gives a total time of 10 msec. for 
a 10 -cm. scale. Since we wish to display five complete cycles 
of the 100 -cps signal, the CRO sweep time would have to be 
five times the length of one cycle of the frequency to be 
displayed, or 5 msec. /cm. It is helpful to think of the shutter 
speeds in the same units of time as the oscilloscope sweep 
system, 1 /100 sec. being 10 msec., 1 /50 sec. as 20 msec., etc. 
It then becomes quite easy to determine how many complete 
sweep cycles will occur during the time the camera shutter 
is open for a particular setting of sweep and shutter time. 

Fig. 5 shows the result of photographing 5 cycles of a 100 - 
cps signal using a shutter speed of 40 msec. (1 /25 sec.) . 

Since we have determined it takes 50 msec. for one complete 
sweep cycle, we have only succeeded in photographing 4/5 
of one sweep, or 4 cycles. A good rule -of -thumb is to choose 
a shutter speed that will give at least two complete sweeps of 
the CRO trace. In this example a shutter speed of 100 msec. 
(1 /10 sec.) will capture two complete sweeps as shown in 
Fig. 6. 

The preceding example was used to show the time rela- 
tionships among a specific frequency, horizontal sweep time, 
and camera shutter speed. In actual practice, for displaying 
steady -state signals the sweep frequency is generally ad- 
justed until the desired pattern is obtained on the CRO 
screen and the time base may be incidental. However, if a 
picture is desired, a quick glance at the sweep rate will allow 
one to calculate mentally a shutter speed that will permit 
photographing two or more sweeps. 

Often a signal to be photographed may contain several 
frequency components which makes it difficult to produce 
a satisfactory picture at normal shutter speeds. This is illus- 
trated by the example in Fig. 7. The picture shown is a 
square wave being modulated by a 60 -cps sine wave. This 
caused the trace to jitter badly and produced the results 
shown. Much better definition can be secured by setting the 
shutter to "bulb" and manually holding it open while trig- 
gering only one sweep of the signal. Note the much finer 
detail of Fig. 8 when this technique was used. Most labora- 
tory -type oscilloscopes have a gated sweep system necessary 
to produce this type of photography. By adjusting the gate 
trigger level, one sweep of the trace can be initiated by 
means of an internal, manually operated push- button, or by 
an external trigger voltage. 

Photographs of this type require a larger aperture opening, 
more beam intensity, or perhaps both -depending on the 
sweep rate used. This is necessary since a triggered sweep, 
when adjusted properly, only permits one pass of the trace 
which cuts down the exposure time proportionately. For 
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Fig. 7. (Far left). Square wave modulated by 
60 -cps sine wave produces these unsatis- 
factory results using a recurrent sweep. 

Fig. 8. When a single triggered sweep is 

used and the camera shutter is set to "bulb," 
resultant photo is far more satisfactory. 

Fig. 9. (Below). With 35 -mm. film in a spe- 
cial camera, it is possible to photograph 
transient signals that occur at random. 

SCOPE SCREEN 

Y -AXIS SIGNAL /i ONLY-NO X-AXIS 
SWEEP 

LENS(NO SHUTTER) 

HORIZ. SWEEP PROVIDED 
BY FILM TRAVEL 

CHANGEABLE GEARS PROVIDE 
VARIOUS DRIVE SPEEDS 

DRIVE MOTOR 

35MM. FILM 

transient signals requiring extremely fast sweep rates, gen- 
erally only Polaroid types 47 and 410 film will yield satis- 
factory results. 

Several methods can be used to increase the "writing 
speed" of films. Writing speed is a term used to more ac- 
curately describe the photographic efficiency of film used for 
CRO photography. It is usually designated as the maximum 
CRT beam sweep rate in cm. per µsec. that will produce a 
readable trace on the photograph. Pre -fogging the film or 
decreasing the developing time will substantially increase 
the writing speed. A combination of the two can increase the 
maximum writing speed by as much as three times. 

Pre -fogging is accomplished by pre- exposing the film to a 
controlled light source. The amount of illumination and ex- 
posure required for optimum pre -fogging of a particular film 
type can best be determined by experiment. Generally the 
optimum point is reached when a fully developed print back- 
ground changes from a normal black to a lighter gray. 

An underdeveloped print is one that has been removed 
from the camera prior to normal development time. This is 

the simplest method for increasing maximum writing speed. 
As the developing time is decreased, the normal dark back- 
ground of a fully developed print will change to progressively 
lighter shades of gray. Contrast is correspondingly reduced 
but finer detail will be visible which otherwise would not be 
apparent. 

Some oscilloscopes do not provide sufficient graticule 
lighting to give good reproduction using a fast shutter speed 
and one of the slower speed films. If this is the case, a good 
reproduction of the graticule can be obtained by operating 
the shutter several times with the beam intensity turned off. 

This permits adequate exposure of the graticule before the 
trace is photographed. 

The shutter "time" position is valuable for taking photo - 
(Continued on page 74) 

ELECTRONICS WORLD 



THE SECRET'S IN 
THE CIRCUIT 

BLONDER -TONGUE 
TV /FM COUPLERS 

You can't tell a coupler by its case. However, a view of what's inside 
can tell you why a coupler will deliver clean, interference -free signals 
to a multi -set installation. Examine the circuitry of Blonder- Tongue 
couplers. Compare them with ordinary units. It's easy to see why they 
are the best selling quality couplers on the market. 

THE TIME TESTED BLONDER -TONGUE A -102 
This is the champion performer among all 2 -set couplers 
judged on the basis of its popularity with technicians and TV 
viewers. The A -102 offers 12 db isolation with only 3 db inser- 
tion loss -half the insertion loss of the average 2 -set coupler! 
Designed for both TV and FM, it is especially effective in 
weak signal areas. For FM stereo, this low loss hybrid type 
unit is the answer. A look at its circuitry will tell you why. 

patented bifilar transformers backmatched for precise 
impedance match heavy conductors end burnouts. List $3.20 

NEW COLOR- ENGINEERED COLOR -4 
Where a color TV set is one of the sets receiving signals from 
a single antenna, the Color -4 is the only answer. This super 
deluxe 4 -set coupler offers maximum interset isolation (16 to 
24 db), excellent impedance match and only a 6.5 db insertion 
loss. The Color -4 uses ferrite broadband transformers in bal- 
anced bridge design and it has a voltage standing wave ratio 
of less than 1.5. Result: Lower inherent insertion loss, less 
smear and ghosts, sharper pictures than any other 4 -set 
coupler. 

Ferrite broadband transformers in balanced bridge design 
VSWR of outputs and inputs no greater than 1.5. 
Backmatched List $9.95 

BLONDER -TONGUE TV & ANTENNA COUPLERS 
NEW BLONDER -TONGUE ALL CHANNEL SET -2. The SET -2 is one of the few 
couplers available today that can deliver full power signals to two UHF, or a VHF 
and UHF receivers operating from the same antenna. Effective straightforward re- 
sistive circuit provides 12 db interset isolation with 6 db loss. While it's effective on 
VHF and FM, the low loss A -102 is a better choice for FM stereo. List $3.20 
BLONDER -TONGUE A -104 FOUR SET COUPLER. Inductive - resistive coupler 
for VHF and FM. Feeds 4 VHF receivers from one antenna, or mixes 4 antennas into 
one line. Isolation: 12 -20 db. Loss: 7.5 db. List $4.50 
BLONDER -TONGUE A- 105 -HI -LO COUPLER. Combines low and high band VHF 
antennas and provides separate low and high outputs from a common line or antenna. 
Less than 0.5 db loss. List $4.10 
BLONDER -TONGUE A -107 UHF -VHF ANTENNA COUPLER. The choice in UHF 
areas throughout the country. It combines VHF and UHF antennas, or provides sepa- 
rate VHF and UHF outputs from a common line or antenna. Less than 1.0 db loss. 
List $4.75 

INDOORS OR OUTDOOR. Blonder- Tongue 
couplers are the easiest to install. Patented 
stripless connectors assure rapid, positive in- 
stallation-no stripping, no splicing twinlead. 
Weatherproof, non -breakable case permits in- 
stallation indoor or outdoors. 

For the right coupler at the right price, contact your Blonder -Tongue parts distributor or write Dept. EW -3. 
engineered and manufactured by 

BLONDER TONGUE 
9 Ailing St., Newark, 2 N. J. 

Canadian Div: Benco Television Assoc., ltd., Tor., Ont. 
home TV accessories closed circuit TV systems 
UHF converters master TV systems 
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MAC' 
ELECTRONICS 

SERVICE 
By JOHN T. FRYE 

The Caduceus & the Electron 
MAC entered the door of his service shop for the first 

time in a month. Gall stones impacted in his com- 
mon bile duct and producing jaundice had made 

quick surgery imperative, and he had spent twenty -three days 
in the hospital and several more days recuperating at home. 
Now he was back on his feet, although moving a little more 
slowly and carefully than usual. 

The welcoming smiles of Matilda, the office girl, and Bar- 
ney, Mac's right hand, warmed the owner of the shop. "Wel- 
come back, Boss; you look great!" Barney lied, ignoring Mac's 
pale face and his loss of at least twenty pounds. 

"We're certainly glad to have you back," Matilda said as 
she took off her glasses and dabbed at her eyes with a wisp of 
a handkerchief. 

"I'm glad to be back, too," Mac said with convincing sin- 
cerity; "but I'm warning you both: the first one who makes a 
crack about always knowing I had too much gall is automat- 
ically fired. I've had about all of that witty remark I can take. 
But come on, Barney; let's go back into the service depart- 
ment. These lily -white hands of mine are literally aching to 
wrap themselves around some tools. I used to lie in bed and 
think about how good it was going to be to feel the solid heft 
of a solder gun in my hand again or to be gripping a screw- 
driver handle while my muscles tensed against the resistance 
of a stubborn screw. Believe me: work is a blessing. If you've 
any doubts, a few days of enforced idleness in a hospital bed 
will make a believer of you." 

Mac was running his fingers lovingly over the bezel of the 
oscilloscope as he talked, and Barney noticed his fingers had 
picked up a smudge of dust. The youth tossed a clean cloth 
to his employer. 

"No, thanks," Mac said with a faint grin. "I told the nurses 
the first thing I intended to do when I escaped from their 
clutches was to get good and dirty. They scrub you within an 
inch of your life, and everything about you is kept antisep- 
tically clean. When washing, you have to remember where 
you left off so you will know where to start, for you certainly 
can't tell by looking. It sounds wacky, but a little honest dirt 
on these mechanic's hands is going to look good to me." 

"Well, you had a long vacation from electronics anyway. I 
noticed you didn't even have a radio or TV set there in the 
room." 

"That's true. I spent my spare time reading thoroughly the 
trade magazines I usually just skim through looking for some- 
thing of immediate application to our work; and I was amazed 
at how much interesting and eventually useful information I 
had been glossing over. I made a resolution to take time to 
read these magazines more carefully from now on, especially 
those forward- looking articles that try to prepare us for prob- 
lems we'll meet in the future and to keep us abreast of what's 
going on in adjacent electronic fields." 
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"I'll bet you missed having someone to talk shop with." 
"Oddly enough I had someone. The radiologist at the hos- 

pital, a Dr. Beam, is an acquaintance of mine interested in 
electronics; and when he found out I was a patient, he came 
down to the room and brought some medical magazines that 
had articles in them on electronic instruments used in diag- 
nosis and treatment. These really opened my eyes as to the 
part electronics is playing in medicine these days and the 
more important part it is undoubtedly going to play in the 
future." 

"You mean like the x -ray, the electrocardiograph, and the 
electroencephalograph ?" 

"Not necessarily, although those instruments have cer- 
tainly blazed the trail. Incidentally, speaking of the electro- 
cardiograph, Dr. Beam was telling me about the remote -indi- 
cating electrocardiograph now in use. The patient wears a 
miniature transmitter that's modulated by signals picked up 
by the electrodes fastened to his body. The transmitted signal 
radiates several hundred feet into a receiver feeding the re- 
cording mechanism. The patient can run up and down the 
hall, climb stairs, do gymnastics, or even drive a car without 
the restricting encumbrance of connecting wires while a con- 
tinuous record is made of his heart's action. 

"A related instrument monitors continuously the pulse, res- 
piration, temperature, and blood pressure of a seriously ill 
patient; and any one of these factors can be instantly exam- 
ined at a remote console that will handle sixteen patients at a 
time. Furthermore, if any one of the conditions being moni- 
tored exceeds preset limits, an alarm sounds at the console." 

"That should help the trained nurse shortage." 
"Right. Some of the other things Dr. Beam and the maga- 

zines mentioned were more exotic. One was a pressure- sensi- 
tive paint. The resistance of this paint changes as pressure is 
applied to it. A tiny speck of the paint in the end of a catheter 
with leads coming from it can measure the variation in pres- 
sure inside the heart itself." 

"Don't forget the pacemaker that keeps an erratic and 
feeble heart beating regularly with carefully timed electric 
pulses." 

"I was getting around to that, but it reminds me of another 
use of electronics in connection with the heart I found par- 
ticularly fascinating. We both learned in safety classes that 
one of the greatest dangers in electric shock -even compara- 
tively weak shock -is that the heart will start ventricular 
fibrillation. When that happens, the heart's timing system 
goes haywire and the lower chambers of the heart just flutter 
feebly without pumping any blood. Either the heart is per- 
suaded to pick up its beat quickly or the owner dies. 

"In the past a low -voltage shock of a.c. current has been 
used to start the heart beating again, but sometimes this works 
and sometimes it doesn't. A few months back Dr. Morris J. 
Levy of the University of Minnesota and Surgeon C. Walton 
Lillehei discovered that a high -voltage d.c. `defibrillator' was 
much more dependable. In fact, it is so dependable that they 
deliberately subject heart surgery patients to fibrillation and 
then start the heart beating again when the operation is over. 

"The reason they do this is that it is very difficult to operate 
on a heart when it is pumping away. After all, there is no need 
for it to be pumping, for its work is taken over by a heart -lung 
machine that circulates the blood and chills it. The heart is 

set into fibrillation with a low- voltage current and is left in 
that comparatively quiet state during the entire operation, 
which in one case lasted two and a quarter hours. At the end 
of the operation, a d.c. shock up to 7000 volts but lasting only 
a twenty -fifth of a second restores the heart beat. In at least 
two cases, the d.c. machine started the heart beating again 
when the electrodes were simply applied to the skin. That 
makes me think we may soon see one of these machines going 
right along with the inhalator on emergency calls." 

"One thing that bugs me," Barney remarked, "is how quick- 
ly electronic developments are put to medical use. I'm think- 
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A new 3 inch Extended ew 
Portable Scope with New 
Features and Performance 
Unmatched by even the mos 
Costly 5 inch Oscilloscopes 

NEW 

I If IIII III 
3.58 

COLOR BURST 

SENCORE P5120 
PROFESSIONAL 
WIDE BAND 
OSCILLOSCOPE Lowest priced 

Wide Band 3 inch Scope 
anywhere. All hand wired. 

Here it is, the scope that technicians, engineers and service- 
men from coast to coast have been demanding. A portable 
wide band scope that can be used on the job anywhere, yet 
has the highest laboratory specifications for shop or lab. 
Cumbersome color TV sets, remote audio and organ install- 
ations and computers are just a few of the jobs that make 
owning a scope of this type so essential. Why consider a 
narrow band scope, when for only a few dollars more, this 
professional wide band sensitive scope equips you for any job. 

The PS120 provides features never before offered. Only 
two major controls make the PS120 as easy to use as a volt- 
meter. Even its smart good looks were designed for functional 
efficiency. New forward thrust design, creating its own 
shadow mask, and full width calibrated graph increase 
sharpness of wave form patterns. A permanent chromed 
steel carrying handle instead of untidy leather strap and a 
concealed compartment under panel for leads, jacks and AC 

S P E C I F I 

line cord make the PS120 the first truly portable scope com- 
bining neatness with top efficiency. 

Electrical specifications and operational ease will surpass 
your fondest expectations. Imagine a wide band scope that 
accurately reproduces any waveform from 20 cycles to 12 
megacycles. And the PS120 is as sensitive as narrow band 
scopes . . all the way. Vertical amplifier sensitivity is .035 
volts RMS. The PS120 has no narrow band positions which 
cause other scopes to register erroneous waveforms unexpect- 
edly. Another Sencore first is the Automatic Range Indi- 
cation on Vertical Input Control which enables the direct 
reading of peak -to -peak voltages. Simply adjust to one inch 
height and read P -to -P volts present. Standby position 
on power switch, another first, adds hours of life to CRT 
and other tubes. A sensitive wide band oscilloscope like the 
PS120 has become an absolute necessity for trouble shooting 
Color TV and other modern circuits and no other scope is as 
fast or easy to use. 

C A T I O N S 

WIDE FREQUENCY RESPONSE: 
Vertical Amplifier--flat within 1/2 DB from 20 cycles to 5.5 MC, down -3 DB at 7.5 
MC, usable up to 12 MC. 
Horizontal Amplifier -flat within -3 DB from 45 to 330 KC, flat within -6 DB 
from 20 to 500 KC. 

HIGH DEFLECTION SENSITIVITY: RMS P P 

Vertical Amplifier -Vert. input caole .035V IN. 0.1V IN. 
Aux. vert. jack .035V IN. 0.1V IN. 
Through hi- imped. probe .35V IN. 1.0V IN. 

Horizontal Amplifier- .51V IN. 1.44V /IN. 

HIGH INPUT RESISTANCE AND LOW CAPACITY: 
Vert. input cable 2.7 Meg. shunted by approx. 85 MMF 
Aux. vert. input jack 2.7 Meg. shunted by approx. 20 MMF 
Through hi- imped. probe 27 Meg. shunted by 8.6 MMF 
Horiz. input jack 330 K to 4 Meg. 

March, 1963 

The PS120 is a must for color TV 
servicing. For example, with its ex- 
tended vertical amplifier frequency 
response, 3.58 MC signals can be 
seen individually. 

HORIZONTAL SWEEP OSCILLATOR: 
Frequency range- 4 ranges. 15 cycles -150 KC 
Sync Range- 15 cycles to 8 MC usable to 12 MC 

MAXIMUM AC INPUT VOLTAGE: 
Vertical input cable - 
Aux. vert. jack- 1000 VPP (in presence of 600 VDC) 
Hi- imped. probe - 
Horiz. input jack- approx. 15 VPP (in presence of 400 VDC) 

POWER REQUIREMENTS: 
Voltage - 
Power consumption- 

105.125 volts, 50 -60 cycle 
On pos. 82 watts 
Stby. pos. 10 watts 

SIZE: 7" wide x 9" high x 111 /4" deep- weight 12 lbs. 

S E N C O R E 
ADDISON 2, ILLINOIS 
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CREI can open 
new career 

opportunities 
for you in 

ATOMIC ENERGY 

Exciting applications of isotopes 
and atomic power are creating un- 
limited opportunities for qualified 
technical personnel -particularly in 
such areas as nuclear instrumenta- 
tion, reactor technology and health 
physics. CREI's free 58 -page book 
describes these career opportunities 
and tells you how you can prepare 
to take advantage of them through 
a unique home study program de- 
veloped by CREI. 
YOU CAN QUALIFY if you have 
a technical background and are a 
high school graduate. For details, 
mail coupon or write: CREI, Dept. 
X1903 -A, 3224 Sixteenth St., N.W., 
Washington 10, D. C. 

A Div. of The Capitol Radio Engineering Institute 
Dept. X1903 -A, 3224 Sixteenth St., N.W. 
Washington 10, D. C. 

Please send me details of CREI Home Study 
Programs and Free Book, "Your Future in Elec- 
tronics and Nuclear Engineering Technology." 
I have a technical background and a high 
school education. 

Name 

Address 

t_ 
City 
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ing about that article on lasers that 
appeared in the December, 1962 issue 
of ELECTRONICS WORLD. According to it, 
lasers were only developed about the 
middle of 1960; yet before the end of 
1962 they had already been used to burn 
tumors from the back of the eye of a 
human being and to weld detached ret- 
inas in rabbits. Probably by now their 
sharply focussed, intensely hot beams 
are being used as a sort of electronic 
scalpel and for cauterization. Someone 
must really be hustling things from the 
laboratory to the operating room." 

"Dr. Beam and I talked about that. He 
thinks the medical field presents a won- 
derful opportunity for the serious, 
young, top -flight electronics technician. 
You see the field of medicine and the 
field of electronics are each too big for 
a single human being to master both; yet 
a deep knowledge of both fields is neces- 
sary for worthwhile medical electronics 
development. That's why Dr. Beam says 
the greatest success is being made by 
teams composed of a doctor -often a spe- 
cialist -and an electronics technician or 
engineer. The doctor outlines what is 
needed; the technician builds up the 
hardware to supply the need. Working 
together, they test the equipment, iron 
out difficulties, and refine it until it has 
the necessary safety and reliability." 

Mac paused a bit and then went on 
with a grin: "I must admit I was a flat 
failure at helping Dr. Beam with the 
electronic problem he handed me. He 
and Dr. Klever, who reads the electro- 
cardiographs at the hospital, are good 
friends and often attend medical meet- 
ings together. Dr. Klever is a fine wood 
worker, and he built up a little portable 
lectern with a speaker in the front, an 
amplifier inside, and a microphone on a 
flexible gooseneck coming out the top. 
The idea was to place this on the table 

in front of the doctor speaking so that his 
remarks would be amplified and easily 
heard by the others present. See any- 
thing wrong with the idea ?" 

"Feedback," Barney answered. 
"Right. The speaker and microphone 

are simply too close together for appre- 
ciable gain to be obtained without howl- 
ing. Dr. Beam thought there ought to be 
some way of getting around this because 
electronic megaphones have their speak- 
ers and microphones close together." 

"Yeah, but the speaker and micro- 
phone used in those jobs are both of spe- 
cial highly directional types, the fre- 
quency range is restricted, and the over- 
all gain is comparatively low because 
you shout directly into the mike. A sen- 
sitive mike feeding into a high -gain, full - 
range amplifier driving a non- directional 
speaker is a horse of another hue. He 
had better just use a couple of small 
portable outboard speakers he can place 
some distance from the mike." 

"That's what I suggested -hey, what 
are you drawing ?" 

"Oh I'm just working out the insignia 
I'll be wearing when I'm a successful 
medical electronics technician," Barney 
said jokingly. "This winged staff with 
the two snakes twined about it is the ca- 
duceus, one of the symbols of a physi- 
cian. As you can see, I'm just sketching 
in an electron symbol whirling around 
the wings and the snake heads. Pretty 
sharp, huh ?" 

"Not bad, and in all seriousness you 
could do a lot worse than think about a 
career in that field. It has rewards 
greater than money. In this shop we get 
a lot of satisfaction out of knowing that 
we are helping to keep people enter- 
tained and well informed; but to know 
that through your work people were be- 
ing kept alive and healthy -well that 
would provide real satisfaction. 

INTERFERENCE MYSTERY 
By ROY JESSE 

AN EXPERIENCE with the author's 
own TV set parallels a common 

service embarrassment. Shortly after a 
repair, the family complained, "You 
didn't fix this thing!" Sure enough, 
there were occasional bending, light 
flashes, and what seemed like sound 
bars. Such symptoms are induced by 
poor contact somewhere in the antenna 
system, but only one of three stations 
received, channel 4, was affected. Since 
the source seemed to be at a specific fre- 
quency, suspicion fell on two local hams. 

Possible transmission troubles were 
ruled out by a call to the station engi- 
neer. Several tricks were tried in vain to 
recognize the voice or otherwise identify 
the source. I asked my wife to report at 
what times during the day interference 
occurred and dropped the matter. 

There were no effects in the daytime, 
but the symptoms returned that night - 
when the amateurs were active. Evidence 
was too circumstantial for a direct com- 
plaint, but this seemed like the right 
track. A week later, however, the inter- 
ference showed up during the daytime. 

A check with neighbors showed the prob- 
lem wasn't widespread. This turned me 
back to my_ own installation. 

On an evening when there were no 
symptoms, shaking the transmission line 
to my conical antenna induced them. No 
defects could he found in the wire. I 
shook the antenna itself. Interference 
was pronounced. I then noted that one 
of the reflector bars had moved some- 
what out of position, through the hole in 
its support bracket. The set screw hold- 
ing it had cone loose, permitting the 
element to vibrate -when the wind was 
strong enough, day or night. 

After the bar was repositioned and the 
screw tightened, the problem vanished. 
I won't try to explain why the mechanical 
fault affected one channel only. There 
are more important lessons from this in- 
cident. When we are stumped, we look 
for a scapegoat, and the maligned ama- 
teur is still the most convenient victim. 
Also, as long as there will be baffling de- 
fects that do not fall into customary cate- 
gories, we must keep an open mind in- 
stead of jumping to hasty conclusions. A 
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FREE 1963 HEATHKIT FREE 
CATALOG 

Over 250 Kits 

STEREO HIGH FIDELITY 
From source to sound, there's more to choose from 
with quality Heathkits. Easy -to -build kits for record 
playing, tape recording, AM -FM -FM Stereo radio 
reception, stereo or mono amplifiers (tube or tran- 
sistor types), speakers, systems, and cabinetry that 
save you 50% or more yet provide the finest in 
performance. Largest selection! 

ELECTRONIC SERVANTS -TIME 
SAVERS -HOBBY KITS 
A Heathkit for every interest, every need ... a 23" 
custom- quality TV set, two -keyboard electronic 
organ, transistor intercoms, portable radios, car 
radios, transistor ignition systems, radio -controlled 
garage door openers, science kits, educational kits, 
short -wave receivers. Best values! 

CITIZEN'S BAND RADIO 
The world's biggest C -B radio kit line! Walkie- 
Talkies, transceivers, accessories ... for private and 
industrial use. Choose the kit that fits your budget, 
that has the features you prefer . . . dual -purpose 
for fixed or mobile stations, selective- calling for 
privacy, multiple channels for versatility, matched 
antennas for best performance. Finest quality! 

MARINE RADIO GEAR 
Exclusive Heathkits for greater marine fun and 
safety! For inboards, outboards, yachts, cruisers, 
or rowboats! Choose high or medium power radio- 
telephones, radio direction finders, depth sounders, 
chargers, inverters, tachometers, and antennas. 
Easy -to -build Heathkits with quality performance 
you can trust and 50% savings! No experience 
needed! 

TEST EQUIPMENT 
Hobbyists, technicians, and engineers rely on Heath - 
kit test and lab gear for dependable performance at 
lowest cost. Largest selection of meters, signal 
generators, analyzers, testers and computers for 
every need and budget. World famous! 

HAM RADIO 
Amateurs of all nations use Heathkit amateur radio 
equipment for world -wide communications. Latest 
techniques, greatest versatility, finest features. Fixed 
station and mobile receivers, transmitters, trans- 
ceivers, complete accessories. Biggest savings! 

HEATHKIT- pioneer and world's largest manufacturer of electronic kits 



Bionic Computers 
(Continued from page 28 ) 

In 1960 the Air Force called a con- 
ference, coined the term "bionics" to de- 
scribe what the meeting would be about. 
(The word doesn't come from a combi- 
nation of biology and electronics as has 
been frequently reported, but from the 
Greek word "bion," which means "unit 
of life. ") To everyone's surprise, more 
than 700 scientists showed up, pre- 
sented dozens of papers reporting on 
work they had done. 

Bionic Pilots 
Intensive investigation has been un- 

derway in scores of company and uni- 
versity laboratories ever since. The Air 
Force is particularly interested in the 
field, hopes eventually to have such ad- 
vanced devices as bionic pilots. "Air- 
planes," said one officer, "are getting too 
fast and too complicated for men to 
handle. If two 1500 -mph jets come out 
of clouds 10 miles apart on collision 
course, they'll smash into each other 
before the pilots have a chance to react 
and change course." 

The effectiveness of a future bionic 
pilot was demonstrated in an experiment 
performed by Melpar under an Air Force 
contract. During major overhauls, the 
ailerons of an airplane are sometimes 
wired up backwards. When the pilot 
takes off and a wing dips, he automat- 
ically tries to correct it. But with the 
mis -wired aileron, his action makes the 
dip worse instead of correcting it. "I've 
never known a pilot to fly out of such 
a situation alive," said one observer. 

Melpar simulated the same situation 
on a computer, found that a bionic brain 
would react so fast that it would realize 
what was wrong and retrain itself to ap- 
ply the proper kind of corrective action 
before a dangerous situation could de- 
velop. 

Bionic brains, if they live up to prom- 
ise, seem perfectly suited for thousands 
of jobs where the ability to assimilate 
volumes of information, sift out the rele- 
vant, and make logical decisions, is im- 
portant. Weather forecasting, language 
translation, predicting business trends: 
all are possible examples. 

No Unanimity 
As is usually the case in areas of new 

discovery, opinions of leaders in the field 
are sharply divided as to the possible 
future benefits to be gained from bionic 
computing devices. L. D. Harmon of Bell 
Labs, who has done much of the trail- 
blazing work in artificial neurons, feels 
that in general predictions tend to take 
too rosy a view. Living brain systems, 
says Harmon, are so complex that we 
may never be able to understand them 
completely -let alone build machines to 
imitate them. What is needed now is a 
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the key to 

over 1,200 
profitable 
cartridge 

replacements 

SONOTONE CARTRIDGES 

1. 
2. 

3. 

When you rely on Sonotone cartridges, you're always in the 
best position to increase your replacement profits. 
You tie up less capital in inventory, because fewer car- 
tridges replace more models. 
You always have the right replacement. Sonotone car- 
tridges have been specified as original equipment in more 
than 14,000,000 phonographs - that's the number of genu- 
ine direct replacements you can make with Sonotone. 
You have more satisfied customers. Replace with Sonotone 
and the improvement in performance is dramatic. Sonotone 
cartridges feature ceramic transducers -no problem from 
magnetically induced hum. They're designed to track at the 
optimum tracking forces for record changers. Needles can 
be replaced with ease thanks to unbreakable nylon, snap - 
in- snap -out type needle assembly. 
5 new Sonotone cartridges- excellent replace- 
ments for more than 1,200 phonograph models 
Model "2TA." Ceramic mono cartridge, an improved version 
of the famous Sonotone "2T Series." New needle assembly, 
plus increased compliance and lower tracking force, make 
it ideal for both stereo and mono records. 

MODEL "9164A." This low cost stereo ceramic 
cartridge employs some of the basic design 
features of the audiophile- accepted Velocitone 
Series. New universal tonearm terminal plug 
for easy replacement in quality models. 
MODEL "STA." Ceramic stereo /mono cartridge 
features low stylus mass and high compliance. 
New universal tonearm terminal plug for fast 
easy replacement. For deluxe models. 
MODELS "1ST -A" AND "1ST -A." Two budget priced 
stereo cartridges with wide channel separa- 
tion and smooth flat response over the high 
fidelity range. New universal terminal plug 
for fast replacements. 
Your most profitable cartridge re- 
placement is Sonotone. Call your 

t distributor today. 

SONOTONE CORPORATION 
ELECTRONIC APPLICATIONS DIVISION ELMSFORD, N. Y. 
In Canada: Atlas Radio Corp., Ltd., Toronto Cartridges Speakers Tape 
Heads Microphones Electron Tubes Batteries Hearing Aids Headphones 
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$500 per month? 

mobile 
radio is 
bursting at 
the seams 

That's a conservative income 

from mobile -radio 
maintenance! 

105 -B 
MICROMETER FREQUENCY METER 

equip- 
ment needs 

regular, care- 
ful maintenance 

205 -A FM MODULATION METER 

Heterodyne type, meas- 

ures nearby transmit- 

ters 100 KC to 175 

MC, and up. Price 

$260.00 net. 

LAMPKIN Tunable 25 to 500 MC. 
Measures peak modula- 

tion swing, 0 -1.25, 2.5, 
12.5, and 25.0 KC 
scales. Price $510.00 
net. 

test equipment is preferred 
by most mobile engineers! 

Send for free booklet tell- 
ing how you can earn money 

in mobile -radio maintenance. 

LAMPKIN LABORATORIES, INC. 
MFM Division 

BRADENTON, FLORIDA 

CIRCLE NO. 127 ON 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send 

Free booklet Data on Lampkin meters. 

Name 

Address 

City 
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Quick-Wedge' 

SCREW-HOLDING 
SCREWDRIVER 

DOUBLE BLADES 
DO DOUBLE DUTY 

Now 
start 
and drive 
screws at 
twice the speed! 
Tough, efficient, useful Quick- 
Wedge' reaches into tight 
spots with the screw firmly 
gripped inside the screw slot. 
Unique double blades tightly 
wedge, hold & drive screws 
without marring screws or 
work. 
Unconditionally guaranteed. 
14 Sizes. Try one today! 
Or write 

KEDMAN COMPANY 
P.O. BOX 267 SALT LAKE CITY, UTAH 
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State 

RADIOTELEPHONE 

LICENSE 

MANUAL 

$ 5.75 

- helps you prepare for all U.S.A. 
commercial operator's license exams 

Here are complete study -guide questions and answers 
in a single volume. Helps you understand every subject 
needed to obtain an operator's license. 

RADIO HANDBOOK - largest comprehensive reference 
source on radio ever published. More "How -to- build" 
data than any book in the field. Gives simplified theory 
. . . latest design data $$.50 
WORLD'S RADIO TUBES (Brans' Radio Tubes Vade 
Mecum). World's most authoritative tube book $$.00 
WORLD'S EQUIVALENT TUBES (Brans' Equivalent Tubes 
Vade Mecum). Over 32,900 comparisons $6.00 
SURPLUS RADIO CONVERSION MANUALS 
Practical conversions of most popular surplus equip- 
ment, in 3 volumes. Send stamped envelope for list 
of contents each $3.00 

'Order from your favorite electronic ports distributor. 

If he cannot supply, .send us his name and your 
remittance, and sec will supply; foreign, add 107. 

EDITORS and ENGINEERS, Ltd. 
Summerland 2,California 

Dealers: Electronic distributors, order from us. 
Bookstores, libraries, newsdealers order from Baker E 
Taylor. Hillside. N. J. Export (exc. Canada), order 
from H. NI Snyder Co.. 440 Park Ave. So., N.V. 16. 
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more basic knowledge of such dimly 
understood attributes as thought, intel- 
ligence, and reasoning ability. 

Dr. Arthur Samuel of IBM tends to 
agree that although some progress may 
come out of bionic research, probably 
the best way to advance toward machine 
intelligence is to delve more deeply into 
the basic mechanism of thought. "To call 
to mind a rather trite analogy," he says, 
"when man first attempted to fly, he 
studied the birds, and the early, unsuc- 
cessful flying machines were mechanical 
birds. It was not until man stopped 
studying birds and began to study aero- 
dynamics that much progress was made. 
The modern jet airplane," he continues, 
"must cope with the same aerodynam- 
ical problems with which birds contend, 
but the mechanisms used in the solution 
of the problem of flight are quite dif- 
ferent." 

Dr. Samuel believes that if and when 
man really understands what thought is, 
he'll probably be able to build machines 
or even program conventional comput- 
ers to think. Further, the process may 
imitate the precise functions of the brain 
about as accurately as a Boeing 707 imi- 
tates a seagull. Fastest progress, he feels, 
will probably come from research aimed 
at basic understanding of thought proc- 
esses and intelligence, rather than from 
attempts to imitate the brain. 

At the same time, Samuel and many 
others who take the same general view, 
believe that no promising approach to 
the problem should be neglected, and 
that the field of bionics, particularly in 
view of its early accomplishments, is a 
worthwhile line of investigation. 

Others are more enthusiastic. Gordon 
Pask, for example, of System Research, 
Ltd. of Richmond, England, envisions 
future bionic brains in almost human 
terms. "A biological computer would be 
capable of elaborating concepts we 
could understand. We might argue with 
it and lead it to modify its attitude. I 
intend these remarks," he added for 
skeptics, "quite literally." 

Even the fact that little actual bionic 
computing hardware now exists doesn't 
dampen the enthusiasm of some bionic 
boosters. "Bionics," said former RCA 
President John H. Burns, summing up 
his feelings with no equivocation, "holds 
more promise for human benefit than 
any temporal force at work in our civil- 
ization today." 
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LAFAYETTE 
ZAN 
ELECTRONICS 
963 CATALOG NO. 630 

388 GIANT -SIZE PAGES - 
talog in Our 42 -Year History 

1.051kYEnE le0 
- yy- LEtì011CS 

`. 

.,.. E w4 Etta-- sri. 
... 

NO 

MONEY 

DOWN 

Up To 

24 Months 
To Pa 

WHEN YOU BUY AT LAFAYETTE, GET 

THESE EXCLUSIVE BENEFITS 
from the 
"WORLD'S 

HI -fl 

ELECTRONICS 
SHOPPING 

CENTER" 

OUTSTANDING 
LAFAYETTE KITS 

*LOWEST PRICES * 24 -HOUR 
SERVICE 

SATISFACTION GUARANTEED OR 
MONEY REFUNDED. Ute Lafay- 
ette's 30 -Day FREE Home Trial. 

LARGEST STOCK SELECTION. If 
it's in Hi -Fi or Electronics, it's 
in the Lafayette Catalog. 

NO MONEY DOWN. Buy on time 
with Lafayette's Easy Pay 

Credit Plan, up to 24 months 
to pay. 

TRUE, CUSTOM -MATCHED STEREO 
NEED NOT BE EXPENSIVE -and isn't at Lafayette! 

PICKERING 
U38 /AT Cartridge ONLY 

1295° 

LAFAYETTE 
LA-224 

GARR'ARD 
AUTO SLIM 
on Base 

LAFAYETTE 
SK -124 L. Speakers, i 

YOU GET THESE SYSTEM MATCHED 
COMPONENTS 

Lafayette LA -224 24 -Watt Stereo Amplifier __ __ 49.95 
Garrard Autoslim 4 -Speed Record Changer 39.50 
Wood Base (Specify Walnut, Mhg. or Blonde) 3.95 
Pickering U38 /AT Diamond Needle Cartridge 46.50 
2 Lafayette SK -124 2 -Way Speaker Systems 
(Specify walnut or mahogany) @ 19.95 each 38.90 

Regular Catalog Price -1- 7-67817 

r- 

LAFAYETTE'S MAIL ORDER and SALES CENTER 

SYOSSET, L. I., NEW YORK 

111 Jericho Turnpike 
OTHER LOCATIONS 

SCARSDALE, NEW YORK PARAMUS, NEW JERSEY 
691 Central (Park) Ave. 182 Route 17 

NEW YORK, NEW YORK 
100 6th Avenue 

JAMAICA, NEW YORK 
165 -08 Liberty Avenue 

BRONX, NEW YORK 
542 E. Fordhtm Rd. 

PLAINFIELD, NEW JERSEY 
139 W. 2nd Street 

NEWARK, NEW JERSEY 
2'. Central Avenue 

BOSTON, MASS. 
110 Federal Street 

NATICK, MASS. 
1400 Worcester Street 

NO MONEY DOWN I 

yOU 
SAVE 

49.30 

A COMPLETE 24 -WATT 

STEREO PHONO SYSTEM 

Only at Lafayette could you find an 

outstanding, custom-matched stereo 
system at such an amazing low price. 
Compare components, compare per- 

formance, compare price -you'll choose 
Lafayette. 

LS- 225WXM Specify: Pickering Cart- 
ridge; wood base finish; Speaker Sys- 
tem finish. Shpg. wt., 64 lbs. Net 129.50 

MAIL THIS COUPON TODAY for 
YOUR FREE LAFAYETTE 630 CATALOG 

Get One for a Friend Too 

LAFAYETTE aI II© ELECTRONICS 
Dept, RC -3, P.O. Box 10, Syosset, L.I., N.Y. 

Rush my FREE 388 -page giant -size Lafayette 
Catalog 
Send me # , Shipping charges collect. 

I am enclosing 

388 
GIANT SIZE 

PAGES 

Name 

Address 

City Zone State 

Friend's Name 

Address 

City Zone State 
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RFOR "DOCTORS OF 

SERVICING" 

Where there's 
a contact ... 
or a relay... 

SïtiCOMI 
BASE 

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 professionat service man's 
cleaner. 

APPLICATIONS 

INCLUDE: 

Bowling Alley Automatic Pin Spotters 

Vending Machines Pinball Machines 

Slot Machines Telephone Switchboards 

IBM Computers and other data 

processing equipment 

welding d atrial machines, et 
Equipment 

using 
relays, such as 

For handy guidebook to better servicing, write Channel Master Corp., [Denville, N.Y. 
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GREGORY ELECTRONICS 

EARLY SPRING 

SPECIALS! NEW! 

TYMETER® 
"Time at a Glance" CLOCK 

24 
HOUR 

MOTOROLA T51GGD 30 -50mc 
6/12v 60w fully narrow 

Complete banded TX and RX. Complete P1L(Y' 
with all accessories (except 
crystals and antenna). 

Some unit as above, ready to 

$268 be installed- completely tuned, L 8 
crystalled and with antenna. 

Tremondous Selections and Savings! 

GUARANTEED RECONDITIONED 
FM 2 -WAY MOBILE RADIOS 

G -E, RCA, Motorola and Others! 
Low, High and UHF Bands 

Write For New 1963 Catalog 

WE BUY FOR CASH! 

Late model 2 -way radio equipment. 

State price, condition, quality. 

GREGORY 
ELECTRONICS 
CORPORATION E V" 

6Rf60RY 

110 Route 46 Saddle Brook, N. J. 

Phone PR 3 -7550 <: 
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°15 
#300 -24H Moderne 

Self Starting Electric 
Ebony or Grey Case 

Here's the most remarkable clock you've ever used! 
The greatest advance in Time Telling since the dial 
face clock . . . outdates all other ways of Time 
Telling. Easy -to -read numerals register every second, 
minute, 10- minute and hour. Plastic case. 33/4" high, 
51/4" wide, 3'/4" deep. wt. 3 lbs. 110V 60 cy. AC. 
UL approved motor and cord. One Year Guarantee. 
Plus applicable taxes. 

At Your Local Dealer, or 
ORDER DIRECT FROM 

TYMETER ELECTRONICS 
PENNWOOD NUMECHRON CO. 
7249 FRANKSTOWN AVE., PITTSBURGH 8, PA. 
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Transistorized Amplifier 
(Continued from page 47) 

can be made to the collector of Q7 by 
fastening a solder lug to one of its 
mounting screws with a second nut. 

The use of a printed circuit simplifies 
construction considerably. The bases of 
Q1 to Q4 are internally connected to 
their cases hence the cases of these 
transistors must not be allowed to make 
any electrical contact. The ground con- 
nections are laid out to eliminate ground 
loops and should not be changed with- 
out keeping this in mind. 

For the utmost in power output, ad- 
just the value of R2 for symmetrical 
clipping with the load impedance you 
will be using. 

Using the Amplifier 

As with any electronic equipment, 
there are a few operating precautions 
which should be observed. This ampli- 
fier is not intended for steady, near - 
maximum output. Under such condi- 
tions it can overheat. The amplifier 
should not be operated in ambient tem- 
peratures much higher than room tem- 
perature. On the other hand, one need 
never worry about its being turned too 
loud when listening to program material 
and when operating the amplifier near 
normal temperatures. 

As mentioned before, the output im- 
pedance is very low. Therefore, never 
short the output terminals because this 
will draw excessive current which will, 
in all probability, damage some of the 
transistors. The minimum permissible 
load value is approximately 3.2 ohms 
which is the lowest commonly encoun- 
tered speaker impedance. The higher 
the load impedance, the easier it is on 
the amplifier. However, 8 ohms is about 
the best load value because at 16 ohms 
the power begins to drop off. In contrast 
to some transformer -output amplifiers, 
leaving the output open will not harm 
the amplifier. The performance of the 
amplifier insofar as power response and 
harmonic distortion are concerned is 
illustrated in Fig. 2. 

This amplifier will not tolerate capaci- 
tive loads. More than .01 cf. will cause 
oscillation which, if continued, will 
cause transistor damage. More than .1 
ftf. will be likely to damage some tran- 
sistors instantly. 

The amplifier should lend itself to 
portable battery operation but 24 volts 
d.c. is the maximum permissible operat- 
ing voltage. Operation at as low as 6 
volts is possible, but with a correspond- 
ing drop in maximum power output. 

Sensitivity is good -.4 volt is sufficient 
to drive the amplifier to full output. In- 
put impedance is moderately high - 
above 15,000 ohms. This is adequate for 
most signal sources. 
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why take hours to troubleshoot when 

PHOJOFACIdoes it for you in minutes! 
IF YOU'RE NOT NOW A PHOTOFACT LIBRARY OWNER, YOU'RE 

MORE THAN PAYING FOR IT IN THE TIME YOU LOSE 

HERE ARE JUST A FEW OF THE DOZENS OF WAYS PHOTOFACT SAVES YOU TIME 

J CircuiTrace°savescountless 
O n hours of foiltracingtime. This 

exclusive Sams system pin - 
'4%.,., points junctions and test 

points on schematic and 
printed board. 

FIELD SERVICING NO 

DISASSEMBLY INS 

TV CHASSIS RFAIOVA 

2 Remove 12 woad e 

Field Servicing Notes spell 
out locations of adjustments 
for speedy "in home" serv- 
icing. Saves time spent in 
hunting for hidden ad- 
justments. 

Clear Parts Symbols with val- 
ues and associated informa- 
tion are shown plainly on the 
schematic -no time wasted 
in cross -reference "look -up." 

Full Photo Coverage of the 
actual equipment makes 
identification of all compo- 
nents and wiring easy -you 
can see everything. 

Disassembly Instructions, 
step -by -step, help you re- 
move difficult chassis, sub - 
chassis, and assemblies in 
minutes. 

/ Famous Standard Notation 
- Schematic saves valuable 

hours -always uniform, ac- 
curate, complete for every 
model. 

TUBE PLACEMENT 

DIAL CORO STRINGING 

Tube Location Guide enables 
you to locate and replace 
proper tubes in seconds -a 
big time -saver on most re- 
pair jobs. 

Waveform actual photos are 
shown on schematic for quick 
comparison of patterns on 
your scope. No time wasted 
in guesswork. 

Terminal Identification 
saves you time; transformer 
and coil terminals quickly 
identified by color code or 
basing diagram shown on 
schematic. 

Dial Cord Stringing instruc- 
tions save you up to an hour 
or more of time and head- 
aches on a single job. 

OWN THE TIME-SAVING, PROFIT- MAKING PHOTOFACT LIBRARY 

THIS EASY -BUY WAY 

March, 1963 

The PHOTOFACT Library more than 
pays for itself from the first day you put 
it into your shop. It gives you instant 
time -saving help on more than 52,000 
listings of TV, radio, hi -fi and other home - 
entertainment equipment -virtually any 
model made since 1946. You can own a 
PHOTOFACT Library this special Easy - 
Buy way: 

NO INTEREST 
NO CARRYING CHARGES 
ONLY $10 DOWN 
UP TO 30 MONTHS TO PAY 

You get FREE file cabinets with your 
PHOTOFACT Library -so you have all 
you need for time -saving, money- making 
service work right at your fingertips. Get 
the full PHOTOFACT Library details today. 

TUBE FAILURE CH 

ALIGNMENT INST 

Exact Terminal Connections 
are indicated -no need for 
trial -and -error methods -a 
real time -saving feature. 

Tube Failure Check Charts 
spell out probable tubes re- 
sponsible for failure -no 
need to waste time studying 
circuitry. 

Unique Alignment System 
eliminates guessing; you get 
complete instructions with 
response curves, how to con- 
nect test equipment, proper 
adjustment sequence. 

Auto Radio Removal instruc- 
tions show you step -by -step 
procedure for removal of 
even the most complicated 
models -a big time -saver. 

Alternate Tuner Data -sep- 
arate schematics, alignment 
data and parts lists are pro - 
vided-no time wasted inter- 
preting various tuner ver- 
sions. 

You'll find dozens of other invaluable time -saving 
features in PHOTOFACT. Own the complete Library 
-so you can put your hands instantly on all the 
quick help you need for any job on your bench ! 

Start a Standing Order Subscription 
today -keep up with current model 
output! See your Sams Distributor 
for full details or send coupon now. 

HOWARD W. SAMS & CO., INC. 
Howard W. Sams & Co., Inc., Dept. 5 -C3 
4300 W. 62nd St., Indianapolis 6, Indiana 

Send full information on Easy -Buy Plan ® 
Enter my Photofact Standing Order Subscription 

My Distributor is' 

Shop Name 

Attn. 

Address 

City Zone State 
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the new 1963 Master 
helps engineers, 

servicemen, buyers, 
hobbyists 

ItSaves "shopping" and buying time - 
truly an electronics supermarket, describes 
and illustrates 185,000 products made by 

more than 300 manufacturers. You can pur- 
chase direct from its pages. 

.2 Aids in selecting the best product - 
comparison of specs, features, prices of 
many makes of similar type products is 

simplified. 

Leads to extra service income - in 
addition to radio -TV products, The MASTER 

details thousands of products for profitable 
hi -fi. sound and industrial servicing. 

Includes new servicing items - sub- 
miniature and printed circuit components, 
color TV and hi -fi test instruments. 

Guides hams in selecting best equip- 
ment to get the most out of their hobby - 
shows latest SSB, mobile and CB gear. . Spells better kit building - contains 
thousands of useful items not contained 
in smaller, incomplete catalogs. i Short -cuts delivery time - products 
shown in The MASTER are available from 
local distributors - just a phone call away. 

eSaves design time - the product 
you are looking for is illustrated and com- 
pletely described with specs and prices. 

Cuts production costs- widest selec- 
tion helps you locate standard items that 
meet requirements. Eliminates need to 
order a custom item. 

1 U Locates the product you want in 

seconds - 32 product sections thoroughly 
indexed make world's biggest electronic 
catalog also easiest to use. 

U 

Iii Simplifies foreign tube substitutions - NEW Foreign Tube Interchangeability 
Guide cross -references virtually all foreign 
tubes to their American types. 

NEW 
1963 

EDITION 
1680 pages ... get your 
copy today from your 
distributor, only $3.95 

In Canada S4.95 

The Radio -Electronic MASTER 
645 Stewart Ave. Garden City, N. Y. 
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"THE LP /STEREO RECORD GUIDE & TAPE 

REVIEW" by \\ arren DeMotte. Pub- 
lished by Argyle Publishing Corp., New 
York. 318 pages. Price 95 cents. Soft 
cover. 

This is a revised and up -dated edition 
of this author's earlier "Long Playing 
Record Guide" and reflects not only the 
swing to stereo but the advent of a great 
many excellent pre- recorded tapes. The 
material is compiled alphabetically by 
composers with the various recordings of 
each work listed and analyzed. The 
author has indicated his preferences 
(mono, stereo, and over -all) based on 
the performance, technical excellence of 
the recording itself, and sound qualities. 
Poor recordings, off -beat and lo_al rec- 
ord labels, etc. are not covered so the 
analysis is among the better recordings 
of each selection. This guide is intended 
to supplement standard disc and tape 
recording catalogues, not replace them. 

a a a 

"SERVICING HORIZONTAL SWEEP CIR- 

CUITS" by Wayne Lemons. Published by 
Howard W. Sams dT Co., Inc., Indian- 
apolis. 109 pages. Price $2.50. Soft 
cover. 

Since many technicians agree that the 
horizontal oscillator -sweep circuits are 
the most troublesome ones in a TV re- 
ceiver, a book devoted exclusively to 
such sections is perhaps justified. The 
author covers typical circuit designs, 
specific trouble symptoms, and servicing 
procedures based on actual case his- 
tories. Circuit measurements, tests, and 
adjustments are covered in detail. 
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"ELEMENTARY INDUSTRIAL ELECTRON- 

ICS" by Leonard C. Lane. Published by 
John F. Rider Publisher, Inc., New York. 
Two volumes. Price $7.80 per set. Soft 
cover. 

This is an elementary treatment of the 
subject of industrial electronics prepared 
for the enlightenment of service techni- 
cians and trade school students. The 
author has assumed that the reader is 
familiar with electricity and electronics 
so these volumes take off from that point. 

The books cover relays, symbols, 
switches, counters, thyratrons, motors, 
power supplies, motor controls, magnetic 
amplifiers, timing, transducers, instru- 
mentation control systems, induction 

oks 

heating, dielectric heating, digital in- 
struments, computer arithmetic, and 
electronic switching. 

o a a 

"MODERN COMMUNICATIONS" by 
Crowley, Harris, Miller, Pierce & Run- 
yon. Published by Columbia Universtiy 
Press, New York. 333 pages. Price $9.75. 

This is a joint contribution by five 
Bell Laboratories' engineers who de- 
scribe the principles of communication 
for the benefit of laymen in non -technical 
terms. Since their background is in the 
telephone field, most of the examples in 
this book are based on telephony but 
since Bell has pioneered many of the in- 
novations in the communications field, 
the material is highly pertinent. 

The text consists of fifteen chapters 
covering such subjects as speech com- 
munication, modulation theory, pulse 
modulation multiplex, transmission me- 
dia, amplification and signal generation, 
transmission systems, trunking and 
switching central office control, commu- 
nication theory, the noise channel, and 
continuous signals and channels. 

a a o 

TUBE & TRANSISTOR MANUALS 
The following new tube and transistor 

manuals have been received in this of- 
fice: "RCA TRANSISTOR MANUAL" pub- 
lished by RCA Commercial Engineering. 
304 pages, $1.50 soft cover; "RCA TRANS- 

MITTING TUBES" published by Electron 
Tube Division, RCA. 320 pages, $1.00 
soft cover; "TELEVISION TUBE LOCATION 

GUIDE" published by Howard W. Sams 
& Co., Inc. Unpaged, $1.25 soft cover; 
"TUBE SUBSTITUTION HANDBOOK" ( Vol. 
5) published by Howard W. Sams 
Co., Inc., 127 pages, $1.50 soft cover: 
"RECORD OF SEMICONDUCTOR OUTLINES" 

published by Electronic Valve and Semi - 
conductor Manufacturers' Association 
(England) 56 pages, 8 s. /6 d. (post- 
paid) from Association. Mappin House, 
156 -162 Oxford Street, London, W1, 
England; "TUBE AND TRANSISTOR HAND- 

BOOK" published by De Muiderkring 
N.V., Netherlands. Available from N. 

Yeager Associates, 680 Liege West, 
Montreal, Quebec, Canada. Price in 

North America $3.95; "UNDERSTANDING 
TRANSISTORS -AND HOW TO USE THEM" 

published by Allied Radio Corp. 96 
pages, 50 cents soft cover. 
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NEiVI INTERNATIONAL 
EXECUTIVE 
TRANSCEIVER 

1 

Designed for the Hobbyist . . . Comp lies 
with FCC Part 15 (no license) requirements 

Here is International's new Model 1500 Executive transceiver for radio 
communication within the 27 me frequency range. Designed and 
engineered for phone and cw (code), you can talk from 1 to 10 miles 
with other Part 15 stations depending on the height of the antenna. 
You are also permitted to work skip signals 1,000 miles or more with 
other Part 15 stations when a band opening occurs. And ... no FCC 
license is required. 
This feature packed transceiver puts the maximum RF power into 
the antenna by combining the transmitter and antenna for rooftop 
mounting. A second unit houses a supersensitive receiver and exciter, 
while a preamplifier at the antenna boosts weak signals for better 
reception. Other features include a special crystal filter for reducing 
interference from adjacent channel Class D two -way radios. 

100 milliwatts input / 60" antenna Eight channels . . . crystal 
115 vac operation controlled 
Phone and CW 27 me frequency range 

A complete, "ready to go ", package. receiver /exciter complete with 8 sets 
of crystals, 2 transmitter /antenna assembly, 3 antenna mount, 4 5 foot 
mast, 5 100 feet of control cable, ñ microphone, 7 key for (CW) 

Model 1500 transceiver complete $299.50* 

See the Model 1500 transceiver at your International dealer. 
* other models from $80.00 

Write today for International's 1963 catalog. 
March, 1963 CIRCLE NO. 122 ON READER SERVICE PAGE 69 



18 THINGS YOU 

MUST KNOW TO 

SERVICE MARINE 

ELECTRONIC 

EQUIPMENT 

SUCCESSFULLY 

REPORT on NEW V. F. O. 
Circuit description and performance of the Eico 
Model 722 amateur variable -frequency oscillator. 

For copy of manufacturer's brochure, circle No. 60 on coupon (page 21). 

HOW TO INSTALL 
& REPAIR 

MARINE 
ELECTRONIC 

EQUIPMENT 

b>r Men 
Robbersoe 

Repair and maintenance of marine electronic equip- 
ment differs from servicing all other types of elec- 
tronic gear. Its installation and repair cannot safely 
be undertaken without certain knowledge. This book 
provides anyone with a basic foundation in radio 
with the special knowledge required to service 
marine electronic gear. What's more, the technically 
minded boat -owner can acquire the know -how to 
keep his electronic equipment in top operating con- 
dition. Here are 18 points, essential to servicing 
marine equipment properly, made absolutely clear 
and understandable in this book. 1. Technical and 
license requirements for technicians. 2. The instru- 
ments and tools - how they are used, FCC regula- 
tions and standards. 3. The electrical systems of 
boats - requirements for connecting electronic 
equipment to attain maximum efficiency and pre- 
vent possible damage. 4. Radiotelephone circuits in- 
cluding: receiver, transmitter, modulator and power 
supply, transistorized portions. 5. Powerboat an- 
tenna and ground problems, their solutions. Mechan- 
ical and electrical requirements for their installation 
and service. 6. Installation of efficient antennas on 
sailboats - rigging procedure. 7. Practical tips of 
radiotelephone installation - power, antenna and 
ground wiring, troubleshooting. 8. Preliminary and 
on- the -job tuning of the radiotelephone transmitter, 
receiver and antenna circuits. 9. Radio direction 
finders from portable transistorized band operated 
units to automatic direction finders - their cir- 
cuitry. 10. Installating and calibrating radio direc- 
tion finders. 11. Echo sounders - principles and 
construction - how to install the equipment and 
transducers; testing, maintenance. 12. Automatic 
steering devices (pilots) - electronic and electrical. 
13. Small -craft radars - theory and construction 
with data on special components (magnetrons and 
klystrons) ; installation. 14. Loran receivers - 
theory, elements, installation. 15. Electrical inter- 
ference- sources, and how to reduce or eliminate 
them. 16. Electrolysis or galvanic corrosion - how 
to prevent it. 17. Protecting equipment. the twat, 
the personnel from lightning. 18. Console and Con - 
solan navigation receivers - their characteristics. 
#230, Soft cover $4.50, #230 -H, cloth $5.95 

WHIP TOUGH TV PROBLEMS! 

TV TROUBLESHOOTING AND 
REPAIR 2nd. Ed. by Robert 
Middleton. Scores of the 
treasured trade secrets of 
professional TV service 
benehmen are packed into 
one, long awaited reference 
volume. This book places 
at your fingertips all the practical solutions to whip 
tough service problems, restore original perform- 
ance quality to TV sets. #296, $3.95 
Rider books are available at distributors, bookstores 
or direct. Use coupon to order. 

ORDER TODAY-10-DAY GUARANTEE 
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JOHN F. RIDER PUB., INC. DEPT. EW -3 
a Division of Hayden Publishing Co. 
116 W. 14th St., New York 11, N. Y. 

Please send: 
MARINE 

ELECTRONIC EQUIPMENT, $4.50 
TV TROUBLESHOOTING & REPAIR, $3.95 

Payment enclosed. Rider pays postage 
Send C.O.D. plus postage 

NAMF 

ADDRESS 

CITY TONE -STATE J 

IN ORDER for the ham to get anywhere in 
today's crowded amateur bands, he needs 

either a large handful of crystals or else a v.f.o. 
The Eico Model 722 v.f.o., which we have just 
constructed and tested, will permit the ham to 
squeeze into a clear spot on any of the five bands 
from 80 to 10 meters. The 5- inch -long, clearly 
marked dial makes it very easy to put the rig 
at any frequency chosen. One big problem with 
v.f.o.'s is to get as close as possible to the crystal - 
controlled rig in stability. By using excellent me- 

chanical and electrical design, this v.f.o. achieves 
this kind of stability. At the same time, the unit 
has a high enough output so that it con easily 
drive just about any modern transmitter. 

The oscillator is a series -tuned Clapp e.c.o. 
using a large slug -tuned coil and temperature - 
compensating capacitors to prevent drift. A high 
LC ratio for the tank keeps circulating current low 
and minimizes heating and losses. The main tun- 
ing capacitor uses double bearings for good 
mechanical stability to prevent frequency shift. 
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Also, a voltage -regulated oscillator screen supply 
keeps this important voltage constant in spite 
of line- voltage changes. Finally, extra shielding 
around the oscillator circuits prevents hand capa- 
city, outside mechanical movements, and heat 
from affecting the operating frequency. The os- 
cillator operates on 80 meters at all positions of 
the bondswitch. 

Output from the oscillator is then fed to o 

buffer -multiplier. This stage serves to isolate the 
oscillator from the transmitter being driven. When 
the v.f.o. is set for 80 meters, the buffer is a 

straight- through amplifier. On all other bands the 

buffer is tuned to the second harmonic of the 
oscillator and calibrated output is available on 
40 meters and, by use of harmonics, on 20, 15, 

and 10 meters. The power supply is a voltage - 
doubler using a pair of silicon diodes into a pi- 
type LC filter. 

The actual construction of the kit took us just 
under 8 hours, thanks to the clear, well -illustrated 
construction manual. We then calibrated the v.f.o. 
very carefully against a good communications re- 

ceiver with a built -in crystal calibrotor. A little 
extra time spent here will pay off later in dial 
calibration accuracy, so we went back and forth 
over the various adjustments until they were just 

as close as possible. 

We then measured output voltage on 80 meters, 
with the v.f.o. loaded only by a high -impedance 
scope probe (15 meg.). Output was 24 volts r.m.s., 
but this signal dropped to 7 volts with a 1 -meg. 
load. Since most transmitters can be driven with 
only a couple of volts, this output is more thon 

adequate. Next, we checked the dial calibration 
accuracy on all bands, taking readings every 
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NOTES 

1. All resistors are in ohms, 1/SW, 
10%, unless otherwise specified. 

2. All capacitors are in nut, 1a, 
unless otherwise specified. 
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100 kc. and checking them against our crystal 
calibrator. On 80 meters, there was absolutely no 

error in dial reading at any point -at least all 
readings were as close to the crystal readings as 

could be read by the pointer. On 40, 20, 15, amt 
the low portion of the 10 -meter band, the max- 
imum error in reading was only +0.10 %, and 
this occurred at the very top end of the bands. 
Had these bands been calibrated at their center 
instead of at the low end, then all our readings 
would have been within ±0.05 %. On the high 
portion of the 10 -meter band (covered sep- 

arately), the maximum dial error was only 
+0.03 %. This small amount of error, by the 

way, is about one pointer thickness. While taking 
these measurements, we noted the clean, hum - 

free carrier that was produced by the Model 
722 v.f.o. 

Next, we checked the amount of frequency 
drift with changes in line voltage to see just how 

voltage -stable the unit is. We set the v.f.o. to 80 
meters and measured the frequency at a line 
voltage of 117 volts. At 105 volts, the v.f.o. 
drifted higher in frequency by only about 20 

cps. At 125 volts, we found a downward shift in 

frequency by only about 20 cps. This frequency 
shift amounts to only ±0.0005% -which is cer- 

tainly good voltage stability. 
In summary, the Model 722 v.f.o. is a well - 

designed piece of equipment that is a useful 
addition to the ham shack. It is available for 
$44.95 in kit form. It is also available for $55.95, 
factory- wired. 

SOME USES FOR 
DEFECTIVE TUBES 

By THOMAS R. HASKETT 

NORMALLY the best thing to do with 
a defective tube is to break the 

glass envelope and throw it away. That 
avoids the possibility of inadvertently 
getting it mixed up with good tubes and 
also prevents a tube racketeer from 
picking it up and reselling it. But there 
are exceptions to every rule. 

If you do any sort of electronic con- 
struction, whether from kits or starting 
from scratch, it is handy to keep an as- 
sortment of burned -out tubes on hand. 
Whenever you mount a tube socket on a 
new chassis, insert a d iy that will fit. 
Then when you drill, file, or otherwise 
work on the chassi-, no scrapings or fil- 
ings can find their way into the base -pin 
receptacles, where they can cause trouble 
later. 

If the dummy is the same size and 
shape as the tube that belongs in the 
socket, it can guide you in the physical 
layout of nearby components (in ternis 
of heat dissipation, shielding, unwanted 
stray coupling, etc.). And be sure to leave 
the dummy in place while wiring the 
equipment. You should be careful any- 
way, when wiring to tube sockets. to pre- 
vent solder front flowing down into pin 
receptacles. But the dummy is extra in- 
surance against such clogging. 

A dummy is also helpful in FM or TV 
sweep alignment. The good mixer tube 
is removed and replaced with a dummy 
of the same type, except that the heater 
pins have been clipped off (if the equip- 
ment has parallel filament wiring) or it is 
disabled in some other way. This retains 
normal tube capacitance in the circuit 
(don't use a shorted tube) while killing 
local -oscillator action. 

By the way, it is a good idea to paint 
an "X" on the envelopes of dummies you 
save, so that they will not be mistaken 
for good tubes. 
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HEAR before you BUILD 
a beautiful 

Consolette 
Model 

/Id/ dei 
ELECTRONIC 

ORGAN 

HEAR the superior quality of 
the rich, full Schober tone - 

a FREE 7 -inch record is yours, without obligation! 

SAVE MORE THAN 50% when you BUILD YOUR OWN 
magnificent Schober Organ- easy -to- assemble 

components fit right into a handsome ready -made cabinet! 

We are proud of the fact that many 
people who could well afford to buy 
any organ, have chosen to build a Scho- 
ber Organ simply because they prefer 
it musically. We'd like you to share the 
thrilling experience of hearing the mar- 
velous tone quality of a Schober Elec- 
tronic Organ. Now you can receive - 
absolutely free and without any obliga- 
tion-a brief demonstration record of 
the superb, full -range sound of Schober 
Organs. 

We invite you to listen and compare 
-compare the quality, compare the cost. 
You can build your own Schober Organ 
for less than half the price of a com- 
parable, ready -made organ. And you 
can choose from 3 full -size, authentic 
organ models. 

Spinet Model $550 
Consolette Model $800 
Concert Model $1200 

You don't have to know the first thing 
about electronics or music to assemble 
a Schober Organ. Clear, concise, step- 

THE V V/[aT/v 
V Ll1 CORPORATION 

43 West 61st Street, New York 23, N.Y. 

IN CANADA: Associated Music Services 
216 Alverna Road 
Richmond Hill, Ontario 

IN AUSTRALIA: The Electronic Organ Co. 
( Australia) 
I I Cadow Street 
Pymble, N. S. W. 
Burge Electronics Limited 
Greycaines Industrial Estate 
Bushey Mill Lane, Watford 
Hertfordshire, England 

IN UNITED 

KINGDOM: 

by -step instructions guide you from 
start to finish. It's really easy and it can 
take as little as 50 hours, depending on 
which model you choose. You can order 
a complete set of kits and receive all the 
parts for your organ at once. Or you 
can start by ordering just the first unit, 
and we'll send additional components 
whenever you're ready for them. That 
way you spend only a small amount of 
money at a time -for example, only 
$18.94 for your first kit. 

Even a beginner can quickly learn to 
play a Schober Organ, because millions 
of adults have found that the organ is 
the easiest instrument of all. Learning is 

fun. Send for your record now. You'll also 
receive an informative booklet giving 
full details about buying, building, and 
playing your Schober Electronic Organ. 

TO GET YOUR FREE 

RECORD MAIL 

THIS COUPON TODAY 

L 

The Schober Organ Corp., Dept. RN -23 
43 West 61st Street 
New York 23, N. Y. 

Please send me- without cost or obligation 
-my 7" record of Schober Organ music, 
with full descriptive literature. 

Name 

Address 

City_ Zone State 

J 
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BINARY 
NUMBERS 

& BOOLEAN 
ALGEBRA 

By WALTER S. ANDARIESE 

An introductory look into 
two important areas 

of mathematics utilized 
in digital computers. 

CONVENTIONAL BOOLEAN 
ALGEBRA ALGEBRA 

A. x+x=2x A. x+x=x 
B. x+0=x B. x+0=x 
C. x x=x2 C. x x=x 
D. x 0=0 D. x 0=0 

Table 1. A number of theorems or rules 
employed in conventional algebra compared 
to those used in Boolean algebra. Note 
that theorems B and D agree for both al- 
gebras but disagree for A and C. In Bool- 
ean algebra " +" stands for "or" and the 
dot symbol represents the "and" condition. 

1MODERN digital computers are playing a major role 
in the ever increasing takeover by automation. Per- 
sonnel in other fields of electronics aspiring to be- 

come computer technicians or engineers must stand ready to 
acquire some background in a very unfamiliar type of math- 
ematics. 

Although unfamiliar, this mathematics is logical and readily 
understandable. However, it will be found to somewhat op- 
pose and contradict the following two areas in our conven- 
tional mathematics: the decimal number system and conven- 
tional algebra. Instead, the binary number system and Boolean 
algebra almost completely dominate modern computer tech- 
nology. Why this is so will be subsequently explained. But 
before going on, something must be said for the conventional 
type of algebra that is universally taught. 

Although it is cast aside in computer mathematics, regular 
algebra must not be considered an inferior type. In reality, 
there are hundreds of different algebras, each superior for a 
particular application. While conventional algebra is a uni- 
versal type of algebra, it can't be effectively utilized in all 
possible mathematical situations. In computer mathematics, 
Boolean algebra is the optimum algebra to be used. As an 
analogy, it's just a case of using a 31" wrench to tighten a ;S" 
bolthead instead of a pair of pliers. 

An identical argument can be made for the choice of the 
binary number system. 

Boolean Algebra 
How are Boolean algebra concepts employed in the digital 

computer? Its use is twofold. First, it permits the engineer to 
design a logical and relatively simple computer. Second, it 
enables another person to understand and follow the logical 
operation of the computer. It's no more than that. Once the 
commercial digital computer is out in the field earning its 
keep, its operators and programmers are little concerned with 
Boolean algebra. 

Actually, the Boolean type of algebra is employed over 
other types of algebra in the design of the computer because 
it readily fits in with binary counting techniques. This other 
important area in computer mathematics must now be briefly 
discussed. 

Binary Numbers 
In our decimal method of counting, we are familiar with 

and use ten digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9). When counting 
beyond the number 9, we simply place a one in front of a zero 
and continue on with 10, 11, 12, 13, ... and so on to 19. Here, 
a two in front of a zero (twenty) will keep us going with 20, 
21, 22, 23, ... and so forth (using the same pattern) to 99 or 
199 or for as high as we want to go. 

In the binary method of counting, only two digits, 0 and 1, 
are ever used. For counting, the pattern remains the same as 
in the decimal system. The counting sequence is 0, 1, 10, 11, 
100, 101, 110, 111, 1000, 1001, 1010 and so on for as high 
as we wish to go. While very, very awkward, it is not impos- 
sible to use this system in everyday life. We are just used to 
our present decimal system. There is nothing extra special 
about the decimal type. We probably started using it far back 
in history for the simple reason that man has ten fingers on his 
hands. It must be admitted, however, that the more digits 
there are in a number system, the more convenient it becomes 
for human computation. Had we adopted the binary system 
in our society, we would say that a horse has 100 legs (the 
horse wouldn't look any different because of it), we have 101 
fingers on a hand, and there are 1100 items in a dozen. 

Why, then, is the binary system used in computer circuitry? 
A little concentration will reveal that ordinary electrical cur- 
rent may be considered as a binary (two- state) phenomenon. 
Current flows or it doesn't flow -two possible distinct condi- 
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Fig. 1. Function of the "or" circuit is illustrated. 
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Fig. 2. Function of the "and" circuit is illustrated. 
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Fig. 3. In this example, a single pulse must be removed. 

INVERTER 

tions. Why not then use the binary number system in com- 
puter circuit designs as it can be made to work hand -in -hand 
with on or off electric current, thus enslaving the current to 
perform a multitude of simple and accurate arithmetic corn - 
putations. 

Again, for the average man, using the binary system in his 
daily living would be awkward and tedious. As for the digital 
computer, its unbelievable speed and ease of operation would 
obscure this awkwardness and tediousness of binary counting. 
In fact, a high degree of dependability and operation effi- 
ciency are realized if comparison is made with the results of 
using other number systems. This is the reason why the binary 
system is used. 

The first digital computers were mechanical and naturally 
slow operating. They were designed on the decimal system. 
The first electronic digital computers that followed were 
based on the decimal system. Their bulkiness, inefficiency, and 
unreliability gave way finally, via trial in other number sys- 
tems, to the superior binary type with its simple "on-off" op- 
erating property. 

Returning to Boolean algebra, this algebra, itself, is binary 
in nature. Hence, it has been employed with the binary system 
of operation. 

Boolean Theorems 
There are numerous theorems or rules associated with 

Boolean algebra (as there are with other algebras). A few will 
be examined here. (See Table 1. ) 

Notice that the algebraic theorems B and D agree for 
both algebras but disagree for A and C. One big difference is 
in the meaning of the " +" sign. In Boolean algebra it does not 
stand for addition in the sense that it does for regular algebra. 
It represents the condition "or." Thus, theorem A in Boolean 
reads "x or x is x." 

Likewise, the dot symbol does not stand for typical multi- 
plication. In Boolean, it represents the condition "and." Thus, 
x x = x is read "x and x is x." Bear in mind, the "and" denotes 
that both x's are required to obtain a value of x. It does not 
denote addition. 

It should now be evident that the identical symbolism of 
the two algebras does not completely possess the same mean- 
ing. Each tells a different story. Each tells a true story. Each 
is completely mathematical in its own way. 
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Taking another approach, these four Boolean theorems 
may be investigated electronically with the aid of block dia- 
grams. Within each block, diodes, voltage dividers, and proper 
source voltages are easily made to deliver the desired results. 

Two equal signal voltages (usually pulses of any conven- 
ient fixed magnitude), each called x, are applied to the two 
separate inputs of the "or" circuit block in Fig. 1A. The out- 
put will be found to be x. If signal x is removed from either 
input ( not both) , the output will also be signal x. ( See Fig. 
1B). Hence, either input ( not necessarily both) requires a 
signal to produce an output. No signal at either input will re- 
sult in an output of zero. 

Rearranging the circuitry for an "and" circuit, a signal x 
must be present at both inputs for an output of x (see Fig. 
2A) . As shown in Fig. 2B the output will be zero if either in- 
put (or both) lacks a signal voltage. 

Notice that any single input to either circuit will either 
produce a signal output or it will not (zero signal). This is a 
true binary condition. 

Perhaps the formal names for the "or" and "and" circuits 
best describe their general computer function. The terms "or- 
gate" and "and- gate" indicate that they are a sort of "connect- 
ing" circuit designed to accept and pass on binary informa- 
tion, only under the special Boolean conditions as described 
before. 

One other Boolean concept in computer electronics must be 
mentioned. The relation x' =0 holds much meaning. x' (called 
"x not ") is another way of stating the "opposite of x." As there 
can only be two possible conditions (x or 0 ) , this binary re- 
lationship is obvious ( conversely, 0' r x) . Since x 0 = 0 it 
follows that x x = O. 

Actual circuit operation clearly displays this relationship 
and its possible practical utilization. See Fig. 3. 

Typical Example 

Suppose it is required that a specific pulse be removed from 
a train of voltage pulses being supplied by a pulse generator. 
If a single pulse can be produced elsewhere at the exact time 
the undesired pulse is being generated, a conventional phase 
inverter (with its 180° phase shift) and an "and -gate" circuit 
can be made to perform the desired elimination. 

Let the pulse ( in the train ) being removed be called x. The 
pulse train is fed directly to one input of the "and- gate." 
The single pulse (also called x) is fed to the phase inverter 
and because of inversion, leaves the inverter as x'. This x' 
is then fed to the other input of the "and- gate." 

When x' is not present, the output of the phase inverter (an 
output of the "and- gate ") is held at a d.c. level comparable 
to the x signal amplitude. When each pulse of the train ap- 
pears at the other input, the "and- gate" effectively has an x 

signal at each input and passes the entire pulse train through 
unaffected (since all other pulses have the same amplitude as 
pulse x). 

When x' does appear at the input to the "and -gate," pulse x 

of the pulse train at the other input is refused passage through 
the gate and is effectively removed from the train. Thus, 
x x = x represents the mathematical operation of the "and - 
gate" when no pulses are being eliminated and x x'= 0 is the 
mathematical representation of the "and -gate" removing a 
pulse. 

Finally, it is interesting to note that George Boole of Eng- 
land invented his algebra in the middle 1800's. It was his 
idea to investigate the process of human thought by pure 
mathematical reasoning. His work immediately triggered im- 
portant research by mathematicians in other fields, resulting 
in a lot of new mathematical discoveries. It was not until the 
years just prior to World \Var II, however, that science 
brought Boolean algebra to bear on electronic digital com- 
puter operation. Truly, mathematics never goes out of style. 
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Oscilloscope Photography 
(Continued from page 56) 

graphs which require the shutter to be 
open for extended periods of time. In 
this position the cable release is actuated 
once to open the shutter, and again 
when it is desired to close the shutter. 
It is possible to photograph traces last- 
ing for several minutes in this manner if 
one of the slower speed films is used. A 
small aperture opening, low beam -in- 
tensity setting, and a low level of grati- 
cule illumination is required to prevent 
over -exposure of the film. It is not un- 
usual for the beam intensity to be set 
to a value that is barely visible to the 
eye through the camera viewer for an 
extended time exposure of this type. 
Most conventional oscilloscopes do not 
have a sweep system that will permit a 
single sweep lasting several minutes, so 
an external sweep voltage must be used. 

Cameras Using 35 -mm. Film 
Certain applications require photo- 

graphing transient signals that occur at 
random or unpredictable intervals. This 
is very difficult to do with a conventional 
CRO camera since there is no way of 
knowing exactly when the event will 
occur. A high -speed camera employing 
35 -mm. strip film is very useful in such 
cases. Such cameras are not movie cam- 
eras as they contain no shutter or frame - 
pulling mechanism. The film, instead, is 
drawn past the lens at a constant rate of 
speed which can be changed to suit re- 
quirements. A drawing of such an ar- 
rangement is shown in Fig. 9. The film 
speed is changed by selecting the appro- 
priate gear ratio and may vary from a 
few inches- per -second up to several hun- 
dred inches -per -second. 

The CRO sweep system is turned off 
when using this type of camera and only 
the vertical or Y axis is displayed. The 
constant speed of the film along the X 
axis substitutes for the usual internal 
sweep system. Finer definition or 
"spreading out" the trace is accom- 
plished by increasing the rate at which 
the film passes the lens. 

Once exposed, 35 -mm. filin must be 
developed and processed in the usual 
manner. It is very helpful to have a :35- 
mm. editor for this type of work since a 
great deal of film may have to be viewed 
before the point of interest is found. 

Typical Examples of Use 

This section will illustrate the use of a 
CRO camera to solve specific measure- 
ment problems typical of those found in 
industrial instrumentation. 

Fig. 10 is a Polaroid reproduction 
showing changes in the blades on a tur- 
bine wheel. The photo was taken while 
the unit was running at maximum speed. 
The height of the spikes indicates the 
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Fig. 10. Turbine blade growth is shown by 

the height of the pulses in this photograph. 

amount of blade growth caused by cen- 
trifugal force, temperature, and shaft 
run -out. Fig. 11 shows the equipment 
and circuitry necessary for a measure- 
ment of this type. The capacity meter is 

a device used to detect small changes in 

length of a metallic object by measuring 
the capacity between the object and a 

fixed probe. Note that in this example 
we are measuring minute changes in 
thousandths of an inch. The special scale 
for the Y axis, calibrated in thousandths 
of an inch, is necessary since the output 
voltage for this type of device is not 
linear and the CRO centimeter scale 
cannot be used. ( Note: The scope's in- 
ternal sweep was used to obtain the 
waveform in Fig. 10. Then, the external 
d.c. sweep arrangement shown in Fig. 
11 was used to obtain the waveform in 
Fig. 12. ) 

The CRO sweep rate was chosen in 
this example for convenience in observ- 
ing the waveshape and frequency of the 
signal. A .2 msec. /cm. sweep rate was 
used which required 2 msec. for one 
complete sweep. A camera shutter set- 
ting of 1/100 second ( 10 cosec.) yielded 
five complete sweeps of the signal for a 
uniform exposure. Aperture setting was 
f /5.6 and the beam intensity was medi- 
um- bright. ( All sample photographs 
were taken with Polaroid type 46 -L film 
in order to facilitate reproduction.) 

Fig. 12 is a time exposure of the ca- 
pacity -probe signal which was made 
with an external X -axis input signal in 
place of the normal saw -tooth sweep 
voltage, as in Fig. 11. A d.c. output volt- 
age from the electronic tachometer that 

' is analogous to turbine shaft speed is 

used to drive the beam across the X axis, I 

providing a scale calibrated. directly in 

rpm. The capacity meter signal is con- 
nected to the Y axis in the normal 
manner. 

The shutter for this photograph was 
set at the "time" position and opened 
as soon as the turbine was started. About 
two minutes' exposure time was required 
for this particular test. An extended time 
exposure of this type generally requires 
the aperture to be stopped down to f /16 
with an extremely faint beam intensity 
setting. Graticule lighting must also be 
cut down to a very low level. When 

.004' 

.003" 

.002 

001' 

SHAFT 

50 000 
f PM 

X -AXIS CALIB. 5000RPM /CM. 

Fig. 12. Time exposure of capacity -probe 
signal made with external X -axis signal. 

using type 47 or 410 film, special pre- 
cautions must be taken to prevent ex- 
ternal light leakage from occurring with- 
in the camera. 

Using this technique a complete rec- 
ord of the performance is provided in 
one photograph at any point on the 
speed range. Of course it is not possible 
to discern any frequency information 
from a photograph of this type since the 
signal is greatly compressed along the 
X axis. It must be spread out by using 
the normal internal sweep system if this 
is the object. 

Fig. 13 is a simplified drawing of an 
instrumented system used for testing the 
impact strength of materials by subject- 
ing them to a sudden blow from a 

dropped weight. The sample is instru- 
mented with four strain gages connected 
in a conventional bridge circuit. The 
flexing produced in the sample caused 
by the impact from the hammer changes 
the resistance of the strain gages and 
unbalances the bridge circuit in di- 

Fig. 11. Instrumentation setup that is employed for measuring turbine performance. 
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employed for the testing of impact strength. 

{ 

Fig. 14. Acceleration experienced by the 
specimen as a result of the hammer impact. 

rect proportion to the amount of flexing 
of the specimen. 

An oscilloscope having a delayed 
sweep system is very convenient for this 
type of testing. Note the triggering cir- 
cuit consisting of the Microswitch and 
battery which is connected to the ex- 
ternal trigger input on the oscilloscope. 
This is designed to provide a time delay 
from the instant the weight is released 
and the trigger pulse is generated until 
the hammer strikes the specimen. This 
provides a pulse to start the sweep 
across before the impact occurs. How- 
ever, in order for the strain signal to 

occur at approximately the center of the 
CRT screen, the sweep rate used would 
have to be twice the length of the time 
delay provided. This is very rarely the 
case since transient signals of this type 
generally require a rapid sweep rate. An 
oscilloscope with a delayed sweep al- 
lows us to delay the start of the sweep 
to a point suitable . for displaying the 
signal in any position we wish on the 
CRT screen. The delayed sweep dial is 
usually calibrated in unit -time and can 
be set quite accurately for any sweep 
rate when the hammer drop time is 
known. 

An example of a photograph that may 
be produced by such an impact test is 
shown in Fig. 14. Since the shutter is 
only required to be open a short time, 
the "bulb" position can be used. With 
type 46 -L film one of the larger aper- 
tures would be required in conjunction 
with a bright beam intensity setting. The 
procedure calls for opening the shutter 
before the hammer is released and clos- 
ing the shutter just after it strikes the 
specimen. 

An article of this type can only cover 
some of the more important aspects of 
oscilloscope photography. If the reader 
is interested in more information, the 
various CRO camera and film manufac- 
turers will supply further details about 
their products. 

MORE FAMOUS NAMES 
By JOE TERRA 

AGREAT many principles, components, and phenomena are referred to by the names of the 
men who developed them. Can you match the group of names in the first and second 

columns with the respective instruments, components, or principles listed in the third and fourth 
columns? Try it and then check your answers on page 101. 

1. Allen 10. Heising A. Storage cell J. Layer 
2. Appleton 11. Hertz B. Scale K. Coil 
3. Barkhausen -Kurz 12. Kelvin C. Cathode L. Tube 
4. d'Arsonval 13. Leyden D. Sounder M. Effect 
5. Dellinger 14. Morse E. Curves N. Screw 
6. Edison 15. Mueller F. Oscillations O. Antenna 
7. Fleming 16. Rohmkorff G. Modulation P. Bulb 
8. Fletcher- Munson 17. Tungar H. Jar Q. Galvanometer 
9. Hay 1 B. Wehnelt 1. Rule R. Bridge 
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Fiber -Optic Brain Cell 
(Continued front page 37) 

The type of mask just described is 

called a rejection mask: it operates by 
rejecting light. However, we would not 
know if a signal were received at all if 
all the light were successfully masked 
out. In current practice, two Sceptrons 
are used, one containing a static mask 
only, which provides a reference output. 
The photocells of the static mask and 
the memory mask are balanced against 
each other in a bridge circuit. Both Scep- 
trons are simultaneously excited by in- 
coming signals. Any signal other than 
the one which was programmed will pro- 
duce a large output from each photocell, 
which will cancel each other. For the 
right signal, there will be an unbalanced 
output from the cells, which is a measure 
of recognition. ( Both functions can be 
included in one Sceptron.) 

The acceptance mask is a combination 
of the static mask and the negative of the 
rejection mask, i.e., the photographic 
plate of the signal is developed as a 
positive, and the static dots are super- 
imposed. This mask passes maximum 
light when the programmed signal is 

received. (See Fig. 2.) 
From here, you can light a bulb, ring 

bells, operate a cash register, a type- 
writer, or what have you. 

Kev Features 

There are three key features of the 
Sceptron: 

1. It is able to process more informa- 
tion in a smaller package than has ever 
before been possible. 

2. It is self -programming: the signal 
makes its own memory mask. 

3. It operates in "real time": decisions 
are made during the actual signal period, 
without recourse to storage and post - 
analysis. 

In contrast, computers generally hold 
the signal while they go searching 
through their memory for the desired 
comparison. For multi -word applica- 
tions, Sceptron memory units will be in 
parallel, and all %vill be simultaneously 
interrogated. 

Although much more can be said 
about technical details of operation, or 
of the many variations possible in mask- 
ing techniques, we have only attempted 
to describe the general operation of the 
device. The applications are numerous, 
and are practical because of the inher- 
ently low cost of the system. Material 
costs run about $2 per Sceptron, for in- 
stance, and with reasonable production, 
the cost of the finished product could be 
about the same as a radio tube. With 
newer fiber arrays, we can soon put 300 
memories into a "match -box" console. 

Most of us who are working with the 
Sceptron think of it as an invention as 
basic and important as the transistor. 
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"RCA Nome Training 

has given me 

an added income" 
"I can get all of the part time radio and TV service 
work I want. With the broad yet complete training 
I received from RCA Institutes, I find I am able to 
discuss and help plan projects on my job with gradu- 
ate engineers, and, my part time service work helps 
me and my family live better in many ways. I can't 
say enough good things about your courses." 

Frank E. Reed, Centerville, Ind. (June, 1962) 

former cletailer, now Supervisor and Checker 

"Your RCA 
Home Training 

Courses are 
head and 

shoulders above 
the others!" 

"I carefully examined all other electronic courses 
before choosing RCA Institutes Home Training. The 
manner in which you present the lessons, the assign- 
ments, and the 'pay -as- you -go' tuition plan keeps 
RCA Home Training head and shoulders over the 
others. It has helped me immensely." 

Donald M. Clement, New Orleans, La. (June, 1962) 

former cab driver, now Radio -TV Shop Owner 

"My income 
jumped from 

$2.47 per hour 
to $3.15 per hour 
after taking RCA 
Home Training." 
"RCA Home Training has enabled me to stay ahead 
in our change over from pneumatic to electronic 
instrumentation. I went from Class C Instrument 
Mechanic to Chief Electronics Technician and 
Instructor." 

Eugene F. Aydelotte, Odessa, Texas (June, 1962) 

former instrument mechanic, now Chief Electronics Technician 

Actual statements made by RCA Institutes graduates. 
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RCA 

Nome training 

can start 

you on an 

Electronics 

career now! 

RCA INSTITUTES, INC. Dept. EW -33 

A Service of Radio Corporation of America, 
350 West 4th St., New York 14, N. Y. 
Pacific Electric Bldg., 610 S. Main St., 
Los Angeles 14, Calif. 

The Most Trusted Name 

in Electronics 

The dramatic success stories reported here are just a few of the many 
actual case histories on file at RCA Institutes, proving that the world 
of electronics offers you one of the fastest ways to a profitable career 
and a secure future. Today, more than ever before, RCA Institutes 
Home Training can be your key to a successful tomorrow. 

COMPLETE SELECTION OF HOME TRAINING COURSES. RCA gives 
you a wide selection of electronics courses to choose from, including: 

Electronic Fundamentals 
TV Servicing 
Color TV 
Communications Electronics 

Automation Electronics 
Computer Programming 
Transistors 
Electronic Drafting 

You get prime quality equipment to keep and use on the job, and all 
kits furnished are complete in every respect. 

LIBERAL TUITION PLAN. In addition, RCA has the most liberal tuition 
plan; you pay only for lessons as you order them and have no long 
term obligations. Investigate this great opportunity now -from RCA - 
the name that means dependability, integrity, and scientific advance. 
Take the step that can mean a successful career now! Send for the 
free RCA Home Training catalog! 

......`..' 
+1?`l'%`i ' .. , b li Ir 

` ' 
!=raw! 

COMPUTER PROGRAMMING 

March, 1963 

INDUSTRIAL COMMUNICATIONS 

CLASSROOM TRAINING. No previous technical training required for 
admission. You are eligible even if you haven't completed High School. 

RCA also offers you classroom train- 
ing of the highest caliber if you pre- 
fer to build your electronics career 
at one of the convenient locations 
throughout the country. At RCA In- 
stitutes, Inc., Resident Schools in 
New York City and Los Angeles, and 
at RCA Technical Institute in Cherry 
Hill near Camden, N. J., you can 
prepare for a rewarding position in 
the exciting field of electronics. 

Coeducational Day and Evening 
Courses are available. You can pre- 
pare for a profitable career in elec- 
tronics while continuing with your 

SEND ATTACHED PRE -PAID 

POSTCARD FOR FREE 

ILLUSTRATED BOOK TODAY! 

SPECIFY HOME TRAINING 

OR CLASSROOM TRAINING! 

normal full -time or part-time em- 
ployment. Classes start at regular 
intervals throughout the year. 

FREE PLACEMENT SERVICE. 
RCA graduates may take advantage 
of the free placement service offered 
to them. A recent Resident School 
class had 92% of the graduates who 
used the FREE Placement Service 
accepted by important electronic 
companies ... and had one or more 
jobs waiting for them on the day 
they graduated. 

Check "Classroom Training" and 
information will be rushed to you. 
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New MC 77 

TRANSISTORIZED 
ELECTRONIC IGNITION 

Increases power up to 10% . .. assures 
fast starts at low end ... full power at 
high rpm ... up to 20% more mpg ... 
prevents fouled plugs ... increases spark 
plug life 3 to 5 times over normal ... in- 
sures 75,000 mile point life ... gives in- 
stant starting in sub -zero weather . . . 

eliminates frequent tune -ups ... simple 
20 minute installation by anyone ... cures 
ignition problems ... MOBILE RADIO IG- 
NITION INTERFERENCE REDUCED 50 %. 
In conventional ignition systems, high volt- 
age at the spark plugs, falls off over 50 °, as 
engine speeds increase. The result is a weak 
spark causing incomplete combustion, loss 
of power, fouled plugs and poor gas mile- 
age. The rugged AEC 77 electronic ignition 
increases and maintains maximum high 
voltage output at the spark plugs with no 
high voltage fall off at any speed. Its hot 
spark guarantees more efficient combustion, 
delivers full engine power at over 7,500 
rpm with up to 20% more mpg. 
WORLD CHAMPION 
RACING DRIVER PHIL 
HILL USES AEC 77 ... 
REPORTS- 

"AEC 77's strong spark 
can make up for a multi- 
tude of little sins, such as 
worn points or improperly 
gapped spark plugs. It will make your car run 
smoother, particularly at the low end and 
will appreciably improve its performance 
and economy." 
Every AEC unit uses high quality compo- 
nents such as Delco high voltage 15 ampere 
transistors and Motorola 50 watt zener di- 
odes ... while others use two low voltage 
transistors in series with two 1 watt zener 
diodes. Every AEC Ignition coil is wound 
with Formvar insulated wire, oil impreg- 
nated and hermetically sealed for maximum 
insulation and cooling ... while others use 
enamel insulation in a tar filled coil that 
cannot handle the power AEC 77 delivers. 
Proven in over 2,000,000 miles of testing, 
AEC 77 is so dependable in performance de- 
sign and engineering, that every unit is reg- 
istered and GUARANTEED FOR 3 FULL 
YEARS. 

COMPLETE DO IT YOURSELF KIT! 
AEC K4 Negative ground only $32.95 

NEED COILS ONLY & BALLAST RESISTORS? 
400:1 Coil (1.3mh. primary) $11.95 
Ballast resistor .5 ohm 75 watt $ 1.25 

FACTORY WIRED UNITS, COMPLETE 
AEC 77 with 400:1 Coil, 6/12v $39.95 
AEC 77 P (British cars only), 6/12v $59.95 

ORDER NOW 
Please add 75e for postage and handling. 

25 deposit on COD's. 

AEC ELECTRONICS, 387 Park Ave. S., N.Y. 
Industrial and Commercial inquiries invited 

AUTOMOTIVE ELECTRONICS CO. 
387 Park Ave. So., N.Y. 16, N.Y. 

Please Send Me 

NAME 

ADDRESS 

Free Brochure on AEC units EW -3_ 
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Turntable Testing at Home 
(Continued from page 32) 

It is therefore important to keep tracking 
error lowest at the record's inner grooves. 
This is done at the expense of allow- 
ing greater tracking error at the outside 
grooves. Clearly it is not enough to know 
the maximum tracking error of a given 
record player. An error of 2° at the out- 
side grooves probably reflects excellent 
design, while the same 2° error at the 
inside grooves might indicate relatively 
poor design. 

Tracking error can be measured with 
a protractor ( the kind with a small pin 
hole at the origin ) and a drafting tri- 
angle, as shown in Fig. 4. The triangle is 
carefully placed on the record so that its 
extension would pass through the center 
of the spindle. The protractor is then 
placed over the triangle, with the pin 
hole at the desired groove radius and 
directly over the triangle's edge. The 
stylus is placed in the pin hole. 

The most critical part of this measure- 
ment, and the one that limits its accu- 
racy, is the adjustment of the angle of 
the protractor. Keeping the pin hole on 
the edge of the triangle, the protractor 
must be turned with the stylus as pivot, 
until the protractor edge is parallel to 
the cartridge. This must be done by 
sight, and the alignment of the pin hole 
must be rechecked. The tracking error 
is the number of degrees off 90° marked 
by the triangle on the protractor scale. 
The larger the protractor the more ac- 
curate the measurement is likely to be 
With care you may expect an accuracy 
of ± 

312 deg. 
Audiophiles sometimes spend hours 

arguing the merits and faults of different 
types of components. Perhaps the meas- 
uring techniques described in this article 
can settle at least some of the arguments 
about turntables. 

TUBE TESTER AS 
VARIABLE -VOLTAGE SOURCE 

By RALPH E. ELLISON 

WHEN you are in a tight spot for an 
odd value of voltage, a.c. or d.c., 

try using your tube tester. From its fila- 
ment supply, it provides a wide range of 
directly available a.c. voltages, continu- 
ously available or adjustable in small 
increments, that generally go as low as 
1 volt and as high as 117 volts. 

To obtain these values conveniently, 
salvage the base of a discarded octal tube. 
Solder one length of flexible wire to pin 
2 inside the base and another to pin 7. 
Also solder a clip to the other end of each 
leitd. To tap the filament supply, you 
now only need to insert the octal base 
in the appropriate tester socket. 

To obtain a comparable range of d.c. 
voltages, make up a small, simple recti- 
fier -filter network for bench use and run 
the tapped -off a.c. voltages through this 
rectifier circuit. A 

OF THE WORLD'S FINEST 
GOV'T. SURPLUS 

ELECTRONIC BARGAINS 

CARRIER MONITOR 
t' hen coupled to an Antenna transmission line provides 
a D.C. and audio currents for indication of proper trans- mitter operation at a remote position. The unit can be used with transmitters operating in 
the 2 to 311 megacycles and having SSr 

a power output up to 50.000 Watts. 
Two high voltage vacuum capacitors 
135 Mmfd. 15 KV. with suitable 
connectors provided for 500 to 50,- 000 Watts. For less than 5110 Watts 
a different type coupling will have 
to be used. The input and output 
impedance Is 600 ohms. output level -3 DSM audio for 100% modula- 
tion Into a 600 ohm balanced line, 
5 -15 milliamperes D.C. Into 100 ohm load. Operating voltage 113/230 V 
80 cycle with tubes: 1 /6AL5. 1/6x4, I/6J6. & 1 /V103. lower supply output voltage 15(1 VUC Q 35 MA. Unit also has output Jacks and controls for taking local readings and adjustments. With hinged cover. Size: 6 s 61/4" x 8t /a ". Shpg. Wt.: 15 lbs. P/N 1028017. Price: with 2 

tacuum 
condensers. connectors and control connector ubes, etc. New Was Price: Less 2 vacuum condensers -New $5.95 Vacuum Condensers only -each $1.95 

PARABOLIC 
ANTENNA 

ANTENNA REFLECTOR -Four (4) 
Foot diameter Aluminum Parabolic 
Dishpan type with 21" antenna 
feed, and 3" round mounting for 1.3/16" x 5!8" wave guide. for 
approx. 7100 MC. four mount- 
ing brackets with hardware. 
Painted gray. Net Wt.: 
55 lbs. Price $2995 
Price -Less Antenna Feed. $2500 

MICROWAVE 
REFLECTORS 
uslralcJ- Aluminum -Plane 

flat) type configuration . Mounted 
by framework of the reflector and 
hardware 

L shaped bracket, with necessary 
and guys: 

6 Ft. Wide by 8 Ft. Long -Net Wt.: 
125 lbs.; Shpg. Wt.: $7500 
375 lbs. Price 
8 Ft. W. by 12 Ft. L. Shpg. Wt.: 
600 lbs. $12500 
Address Dept. EW Prices F.O.B., Lima. O. 25% Deposit on C.O.D.'s Minimum Order $5.00 

SEND FOR CATALOG! 

FAIR RADIO SALES 
2133 ELIDA RD Box 1105 LIMA, OHIO 
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ro ELECTRONICS 

l 
V.'r.1. training leads to success 
as technicians. field engineers, 
specialists in communications, 
guided missiles, computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology, an ECPD 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sept., 
Feb. Dorms, campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 

TV TUNER REPAIR 
$ 9s 

VVHF 
or 

UHF 
(U /V COMB. $13.50) 

MAIL ORDER ONLY 
E niter prepay repair charge 
plus $1.00 for return postage, 
Insurance and handling on 
each unit; or request C.O.D. 
shipment at the repair charge 
plus $1.50 each unit. 

POSITIVELY NO EXTRAS -ALL MAKES -$6.95 for 
single tuner($13.50 for U/V combination) 6 months 
warranty. Tuner must be complete and accompan- 
ied by all damaged parts. Give full details of corn- 
plaint and channels used. Send with correct type, 
tested tubes. Remove all accessories; motors, 
brackets, knobs, etc. 

lElsa3T/A/ER RE -NU INC. 
2401B W. Ardmore Ave. 

Chicago 45, Illinois 
i t 
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ELECTRONIC 
CROSSWORDS 

By BRUCE BALK 

(Answer on page 101) 

ACROSS 

1. Assist. 
5. Employer (slang). 
9. Type of ham radio antenna of- 

ten seen on automobiles. 
13. Printers' term for "eliminate." 
14. Lined up. 
15. Near Easterner. 
16. Essential component of a vac- 

uum tube. 
18. Test rooms. 
19. Sound a locomotive makes. 
20. Voltage (abbr.). 
23. Type of vacuum tube used for 

output stages. 
24. Surface of a cathode -ray tube. 
27. By means of. 
28. That is (abbr.). 
30. Part of a horse's foot. 
31. Signal that is produced by a 

radar target. 
33. Opening. 
35. Deduce. 
37. He (Fr.). 
38. Time zone (abbr.). 
39. High -speed electron. 
40. And others (Latin). 
42. Band extending from 3 to 30 

megacycles (abbr.). 
43. Man's name. 
45. Unit of equivalent absorption 

in acoustics. 
47. Amplitude pulsation resulting 

from the combination of two 
waves. 

48. Outer diameter of coaxial cable 
(abbr.) . 

50. Numerals (abbr.). 
52. Devices used in mechanical 

push- button tuning systems. 
53. Type of circuit (abbr.) . 

54. Electricity or heat, for example. 

DOWN 

1. Soft drink. 
2. Unit of relative audio or sound 

power. 
3. This does the work in klystrons 

and CRT's. 
4. Short for one type of amateur 

radio license. 
5. Test instrument used for ad- 

justing vertical and horizontal 
linearity. 

6. Gold (Spanish). 
7 Earth. 
8. One type of periodically vary- 

ing electromotive force. 
9. Cable having a certain specified 

length. 
10. Parrot. 
11. Speaker baffle used to enhance 

bass response. 
12. Out of current usage (abbr.). 
17. Device controlling flow of elec- 

trons in a circuit. 
21. Me (French) . 

22. Residue of combustion. 
25. Calm (French) . 

26. Doppler and Edison. 
29. And (Latin). 
32. Hurries. 
34. Signal voltage (abbr.). 
36. French "and." 
41. Type of power pack. 
43. Circuit used to adjust contrast 

in TV (abbr.). 
44. Meadow. 
46. Gate circuit. 
49. Type of restorer used in some 

TV receivers. 
51. Ratio of weight of substance to 

weight of an equal volume of 
water (abbr.). 

I 2 3 4 5 6 7 8 9 10 II 12 

13 

14 

15 . 
16 . 17 18 

19 20 21 

22 . 23 .. 
24 25 26 . 27 28 29 

30 31 32 33 34 

35 36 37 38 

39 40 
.41 

42 

43 44 45 46 

47 48 49 50 51 

52 53 54 

March, 1963 

1 E E E 
SEE 

THE NEW 
ELECTRONIC 
WIZARDRY 

at 

I- TRIPLE -E s 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission: MEMBERS 51.00; NON-MEMBERS 53.00 
MINIMUM AGE: 18 

S H 0 W 
(formerly the IRE Show) 

!a0& RAD-TEL'S QUALITY/ 
wages BRAND NEW TUBES 

NOT USED 

:ó 75% OFF/ 
1 YEAR 
GUARANTEE 

1 DAY 
Sty. Type 

SERVICE 
Price Sty. Type 

OVER 500 
Price Sty. Type 

TYPES IN STOCK 
Price Sty. Type Price 

_ 024 .79 513 .46 6806 1.12 12A06 .57 
--I5X2 .62 6A84 .46 61307 1.00 12A05 .60 
_ -- 183 

163 
.79 
.79 

6AC7 
6AF4 

.96 
1.01 

6808 
__68Z6 

.70 

.55 
12516 

_12AT7 
.50 
.76 

1R5 
U4 

.77 

.72 
6505 
6AH4 

.70 

.81 
_ _68Z7 

6C4 
1.03 
.45 

_ ._12AÚ7 
. _.12556 

.61 

.41 
105 
1X2 

.65 

.82 
6AH6 
6AL5 

1.10 
.47 

6C86 
6C06 

.55 
1.51 

12AX4 
12AX7 

.67 

.63 
28N4 
2CY5 

.64 

.70 
6AM8 
GANS 

.78 

.93 
__6C 57 

__6CG8 
.61 
.80 

12BA6 
_ 

- 1213E6 
.50 
.53 

-33106 
_ 3556 

.54 

.42 
6585 
6555 

.53 

.60 
6C La 
6CY5 

.79 
.70 

12887 
12816 

.77 

.56 
3BC5 
3BUB 

.63 

.78 
BATE 
6AU4 

.96 

.85 
6006 

- 60T6 
1.10 
.53 

_12806 
12BY7 

1.16 
.77 

3BZ6 .56 6506 .52 _ 6EA8 .79 __12006 1.04 
-3CB6 - 3076 

.56 

.54 
6ÁU8 
6AV6 

.87 

.41 
626 
666 

.71 

.63 
- _125A7GT 

_12567GT 
.99 
.95 

_-3114 
48C8 

.63 
1.05 

SAWS 
6AX4 

.90 
.66 

_656 
654 

1.06 
.52 

125N7 
12507GT 

.67 

.91 
4807 

-4BZ7 
1.01 
1.04 

6EA6 
6BC5 

.50 

.61 
6587 

_6T8 
.65 
.85 

-19ÁU4 
25886 

.87 
1.17 

___5A78 
5867 

.83 

.86 
_613E6 

6806 
.55 
.68 

_ __ 656 
-6V8GT 

.83 

.54 
25006 
2516 

1.52 
.57 

5C G8 
-5CL8 

.81 

.76 
6888 
6816 

.98 

.65 
__6w4 

6W6 
.61 
.71 

25W4 
_ 35W4 

.68 

.42 -516 
_ 504 

.72 

.60 
6867 
6817 

.85 
1.09 

6XSGT 
6X8 

.53 

.80 
3525 
SOCS 

.60 
53 

508 .84 6884 .62 -7AU7 .65 5016 .61 

NAME 

ADDRESS 

CITY STATE 

SEND TOR SEND FOR NEW 
TROUBLE SHOOTING GUIDE II TUBE 8 PARTS CATALOG 

RAD -TEL TUBE CO. 
DEPT. EW -3 55 CHAMBERS STREET, NEWARK 5, NEW JERSEY 

TERMS. 25% deposit most accompany all orders, balance COD. Orders under 15 add SI 
handling charge plus postage. Orders over 55 plus postage. Approe 8 tubes per I lb Subiect 
to prior sale. No COD's outside continental USA. 
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BC -221 FREQUENCY METER. 
"LIKE LIKE NEW" with Original Calib 69J ration 

U! J Boos ,Imi CRYSTAL checked out Only 
BC.221 TH S MODULATION checked out ONLY 89.50 
BC-455 -6-9.1 Me Receiver ........... 6.95 
AN'APN -9 LORAN Receiver- IndlCatOr with 

124.95 
AN /APN -4B LORAN Receiver-Indicator with 

2 i íIG' In ye rtvr. 7u',I rd n. Exc. i' 69 .50 
AN APR -4 . . . 38 -2200 MC Receiver with 359.50 4 Tuning Units. Excellent...... 
MAGNESYN COMPASS SYSTEM COMPLETE. 

otmote reading for plane or boat. Excellent 24.95 
cot-1(110°n. With Manual 

ARC -3 Transmitter 100 -156 MCAM.. .... 14.95 
ARR -2 Receiver -11 Tabes. With CB Conger- 6.95 

Send Money Order or Check with Order 
Write for Latest Flyer -LOADS OF BARGAINS! 

R W ELECTRONICS 
2430 S. Michigan A Area Code 312 
Chicago 16, Illinois Phone: CAlumet S -1281 

TAMAR TRANSMITTER BOOSTER 
5 to 1 gain! Freq. 118 -128 Mc. Ideal for air- 
craft or 2 meters. Has built -in 12 V. tran- 
sistorized power supply! Lists at a whop - 

ping $ 40.0. 
New condition. $49.50 

TEST EQUIPMENT SUPER BARGAINS! 
TEKTRONIX CATHODE RAY OSCILLOSCOPE: Type 
511AÚ. Good Condition. $395.00 Real Value! 
TEKTRONIIXeICA 

LH ODàlt RAIY 
OSCILLOSCOPE: Type 

Its super! $395.00 
DUMONT DUAL BEAM CATHODE RAY $295.00 OSCILLOSCOPE: Type 322. Excellent. 
PRECISION OSCILLOSCOPE: Model ES -55013. Hard 
to tell this unit from brand 
new L25 

$1.00 
.t HEATHKIT OSC.: Wired. Model OL-I. $24.50 

DUMONT CATHODE RAY OSCILLOSCOPE: Type 2()8. 
Excellent condition. Special at $95.00 only P 
MEASUREMENTS CORP. FM SIGNAL GENERATOR: 

Model 210A. Like new. Reduced to $350.00 
TS -403/U UHF SIGNAL GENERATOR: 1800-4000 
Mc. This Is military version of HP -618 A.í695.00 Excellent condition. Best of its kind!.. P 
PRECISION SINE- SQUARE WAVE SIGNAL GENERA- 
TOR: Model E -910. Like new. 
Only $115.00 
EICO VTVM VOLTMETER- OHMMETER: Model 221. Wired. T.ike new. Unbeatable $24.95 brosva'n! 

GONSET G -150 BUSINESS 
COMMUNICATOR TRANSCEIVER 

Freq. 110 -175 Mc. AM. Transmitter output 18 W. 
Crystal ontrolled on 

1 

anA STIR, uModels ovpilahlei 12 VOC or 110 VAC. (Specify which!) 
Excellent for airports. Business band. Complete with mike. less crystal. Tike new. 
Each nrlg $99.50 

TRANSFORMERS ANYONE? 
Take Yer Pick! 

115 V. In.; 24 V. out. b, 1 amps. \ND 
120 VCT P. 200 MA. New Condition. Only $ 3.50 
115 V. In.: 12 V. out. P. 2 amp. Ea. .99 
10 for 08.95. All are n nrlition. 
115 V. In.; 2_3(10 V. each side of center. 
250 MA. New condition. Onl> S 9.9S 

BC -348 RECEIVER 
2- 00.500 kc. 81 1.5-10 Mc. In Ci bands. Good.S99.SO 
(lgerl,n:led C I:ke soso 149.50 

HEADSET & MIKE BARGAINS 
HS -23 HEADSET: 4.000 ohms. New $ 4.95 
HS -33 HEADSET: 000 ohms. Brand ew $ 5.95 
7.17D CARBON MICROPHONE: Brand new $ 7.95 
RS -38 CARBON MIKE: With coil cord and 
I L- -ito Plug. Brand new and bargain buy/ S 7.95 

RT -19 /ARC -4 TRANSCEIVER 
2 METERS 140 -144 Sic. ('an ne used on 
12 or 24 C. New $29.95 
12 V. DYNAMOTOR for above: Excellent 
and. $14.95 

COMMAND RECEIVERS 
All Excellent Cond. & Terrific Buys! 

1.5 -3 Mc. N:"v.514.95 6 -9 5)0 S 9.95 
101 -1511 Mt'. ... 22.95 11111 .5511 Kr $12.95 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD. LOS ANGELES 19, CALIF. 
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HI -FI COMPONENTS 
TAPE RECORDERS 
SLEEP LEARN KITS 

MERITAPE 
Low cost, high quality recording 
tope, in boxes or cans. /, ,T FREE 1963 CATALOG 

DRESSNER 1523 JERICHO TPKE. \y NEW HYDE PARK 16 N.Y. 

-- then you need us! l 

GET STARTED RIGHT by writing 
for FREE 8 page catalog illus- 
trating over 30 business forms 
and systems designed specif(- 

SERVI« tally for TV -Radio Service. 

ON SALE AT YOUR PARTS JOBBER 

Oelrich Publications 4308 N. Milwaukee Chicago 41, III. J 
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Antennas for Business Radio 
(Continued front page 35) 

dipole, which is the industry standard. 
There is no magic way to achieve 

gain. The radiation pattern must be com- 
pressed either vertically or horizontally 
by narrowing the radiated beam. The 
vertical pattern can be compressed by 
collinear stacking of a number of verti- 
cally polarized elements. This compres- 
sion of the beam is brought about by 
increasing the vertical radiating aper- 
ture and over -all length. Pattern corn- 
pression in the horizontal plane can be 
achieved by positioning parasitic ele- 
ments to direct or reflect the radiated 
energy in the desired direction. 

Mechanical Considerations 
Once the electrical requirements of 

the antenna have been met, there are 
several mechanical considerations which 
also must be carefully weighed. For an 
antenna that is to have a specific gain, 
very little can be done to reduce the 
over -all length of the antenna and still 
maintain the necessary radiating aper- 
ture. However, by the use of metals such 
as aluminum, much can be done to pro- 
duce an efficient radiating structure that 
is light in weight and small in cross - 
section, while retaining good mechanical 
strength. 

Communications antennas are gener- 
ally designed to withstand 100 mile -per- 
hour winds and ;4" radial ice loads. An- 
tennas to withstand 100 mile -per -hour 
winds must withstand a force of 30 
pounds- per -square -foot of exposed area. 
For an antenna which is circular in cross - 
section, the projected area is used for 
calculation purposes. Thus, the total ex- 
posed length multiplied by the cross - 
section dimension of the antenna (in 
square feet) multiplied by 30 equals the 
mechanical force in pounds exerted 
against the structure in a 100 mile -an- 
hour wind. If radial ice is formed on 
the antenna, the cross- section dimension 
is increased and this increase must be 
considered when calculating the area of 
the antenna. 

In seacoast and industrial areas chem- 
ical elements present in the atmosphere 
may tend to corrode most metals. Under 
these conditions, "hurricane model" 
stainless -steel antennas as well as those 
antennas using fiber glass or other non- 
metallic elements are recommended. 

Proper Grounding 
Good grounding techniques are al- 

ways desirable. By grounding the tower 
and other structures, damage from light- 
ning can be reduced considerably. A 
grounded point or rod tower -member 
placed above the highest extremity of 
the antenna is desirable since it acts as a 
static discharger. This discharger will 
effectively relieve the high potential of 

any cloud near the antenna and thus 
result in a much lower percentage of 
hits than if the tip were not used. How- 
ever, to withstand direct hits, the an- 
tenna and structure itself must be de- 
signed to absorb the large amount of en- 
ergy present in the bolt, usually in the 
order of 100,000- ampere surges. This is 
done in many broadcast antenna instal- 
lations, such as the television antennas 
atop the Empire State Building, which 
are hit practically every time a storm 
occurs. 

The economics of the average base - 
station installation do not warrant the 
expense of designs capable of absorbing 
the full energy of the hit each time. It 
is much more practical to write an ex- 
tended- coverage clause into the over -all 
fire insurance policy for the installation 
to cover damage due to lightning and to 
replace a certain number of antennas 
which will invariably be hit. Reports in- 
dicate that less than 1 per -cent per year 
suffer hits requiring replacement of the 
antenna itself, although there may be a 
certain number of unreported cases. 

Standard d.c. grounds also minimize 
the noise and precipitation static fre- 
quently attributed to antennas that ac- 
cumulate static charges from high winds 
and dust. As these charges leak into the 
atmosphere, a continual "frying" noise 
is heard in the receiver, thereby reducing 
its sensitivity by masking weak signals. 
Grounded antenna elements drain this 
charge to reduce noise as well as any 
damage. Another expedient which has 
been used to minimize precipitation 
static is to coat the antenna with a dielec- 
tric substance. This coating effectively 
isolates the antenna elements from the 
atmosphere and minimizes static build- 
up. 

Transmission Lines 
A proper antenna -to -line impedance 

match is an important requirement for 
efficient two -way radio antennas. The 
ideal match is a resistive antenna equal 
to the characteristic impedance of the 
transmission line. The EIA has standard- 
ized on a nominal 50 -ohm coaxial trans- 
mission line. Consequently, antennas are 
designed to exhibit a nominal 50 -ohm 
load impedance. The amount that the 
antenna varies from this ideal match is 
usually expressed in terms of voltage - 
standing -wave ratio ( v.s.w.r.). Any 
mismatch shows up as power returning 
down the transmission line instead of 
being radiated into space. The v.s.w.r. 
curves indicate an antenna's variation 
from an ideal impedance match and 
show the reflected power of an antenna 
over its frequency band. 

The percentage of power lost in set- 
ting up standing waves is a function, for 
the most part, of antenna and connector. 
With a ratio of 2:1, for example, approxi- 
mately 12% of the power transmitted by 

ELECTRONICS WORLD 



simplify 
transistor 
selection 

and 
inter- 

changeability 

DATADEX TRANSISTOR REFERENCE BOOK 

Datadex is a new and unique reference book that is value -packed with informa- 

tion for transistor users. Datadex contains the most complete and up -to -date 

listing of semiconductor types available, with comprehensive specifications on 

each type. Other features include a system of indexing that identifies transistors 
by parameters, an interchangeability guide covering all current domestic semi- 

conductors and many foreign types, price information on all domestic devices, 

and a host of additional technical data. 

datadex 
system 
of transistor 
identification 
by 
parameters 

The Datadex identification system helps the user locate a semiconductor 
device for a particular application without having to search a myriad of 

manufacturers' specification sheets to find the right type number. 
Datadex includes a complete index of identification numbers which de- 

scribe transistor characteristics by indicating the type and number of 

junctions, the maximum power, voltage, and frequency cutoff ratings. 
An interchangeability guide lists corresponding JEDEC type numbers. 

EXAMPLE: Datadex number 2N32E4 -JW- 

TYPE OF JUNCTION 
(N =NPN) 

2 N 

POWER DISSIPATION CUTOFF FREQUENCY 
(Pc >3x102) f (fhb 104kc) 

32 E 4 JW 
Nt. 

NUMBER OF JUNCTIONS COLLECTOR TO EMITTER VOLTAGE IDENTIFIES SPECIFIC 
(2= TRANSISTOR) (E =10.0 TO 19.99 V) TYPE WITHIN GROUP 

DATADEX 

M. W. LADS 
Publishing Company 

40 South 40th Street, Philadelphia 4, Pa. 

DIVISION OF GOODWAY PRINTING COMPANY 

March, 1963 

l, Over 250 pages of useful transistor 
information 

Interchangeability guide for more 
than 3000 types -including foreign 
makes 

n Transistor theory 

B Circuits & circuit descriptions 

Transistor indexing by parameters 

Price information 

B Transistor testing and handling 
procedures 

a Actual size case outlines and 
dimensions 

M. W. LADS PUBLISHING CO. 
40 South 40th St.. Phila. 4. Pa. 

DATADEX TRANSISTOR REFERENCE BOOK $2.95 

Please send prepaid. Enclosed is my check 
money order 

Please send C.O.D. I will pay postage. 

NAME 

ADDRESS 

CITY ZONE -STATE 
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ELECTRONICS WORLD HAS 

Tarzian offers 

FAST, DEPENDABLE 

TUNER REPAIR 

SERVICE !M; Épi 

ONLY 

950 INCLUDING 

ALL PARTS 
(except tubes) 

and LABOR 

24 -HOUR SERVICE 

1 YEAR WARRANTY 

Sarkes Tarzian, Inc. maintains two complete, 
well -equipped Factory Service Centers -assisted 
by Engineering personnel -and staffed by spe- 
cialized technicians who handle ONLY tuner 
repairs on ALL makes and models. Tarzian -made 
tuners received one day will be repaired and 
shipped out the next. Allow a little more time for 
other tuners. 

One year guarantee against defective workman- 
ship and parts failure due to normal usage. Cost 
-$9.50 per unit. $15 for UV combinations. Ab- 
solutely no additional, hidden charge for ANY 
parts, except tubes. You pay shipping costs. Re- 
placements on tuners beyond practical repair are 
available at low cost. 

When inquiring about repair service, always 
give TV make, chassis and Model number. Tuners 
repaired on approved, open accounts. Check with 
your local distributor for Sarkes Tarzian replace- 
ment tuners, replacement parts, or repair service. 
See your distributor, or use the address nearest 
you for fast factory repair service: 

\/SARKES TARZIAN, INC. 
537 South Walnut Street 

Bloomington, Indiana 

Tel: 3326055 

10654 Magnolia Blvd., 

North Hollywood, Calif, 

Tel: 769 -2720 

CIRCLE NO. 141 ON READER SERVICE PAGE 

engineering degree in 27 mos. 
Become an Electronics Engineer. Colin..: graduates enjoy 
higher income . . . advancement. Major corporations 
visit us regularly to interview and employ seniors. 
BACHELOR OF SCIENCE DEGREE IN 27 MONTHS 
in Electrical (Electronics or Power major), Aeronautical, 
Chemical, Mechanical, Civil Engineering. IN 36 MONTHS 
a B.S. Degree in Business Administration. One -year 
Drafting -Design Certificate Program. Small classes. We (- 

equipped labs. Campus. Dorms, new library. Moderate 
Costs. Enter June, Sept., Jan., Mar. Founded 5884. Wri e 

I. H. McCarthy for Catalog and "Your Ca- 

reer in Engineering and Commerce" Bnn. 

86 

1633 College Avenue Angolo, Ind. 

the base station is lost. If the v.s.w.r. 
goes up to 3:1, power loss rises to ap- 
proximately 25%. In other words, 60 
watts of base- station power is radiated 
as only 45 watts with 15 watts of power 
lost by reflection along the length of the 
transmission line. 

The amount of signal strength lost 
along the transmission line depends on 
three construction factors. These are: 
(1) the size of the center conductor, 
(2) dielectric loss in the cable, and (3) 
conductivity of the inner and outer con- 
ductors. 

The size of the center conductor in a 
coaxial transmission line is dictated by 
the characteristic impedance of the line, 
the type of dielectric material used, and 
the inside diameter of the outer conduc- 
tor. The outer conductor size is limited 
by weight, space, and cost. 

For example, a coaxial line with an 
outer conductor that has a one -inch i.d. 
and uses pressurized air as its dielectric 
material is limited in its center conductor 
diameter to about 7 /16th of an inch. 
With the same i.d. outer conductor and 
polyethylene (a common solid dielec- 
tric) instead of pressurized air, the al- 
lowable diameter of the center conductor 
drops to 9/32nd of an inch. A reduction 
in center conductor size and the intro- 
duction of a "Iossy" dielectric insulator 
in the line approximately doubles the 
attenuation of the line in db per 100 feet. 

Coaxial transmission line using a 

foamed polyethylene dielectric material, 
which provides a dielectric constant be- 
tween air and the solid dielectric ex- 
tremes, allows the use of a larger diam- 
eter inner conductor. This results in 
lower losses than is the case with the 
solid dielectric material. 

Corrosion resistance is also an impor- 
tant consideration for a transmission line 
since the line is exposed, as is the an- 
tenna, to humidity, rain, snow, salt air, 
chemical fumes, and other environ- 
mental conditions. Copper is one of the 
most corrosion -resistant of the common 
metals. Copper cable installations 
throughout the world are still serving 
communications systems faithfully after 
as many as 25 years, attesting to copper's 
durability. 

Since the antenna in a system is 
usually its most exposed element, the 
transmission line immediately connected 
to the antenna termination can quickly 
get weather -worn. Vinyl- covered cable, 
not known for its weathering ability, suf- 
fers most. In its place '2" "Foam Heliax" 
is employed to connect to the antenna 
termination to offer greater weather re- 
sistance as well as equal flexibility. The 
use of this special jumper causes the ini- 
tial price to be slightly greater than with 
ordinary RG -8 /U coax jumpers. How- 
ever, the value received in reliable, main- 
tenance -free antenna system service 
more than offsets this cost difference. 

Multitore Sales Corp. Port Washington, N.Y 

For lilt ormatton, write Department fv1C43 

CIRCLE NO. 129 ON READER SERVICE PAGE 

A BUYER FOR YOUR USED 
EQUIPMENT OR COMPONENTS! 

The 200,000 purchasers of ELECTRONICS 
WORLD are always in the market for good 
used equipment or components. So if you have 
something to sell, let EW readers know about 
it through our classified columns. It costs very 
little: just 604 a word, including name and ad- 
dress. Minimum message: 10 words. 

For 
further 

information 
write: 

Martin Lincoln 
ELECTRONICS WORLD 
One Park Avenue 
New York 16, N. Y. 

ÏI The 315A is an efficient con_ 
1 installa - 

12 MC in 

$ I4.95 

of converters and receivers for every 

verter for non- critica 
tion with home or auto sets. 
Available in two ranges. 26 -54 
or 115 -170 MC. Tunes 
low range 30 MC in hi gh range. 
Specify range. 

315A /T same as abo ve but for use with 
small AC -DC table sets delivers audio. 

$14.95 
free catalog today or send for g on full line 

app tea Ion. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 
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Stated simply, the higher the antenna, 
the greater the range. Modifying this op- 
timum concept are such qualifications as 
transmission -line losses, r.f. noise, ter- 
rain, surrounding. structures, and co- 
channel interference; all contribute in 
some degree to resultant system degrada- 
tion. To achieve height, and thus extend 
the radio horizon, most base -station an- 
tennas are located on building roofs, 
hills, mountain tops, wood telephone 
poles, structural towers, or a combination 
of these. 

Irrespective of the type of mounting, 
the antenna should be above, free, and 
clear of any surrounding structures, ter- 

- rain, power lines, or foliage. Although 
this is not always practical, as in the case 
of antennas side -mounted on towers or 
roof -mounted on smaller buildings in 
large metropolitan and industrial areas, 
antenna isolation is nonetheless desir- 
able. 

Coaxial and ground -plane antennas 
should not be side -arm mounted on a 
tower or other metal structure unless the 
almost inevitable radiation pattern dis- 
tortion -from shielding, capacitance, 
parasitic excitation, phase cancellation 
and addition -can be tolerated. To mini- 
mize this effect, no active antenna ele- 
ment should be closer than three -quar- 
ters of a wavelength to the tower or 
other mounting surface. A further com- 
plication in out -rigging antennas on 
towers is the marked increase in wind - 
loading effect on the tower itself. Tower 
unbalance and weight limitations also 
must be considered and, in the case of 
two or more side -mounted antennas on 
lighter towers, diametric placement is 
virtually mandatory. 

Directional antennas lend themselves 
more efficiently to side -arm installation, 
from a propagation viewpoint, but gen- 
eral considerations of tower balance, 
windloading, and weight load still apply. 
The basic concept of antenna isolation at 
tower or building top, irrespective of an- 
tenna type, implies installation simplicity 
and propagation efficiency. Keep in 
mind, however, that the antenna must 
be accessible for periodic checks. 

Invariably, antennas mounted on 
building tops are fastened to stub pipe 
masts, building cornices, and even out - 
rigged on upper walls. The importance 
of adhering to local building codes in 
both antenna and tower erection must be 
emphasized. Most municipalities strictly 
enforce code regulations and necessary 
compliance can entail higher initial in- 
stallation costs. 

To many technicians and engineers, 
antennas do not represent the interesting 
challenge presented by electronic cir- 
cuitry. However, antenna systems should 
be given the respect they deserve, for 
without that "piece of wire sticking up 
in the air," we would not have efficient 
and effective radio communications. 

March, 1963 

mostRELIABLE 
TRANSISTOR 

MPLIFIER 

Low cost 
too 

WINEGARD'S 

995 

D HEAD 
Red Head is one transistor amplifier that does 
what it's supposed to do ... boosts those 
weak signals right out of the snow, gives 
brighter contrast to your pictures without 
trouble and call- backs. 

Red Head has a lightning -protected circuit - 
no transistor burnout due to lightning flashes, 
static precipitation or power line surges. 
Built -in high pass filter rejects interference 
from Citizen's Band, hams, etc. Unlike other 
transistor amplifiers, it can't cause smear or 
graininess in picture from phase distortion ... 
has linear frequency response, no suck -outs or 
roll -offs at end of bands. You get clear, bright 
picture detail on color and black and white. 

OTHER ADVANTAGES OF WINEGARD'S RED 
HEAD -has newest type four -lead transistor 

. is AC powered, no corrosion at terminals, 
no polarity problems -has built -in 2 -set 
coupler in power supply- mounts easily on 
antenna, mast or wall -powerful enough to 
drive 6 sets, can be remoted up to 1500 feet 
using 300 ohm twin lead or ladder line. New 
eye- catching bright red amplifier housing - 
gives lasting product identity. 

Red Head is your best transistor antenna 
amplifier buy. Try a few and see for your- 
self. Write for technical data or ask your 
Winegard distributor, 

There's a Winegard Quality Antenna for Every Reception Need 

' --- --- 

°*1.T 
COLORTRON COLORTRON ANTENNA COLORTRON ANTENNA COLORTRON ANTENNA COLORTRON ANTENNA 
AMPLIFIER Model C.44- Gold Anodized Model C.43. -Gold Anodized Model C.42- -Gold Anodized Model C.41 -Gold Anodized 

$39.95 564.95 551.90 $34.95 $24.95 

YOU GET AN EXTRA BONUS OF QUALITY AND VALUE FROM WINEGARD tnega/il ANTENNA SYSTEMS 
WINEGARD COMPANY 3003.3 KIRKWOOD BLVD. BURLINGTON. IOWA 
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Color- Pattern Generators 
(Continued from page 52) 

YOUR CAREER 

to guide you 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 
This interesting pictorial booklet 
tells you how you can prepare for a 
dynamic career as an Electrical En- 
gineer or Engineering Technician in 
many exciting, growing fields: 
MISSILES RADAR RESEARCH 
ELECTRICAL POWER ROCKETRY 

AUTOMATION AVIONICS 
SALES DEVELOPMENT 

Get all the facts about job opportu- 
nities, length of study, courses 
offered, degrees you can earn, 
scholarships, part -time work - as 
well as pictures of the Milwaukee 
School of Engineering's educational 
and recreational facilities. No obli- 
gation - it's yours free. 

MILWAUKEE SCHOOL OF ENGINEERING 

MAIL COUPON TODAY! 
MILWAUKEE SCHOOL OF ENGINEERING 
Dept. EW -33, 1025 N. Milwaukee St. 
Milwaukee, Wisconsin MS -113 

Please send FREE "Your Career" booklet 
I'm interested in Electronics Radio -TV 

Computers Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 

Name Age 

Address 

City ......................... .......................Zone ... ........State ..............._ 

I'm eligible for veterans education benefits. 
Dischargedate ................................................. ................_....._........ 

`========== -J 
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Fig. 7. Hickok 656XC NTSC -bar generator 
also produces dot and crosshatch patterns. 

The pattern produced by the rainbow 
generator is a smooth transition or blend- 
ing of colors like a spectrum. The gener- 
ator's principal usefulness is in deter- 
mining if the color circuits are operating. 
In conjunction with a scope, it can also 
be used to make chroma and demodu- 
lator phasing adjustments. 

The pattern produced by the gated - 
rainbow generator is a serrated contin- 
uous color display with nine vertical 
black bars as shown in Fig. 9. Each of 
the ten color bars it produces, spaced 
precisely at 30° phase intervals, is a 
small segment of the rainbow pattern. 

The gated -rainbow generator also pro- 
duces its own horizontal sync pulse and 
a color -burst signal as well, to make 
receiver adjustment reliable. Since 
the rainbow pattern changes hue from 
the left to the right side of the screen, 
the horizontal sync pulse is necessary to 
lock the horizontal oscillator in the color 
receiver so that a stable color display 
can be produced. The horizontal hold 
control in the receiver must be accurate- 
ly set to minimize an unstable display. 
This applies to both types of rainbow 
generator. The gated- rainbow generator 
utilizes one of its 12 gated bars as a burst 
signal whereas a plain rainbow gen- 
erator makes use of the burst gate in the 
receiver to gate out a portion of the 
3.56 -mc. c.w. signal, following the hori- 
zontal sync pulse, to serve as the burst. 

Rainbow Generator Circuit 
The rainbow- generator circuitry is 

not complex. The block diagram of the 
Hickok Model 660 rainbow generator is 
shown in Fig. 5. A 3.563795 -mc. crystal 
oscillator is the chroma oscillator. Note 
that this frequency is 15,750 cps below 
the 3.579545 -mc. color subcarrier. 
When this frequency is fed to a color 
receiver, a rainbow pattern of all colors 
will be produced for each horizontal 
scan, that is, there will be a 360° phase 

shift between the subcarrier oscillator in 
the set and the 3.563795 -mc. output of 
the rainbow generator for each hori- 
zontal scan. The reference for this oper- 
ation is the free -running subcarrier oscil- 
lator in the set. Since the subcarrier 
oscillator is usually crystal controlled, 
stability will be satisfactory for most 
field applications. Fig. 6 shows how a 
rotating vector produces a rainbow dis- 
play as its phase changes. 

The visible color display on the screen 
of the picture tube starts at about 20° 
which indicates the end of the blanking 
period. The color blends from one end to 
the other starting with orange and end- 
ing in green. A correctly adjusted re- 
ceiver will show, starting at the left side 
of the screen, 40% reds, followed by 
40% blues, and ending with 20% greens. 
The hue control in the color set should 
be capable of varying this color combi- 
nation to either the left or the right ap- 
proximately ± 10% either side of the 
center hue -control setting. Since the 
output signal of the rainbow generator 
does not contain a brightness corn- 

Fig. 8. Hickok 660 rainbow generator can 
also generate dot and crosshatch patterns. 

1 I ( f 
60° 90° 120° 1500 180° 2100 2100 270° 300° 

( A ) 

Fig. 9. Pattern produced by gated rainbow 
generator has black bars spaced 30° apart. 

poilent, the contrast control will have 
little or no effect on the display. In 
addition to checking hue control during 
the installation of a set in the home, the 
rainbow generator can be of help in 
quickly locating a bad demodulator 
tube. 

ELECTRONICS WORLD 



If the B -Y or Z demodulator tube is 

bad, the blues will be missing. Should 
the reds be missing, this would indicate 
trouble in the R -Y or X demodulator. If 
the greens are not present, the trouble 
is likely to be in the G -Y amplifier or 
matrix. Reference to the tube location 
chart included in most sets should lead 
to the defective tube. It should be 
pointed out that an NTSC generator will 
locate the aforementioned faults in the 
same manner. The crosshatch and dot 
generator section of this generator is 

practically identical to that in the NTSC 
generator just discussed. 

To sum things up, the rainbow gen- 
erator is the less expensive and the 
more portable of the two generators. It 
is suitable for color receiver installation 
since only purity, convergence, and 
monochrome balance adjustments are 
usually made in the home. It also gives 
an indication that the color circuitry is 

at least working. However, color align- 
ment with a rainbow generator is not 
recommended if a high -degree of ac- 
curacy is required. 

An NTSC color -bar generator can be 
used to accurately align any receiver 
regardless of circuit design. It can check 
the performance of a receiver more 
critically because each fully saturated 
color requires a brightness component. 
Pure yellow, cyan, and magenta cannot 
be produced with a rainbow generator, 

Fig. 10. Hickok 661 develops NTSC co- 

lors singly, each in full- screen dis- 
play, rather than as simultaneous bars. 

although they can be with an NTSC 
generator. These complementary colors 
are critical and the slightest phase and 
brightness -adjustment errors will change 
them noticeably. 

The NTSC color -bar generator is ex- 
cellent for troubleshooting because it 
can properly energize all circuits of in- 
terest with stable, standardized signals. 
Also, it can never be rendered obsolete 
by changes in receiver circuitry. It is 

based on present transmission standards, 
and is useful as long as those standards 
are retained. 

EW Lab Tested 
(Continued from page 18) 

the manufacturer's specifications (listed 
second) . Any differences between them 
are, in our opinion, minor. 

IHF111 Usable Sensitivity: 2.6 Av. 

measured and 1.8 µv. rated. 
Hum (referred to 100% modulation): 

-60 db (including residual hum in our 
signal generator) as against -70 db. 

Capture Ratio: 2.3 db versus 2.5 (lb. 
Harmonic Distortion (100% modula- 

tion): 0.7% as against less than 0.5% ac- 
cording to the manufacturer. 

Frequency Response: 20- 15,000 cps 
±2 db (mono) and 20- 15,000 cps ±2.5 
db (stereo) versus 20- 15,000 cps ±1 db 
in both modes. 

Output Voltage: 4.4 volts as against 
2 volts. 

Drift (from cold start): approximately 
3 ke. by our measurements but not rated 
by the manufacturer. 

Channel Separation: 26 db at 1 kc. 
and 14 db at 10 ke. Not rated by the 
maker. 

These figures clearly describe an ex- 
cellent tuner and that is what this unit 
is. In addition to fine electrical perform- 
ance, it has the smooth flywheel tuning 
and general "feel" of factory -wired 
Fisher tuners, at an appreciably lower 
price. It sells for $169.50. 

1 E E E 
SPEAK 

TO OUTSTANDING 
ELECTRONICS ENGINEERS, 
SCIENTISTS, PHYSICISTS 

at 

I- TRIPLE -E's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission: MEMBERS $1.00; NON -MEMBERS $3.00 
MINIMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

March, 1963 

"Messenger" CB Transceivers. .. ra ted 

BEST in Nation by Electronic 

Distributor Salesmen* 

.New impartial survey by leading electronic magazine shows 
Johnson "Messenger' Transceivers rated "BEST" -BEST BY 
NEARLY 50% OVER SECOND CHOICE BRAND. 

4 feature -packed "Messengers" ... and 
Selective Call System outperform everything! 
Compact, Hand -Held -100 milliwatt or 1 watt "Personal Messen- 
gers". Rugged and reliable -11 transistors, 4 diodes! Twice the 
sensitivity and 40% more range than similar units with conventional 
circuitry -more output than similar units with same rated inputs! 
Mobile or Base Stations -performance proved 
Viking "Messenger" and new "Messenger Two ". 
Punches your signal across the miles -high effi- 
ciency design makes full use of maximum legal 
power. Excellent receiver sensitivity and selectivity. 
Automatic "squelch" control -5 or 10 channel 
coverage -easy to install anywhere! 
Tone Alert -37 tone selective call system mutes 
speakers until one unit calls another -then auto - 

matically your stations receive audio note and indi- 
cator light flashes "On ". 

NEW! 4 -color 
BROCHURE -write 
for your free copy! 

, 

11.12 

1 
E. F. JOHNSON CO" 

1102 10th Ave. S.W., Waseca, Minnesota 

Please ush "Messenger" details to: 

NAME 

ADDRESS 

CITY STATE 

Manufacturers of the world's most widely used personal communications transmitters. 
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GET IT from GOODHEART! 
GERTSCH "RatioTran" RT -7R BARGAIN! 

Divides voltages 50. 10,000 cy with decade dials X.I. 
X.01, X.001, X.0001, X.00001 & finally an Inter- 
polating slideWire pot as 6th dial. $500 MIL 

yodel, better potting, etc. Like new. w /instr. $249.50 book mating plug, only 

FREQUENCY -METER BARGAINS 
Navy LM, .125 -20 mc w /matching book, 

$ 5.7 J xtl, schematic, instruct., 100% grid.... J59 0 
AC Pwr for LM: Modify new EAO, w /LM plug. sili- con diodes, instructions we furnish $9.95 
BC -221: Less modulation, 1007. OK grid...S 69.50 
TS -173 w /AC pwr sply. 90.450 mc, .005 %..9150.00 
TS -174 20.280 me. .01% $150.00 
TS -323. 20.450 0e 005/.002% $275.00 
TS -186. 0.1 -10 KMC, .01 %. 'al ealib $295.00 

ARC -3 and ART -13A TECH MANUALS! 
Handbooks mainten., oper., theory, schem. 
dwgs, etc. Either book postpaid $10.00 

2 -METER RECEIVER & 2/6/10 METER XMTR 
SCR-522 revr. xmtr, rack & 
case. exc. cond. 19 tubes 
include 832A's. 100-156 me' 
AM. Satisfaction grtd. Sold 
at less than the tube cost in ' surplus! Shpg wt 85 Ibs. 
FOB Bremerton, 
Wash. only $14.95 iq 
Add $3.00 for complete i s' 

' technical data group i c eg 
original schemati cs I 

w 

parts lists. I.F. atl formu- 
las. instruct. for AC s silly for rt cont-nuouoer tuning. for xmtr 2-meter 
use. and for putting sitter on 6 and 10 meters. 

COMMUNICATIONS RECEIVER BARGAINS 
BC453B: 190.550 kc 6 -tube superhet W /85 ke IF's, ideal as long -wave revr. as tunable IF & as 2nd con- vert. W /all data. CHECKED ELECTRIC- $12.95 ALLY! Grtd. OK! 11 lbs. fob Los Angeles. L J Same, in handsome cabinet w /pwr sply. spkr. $37.50 etc., ready to use, is our QX -535. 19 lbs.. RBS: Navy's pride 2 -20 me 14 -tube superhet has voice filter for low noise, ear- saving AGC, high sens. & select. IF is 1255 kc. Checked, aligned, w /pwr sply, cords, teach data. ready to use, fob $79.50 Charleston, S.C. or Los Angeles ....... R- 45'ARR -7 brand new. 12 -tube superhet .55 -43 me in 6 bands, Smeter. 455 kc IF's. xtl filter. 6 set. positions. etc. Hot and Complete. it can be made still better by double- converting into the BC -453 or OX- 535. Pwr sply includes DC for the automatic$179.50 tuning motor. FOB San Antonio J Time Pay Plan: $17.95 down. 11 x $16.03 

RADIO RECEIVER AND /OR SPECTRUM STUDIES 
R -54 /APR -4 rev, is the 11 -tube 30 me IF etc. for the plug -in tuning units; has S- meter, 60 Cy pwr sply. Pan. Video & Audio outputs. AM. Checked, aligned. with heads for 38 -1000 etc. $164.00 Pwr plug & Handbook. fob Los Ang. 

(Add $30.00 for 60 Cy AM /FM instead of AM.) 

ESTERLINE -ANGUS & VARIAN RECORDERS 
Est -Ang type AW; 0-1 ma dc: 120v 60 cy $249.50 synch chart drive; fob Los Angeles Same w /spring wound drive; fob Philad....$249.50 Varian G -11A 0.9 my dc new. complete ready to use, ay/factory arrantee $249.50 
Above is 60 Cy; same in 50 cy, only $149.50 Varian G -10 0 -100 my less chart drive 
& pen, servo -system only. use as meter $97.50 

PRECISION PHASE METER /MONITOR ME -63/U 
Meter shows phase -angle difference 0 -360 #1 deg. between any 2 input waveforms 2.30 V peak 20. 20,000 Cy. $1420 Gov't cost!... $275.00 

TUNING -FORK FREQ REFERENCE STANDARDS 
400 Cy 2 .001%, AM. Time Prod. fork only...59.95 Complete module, witches, instructions $29.95 Same in case /pwr /silly. AF amplifier $69.50 10.000 cy .001%, #200 -1.2H w /multiplier $69.50 1000 cy S .02 %. _2003 plus 4 Walkirk binary count -downs to 500 250, 125. 621/2 

Cy, w /tubes $49.50 
Philam224 040 cyC± .005..1% /wtubteusb, 

e, 
nisntsrurcue.t 

$1197..955 

Philamon SOO Cy 2 .05% W'tuhes, instruct $19.95 

SCINTILLATOR DETECTS & MEASURES 
Famous -Name overstock, new, w /Instruct. checked and guaranteed. 1" square SodiumIodide crystal. Variable time Constant. Use for walking or flying 
Mr/Hr. sRegularly $349.95. Only 

meter. 0.02 20 $99.50 

FM MICROVOLTER WITH BUILT -IN SCOPE 
TS-452A/U shows you pass band of revr you are aligning. 5.108 mc in 6 bands. Movable marker pip 
is wavemeter, Callb. accuracy .33 °. . Accurate at- tenuator 1.101 db. 1 db steps, from min. 1/4 Vo. Scope synched to freq sweep. $506 Gov't $179.50 cost! fob Los Ang.. checked 100% OK, Only 

0.1% SORENSEN Line Voltage Regulator 
-50005 regul. against 
load changes 0-5 live & 
line changes 95 -130 v 
1 ph 50/60 cy; adj. out. 
00u1110-120 

Har l ss holds 

3%. Recovery .15 sec. 
Regularly $695.00 less 
spares. New. spares 
orig. pack, 265 5349.50" lbs. fob Utlta.. 
fob Los Angel. Yí79.5D 
-1500 Special, 150 to 

v 60 
cy. X0.3 ry. line & load, 
110.120 VO. Max 5%, dls 
tort. fob 

$199.50 Norwalk. Conn. 
Sole 500 va. $49.50 

¿- ̂ --- - .,.,r. 
t" -. .. :' _:...-a g;4'&ß -.. 
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117 v. Los An. 

STANDARD SIGNAL GENERATOR BARGAINS 
All modulated, all microvolt -calibrated outputs, all 
grtd 100% OK. Boonton x2038 Univerter .1.25 mc, 
$130. ,/.804 /LX2. 71/2.330 mc. $150. Meas. Corp. 
3t78FM. 88.108 me. $150. -80 Or AN equivalent 
TS- 4978/URR, 2.400 mC. $350. a84, .3.1 kmc. 
5150. LAE2 new, .52 -1.3 kmc $90. 

R. E. GOODHEART CO., Inc. 
P. O. Box 1220 -A Beverly Hills, Calif. 
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Radio & TV News 
Events in the Service Industry 

Fj IRST ORDER of business this 
month, as promised, is resumption 

of the subject that filled our last column. 
We had dealt with an evaluation of serv- 
ice- industry problems by Frank J. Moch, 
executive director of NATESA, and his 
tentative proposals for future action. 

One of his chief points was that the 
character of the industry, along with our 
entire economy, was undergoing certain 
basic changes. Many of these changes, 
since they are the result of powerful 
forces outside of service or any single 
segment of the economy, are not realis- 
tically subject to control or alteration by 
the independent service industry or by 
individuals within it. Therefore, instead 
of concentrating fire on convenient 
scapegoats, service would spend its en- 
ergy more fruitfully by formulating a 
positive program for adjusting to forth- 
coming changes. 

"Pool your resources," Moch's own 
phrase, is the key to his program. He 
feels that there are many areas in which 
his slogan can be applied effectively. 
These include advertising, the purchase 
of parts and equipment ( along with the 
maintenance of stock, to avoid inventory 
duplication ) , the purchase of TV sets 
and other merchandise for retailing (to 
compete with high- volume, low -price 
entrepreneurs), and even the centraliza- 
tion of service facilities, including the 
best use of the skills of individual spe- 
cialists. 

He acknowledges that this approach 
involves some sacrifice of a traditional, 
"rugged individualism" that is jealously 
guarded by many owners of small shops. 
He doubtless anticipates resistance to his 
program on these grounds. He probably 
also feels that, in answering the advan- 
tages of "big -business" servicing by 
adapting some of its own techniques, the 
little people in the business stand their 
best chance of perpetuating their indi- 
vidual character and identity. Such ideas 
merit long and serious discussion. All we 
can do is start the ball rolling. 

Can It Work? 
Many who are disposed toward a tra- 

ditional way of looking at things will find 
his suggestions unacceptable. In fact, 
some are sure to see in it a threat to a 
way of life. Others will simply shrug 
and say it is unworkable. All dissidents 
might take a hard look at some things 
going on in the service industry right 
now. 

Any number of associations today 
offer medical and other insurance plans 
on a group basis. Many will automat- 
ically "cover" for a dealer member who 

becomes sick or is otherwise out of ac- 
tion, so that his business is kept intact 
until he can resume. Cross -checking be- 
tween one dealer and another for the 
availability of hard -to -get parts is a prac- 
tice that may be even older than the 
association idea. Swapping of technical 
expertise has been going on for years 
with no fuss. While these constitute evi- 
dence of successful cooperation, which 
is not the same thing as outright pooling, 
a recent trend toward the latter is also 
observable. 

Present Examples 
McWilliams Radio -TV Service of San 

Francisco is in the transistor -radio re- 
pair business quite actively because, 
says president John McWilliams, "the 
reluctance of most servicing dealers to 
tackle these little monsters" has created 
a need. The firm has been assigned war- 
ranty work by at least two major man- 
ufacturers or importers and is negotiat- 
ing with others. "We would like to ex- 
tend our service facilities to other deal- 
ers in the area ... to service the tran- 
sistor repair business they are now turn- 
ing away," says McWilliams. If his plan 
succeeds, San Francisco will have cen- 
tralized service in this specialty without 
the loss of dealer identity. 

Another case: The members of TESA- 
Miami have set up and equipped a single 
shop to which they may all bring their 
tough dogs. It will be manned by expert 
members in various fields. More recent- 
ly, this association has asked specialists 
on tape recorders, phonographs, inter- 
coms, CB, auto radio, color TV, and 
other fields to place their names on a 
reference list that will provide a speedier 
interchange of needed information. 
What will be the next step? 

We could cite other cases in which as- 
pects of Moch's program, although not 
the entire package, are in use today. 
More interesting than added proof is this 
point: where such pooled activities exist, 
they have been accepted without great 
hue and cry. At least some change in this 
direction, then, is taking place infor- 
mally today, without conscious planning 
toward a grand goal. Yet we are sure 
that the clear statement of possible re- 
sults will arouse opposition. Many will 
see in it a threat to a way of life. 

As for ourselves, we neither endorse 
nor oppose the Moch objectives. They 
have received consideration at length 
because they represent a serious attempt 
to develop a positive program -and also 
because we frankly hope to stir up sorely 
needed discussion on this matter. We are 
interested in all shades of opinion, but 
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dissidents can be most helpful if they keep one point in minci; 
it is not enough to reject someone else's answers. You should 
try to offer constructive alternatives. 

Profit in "Wholesale Only" 
A story in the "Newsletter" of TSA of northeastern New 

York points a moral for distributors. A relatively small dis- 
tributor who operates profitably on a strictly wholesale basis 
noted the annual financial report of one of the larger, whole- 
sale- retail, mail -order businesses. He noted that its losses for 
the year recently ended were $1,217,073. exceeding the 
losses of more than half a million for the year before. The 
"smaller" distributor (Ran Gardenier of Troy TV) is now 
boasting that his firm's profits exceed those of the larger 
organization by "more than $1,217,073." While he will not 
say exactly what his profits are, he makes the point that the 
large, impressive, and cumbersome electronic sales establish- 
ment that seeks business volume wherever it can get it is 
not necessarily following the shrewdest policy. "A wholesale - 
only distributor is a serviceman's friend," he says, "and 
this friendship can pay off." 

Are You a Laborer? 
For years, business advisers have been pounding away at 

the independent service industry to stop hiding behind 
markup on parts for income, to insist on due worth for their 
labor, and accordingly to mark reasonable labor charges 
clearly on their bills. We hate to confuse the issue, but we 
think A. Edward Stevens, writing in "TESA -Miami News," 
has a good point -and he doesn't like that word "labor," on 
the bill or elsewhere. 

He's all for an honest fee, but feels that "technical services" 
or "professional services" carries more dignity than "labor." 
Come to think of it, technicians might feel less reluctant 
about charging their worth with that term. 

CREATIVE 

ARTICLE WRITER... 
Electronic Technology 
We need a versatile, creative, technically oriented 
writer to interpret and report on new product, market 
and growth developments. In one year we will have 
practically doubled our plant size (to 1 million square 
feet), introduced many exciting new developments in 
the semiconductor field (integrated circuits, field- effect 
transistors, SCR's and bi- stable switches), and opened 
up vast new applications in the automotive, consumer 
and controls field. 

This is an excellent opportunity to contribute to a 

better understanding of these highly technical areas 
by initiating and generating all types of written 
material with particular emphasis on feature stories. 
This opening requires an excellent writing and 
electronics background with a desire to teach and 
communicate. If you consider yourself an expert in 
this area write to: 

CHARLES H. WETMORE, Manager 
Professional Recruitment and Training 

MOTOROLA INC. 
Semiconductor - ' Products Division 

5005 East McDowell Road Phoenix 8, Arizona 

"EQUAL OPPORTUNITY EMPLOYER" 

CIRCLE NO. 161 ON READER SERVICE PAGE 

"DO -IT- YOURSELF" 
TUBE CHECKERS 

At 1/5 The Original Lost! 
$3695 Exiiipiprfgsd 

Pays for itself in one month or 
less! Ideal for supermarkets 
.Ir u', dore.. Completely edì\- 
t'cd. I hose ,chine. hm oS u1, .I:I machine,: 

hock 
Io, í:,e1 co p., il iocnl that stores m, 

TV CONSOLES 
Complete From Knobs To Bark 
Co 
No tBurned Out Picture Tula tir latus' minters! 

Satisfaction Guaranteed Or Your 
Money Back! 
Shipped Railway Express, F.O.B. 

IU " -. I! " -14" $7.95 tas is) 
si 5.115 Is, 

ONE YEAR GUARANTEED 
TV PICTURE TUBES I'r: ceri As Low As 19e Per Inch: Here are Just a few Spectacular sample prices! 

ít11' l- $4.9!) 171121'4 -e I 11.9 :, 
I.P4 --$ 7 . 1 9 19AP4 -$ 13.75 

i i ííl'4 -s$.27 2I LI'4 -$ I6.93 iiiiiP4-$8.93 21A\!í'4- 522.9:, 
7111'4-- 211'EP4- 828.11:, 
11'l'E: No Dud Required On As1 
I The Altos e Tube l') -pes. attention! All Picture tubes sold 

by Nation -W!de contain only new 
darehexcept 

eused 
the 

aglass henv been closely !inspected prior to manu- 
facture to insure clear and per - tect pictures! All picture tubes 
shipped F.O.B. 
Sc nd for Nation- Wide's complete 
picture tubs' list. DImt. CL. 

For all type 
FREE POSTAGE rd 011 Orders. 2uí 

ling Charge Ort Orders 53.UÚ! pprosit 2- On 
'. O.EMB ('anal inn re Foreign Orders send approximate mate postage. 

REMEMBER, if you're not completely satisfied with any merchan- 
dise. Nation -Wide will Refund 

Immediate 
Money within Five tlays! 

All tubes 
uhipment on all orders! 

All tubes guaranteed for one full year: 

NATIONsWIDÉTO 
NATION -WIDE BLDG. BE *CO. HARRISON, N.J. HUmbolldt 4 -9848 

Dept. EW -3 

THANKS AMERICA! 
Your terrific response 
overwhelmed us. Please 
he patient on your orders! 

BRAND -NEW 
FACTORY SECONDS 
USED TUBES 

Used and /or 
factory second 

1 -YEAR GUARANTEE ON ALL TUBES! 
Before shipping, each order of tubes is Scien- 
tifically Tested by Nation -Wide's own Quality - 
Control Department! All shorted and Low - 
Emission tubes are immediately destroyed! You 
receive only TOP QUALITY, LONG -LIFE, 
Hickok and set tested tubes! 

INDIVIDUALLY BOXED! CODE DATED! 
BRANDED! 

024 4626 6CM7 12AT7 
163GT 4C06 6CQB 12ÁU7 
1L6 4DT6 6CU6 12AV5 
1LB4 SAMS 6CU8 12AX4GTA /B 
1LH4 5ÁN8 6DE4 12AX7 
1LN5 5AQ5 60Q6 /A /B 12AZ7 
1NSGT SASS 61376 1284 
105 5AT8 GEA7 12BA6 
155 SBX7A 6kA8 12BE6 
1T4 Si3R8 6E138 126H7/A IU4 SCGS 6EM5 12806 
:U5 SCLBA GER5 12857 'A 

5025 6E55 12CA5 
5..16 6F6GT 12CR6 
578 6GH8 12CU5/12C5 
SU4G 656 12CU6 
SU4GA /B 6J5 12041A 
5U8 6J6A 12DBS 
5V4G GK6GT 12DQ6'A'B 
5X8 6X7 12K7GT 
5Y3GT 6L6GA /B /C 12L6GT 
6050T 654 12Q7GT 
6A64 65A7 12SSGT 
6AC7 65C7 12SÁ7 6AF4'A 65H7 125F7 
6AG5 GSF7 12557 
6AH4GT 6557 125N7GT 
6AH6 65L7GT 12V6GT 
GARS 65N7GTA /B 12W6GT 
6AL5 6507 12X4 
64M8'A 6T4 13DR7 
GANS A 6TR'A 1407 
6005/A 6Ú8'A 1486 
6055 6V3A 1.F7 
6AT6 6V6GT 17AVSGA 
6AT6 /A 6W40T'A 17AX4GT 
6AU4GT'A 6W6GT 19AU4GTA 
6AUSGT 6X4 190660/A 
6AU6'A 65507 1975 
6AU8 6)(5 'A 25AX4GT 
6AVSGA 6Y6G'A 25B06 

27 
Per 

HUNDRED 

Mc7rch, 1963 

1X2 
2AF4 
2BN4 
2CY5 
3AÚ6 
3BC5 
3ßU8 
3BZ6 
3CB6 
3C56 
3D56 
3046 
3Q50T 
354 
3V4 
4AÚ6 
4005 
4BC8 
4BQ7A 
4858 

6AW8'A 707 25CD6GA /B 
6AX4GTA'8 708 25CU6 
6AX5GT 7AG7 25DN6 
6ßA6 7ÁU7 251306 
6BC5 784 25L6GT 
6BC8 787 25W4GT 
6ßE6 7CS 25Z6GT 
66G6G'A 7Cß 3505 
6BH6 7F8 3585 
68H8 7H7 35C5 
6BJ6'A 7N7 35L6GT 
6655 754 35W4 
6BK7A B SAWS ,A 3554 
69L7GT A 131305 3523 
66N6 SCG7 35Z5GT 
6605 8C57 5OA5 
66Q6GTA'B SCM7 5085 6807/A SCXS 5005 
66118 13SN7GTB 5OEH5 
613Y5GA 9AÚ7 5OL6GT 
6656 91113A 5OY6GT 
6627 100E7 5OY7GT 
6C4 10E67 7OL7GT 
6CB6'A 12ASGT 75 
6CD6G'A 12AB5 80 
6CL6 12A136 83 
6CG7 12A135 11723 

12AT6 1I7Z6GT 
Partial listing -send for free Complete tube listing. 
FREE SURPRISE. BONUS. ON 
ORDERS OF $5 OR MORE! 
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COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature 

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 21. 

FREQUENCY STANDARD 
1 General Technology Corporation has intro- 
! duce(' its Model 304 -B rubidium frequency 
standard designed for critical frequency applica- 
tions. 

Providing an extremely high accuracy of 1 

part in 10., the unit has a long -term stability of 

5 parts in 10" over a 90 -day period and a short - 
term stability of 1 part in IO". The instrument is 
designed as a primary frequency and /or time 
standard in communications, navigation and en- 
cipherment systems, at missile and satellite track- 
ing stations, and for general laboratory and field 
use.. 

CCTV CAMERA 

2 
Sylvania Electric Products Inc. is now mar- 
keting a new high -resolution, direct -wire 

television camera which is designed to operate 
with home or special industrial TV receivers. 

The new camera, Model VRF600, offers a min- 
imum of 600 lines video or 300 lines r.f. resolu- 
tion. It features automatic light compensation 
and incorporates a new electrical circuit that 
stabilizes and holds the focus even under varying 
voltage conditions. There is a four- position lens 
turret which uses standard C -mount lenses. Each 
camera is equipped with one general -purpose 

lens, four aperture caps, IS feet of coax with 
video connectors. and 15 feet of coax with r.f. 
connectors, and an antenna impedance- matching 
transformer. 

NIOBIUM FOIL ELECTROLYTICS 

3 
Cornell- Dubilier Electronics Division has de- 
veloped a series of niobium foil clectrolytics 

which are said to weigh up to 25'S less than 
equivalent tantalum foil capacitors. 

Designated Ts NOM. the new units are ele- 

14_ 
92 

signed with either plain or etched niobium foil 
in both polar and non -polar ratings. Units are 
rated at 6 volts through 50 volts d.c. and have an 
operating temperature range of -55 to +85 de- 
grees C. Capacitance values are from 1.50. to 200 
µf. with tolerances of ±20% for plain foil units 
and -15, +75% for etched foil units. 

TEST SCORING MACHINE 

4 
Electronics for Education, Inc. has devel- 
oped an electronic test scoring machine 

which is engineered and designed to give teach- 
ers a reliable and accurate method of grading 
objective tests. 

The "Grademaster" marks each wrong answer, 
counts the total incorrect answers, and prints that 
number on each page. The machine automati- 
cally feeds, grades, marks, and stacks the answer 
sheets. The unit will grade 150 student answer 
sheets in 30 minutes. 

The device is transistorized ,nd (metric. nn 

standard 117 -volt. 60 -cycle power. It measures 27" 
long, 14" wide, and 13" high and weighs 60 
pounds. 

COMPARATOR GAUGE 

5 
Rustrak Instrument Company has developed 
a new instrument which combines a direct - 

reading comparator gauge, a recording compara- 
tor, and a control system. 

The Model 102 measures to within 3 millionths 
of an inch. The instrument is designed to be 
used under extreme service conditions and with 
large variations in power -line voltage. There are 
adjustable plus and minus limits and signal out- 

,.t.".".. nni ttar 
i 

MrMt 

a temperature of 850 degrees F in 20 seconds and 
maintains temperature for at least 7 minutes. 

The cartridge, a thermit mixture, resembles a 
small flashlight cell. It is actuated in the tip of 
the iron by a trigger at the back of the handle. 
Five interchangeable tip sizes (from 14" to 1 ") 
are available. 

TRANSISTOR- SWITCHED MOTOR 
.) Lamb Electric Division of Ametek, Inc. has 

developed a small electric motor that sub- 
stitutes transistor switching for the traditional 
brush and commutator methods. 

The "Komlectro" brushless motor is being of- 
fered in a full range of fractional sizes from 
1 /20th to one fall h.p. Higher ranges are possible. 
Among the features claimed for the new units are 
reduced electrical noise, reduced acoustical noise, 
and the elimination of arcing at high altitudes. 

With the substitution of transistors and, in 
some cases, silicon -controlled rectifiers for the 
usual commutators, maintenance problems have 
been drastically reduced or virtually eliminated, 
according to the company. 

8 

ELECTRONIC "TUTOR" 
Universal Scientific Co., Inc. has recently in- 
troduced its "Crow Model 31," a new device 

for teaching fundamental electronics using the 

plus are provided with this feature for use with 
remote circuits or automated production. Special 
integrated controls are available as accessories to 
provide semi- or fully-automated production and 
control. 

CARTRIDGE SOLDERING IRON 
6 Kemode Mfg. Co., Inc. has developed a new 

chemical- cartridge soldering iron which re- 
quires no electric current or external heat source. 
Known as the "Quik Shot." the new unit reaches 

nodular tutor technique. The console itself is a 
combination of five precision power sources, a 
sophisticated switching and jack arrangement, 
and an integral v.o.m. 

The module circuits to be analyzed are printed 
circuit cards. They are easily stored and provide 
clear and compact construction detail. The cir- 
cuitry is designed to become progressively more 
complex as the student's knowledge increases. 

HI -FI -AUDIO PRODUCTS 

SPEAKER SYSTEM 

9 
Paco Electronics Co., Inc. has recently intro- 
duced a new speaker system featuring three 

6 -inch speakers reinforced with struts and in- 
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University is moving from New York 
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to Oklahoma City! 

University's huge new plant will be located in the heart of 
the 71 acre Ling -Temco -Vought electronic center by sum- 
mer's end. It will be the most modern, semi automated 
speaker plant in the U.S. -with the ultimate in production 
and test equipment, including the industry's most ad- 
vanced anechoic chamber and instrumentation installation. 

This move opens vast possibilities: new University prod- 
ucts...new standards for loudspeaker and microphone 
performance... new sales potential for you. 

During this relocation however, our most valuable asset 
March, 1963 

-our relations with you -will be our primary concern. 
Every phase of this move is being programmed by com- 

puter to minimize the possibility of delays in production 
and delivery ... even while we're in transit! In addition, we 
are adding to our extensive national warehouse facilities. 

So, westward ho! The future holds promise of big and 
bright prospects for 
our distributors and 
dealers -for their cus- 
tomers and ourselves. 

UNIVERSITY 
LOUDSPEAKERS 
80 SOUTH KENSICO AVE., WHITE PLAINS. N.Y, 
A Division of Ling- Temco- Vought, Inc. 
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Shockproof (UL), breakproof, 
plastic handles with clips 

ROUND BLADE SCREWDRIVERS 

332" amd %" x 2' " 3", and 

4" bla des 

corporating a special ball diffuser and a sensitive 
3" tweeter. 

The special ball diffuser on each 6 -inch speaker 
breaks up the normal narrow axis beam from the 
voice coil to provide smooth response in the mid- 
range. The tripod struts attached to each 6 -inch 
cone provide a piston effect to 7 -8000 cps. Over -all 
response of the system is 45-18,000 cps with a 

single crossover network. 
The L -4 slim silhouette system operates on 

80 ohms and measures 6sy'Ie" deep x 20" wide x 
2644" high. It is housed in a walnut cabinet. 

MINIATURE MICROPHONE 
i 
n 

Shure Brothers, Inc. has developed a new 
I U miniature microphone designed especially 
for use in hearing aids, small head -worn micro- 
phones and hand -held transmitters, "hidden" 
microphone installations, pocket tape recorders, 
and dictating machines. 

Called the CASA, the new unit is just 1" long x 
.250" wide x .100" thick. It weighs 44 gram. The 
microphone incorporates a specially designed 

a,rI1111 W rllr.lia' 

lead zirconate element which provides excellent 
stability under varying conditions of heat, rang- 
ing from 20 to 200 degrees F, and humidity. Fre- 
quency response is 50 -5000 cps. Output level is 
-73 db referred to 1 v. /microbar, open circuit. 
Impedance is high (equivalent to 400 µµf.). 

TRANSISTORIZED RECORDER 
11 Concord Electronics Corporation is intro - 

clueing its first transistorized four -track stereo 
tape recorder as the Model 550. 

The new unit records and plays back four -track 
stereo as well as records sound -on- sound. It also 

STR 
CARILSON 

BERG 64 WATT 
STEREO AMPLIFIER SALE 

REGULAR McGEE'S 
$199.50 PRICE 99.95 

McGee Special Carload purchase Sale! New. Factory 
cartoned 64 watt (32 watts per channel) Stereo -RIFT 
Audio Amplifier, Model ASR -880. It's all there Is In 
quality and value. Made to sell at $200.00. McGee 
offers them for only $98.93. Metal cover, $5.95 extra. Works with any record changer and tuner. Use with any good HI -Fl speakers. Only SOO to sell, order 
yours now. Shipping weight. 32 lbs. 
Combination offer: AS11.880. 64 watt Stereo amplifier 
with Garrard Type A." Shure M7D cartridge and 
two Stephens 120FR wide -range 12" speakers, all 
for only $285.40. wood hate for Type A. 54.95. LR53, 45 RPM spindle. 
53.80. De Wald Stem FM -AM self- powered tuner. 
$54.50 extra. 

SPECIFICATIONS 
The Stromberg- Carlson ASR -880 is one of the most 
powerful stereo amplifiers available at any price. 
Designed with the flexibility Of a recording Studio 
control panel. each channel has individual tone con- trols and professional mixer -type Separate volume 
Controls which operate in Conjunction With the master 
gain control. Specially engineered output transformers 
utilize massive, grain -oriented steel cores for ex- 
ceptionally good low frequency power handling with 
minimum distortion. In rating the ASR -880 a leading 
test laboratory reported A pleasant surprise came in 
measuring the power output of the ASR -880. Each 
channel delivered 50 watts at 2% harmonic distor- 
tion. or 48 watts at 17 distortion. This is unusual 
in an amplifier rated at 32 watts per channel. Only 
0.6 or 0.7 millivolts at the phono inputs will drive 
the amplifier to IO watts output per channel. At 
normal gain settings of the unit the hum level is 
better than 70 db below 10 watts even on phono 
input. This Is Completely inaudible. The ASR880 
has a rare combination of very high gain and very 
low hum. The amplifier has a number Of special 
features such as center channel output and a very 
effective channel- balancing system, as Well as the 
usual stereo functions found in all good amplifiers." 
Sensitivity: Tuner, 0.2V; Magnetic Phono. 2.5MV; 
Ceramic Phono, 0.4V. Input Impedance: Tuner /Aux., 
1 megohm; Magnetic Phono. 4714 ohm: Ceramic 
Phono /Tape. 2.2 megohm. Output impedances of 4, 
8 and 16 ohms on both channels and 8, 16 Ohms 
across 4 ohm taps on center speaker. High roped 
ance output for tape recorder. Tone control frange: 
Bass (50 cps) plus or minus 17 db; Treble (208e) 
plus or minus 15 db. Two AC power outlets, one 
switched. Overall size, 131/2" x 45/4" High and 131/ " 
deep. Tubes: 4 -7355. 2.7199. 4- ECC -83s. Gold finish 
metal front panel with gold Color knobs. 
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PHILLIPS SCREWDRIVEF 

Point size #0, 2" blade 

BERYLLIUM -COPPER SCREWDRIVER 

Non -magnetic, non - sparking 
IA" x 2" blade 

NUTDRIVEF:S 

10 Hex: sizes from 2" to 
1144" blades 
Color coded handles 

TERMINAL WRENCHES 

Fit 1/4" and %6" O.D. spanner nuts 
on external antecia and phone 
jacks 31 transistor radios 

WRITE FOR LITERATURE 

PROFESSIONAL 
POCKET TOOLS 

XCELITE, INC., 12 Bank St., Orchard Park, N.Y. 

Canada: Charles W. Pointon, Ltd., Toronto, Ont. 

CIRCLE NO. 154 ON READER SERVICE PAGE 
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features transistori /al electronic components and 
includes separated 6 -inch speakers, dual I 0-watt 
amplifiers, transistorized preamps, and all -push- 
button operation. It comes complete with two 
dynamic microphones, necessary patch cords, and 
take -up reel. 

TELEPHONE ANSWERING SET 
1f) Electronic Secretary Industries, Inc. is offer- 
IL ing a redesigned version of its answer -only 
telephone answering set as the Model AO -3. 

The new device automatically answers the 
phone with a tape recorded message. Transistor 
circuitry on printed -wiring boards reduces main- 
tenance. The unit has messages recorded on a 1- 

minute continuous magnetic tape. The message 
can be changed at any time by the user through 
a microphone supplied with the unit. Recording 
the new message erases the old one. Applications 
include announcements and sports scores, daily 

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. 

NAM 

NEW ADDRESS: 

PLEASE PRINT 

ADDRESS 

CITY ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any other 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 

ELECTRONICS WORLD 



messages, weather reports, or any other telephone 
reply which can be standardized. 

INTEGRATED MULTIPLEX UNIT 

13 
Sherwood Electronic Laboratories, Inc. is 
now offering its S -8000 II, an integrated unit 

combining an FM multiplex stereo tuner and a 
stereo amplifier on a single chassis. 

FM sensitivity is 1.8 µv. for -30 db noise and 

distortion (IHFM) and FM selectivity is 200 kc. 
at -3 db. Power output is 32 watts music power 
each channel or 30 watts continuous at 1.5% IM 
distortion. There are stereo low -noise phono or 
tape head playback preamps. The circuit uses 21 

tubes plus two silicon rectifiers and nine diodes. 
The cabinet measures 161/4" x 4" x 14 ". 

PORTABLE INTERCOM AMPLIFIER 
1 A Cambridge Electronics is currently market. 

It mg a transistorized portable intercom ampli- 
fier which has been designed for applications 
where voice exchange 
is vital in noisy en- 
vironments. 

The Model CE -1300 
consists of a transis- 
torized intercom am- 
plifier with facilities 
to accommodate four 
headset - microphone 
plug -ins. and 125 feet 
of audio cable. It 
operates from an in- 
tegral battery. The 
unit, with b.ntcries, 
weighs four pounds. It measures 51/2" x 8" x 31/2". 
Output is 1 watt maximum. 

TAPE CARTRIDGE 

1 

[ Unreel, Inc. has developed a continuous 
J loop tape cartridge especially for broadcast 

station programming, background music, instru- 
mentation system, and audio -visual display ap- 
plications. 

The new unit features positive tape braking 
and simplicity of reloading. The cartridge is 
available in all standard lengths from 25 to 562 
feet. Teflon bearings provide extra long life and 
Styrofoam pressure pads are used to insure proper 
head wrap. The unit fits all commercial broad- 
cast machines and meets NAB proposed specifica- 
tions for tape cartridges for broadcast use. 

THREE -WAY SPEAKER SYSTEM 

16 
Eico Electronic Instrument Co. Inc. has 
added the HFS -6 speaker system to its line of 

audio equipment for the home. 
The new system, which comes in a hand - 

rubbed oiled walnut enclosure, measures only 53/4" 
deep which makes it suitable for wall or narrow 
shelf mounting. Speakers include a 10" woofer 
with free -air resonance of 30 cps, an 8" closed - 
back mid -range speaker, and a dome radiator 
ultra -tweeter. Coil capacitor crossover is at 600 
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Get ALL Basic Color -TV Test Patterns 
From This ONE Low -Cost Generator 

RCA WR -64A 

COLOR- BAR /DOT /CROSSHATCH GENERATOR 
Here is the low -cost, lightweight, high -quality instru- 

0 N LY 189.5 0 ment that gives you all essential Color -TV test patterns: 
Color -bar signals for checking, adjusting and trouble- 
shooting Color -TV circuits; dot and crosshatch pattern signals for adjusting con- 
vergence in color receivers and for adjusting linearity and overscan in either color 
or black -and -white receivers. Designed for in- the -home or shop servicing. 

*User Price (Optional) 

SIMPLICITY: Only three operating controls! 
l'rovides RF output.,. connects directly to 
antenna terminal of receiver. No external sync y 
leads needed. 

STABILITY: Crystal controlled signals as- 
sure accuracy and dependability. Patterns are 
rock- steady, free from "jitter" and "crawl ". 

PORTABILITY: Weighs only 13 pounds. The 
ideal test instrument for proper in- the -home 
e olor -TV adjustment and servicing. 

FLEXIBILITY: Extra wide range on,chroma 
control... "standb " position on function switch y p 
...fixed number of dots and bars...` on -off" con- 
I rol on sound -carrier. 

GENERATES: 
Color -Bar 

color including bars of color including 
R -Y, B -Y, G -Y, I and a 
signals spaced at 300 
phase intervals for 
checking phase and 
matrixing, and for au- 
tomatic- frequency and 
phase alignment. 

Pattern. - Crosshatch 

sharp lint for áái 
thin 

ontvertical linearity, raster 
sire, and overscan. 
Dot Patterrn (not illus 
trated) permits accu- 
rate color convergence. 

GET ALL THE FACTS ON THE NEW RCA WR -64A 

a. 

RCA Electron Tube Division Dept. C -41 -W 
Commercial Engineering 
Harrison, N. J. 

Please send me your folder (101017) on the new RCA WR -64A Color- Bar /Dot /Crosshatch Generator. 

Name Title 

Company 

Address 

City Zone _State 

Or see it at your Authorized RCA Test Equipment Distributor 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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OF 

CHEAP 

IMITATIONS 

INSIST ON 

O 
LIOISE" 

VOLUME CONTROL 
and Contact Restorer 

TUNER -TONIC 
for ALL tuners 
including wafer type 
FORMULA EC -44 
for ALL electrical contacts 

FREE with ALL No -Noise Products 
5" Plastic Extender Push -button Assembly 
for pin -point applications. Does not cause 
shorts) 

14 Years of Recognized Leadership 

ELECTRONIC CHEMICAL CORP. 
813 Communipow Ave., Jersey City 4, N.1 

CIRCLE NO. 114 ON READER SERVICE PAGE 

TRANSISTOR 
IGNITION 

READY -TO- INSTALL CONVERSIONS 

YOU can get TOP MILEAGE, HIGHEST PERFORM- 
ANCE. LONGER POINT & PLUG LIFE, BETTER WIN- 
TER STARTING, and MANY OTHER ADVANTAGES with 
one of our INEXPENSIVE TRANSFIRE systems. 
These include HERMETICALLY -SEALED AMPLIFIER, 
HIGH -RATIO COIL, BALLASTS, Leads & hardware. 

MODEL T 6 or 12v. neg. grd. ;39.95 
MODEL T2 TWO TRANSISTORS, 

250:1 coil $44.95 
MODEL TP 6 or 12v. pos. grd. direct 

installation wo. insulating points $54.95 
MODEL TS Special, 40kv system $59.95 
MODEL TS2 TWO TRANSISTORS, 

400:1 coil $49.95 

TWO -TRANSISTOR KITS Everything needed to build 
conversion. Includes transistors, coil, ballasts, 
heat sink, decal, etc. 

KT2 with TX250 coil for 30kv output . $34.95 
KTS2 with 1400 coil for 40kv output . $39.95 

KT1 one transistor with 400:1 coil . $29.95 
G or 12v. Negative -ground only. Point insulation 
kit adapts to positive ground, $2.50 pp. 
i oz. Epoxy potting plastic in mixing bag $1.95 pp. 

HIGH -RATIO IGNITION COILS with free circuit dia- 
gram. 

TX250 Heavy duty coil 250:1 ratio $ 9.95 
T400 HIGH EFFICIENCY 400:1 coil for 

HIGHER OUTPUT and /or LOWER 
TRANSISTOR VOLTAGE $14.95 

FULL LINE of PARTS at NET PRICES. 
Free lists. Dealer opportunities. Marine models 
available. When ordering, specify voltage and car. 
Add postage for 4 lbs. on kits and cony's; 3 lbs. on 
coils. $5.00 deposit with COD's. 

PALMER ELECTRONICS LABORATORIES Inc. 
CARLISLE 1, MASS. 617 -AL 6 -2626 

CIRCLE NO. 132 ON READER SERVICE PAGE 
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cps and the bridging capacitor crossover is at 
4000 cps. Over -all response is to 20,000 cps. The 
unit will handle 25 watts and rated impedance 
is 8 ohms. A minimum of 10 watts is required to 
drive the speaker. 

11 

STEREO TAPE DECK 
Allied Radio Corporation has recently intro- 
duced a stereo tape deck as the "Knight KN- 

4400." Measuring only 13" x 13" x 6t/4 ", this two - 
speed tape deck provides complete four -track 

stereo and mono tape facilities. It has a lami- 
nated four -track record -play head and a double - 
gap crase head. A built -in stereo record -play 
preamp includes dual vu meters for precise re- 
cording level adjustment. 

Frequency response is 50- 15.000 cps ± 3 db 
at 7.5 ips and 50- 10,000 cps ± 3.5 db at 3.75 ips. 
Signal -to -noise ratio is better than 40 db and 
flutter and wow is less than 0.2% r.m.s. 

STEREO AMP /PREAMP 
Vidaire Electronics Manufacturing Corp. has 

PO entered the hi -fi components field with the 
introduction of the Model VC -50 stereo amp -pre- 
amp. 

Power output is 50 watts (25 watts per channel) 
with 80 watts peak. Response is 30- 30,000 cps ± 1 

db at rated output. Equalization is NAB on tape 

and RIRA on phono. Channel separation is 45 db. 
The unit is housed in a cabinet measuring 

151/4" wide x 10s /4" deep x 51/4" high. The firm 
plans to market a multiplex tuner in the near 
future designed to operate with the VC -50. 

PRECISION RECORDERS 
in Crown International has developed a new 

series of tape recorder /reproducers especially 
for industrial and government applications. Desig- 

nated as the BX800 series, six models are avail- 
able according to number of tracks and record- 
ing time required. 

Each model features three heads, three drive 
motors, and three equalized standard speeds of 
3.75. 7.5, and 15 ips. Additional speeds of 1 §46 and 
l %a ips are available for a total of five speeds with 
99.8% timing accuracy. The series has a 101/2-inch 
reel capacity with 1/4-inch tape. Individual certi- 
fied performance data is furnished with each 
instrument. 

Complete electrical, mechanical, and perform- 
ance specifications on this new series are available 
from the manufacturer. 

20 

CB- HAM -COMMUNICATIONS 

POCKET -SIZE TRANSCEIVER 
Arvin Industries, Inc. is marketing a com- 
pact CB transceiver which measures only 

61" high x 1- 9/16" deep x 2W' wide. Powered 
by standard batteries, this 9- transistor unit oper- 
ates in the range 26.97 -27.27 in license -free serv- 
ice. The transceivers are sold in pairs complete 
with genuine leather carrying cases and leather 
shoulder straps. A supply of 12 batteries is packed 
with the transceivers. 

21 

AEROSPACE TRANSMITTER 
Tele- Dynamics Division of American Bosch 
Arma Corp. has developed a solid -state, one - 

watt transmitter for aerospace applications. The 

Type 1054 is a crystal- stabilized FM transmitter 
which will cover any frequency in the 215 to 260 
mc. telemetry band. The transmitter employs 
silicon transistors and is enclosed in a pressure - 
sealed aluminum case. 

The unit measures 4%2" wide x 41Eii1" long x 
1g." deep and weighs 27 ounces. It is provided 
with a 9 -pin power connector and r.f. output 
connector. The pressure- sealed case is suitable for 
unlimited altitude and affords complete protec- 
tion against humidity, salt spray, sand, and dust. 

COMPACT CB TRANSCEIVER 

2 
Standard Radio Corp. is currently marketing 
a compact CB transceiver as the "Unitalky 

10." Offering a broadcast range of 2 to 3 miles 
over average terrain and a marine range of 10 or 
II miles. this 9- transistor unit is designed for 
heavy industrial field use as well as for the hobby- 
ist. 

Powered by eight "AA" penlite cells. the circ.dt 
incorporates a meter which functions as a battery - 
condition indicator in "receive" and as a modu- 
lation -level indicator in "transmit." A built -in 
noise limiter reduces interference (luring standby 
and reception phases. 

The unit is housed in a rugged all -steel case 

which measures 145" x 71,110" x VA". The unit is 

tropicalized, moisture -resistant. and fungus - 
proofed. It weighs l', r pounds including batteries. 

MARINE RADIOTELEPHONES 
29 Sonar Radio Corporation has added two new 
J units to its line of marine electronic equip- 

ment -the Models 45 and 70 radiotelephones. 
The Model 45 (45 watts) features a standard 

broadcast hand and six channels. The receiver 

ELECTRONICS WORLD 



has an automatic noise limiter and adjustable r.f. 
sensitivity control. Front -panel tuning is provided 
for simplicity of tune -up. A transistor power 
supply provides high efficiency and low battery 
drain. 

The Model 70 (70 watts) has the saine features 
as the Model 45 but is designed to meet FCC 
regulations for commercial boatmen. 

LOW -COST FACSIMILE UNIT 

24 
1)ic1aphone Corporation is marketing and 
servicing a new facsimile transmission system 

which is said to he simple to operate. fast, and 
low cost. 

The "Datafax /Data -phone" setup is small 
enough to be maintained at a secretary's work 
station and can he operated both automatically 
and nnruually. l nder the automatic system. the 
sender dials the number of the person at the 

receiving machine and when connected inserts 
the copy to be transmitted. It takes ti minutes to 
send 90 square inches of visual image. The trans- 
mission is completed by hanging up the phone. 
The facsimile machine is made by Stewart -War- 
ner and the companion phone unit is a develop- 
ment of A.T. & T. 

25 

TELEMETRY TRANSMITTER 
Vector Manufacturing Company, Incorpo- 
rated has announced the availability of a 

5 -watt solid -state telemetry transmitter, the 
T R PT -S V. 

Output impedance of this rugged and ultra - 
stable transmitter is 50 ohms; frequency range is 
215 -260 inc. with frequency stability of ±0.005 %. 
Power output is 5 watts with a power input re- 
quirement of 28 volts d.c. ±10% at 1.6 amp. 
Temperature range is -20 to +80 degrees centi- 
grade. 

INTERFERENCE SUPPRESSORS 

26 
The Pioneer Electric & Research Corpora- 

LU tion has developed a series of compact adapt- 
ers for radio receivers which are being marketed 
as " QRL Interference Suppressors." 

Designed to prevent frequency jamming as 
well as eliminate interference, the new devices 
operate on the principle of phase selectivity and 
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1963 CATALOG 

"BEST BUY" KITS 
and Electronic Equipment from 

CONAR 

Get your FREE 

1963 CATALOG 

It's full of exciting new electronic kits of 
highest quality. Many items available in 

both kit or assembled form. Home entertainment items that make perfect 
family gifts or test instruments for the technician who appreciates quality 
and high performance. Tools, too, to make your work easier, faster. And 
you'll like the reasonable prices and convenient payment plans which 
make CONAR Kits easy to own. Mail coupon for new 1963 Catalog now. 

Transistor 
Radio Kit 
Superb tone and sen- 
sitivity. No delicate 
printed circuits. At- 
tractive, durable 
case. All U.S. made 
parts. Kit: $25.50 

5 -Inch Wide Band 
Oscilloscope Kit 
For black- white, col- 
or, AM -FM and elec- 
tronic applications. 
High intensity trace. 
Extremely stable 
sync. Advanced de- 
sign. Kit: $89.50 
Assembled:$ 139.50 

"Custom 70" 
TV Set Kit 
Excellent sensitiv- 
ity. Transformer 
power supply; 3 
stages of IF. In- 
cludes cabinet, 19" 
tube - everything. 
NOT a portable. 

Kit: $135.00 

Vacuum Tube 
Volt Meter Kit 
(6 -Inch Meter) 
RMS and p. to p. 
scale. Input imped. 
12.2 mega. Profes- 
sional performance. 

Kit: $31.95 
Assembled: $44.95 

CONAR NATIONAL RADIO INSTITUTE 

Mail this Coupon 

GUARANTEE 

Parta and perform- 
ance guaranteed 
by NRI - nearly 
50 years of pio- 
neering in Elec- 
tronics. 

CONAR 
3939 Wisconsin Ave., N.W. 
Washington 16, D.C. 
Send me your new 1963 CONAR KIT CATALOG 

CB3C 

Name 

Address 

City Zone State 

FANTASTIC VALUE IN CLOSED CIRCUIT TELEVISION 
BRAND NEW- COMPLETE SYSTEM SHOWN 

LOW - LOW $495.00 
Complete system with all 
tubes -wired and tested. 
Less Vidicon and Lens - 
with Schematics (connect- 
ing cables and plugs only 
-supplied, but not as- 
sembled) 

CONTROL MONITOR 
12 Tubes 121DAP4 

Fraction of Mfg. Sug. Retail Price 

CAMERA 
4 Tubes & Vidicon 

ONLY $649.50 
Complete system with test 
vidicon, 1 inch lens, and 
assembled cables, schemat- 
ics, wired and tested. 

ELECTRONICALLY REGU- 
LATED POWER SUPPLY 

11 Tubes 8 Transistor -31.5 
Kc. Crystal Controlled Oscilla- 
tor 115 V. -A.C. 60 cycles. 

EIA Standards of 525 lines, 60 Fields, 30 Frames and 2:1 interlace- Aspect 
Ratio 7:3- Capable of 700 lines Horizontal resolution and 350 Lines Vertical 

Write for Catalog #1273EW- "HOW TO BUILD LOW COST TV CAMERAS," Industrial and Broadcast 
Cameras and equipment, Miscellaneous accessories, lenses, tripods, etc. ONLY 504 

DENSON ELECTRONICS CORP., Box 85, Rockville, Conn. Telephone TRemont 5 -5198 
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for your stereo -hi -fi 
radio and television 

amateur 

equipment... 
ROTRON 

Only 
$ 14.85 

Warn 
KIT 

assures top performance 
and extended 
component life 

Without adequate ventilation, your 
equipment is heating itself to death 
-smothered by cabinets, enclosures 
and wall installations. Every compo- 
nent is a heat generator that severely 
affects equipment performance and 
life. 

NOW...you can beat the heat that 
wrecks the set by installing a Rotron 
Whisper Fan Kit. Breathing 60 cubic 
feet of cool air over, under and 
around every component, the Whisper 
Fan improves performance by mini- 
mizing drift due to temperature 
change within the enclosure. Re- 
quires only 7 watts, just pennies a 
week to operate, the Whisper Fan 
reduces service calls by up to 40 %. 

installs in minutes 
Compact.., only 
4tj6 square and 
11/2" deep, it can 
be set in a corner 

or mounted on the rear panel in min- 
utes. The Whisper Fan Kit comes 
complete with special mounting hard- 
ware, plug and cord for electrical 
connections and detailed installation 
instructions. Write for complete de- 
tails or ask your dealer. 

ROTRON 

ROTRON mfg. co., inc. 
WOODSTOCK, NEW YORK 
ORiole 92401 

CIRCLE NO. 137 ON READER SERVICE PAGE 
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are to be connected ahead of any radio receiving 
system. They will reject man -made interference 
such as a broadband spark discharge or encroach- 
ing radio signal by 60 db or more. Various mod- 
els cover specific bands within the range of 150 
kc. to 25 mc. When not in suppression service, 
the units double as tuned preselectors providing 
improved signal -to -noise and image ratios, while 
reducing intermodulation responses. 

21 

STEERABLE PARABOLIC ANTENNAS 
Technical Appliance Corporation has an- 
nounced the availability of steerable para- 

bolic antennas for telemetry applications in 12, 
14, 15, 16, 18, 19, 24, 28, 30, and 32 -foot diameters 
with a choice of feeds and frequency ranges. 

These servo -controlled antenna systems are 

capable of rotation through 360 and 180 degrees 
in the azimuth and elevation planes respectively. 
Operation is performed remotely from a control 
panel, providing accuracies of 0.05" in azimuth 
and 0.10" in elevation. 

COMMUNICATIONS RECEIVER 
2Q The Hallicrafters Co. is currently introduc- 
e ing a new triple- conversion communications 

receiver, the Model SX -117. 
Equipped for SSB, CW, and AM operation, the 

receiver will cover thirteen 500 -kc. segments he- 
tween 85 kc. and 30 mc. when coupled with its 
low- frequency tuner accessory unit. It is equipped 
with crystals for the 80- through 10 -meter ama- 
teur bands. 

The SX -117 features a crystal -controlled high - 
frequency oscillator on all ranges. It has two 
detectors: a product type for SSB /CW and an en- 
velope type for AM. Other features include 
T -notch heterodyne rejection, selectable side- 

bands, a backlash -free timing mechanism, and 
v.f.o. which can be locked on any frequency 
within the tuning range. 

29 

TUBE FOR MOBILE USE 
Westinghouse Electronic Tube Division is 
now offering a new frequency- multiplier tube 

for use in mobile communications equipment 
operating from a six -cell storage battery power 
source. The Type 8084 is a seven -pin miniature 
sharp cut -off r.f. pentode suitable for compact 
equipment because of its small size and low 
power requirements. 

The heater of the tube is designed to operate 
over a voltage range of 12 to 15 volts with mo- 
mentary excursions from 10 to 16 volts. A coiled 
heater insures dependable operation under these 
adverse conditions. 

AMATEUR TRANSMITTER 
3nAllied Radio Corp. has recently added the 
"Knight -Kit T -150" AM -CW transmitter to 

its line of kits for the amateur radio operator. 
"1 he new unit operates with 150 watts peak 

AM /CW input on 80 through 10 meters and 100 
watts peak AM /CW on 6 meters. It features con- 
trolled carrier screen modulation for maximum 
power. A specially designed v.f.o. provides stable 
frequency control on all bands. The v.f.o. has an 
indirectly lighted dial scale and planetary drive 
for easy tuning without backlash. A socket is 
provided for optional crystal operation and is 
switch -selected by means of the variable -frequency 
oscillator. 

The case is styled in gray satin metal and meas- 
ures 81/2" x 17" x 101 ". It comes complete with 
plugs. wire, solder, and assembly instructions. 
The mike, key, and crystals are available as ac- 
cessories. 

CB -AM ANTENNA 

31 
The Antenna Specialists Co. has developed a 
new antenna which combines both Citizens 

and AM broadcast bands in one unit. Although 
the M -103 is peaked for maximum CB perform- 
ance, it is said to operate equally well for broad- 
cast AM reception. An automatic dividing harness 
switches the antenna from AM to CB when the 
respective unit is operated. 

The M -103 is center -loaded. cowl mount. and 
fits in the 7/8" to 1- 3/16" hole normally provided 
for the average car radio antenna. It is only 46" 
high in operation and telescopes to 31 ". 

32 

MANUFACTURERS' LITERATURE 

DIODE REFERENCE GUIDES 
National Transistor has available two new 
subminiature glass diode reference guides, 

each a four -page publication giving character- 
istics and test specifications on EIA- registered 
types. Arranged in simple numerical order, the 
publications cover germanium and silicon types. 
Characteristics covered include p.i.v., forward 
current and voltage, reverse current and voltage, 
high- temperature reverse current, reverse recov- 
ery time, test circuit, and capacity. 

CAPACITOR LIFE -TESTS 

33 
Arco Electronics, Inc. has issued a 4 -page 
bulletin which contains the results of a 

10.000 hour life test on its type PJ tubular poly- 
styrene capacitors. 

The tests were conducted in a calibrated tem- 
perature chamber on regular production lots of 
the firm's 100 -volt units, representative of single 
dielectric, and 400 volt units, representative of 
dual dielectric types. Results at 1000, 2000, 3000, 
and 10.000 hours are tabulated. 

AIR -CORE INDUCTORS 

34 
Illumitronic Engineering Corporation has 
issued a 10 -page folder covering its complete 

series of air -core inductors designed especially 
for the amateur rig or for prototypes of r.f. trans- 
mission equipment. 

The folder gives technical data on the coils 
which may be used for pi output circuits, con- 
ventional LC output circuits, interstage, and 
oscillator circuits. The new series. featuring high 
heat resistance up to 500 degrees F, consists of a 
standard coil type, a variable pitch type, and an 
indented type in a range of diameters from 1/2 

inch to 5 inches. 

35 

ELECTRONIC "BUILDING BLOCKS" 
Magnetics Research Co., Inc. is offering a 
14 -page catalogue which illustrates a new 

line of transistor and magnetic core digital build- 
ing blocks. The publication provides complete 

ELECTRONICS WORLD 



specifications, simple rules for logic and loading, 
and full data on assembling these units into 
systems. 

Various available aids are described, such as 

"Sew -A- Circuit" cards for mounting modules, 
racks, power supplies, layout, and logical symbol 
sheets. 

DIRECT -WRITING RECORDER 

3G 
Brush Instruments Diviss jub- 

o lislred 
Ian 

20 -pmage illustrated 
ion ha 

booklet 
ust p 

that 
describes uses of the direct -writing recorder as 

applied in supervision, troubleshooting, and 
maintenance of telecommunications equipment. 

The booklet shows how a two- channel unit 
provides a method for locating malfunctions 
where established testing procedures fail to locate 
the source of trouble. The booklet also discusses 
how the recorder can be used to check out tele- 
phone equipment in those areas where standard 
testing procedures have not been established. 

31 

FACILITIES BROCHURE 
Kearfott Division has published an illus- 
trated brochure describing its expanding 

hydraulic facilities and capabilities. The publi- 
cation outlines in photographs and text the ad- 
vancement and accomplishments achieved in the 
field of hydraulic and electrohydraulic control. 
A complete presentation of the firm's plant facil- 
ities is also given. 

DIODE TESTER DATA 
38 Test Devices, a 

nical bulletin on 
Inc. 

its 
has 
Model 

rele 
1050 

sed 
diode 
a new 

testertech- . 

The bulletin contains range selection charts, 
typical oscilloscope traces, specifications, and 
ordering information. 

39 

MAGNETIC STORAGE DEVICES 
LFE Electronics has included specifications 
and applications for its lightweight, com- 

pact Bernoulli Disk rotating magnetic storage 
devices in its technical data bulletin series 2200. 

The 38 pages of information in the series employ 
copious illustrations to present the simplicity of 
design, storage capabilities, and environmental 
range of shock -and -vibration -insensitive units. 
Also included is a technical article on "The 
Development of the Flexible -Disk Magnetic Re- 
corder" reprinted from the "Proceedings of the 
IRE." 

40 

POWDER METAL PRODUCTS 
Gilman Engineering & Manufacturing Co. is 

offering an "idea book" for design engineers 
on the application and use of powder metal 
components. Components featured are stainless 
steel acoustical filters for communications, sound, 
and sonar equipment. Other powder metal spe- 
cialty components are also discussed. 

Illustrated throughout are examples of the 
firm's facilities and capabilities. Application 
studies round out the descriptive material in the 
brochure. 

41 

ALTERNATOR DIODE GUIDE 
Tung -Sol Electric Inc. has available a com- 
prehensive replacement guide for silicon 

rectifiers used in all makes of automotive alter- 
nators. 

The guide, Form A -301, lists by manufacturer's 
number and current rating all 30 original equip- 
ment automotive alternator diodes and shows 
which of the 14 of the firm's units serve as exact 
replacement. Each of these replacements is the 
full electrical equivalent of the type it replaces. 

42 

REPLACEMENT PARTS 
Workman Electronic Products, Inc. has is- 

sued a 60 -page catalogue (No. 100) which 
covers replacement components for radio and 
television applications. 

Included in the catalogue are antenna coils, 
auto radio resistors, wirewounds, carbon bar re- 
sistors, chemicals and chemical fuses, circuit 
breakers, dummy loads, fused and glass resistors, 
i.f. transformers, power transistors, service aids 

AMERTRAN PLATE TRANSFORMER 
Primary 105.125 AC. 60 Cy. Secondary 
3100 -0 -3100 V. AC @ 600 MA $75 00 
12 NVA) Price ea..P J 

FILAMENT TRANSFORMERS 
All 110 VOLTS -60 CYCLES unless noted 

Sec. 6.3 V. 4 A. 1.75 Set. 6.3 V. 10 A. 2.50 
Sec. 6.3 V. 5 A 1.95 I Sec. 6.3 V. 25 A. 4.75 
Sec. 12.6 V. 5 A S 2.95 
SeC. 6.3 V 5 A, 6.3 V 10 A, 5 V 5 A S 2.95 
Sec. 5 V 52 Amps 116 NV ins) $17.95 
210 Pri. 60 Cy. Sec. 1.6 V 1100 amp $18.95 

RELAYS 
6 VOLT DC 3PST -N.O .65 
12 VOLT DC DPDT 1.35 
110 V. AC SPDT Plug -In 1.50 
110 V. AC 4 PDT 15 Amp Cont 3.95 
Sens. 11.000 Ohm Coil 1 Ma. Ad)- SPOT 1.95 

SILICON RECTIFIERS 
PIV Current Price PIV Current Price 
loo 5 25 400 2 Amps $1.00 
200 500 Ma 100 15 Amps 1.50 400 500 Ma .50 
750 500 Ma .90 
200 750 Ma .30 
400 750 Ma .50 

200 
400 
50 

15 Amps 
15 Amps 
50 Amps 

2.75 
3.75 
3.50 

100 2 Amps .35 
200 2 Amps .55 

100 
200 

50 Amps 
50 Amps 

4.25 
5.00 

BRAND NEW OIL CONDENSERS 
50 MFD 

2 MFD 
3 MFD 
4 MFD 
5 MFD 
6 MFD 
8 MFD 

30 MFD 

200 VUC 
600 vue 
()0o VUC 
600 VUC 
000 VUC 
600 VUC 
600 VUC 
600 VUC 

4.50 
.50 
.60 
.75 
.80 
.85 95 

1.19 

2 MFD 20110 VaC 1.50 
4 MFD 2000 l'I1C 3.50 
6 MFD 2500 VUC 5.50 
2 MFD 4000 VII(: 6.25 
3 MFD 4110() VUC 8.95 
4 MFD 40110 12.95 
1 MFD 5000 VDC 4.50 
2 MFD 511011 VUC 8.50 

12 MFD 
1 MFD 

600 VUC 
1000 VDC 

1.50 
.50 

4 MFD 6000 VDC 15.95 
.5 MFD 7500 VUC 2.95 

2 MFD 
4 MFD 

1000 VDC 
1000 VDC 

.70 
1.35 

1 MFO 7500 V C 6.95 
2 MFD 7300 17.95 

B MFD 
10 MFD 

10110 VUC 
1000 VUC 

1.95 
2.50 

2 MFD 10.000 " 29.95 
2 MFD 12,500 ^ 34.50 

12 MFD 
1 MFD 

1000 VDC 
1200 VDC 

2.95 
.45 

1 MFD 15.1100 " 42.50 
2 MFD 16,000 69.50 

1 MFD 
2 MFD 

1500 VDC 
1500 VUC 

.75 
1.10 

1 MFD 20,000 " 59.50 
.5 MFD 25,000 " 34.95 

4 MFD 
8 MFD 

1500 VD(' 
1500 VD(' 

1.95 
2.95 

1 MFD 25,000 ^ 69.95 
10 MFD :11111 AC. 1.95 

1 MFD 21100 VD(' .85 3 MFD 1000 VAC 1.95 

SPECIALS 
9 FT. RG11 'U with 2 PL259 Plugs SSC 
VACUUM SWITCH GLIS21 1 25 
BC 442AM ANTENNA BOX 1 95 
21/2" Meter 100.0.100 Microamps..... 2.95 
0 -365 MMF VARIABLE CONDENSER 1 /4" Shaft 75e 
NATIONAL BM2 VERNIER DIAL SCALE 0- 100 1.50 
21. 0 -100 MICROAMP METER 3 95 

PEAK ELECTRONICS CO. 
66 W. Broadway, New York 7, N. Y., WO -2 -2370 

CIRCLE NO. 133 ON READER SERVICE PAGE 

Superior's New Model 820 

TUBE TESTER 
TESTS ALL MODERN TUBES 

INCLUDING THE NEW 

t/ NOVARS 
I/ NUVISTORS 
V 10 PINS 

12 PIN 
COMPACTRONS 

Employs new improved emission circuit. 
Tests over 850 tube types. 
Tests OZ4 and other gas filled tubes. 
Employs new 4" meter with sealed air -damping 
chamber resulting in accurate vibrationless readings. 
Use of 26 sockets permits testing all popular tube types. 
Dual Scale meter permits testing of low current tubes. 
7 and 9 pin straighteners mounted on panel. 
All sections of multi -element tubes tested simultaneously. 
Ultra -sensitive leakage test circuit will indicate , 
leakage to megohms. 

$385J Model 820 comes complete with tube charts and instructions; 
housed in handsome, portable, Saddle- Stitched Tenon case. Only 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO C.O. D. 

Try It for 15 days before you 
buy. If completely satisfied 
then send $5.00 and paY 
balance at rate of $5.00 per 
month until total price of 
$38.50 (plus postage) Is paid 

No Interest or Finance 
Charges Added! If not cool - 
pletely eatlened, return to 
us, no explanation 0eceesary. 

MOSS ELECF'IIONIC, INC. DEPT. D -953 
3840 Tenth Ave.. New York 34, N.Y. 
Please rush Model 820. If satisfactory, I wilt pay 
on terms specified. Otherwise I will return teeter. 

Name 

Address 

City Zone -State 
All prices net. F.O.B., N.Y.C. 

IEEE 
HEAR 

DISTINGUISHED 
SPEAKERS & 
PANELISTS 

at 

11-TRIPLE-E% 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission: MEMBERS $1.00; NON- MEMBERS $3.00 
MINIMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

* * * * * * * * * * * * * * * * * * ** 
CIRCLE NO. 162 ON READER SERVICE PAGE 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS Fan- 
tastic Bargain Packed Catalog - Unheard 
of LOW, LOW. DISCOUNT PRICES on 
Brand Name Speakers, Changers, Tubes, 
Tools, Hi -Firs, Stereo Amps. Tuners and 
thousands of other Electronic Bargains. 
Credit plan available. 

NAMF 

ADDRESS 

CITY ZONE STATE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS, INC. 

639 S. Forge St., Akron 8, Ohio 

CIRCLE NO. 131 ON READER SERVICE PAGE 

IT'S A "SNAP" 
to save big money on all of your 
high fidelity component require- 
ments. Simply mail us your list for 
a special quote. 

Write for discount catalog A -17, 
full of snappy audio bargains. 

KEY ELECTRONICS CO. 
120 Liberty St., New York 6, N.Y. 

CASH FOR YOU- 

Electric APPLIANCES 
Learn at Home $3 to $5 an Hour 

Spare Time, Full Time Be Your Own Boss 

FREE BOOK tells about 
profitable business you 

can run -right at home. 
Repair Electric Appli- 
ances, using simple tools. 
Pays $3 -$5 an hour! 
CASH IN ON THIS BIG BOOM 
400 MILLION Appli- 
ances are in American 
homes right now. People 
need them fixed. You 
make good money doing 
it. In your basement, ga- 
rage, even your kitchen. 
QUICK WAY TO GET STARTED 
For less than 20c a day 

our easy, pictured in- 
struction- backed by 45 
years of success in home - 
training - prepares you 
for top earnings. Earl 
Reid of Thompson, Ohio, 
says: "Made $510 in one 
month spare time." At 
no extra charge you get 
Appliance Tester, too. 
Finds trouble -spots, 
checks your work. 

Get your FREE Book 
and FREE Sample Les- 
son! Mail coupon below, 
letter or postcard, now. 

NATIONAL RADIO INSTITUTE, Appliance Div. 
Dept. EC3, Washington 16, D.C. 

Send Free Book, Free Appliance Repair Course 
Lesson. Am interested in: 

Spare Time Earnings My Own Business 
Better lob 

Name 

Address 

City Zone State -- Accredited Member National Home Study Council - 

and accessories, silicon rectifiers, test accessories, 
among others. 

Items are pictured. along with pertinent tech- 
nical specifications and information on the part 
or parts in the original equipment they replace. 

43 

DIGITAL MODULES 
Abacus, Incorporated has published a 
three -page folder which describes its line of 

digital modules, as well as custom digital sys- 
tems manufactured by the company. 

In addition to picturing and describing the 
equipment, facility and personnel information 
is included. 

44 

FRAME -GRID TUBES 
Sylvania Electric Products Inc. has available 
a new booklet entitled "Strap Frame Grid 

Subminiature Tube Manual" which it is offering 
free of charge. 

The booklet details the characteristics of ten 
of the firm's new strap frame grid receiving 
tubes designed for industrial and military ap- 
plications. Data sheets, performance information, 
mechanical and electrical ratings as well as 
characteristics curves are included. 

45 

TOGGLE SWITCHES 
Control Switch Division of Controls Com- 
pany of America is offering a 24 -page cat- 

alogue (No. 180) which describes the partial 
but most popular line of toggle switches pro- 
duced by the firm. 

The publication pictures the switches in ac- 
tual -size photos, and includes specifications and 
dimension drawings. The copy is indexed by 
model numbers and definitions of electrical and 
mechanical terms are included. 

46 

HALL -EFFECT DEVICES 
Instrument Systems Corp. describes a line 
of Hall -effect products in its new 8 -page, 2- 

color catalogue No. H- 20014. 
The catalogue provides detailed engineering 

specifications and application data on more 
than 50 "Hall °istor" devices and components 
immediately available from stock for a broad 
range of detection. measurement. computation, 
and control functions. Included are probes, 
multipliers, modulators, tape heads, signalers, 
current measuring rings, and pick ups. 

41 

NOISE -LIMIT INDICATOR 
B & K Instruments, Inc. has available a 
4 -page technical brochure covering the 

Model 2211 noise -limit indicator and its appli- 
cations for production -line noise and vibration 
analysis for quality -control application:. 

The brochure contains a general description 
of the instrument, applications, and specifica- 
tions on the unit. 

CB NEWSLETTER 
4o Browning Laboratories, Inc. is now pub- 

lishing an informative newsletter, "The 
CBeat." which it is offering without charge to 
any Citizens Band radio club. 

The newsletter will be issued periodically and 
is designed to keep the reader informed of the 
latest happenings in the world of CB communi- 
cations. CB clubs wishing to receive the news- 
letter should send their name, address, and 
number of members to the company. 

49 

AUDIO COMPONENTS 
Grommes Division of Precision Electronics, 
Inc. has just issued an attractive brochure 

which illustrates and describes the company's 
line of stereophonic amplifiers, multiplex stereo 
tuners, and stereo receivers. 

In addition to providing full technical specifi- 
cations on the equipment, the brochure describes 
and illustrates cabinetry and suggested settings. 

50 

ELASTOMERIC ADHESIVES 
Minnesota Mining and Manufacturing Com- 
pany is now offering a revised 12 -page illus- 

trated catalogue which describes the properties 
and typical uses of newly developed elastomeric 

adhesives, coatings, and scalers for the general 
metalworking, electrical manufacturing. and ap- 
pliance industries. 

The catalogue lists and illustrates representa- 
tive examples of how these new adhesives. coat- 
ings, and sealers cats be used to improve product 
performance and reduce costs. 

A.C. VOLTAGE STABILIZER 

51 
General Electric Company has issued an 8- 
page bulletin covering its "Stabilitron' for 

precise voltage control applications in computers, 
communications equipment, radar. industrial 
process contol. and medical and industrial x -ray 
equipment. 1 he publication details performance, 
features, and characteristics to simplify applica- 
tion in electrical and electronic equipment re- 
quiring precise voltage control. 

CONDENSED CATALOGUE 

52 
Geeral Radio any has pu a 
20 -pnage condensed 

o 
catalonpgue which provblished ides 

salient features of the most popular items in its 
line. Included are a variety of test instruments. 
measuring equipment. coaxial connectors and 
accessories, laboratory standards. sound and vi- 
bration measuring equipment, autotransfot nurs. 
and small parts. Photographs and complete tech- 
nical specifications are provided on each item. 

KIT CATALOGUE 

53 
Heath 
its comp 

Company now copies of 
complete catalogue 

has 
of kits 

availa 
covering 

ble 
units 

of interest to audiophiles, hams. boating en- 
thusiasts, educators, and technicians and pro- 
fessional electronics personnel. 

This elaborate 100 -page publication provides 
photographs. complete specifications. mechanical 
details, physical dimensions, shipping weight. 
prices. and special features on the firm's entire 
line of kits and wired equipment. 

54 

MICA CAPACITORS 
General Instrument Corporation has re- 
leased a new 12 -page engineering bulletin, 

NIC -1, which provides comprehensive electrical 
performance data on its entire commercial mica 
capacitor product line as well as the recently re- 
vised military specifications on mica capacitors 
(Mil- C -5B). 

In addition, the bulletin describes the firm's 
subminiature molded mica capacitors with com- 
plete specifications and ratings. 

POWER SUPPLY DATA 

55 
Acopian Technical Co. now has available a 
complete set of bulletins describing six series 

of phtg -in power supplies. These "Application 
Hints" cover the use of unregulated power sup- 
plies designed for operating relays and lamps. 
The publications also include information on 
using power supplies in series or parallel. re- 
ducing ripple, as well as how to vary the output 
on power supplies designed for fixed voltage. 

RECORD PLAYBACK COMPONENTS 

56 
Empire Scientific Corp. is offering copies of 
its 4 -page brochure which describes the 

technical features of a comprehensive line of 
record playback components. There are details 
and diagrams of the firm's "Troubador" turn- 
table, the 980 playback arm. the 880p cartidge, 
and the "Duna- lift" stylus. Also included are 
product prices and a comparison specification 
chart. 

COIL -FORM CATALOGUE 

5 1 
National Radio Company has just published 
a new brochure cataloguing its complete 

line of coil forms. Six series of forms are de- 
tailed, with break -away diagrams illustrating the 
special features of the units. 

The publication covers the XR- 50,60,70,80. and 
90 series of coil forms. In addition, the brochure 
provides complete specifications on the new 
XR100 series. 

There are complete specifications and descrip- 
tions. along with a large photograph and engi- 
neering drawings of each series with coin- 
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YOUR COPIES OF 

ELECTRONICS .0;. 

OLO 
ARE VALUABLE! 

Keep them neat ... 
clean ... ready for 
instant reference! 
Now you can keep a year's copies 
of ELECTRONICS WORLD in a 
rich -looking leatherette file that 
makes it easy to locate any issue 
for ready reference. 

Specially designed for ELEC- 
TRONICS WORLD, this handy 
file -with its distinctive, washable 
Kivar cover and 16 -carat gold leaf 
lettering -not only looks good but 
keeps every issue neat, clean and 
orderly. 

So don't risk tearing and soiling 
your copies of ELECTRONICS 
WORLD -always a ready source 
of valuable information. Order sev- 
eral of these ELECTRONICS 
WORLD volume files today. They 
are $2.50 each, postpaid -3 for 
S7.00, or 6 for $13.00. Satisfaction 
guaranteed, or your money back. 
Order direct from: 

JESSE JONES BOX CORP. 
Dept. EW 

(Established 1843) 
Box 5120, Philadelphia 41, Pa. 

Convert any television to 
sensitive. 

BIG -SCREEN OSCILLOSCOPE 
.lib minor. inexpensive Changes. 
Ingenious circuit. No electronic 
xperlence needed to follow our leanly. Illustrated plans. TECH. 

NICIANS. HAMS. EXPERIMENT- 
ERS. BROADCASTERS. Use in 
'GI,. 

shoal. lab. Any set -any 
FULL PLANS $2. 

RELCO, Dept. EW-2, Box 10563, Houston 1B,Tex. 

USE YOUR CAR RADIO AERIAL FOR C.B.T00! 
Long Unsightly Expensive Whips Not Needed! 
Illl'l.l!SLR GIN I s SA]IF. 111< BETTER RANGE 
ON ANY l- ITIZENS BAND RADIO and works 

,uregular car radio aerial time with - 
t loss or Interference! INSTALLS IN 5 

MINUTES: Includes clamp -on base loading 
HI -Q coil. efficient shielded series tuned 
llplexing circuit with cables and plugs. 

.lust plug In :Ind 11, k. NET USERS PRICE 
x!1.11., complete 151.11,x1,1 -ORDER DIRECT, 
sec dlstru nnInr or write for Circular. 

Ì t. \t\ l' 1:1:1, pi : F 11. \l: \ N CF'.. 
WESTERN RADIO Dept. CEW -3 KEARNEY, NEBR. 
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plete dimensional details. The catalogue has 
been designated Bulletin CO -8. 

TECHNICIANS' AID 
Sprague Products Company has issued a re- 

vised edition of its electrolytic capacitor replace- 
ment manual which has been expanded to show 
35 set suppliers not found in the previous edi- 
tion. 

Manual K -I06 now covers 256 makes from 
"Acme" to "Zephyr" and includes TV sets as 
well as home. auto, and portable radios manu- 
factured from 1947 through July 1962. The 
manual lists original part numbers for each 
manufacturer, followed by ratings, recommended 
Sprague replacements, and list prices. 

The manual is available without charge from 
any of the firm's distributors when requested in 
person. 

V.H.F. SOCIETY DINNER 

THE East Coast V.H.F. Society Inc. 
will hold its Fifth Annual Dinner and 

Hanfest on February 23rd at the Swiss 
Chalet, Passaic Street, in Rochelle Park, 
New Jersey. 

Scheduled to begin at 7:30, the event 
will feature awards, prizes, dancing, 
a contest, a well -known speaker, and 
surprises. 

Answers to 
"More Famous Names" 
(Appearing on page 76) 

1. N 7. I 13. H 

2. J 8. E 14. D 

3. F 9. R 1 5. L 

4. Q 1 O. G 1 6. K 

5. M 11. 0 1 7. P 

6. A 1 2. B 1 8. C 

Answer to Electronic 
Crosswords 

(Appearing on page 831 

A B E T B O S S H A L O 

D E L E A R O W A R A B 

E L E C T R O D E L A B S 
C H U G E M F Y 

A T B E A M P O W E R 

S C R E E N V I A I E 

H O O F E C H O V E N T 
I N F E R I L E S T 

B E T A E T A L H F 
A L E C T S A B I N 

S E A T O D G NOS 
C A M S R C E N E R G Y 

PHOTO CREDITS 
Page Credit 
16 Audio Dynamics Corp. 
18 Fisher Radio Corp. 
25 Bettman Archives 
26 (center) ....Bell Telephone Laboratories 
26 (bottom) U S. Air Force Photo 
28 Ford Motor Company 
31, 32 Acoustic Research, Inc. 
36, 37 Sperry Gyroscope Co. 
40 (left) Harrison Laboratories, Inc. 
40 (right) Electronic Measurements Co. 
41 Sorensen 
44 Delco Radio Division 
53 AirResearch Mfg. Co. of Arizona 
54 (left) Allen B. DuMont Laboratories 
54 (right) Beattie -Coleman Co. 
54 (center) Fairchild Camera Co. 
70 Eico Electronic Instrument Co. 
88, 89 Hickok Electrical Instrument Co. 

SPECIAL STEREO 

CABLE ASSEMBLIES 

FOR CONNECTING 

2 PIECES 

OF STEREO 

EQUIPMENT 

0 0 0 0 0 0 0 

Eliminate Soldering 

Make a Quick, 

Clean 

Connection 

NB 

Connect your Stereo Amplifier to Multiplex 
Adapter, Record Changer, Turntable or Tape 
Recorder! 

Construction -Two shielded insulated cables, 
inside a common chrome grey plastic jacket, pro- 
vide for two completely isolated channels. Sep- 
arately insulated shields minimize the "ground 
loop" problem. 

Available with two straight Phono Plugs on 
each end, plugs color coded for channel identi- 
fication. Also available with two straight Phono 
Plugs on one end to stripped and tinned ends, 
plugs and inner jackets color coded. 3', 6' and 
10' lengths -from $2.90 up. 

Contact your dealer or write us for name of 
dealer nearest rote. 

5577 N. ELSTON AVE CHICAGO 30, ILL. 

CIRCLE NO. 148 ON READER SERVICE PAGE 

NEW! AVO 
MULTIMINOR 
Pocket -sized 

Rugged 

Environmental 

only 

$2995 
Supplied in an attractive black carrying case, 
complete with a pair of leads with interchange- 
able clips and prods. 

DC CURRENT DC VOLTS AC VOLTS RESISTANCE 

0-100 uA 0 -25 0 -1 0-20 K S2 

0 -1 mA 0 -10 0-25 0-2 MO 
0 -10 mA 0 -25 0 -100 
0 -100 mA 0 -100 0 -250 
0-1 A 0- 250 0 -1000 

0-1000 

Accuracy: DC- 2.25 %, AC -2 75% 

Sensitivity: 10,00011/V 
These instruments are considerably more ac- 
curate than the guaranteed sales claim. If de- 
sired, a calibration certificate showing actual 
performance produced on test equipment whose 
accuracy is traceable to the National Bureau of 
Standards, can be provided at an extra charge 
of $5.00. The Aso Multiminor is available only 
from Avnet. Fully Guaranteed. 

Send check or Money Order. 

AVNET INSTRUMENT CORP. 
EAST: 91 Commercial St., Engineers' Hill, 

Plainview, L. I., N. Y. 516 WE 5 -8780 
WEST: 5877 Rodeo Road, Los Angeles 16, 

California. 213 UP 0 -6141 

CIRCLE NO. 159 ON READER SERVICE PAGE 
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AN/ART-I3 100 -WATT 
toll 

r 
'tf.j I 

+>c1$ 
mS -_,.'Yï,,...- .- -f 

e:= _-- - -. Complete 

Famous Collins Autotune Aircraft 
CW, MCW. Quick change to any 
reels or manual tuning. Speech amplifier 
carbon or magnetic mike. Highly 

e VFO. Built in Xtal controlled PPSI is modulate 813 in final up to 
A Real "HOT" Ham buy at our low 81300. 
AN/ART-13 XMTR as above. Like 

XMTR 
11 CHANNELS 
200 -1500 Kc 
2 to 18.1 Mc 

$6950 exc. 
used 

with Tubes 

Transmitter, AM, 
of ten preset chan. 

/clipper uses 
stable, highly ac- 

calibrator. 
90r7r. class "B." 
price! Orig. cost 

New $79.50 
0.16 Low Freo. Osc. Coil for ART -13 7.95 
24V Dynamotor for ART -13 11.95 
Same as above less meter. 

. 
.......... ,.. 39.50 

We carry a complete line o snare parts for above. 

AN /APR -4 RECEIVER only, 38 to 4000 Mc in 
5 tuning unit ranges. High precision lab instru- 
ment. Input 115 V60 cy. Like New ....$79.50 
Tuning Units TN16, 17, 18 each $39,50 
Tuning Unit TN19. Brand New $89.50 
Tuning Unit TU54 $149.50 

NAVY AIRCRAFT RADIO RECEIVER 
:IRB /CRV 46151 -190 to 9050 Kc in 4 bands. 6 Tube Super het com- munications receiver, with local and remote uni ng. band Sharp 1 O and broad tuning, AVC. CW. Illumi- nated dial . Complete ith ubes 
- tor. $490 ,X ORANI) .55 crib RAND NEW \ 

s 110 V. AC. Wired 14.95 ° 1 All Accessories for ARB Receiver in Stock 

FAMOUS BC -645 TRANSCEIVER 
t^ 15 Tubes 

yC ¡It%i 7 can be modified ,I. ,fir- communication, -:" ode, n ham I\f mc. clOZens 
mc. Bxed \, / 480 me. 7I.Y mental 470 
tubes (tubes 
more than 

eRgND 7F7, 4 -7H7, 
NEW 6F6, 2 -955 

318A. Now 190 mc. Brand new BC -845 with supply in factory carton. 
shipping weight 25 lbs. SPECIAL!.... 
PE -101C Dynamotor, 12124V input 
UHF Antenna Assembly 
Complete Set of 10 Plugs Control Box 

SPECIAL "PACKAGE" 
BC-645 Transceiver, Dynamotor and above. COMPLETE, BRAND NEW, 
While Storks T.ast 

435 to 500 MC 
for 2 -way 
voice or 

band 420 -450 
rod to 480 470 

and mobile 450 - 
television experi- 

-500 me. 15 
alone worth 

sale price!): 4- 
2 -7E6, 2- 
and 1 -WE- 

covers 460 to 
tubes, less power 

¡ S19r50 
57.95 2.45 
5.50 
2.25 

OFFER: 
all accessories 

tp rl OrS .DL.7 

ARC -3 
RECEIVER! 

Complete 
w h 

e s 
A 

E xC. 
1uske 

:(Ì Ú 
Ciys NEW $29.30. 

156 
17-tube 

on any 
tunes from 

c 156 Mt 
power input. 

any 8 es: selected channels. 1-1251 power Tubes: 1 -12H6. 
1 -125L 7, 3. 12Sß7, 1-9001, 1.12H6, 

2- 125 /17. 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 158 MC on 
any 8 pre -selected channels. 9 tubes, crystal con- trolled, provides tone and voice modulation. 28V 
DC Power input. Complete with all 
Tubes: 3.8V6. 2 -832A, 1- 12SH7, 1.635, $1895 
2.6L6. Exc. Used Only 
Like new Condition $28.30 
ARC -3 PUSHBUTTON CONTROL 130X $5.95 

ACCESSORIES for BC -603, 683 RECEIVERS 
EXTRA SET OF 10 TUBES FOR ABOVE brand new 
In original boxes $3.95 
12 or 24V Dynamotor for Above. 

C' 5, 5 D Exc. Used 34.25 Brand New .J 

AC POWER SUPPLY FOR 8C603, 683 
Interchangeable. replaces dynamotor. Has Ot. -OR 
Switch. NO RECVR. CHANGE NEEDED. Provide- 220 
VDC O 80 Ma. 24VAC Q 2 Ampe $12.95 
Complete 240 -page Technical Manual for 8C -603. 
604 53.15 
BC-604 
603 Roy, 

TRANSMITTER-Companion aoe. tues. BRAN 
for 

EW $8.95 
4- Section Antenna for BC -604. 684 Transmitters. 
Complete with mounting base. BRAND NEW..$4.95 

We Carry a complete line of spare parts for above. 

APN -1 FM TRANSMITTER -RECEIVER 
420 to 460 Me Aircraft Radio altimeter 
Tubes: 4 -955, 3.123.17. 4- 125/17. 2 -12H6, 
1- VR150; Complete with tubes, brand 
APN1 Exc. used. like new 

equipment. 
new 11.95 $8 95 

AN /ARR -2 RECEIVER 234 -258 Mc., UHF tunable re- ceiver, including II tubes: 3 -6AKS, 1 -12A6, 
$8.88 7.9001, BRAND NEW, with tubes 

Used. with tubes $5.95 
ARC- 5/T -23 TRANSMITTER 100 -150 Mc., includes 
tubes: 
with tttb832A, 

2 -1625. BRAND NEW, $21.550 
Excellent Used° less tubes $5.95 
ARC- 5/R -28 RECEIVER, 2 -meter superhet, 100 to 
156 Mc in 4 crystal channels, complete with 10 

1 
tubes, BRAND NEW. with 

'$2 tubes 
Excellent Used. with tubes 523.50 
TG -34A CODE KEYER. Self contained automatic unit 
for code practice tapes from 5 to 25 words $26.50 Per minute. Like New, tested. -.... . 
Set of 14 Reels Army Code Practice Lessons, Brand 
New P.U.R. 
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! IMPORTERS - EXPORTERS 

of ELECTRONIC EQUIPMENT 
We specialize in the export of military surplus.. 
electronic equipment: 0 

All at LOWEST PREVAILING PRICES. In addition to items shown on this page. we hate j in stock or can obtain for export customers° mili- tary electronic eguipnient made for World War II, Korean War. and later. 
IF YOU DON'T SEE WHAT YOU WANT HERE, 
WRITE US YOUR NEEDS. LET US QUOTE ON 
ANY GOV'T SURPLUS ELECTRONIC EQUIP- 

SMENT YOU SEE ADVERTISED ANYWHERE. 
INQUIRIES WELCOMED. 
All packing and shipping Is made directly from our own warehouse in NYC to give you substantial: 
savings in handling Costs! 

SEND FOR LATEST FREE G & G BULLETIN OF 
SURPLUS MILITARY ELECTRONIC EQUIPMENT. 

LORAN APN -4 ,.. 
FINE QUALITY '. -:! 

NAVIGATIONAL EQUIPMENT gi kW 
Determine exact geographic position of your boat 
or plane. Indicator and receiver complete with all 
tubes and crystal. 
INDICATOR ID -6B /APN -4, and RECEIVER$49.50 
R -9B /APN -4, complete with tubes, Exc. used 
Receiver -Indicator as above, BRAND NEW$88.50 
Shock Mount for above $2.95 
INVERTER POWER SUPPLY for Loran. Made by 
Eclipse- Pioneer Div. INPUT: 24 V DC q. 75 A. 
OUTPUT: 115 V AC @ 10.5 Amps, 800 cycles. Com- 
plete with two connecting plugs BRAND NEW$49.50 
12 -Volt Inverter Power Supply, Like New. P.U.R. 
We carry a complete line of spare parts for above. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Used in ships and aircraft. Deter- 
mines position by radio signals from may. 
known xmitters. Accurate to within : - 

I 

1% of distance. Complete with -a ". 

tubes and crystal. Exc. used. 
Value $1200.00. Our Price $79.50 
Used, less tubes, crystal and visor, but with 3BP1 
C.R. tube $29.50 

INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT- 
PUT: 115 V AC. 800 cy. BRAND NEW $49.50 

12 -Volt Inverter Power Supply, Like New P.U.R. 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 
We carry a complete line of spare parts for above. 

LORAN APN /4 .i:: 
OSCILLOSCOPE ' a it 

Easily converted for use on 5,, liD 
radio -TV service bench. T _ -' LIKE NEW! Less tubes, but 
including 5" Scope, $14.50 VFW type 5CPI only 

BENDIX DIRECTION FINDERS 
For commercial navigation on boats. 
MN_"6Y 150.325 Kc; 325 -695 Kc; 3 -4.7 Mc. 

$19.50 Complete with tubes, dynam otor, 
BRAND NF:W 
MN28Y Receiver Control Box .............. 8 4.95 
MN26C Receiver 150 -1500 Kc continuous 
tuning with 12 tubes and dynamotor. Used... 18.95 
MN26C Receiver as above, BRAND NEW . - - - 27.50 
MN20E Rotatable Loop for above 4.95 
MN52 Azimuth Control Box 2.95 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like 
Type Description Used NEW 

Bc -453 Receiver 190 -550 EC $12.95 514.95 
BC -454 Receiver 3 -0 Mc 12.45 17.95 
BC -455 Receiver 6 -9 Me 11.50 13.95 
1.5 to 3 Mc. Receiver Brand New $17.95 

110 Volt AC Power Supply Kit, for all 274 -N arm 
ARC -5 Receivers. Complete with metal $8.95 

Fa. instructions 
ctory wired, tested, ready to operate. .$12.50 

SPLINE!) TUNING KNOB for 274 -N and ARC -5 
RECEIVERS. Fits BC -453, BC -454 and 49c others. Only 

2.1 to 3 Mc. Transmitter, Brand New $12.95 
OC -457 TRANSMITTER -4 -5.3 Me. complete 

with all tubes and crystal, BRAND NEW .. $9f 5 Like New $7..95 
BC -458 TRANSMITTER -5.3 to 7 Mc. Complete h 
all tubes and crystal 

D 
- $tÓ.95 BRAN NEW 

Like New $7.95 719 TRANSMITTER 5/., m.c. complete with $9 95 
all tubes and crystal. Exc. Used .. .. 
BC -696 TRANSMITTER 3 -4 Mc Complete with $11,95 All Tubes & Crystal. Like New 
RC -450 Modulator ....USED 3.45 NEW 5.95 
MD7 Modulator. Like New........ $9.95 

A'-L ACCESSORIES AVAILABLE FOR ABOVE 

SCHEMATIC DIAGRAMS cnrthisspageuléacb t 65c 
Please include 25% Deposit with order -Balance 
C.O.D., or Remittance in Full. SOe 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. 

CIRCLE NO. 117 ON READER SERVICE PAGE 

BC -929 3 -INCH SCOPE 
Low cost station monitor and /or bench scope. Has Horiz.. focus, sweep. intensity controls. Tubes: 2- SSN7, 2 -6148, 1 -8X3, 1 -6G8, 1- 2X2, 3BI1I Clt 
Tube, Voltage req. 115V 400 cy. and 24 $9.95 VDC. Complete with tubes, exc. used 
BRAND NEW $12.95 conversion Instructions for 110V 80 cyc. AC... 650 
TEST EQUIPMENT 1E -36. Provides trouble -shooting tests of SCR -522A and SCR -542A sets: Starting & stopping mechanisms, channel selection circuits, switching etc. Complete with instruction manual. In sturdy carrying case. $8.95 BRAND NEW 

LM FREQENCY METER 
Crystal calibrated modulated. Heterodyne. 125 Kr to 20.000 Kc With Calibration book. $58.50 Complete. Like New ... 

BC -906 FREQ. METER -SPECIAL 
Cavity type 145 to 235 Mc. Complete with antenna. Manual and original calibration charts in. $11 e0 
eluded. BRAND NEW. OUR LOW PRICE... UD 

BC -221 FREQUENCY METER 
SPECIAL This excellent frequency standard equipped igin al cal- ibration charts. and has ranges from Ea 
points in all ranges. Excel- Used with 
125 KC to 20.000 Nc with crystal check 
original Calibration Book. Crystal, and 
all tables -LIKE NEW! 
Unmodulated .. $72.50 . Modulated 599.50 
BC -221 1000 ltd Crystal Brand New $8.95 

TS -16 /APN TEST SET 
For aligning and calibration of radio altimeters. May 
be used to check calibration of count or circuits and modulator sweep freq. and bandwidth of transmitter. 
Audio- oscillator range: 340 to 7250 cycles. 24 V.D.C. input. Complete with tubes. connecting $14.50 
cables. instruction summary. BRAND NEW Y J 

TEST SET TS- 175/U. Portable crystal controlled heterodyne type unit used in field testing of CW or 
MCW RF Transmitters and Signal Generators. Range 

to 1000 Mc. Power requirements: 8V $269.50 DC and 133 VDC. Exc. Cored .. 
TEST SET TS -174/U Freuuenc> Meter similar to 
:shove but for 20 to 250 Mc. Power input $169.50 5.5V DC and 121.5 V DC. Exc. Cond... 
TS- 170 /ARN -5 TEST OSCILLATOR, portable, battery - 
operated. crystal controlled, for frequencies: 032.0 
Me., 338.8 Mc.. and 335 Mc. Power input 1.5 
VDC and 90 VDC. Less Batteries. Exc. $22.50 Cond. 

SCR -625 MINE DETECTOR 
Complete portable outfit in original pack- $2750 ing, with all accessories. Brand New I 
APR -1 Navy VHF -UHF radar search Receiver. 
`30 Mc to 950 Mc in 2 bands. BRAND 
NEW $79.50 
TUNING UNITS for above: TN1, TN2, TN3, 
BRAND NEW, ...I,b $39.50 

CITIZENS' RAND CRYSTALS 
III 2:1 Channels. made for us by America's Leading 

ntu 
b 

pm- tstal Manufacturer. Specify make and model er of CB equipment. Any channel, for RE- $L.°75 CEIVE or TRANSMIT. TANSMIT. Each..... L 
Shipped Postpaid in Lots of 3 or More 

EE -8 ARMY FIELD PHONES 
Excellent Condition, checked out, perfect "king 
ocrer, 

complete with all parts. $12.95 
w 

R MICROPHONES Checked Ouf, Perfect 
EXC. BRAND Model Description USED NEW 

T -170.. Carton Hand Mike .. ..$4 °45...57.95 RS38.. Navy Tyne Carbon Hand Mike 3.95... 5.75 , 
HEADPHONES Checked Out, Perfect 

Excellent BRAND' Model Description Used NEW 
HS -23 . .High Impedance $2.49.. $4.75 

1 HS -33 .. Low Impedance 2.69.. 4.95 
HS- 30....1.0w Imp. (featherwt.) .90... 1.65 
H -16 /U.. .High Imp. (2 nts) 3.75... 7.95 TELEPHONIC: -600 ohm Low Impedance HEAD SETS. BRAND NEW. PER PAIR " ..25 
CD -307A Cards. with PL55 plug and JK26 Jack .99 Earphone Cushions for above -pair .50 

AO I sn s s - sfi - - - s 
MOBILE -MARINE DYNAMOTOR 

Model DM35 
Input 12V DC. Output: 625 V L__( 

__/ DC (it 225 Na. for press -to- 
talk intermittent operation. ° 
Shpg. wt. 14 lbs 

ft liar 
BRAND NEW $14.951 °® 
OTHER DYNAMOTOR VALUES: Excellent BRAND 
Type Input Output Uaed NEW 
DM -32A 28V 1.1A 250V .05A 2.45 4.45 
DM -33A 28V SA 575V .16A 

28V 7A 540V .25A 2.95 4.45 
DM -34D 12V 2A 220V .080A 4.15 5.50 
DM -36 28V 1.4A 220V .08OA 1.95 2.95 
DM -37 25.5V 9.2A 625V .225A 2.95 4.22 
DM -43 28V 23A 92SV .220A 

460V .1854 - 14.50 
DM -53A 28V 1.4A 220V .O80A 3.75 5.45 
PE -73C 28V 20A 1000V .350A 8.95 14.95 
PE -86 28V 1.25A 250V .OSOA 2.75 3.8S 
DM -42A DYNAMOTOR. Input 12 V DC H 39 Amps. Output 515 V 1)C w 215 Ma. and 1030 V DC w 280 
Ma. Wt. 38 tbs. BRAND NEW, each $6.95 
DM -37 DYNAMOTOR. Input 25.5 V DC 9.2 A. Out - 55 
Put 625 V DC rn, 225 Ma. BRAND NEW. Fach 53.25 

CARTER GENEMOTOR 

OUTPUT: 405 V DC 32.270p ( Ampo. 
BRAND NEW. special áe.95 
INVERTER made by Bendix. INPUT: 24VDC IS 1 Amp., OUTPUT: 20 VAC 400 cycles Q e voltamps. 
.4 power factor, single phase. Mounted on filter hase. LIKE NF:\V 53.25 

2 VOLT BATTERY "PACKAGE" 
1 -2V. 20 Amp. Hr. Willard Storage 

Battery. Model 20 -2. 3" x 4" 
x 51/2" high $2.79 

1 -2V. 7 prong Synchronous Plug-in Vibrator .. 1.49 é 
1 -Quart Bottle Electrolyte .(fór 

@2 ALLCOBRANDion 
Orino 105145 
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ELECTRONICS MARKET PLACE 
RATE: 60ç per word. Minimum 10 words. May issue 

ELECTRONICS 
ENGINEERING 

AND INSTRUCTION 
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. 

FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas, Texas. 

"DRAFTING, Reading Blueprints, Schematics. Send 
$2.00 first lesson, complete home course $25.00. 
Prior, Inc., 23 -09 169 Street, Whitestone 57, New 
York." 

ENGINEERING and Art Degrees earned through home 
study. Electronics, mechanical, liberal arts, major ac- 
counting. When writing specify course desired. Pacific 
International College of Arts & Sciences, primarily a 
correspondence school. Resident classes also available. 
5719 -C Santa Monica Blvd., Hollywood 38, California. 
SLIDE Rule -Self Teaching Method. Eight inch Bamboo 
Rule, Manual with step -by -step illustrative problems, 
practice exercises and answers. Only $3.95 postpaid. 
No COD. Alsynco, Dept. EW -2, 171 South Main, Natick, 
Mass. 

TRANSISTOR Course -Gain practical, broad knowledge 
about transistors: Principles, Construction, Specifica- 
tion, Application. Complete home study course. Indi- 
vidualized Instruction. Licensed State of Pennsylvania. 
Free information. Price School, 2710 Laurel, North 
Hills, Pa. 

FOR SALE 

TV Tuners -Rebuilt or Exchanged $9.95 complete- 
all types--fast, guaranteed service. Send tuner with 
all parts to: L. A. Tuner Exchange, 4611 West Jeffer- 
son Blvd., Los Angeles 16, California. 

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 Corp., 512 
Broadway, New York 12N, N. Y. 

DIAGRAMS for repairing radios $1.00. Television $2.00. 
Give make, model. Diagram Service, Box 672 -E, Hart- 
ford 1, Conn 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna, Malden 48, Mass. 

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 

INVESTIGATORS, free brochure, latest subminiature 
electronic listening devices, Ace Electronics, 115001 
NW 7th Ave., Miami 50, Florida. 

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, hobbyists, experimenters. engineers. technicians. 
Why pay more? Zalytron Tube Corp., 461 Jericho Turn- 
pike, Mineola, N. Y. 

SUPERSENSITIVE directional microphone picks up faint 
sounds at 300 feet. Detects sound through ordinary 
walls. Easily built for $7.00. No electronic experience 
necessary. Illustrated plans, $2.00. Dee Company, Box 
7263 -D, Houston 8, Texas. 

TV TUNERS rebuilt or exchanged, $9.95. Fast, guaran- 
teed. Complete crystal alignment. Valley Tuners. 18530 
Parthenia. Northridge, Calif. 

FREE Catalog -name brand tubes 65% discount. phono 
needles 80% or more discount, phono cartridges, 
picture tubes 75C inch, parts, parts kits, silicon and 
selenium rectifiers, transmitting tubes, 7" T.V. test 
tube $6.99, imported batteries, tube testers etc. Want 
to swap or sell tube inventory? Send us your offering. 
Arcturus Electronics Corp., Dept. Z.D., 502 22nd St., 
Union City. N.J. 

Save dollars on radio, TV- tubes, parts at less than 
manufacturer's cost. 100% guaranteed. No rebrands, 
pulls. Request Bargain Bulletin. United Radio 1000 -W, 
Newark, N.J. 

March, 1963 

closes March 5th. Send order and remittance to EL 

TRANSISTORIZED Products import catalog, $1.00. In- 
tercontinental, CPO 1717, Tokyo, Japan. 

RADIO -T.V. Tubes Wholesale List. Lumar, Box 473, 
West Hartford 7, Conn. 

$14.50 FOR $37.50 Fairchild SM -2 Stereo magnetic 
Cartridge with Diamond. New with factory warranty. 
50f handling. Improve Your Sound; Order Now! Yale 
Electronics, 2732 Florida Avenue, Tampa 2B, Florida. 
CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics, Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal, Canada. 

TV FUSES. Do -It- Yourself Kit with 350 Reusable parts, 
and wire for 2000 fuses to be assembled on- the -spot. 
Money Saver. It cost as one service call and last for 
years. One Kit 57.95 -two $15.00 -Three $20.00 Dis- 
tributors Wanted. Medyn Co., PO Box 5228, Portland 16, 
Oregon. 

$1.50 makes Capacitor Checker (leakage- open- shorts). 
Instructions $2.00. Kits $5.00. Assembled United 
$10.00. King's, B- 571 -E, Brunswick, Ga. 

SURPLUS Electronics. Free catalog. Saratoga Surplus, 
Round Lake, New York. 

MILITARY Discount -Name Brands Free Recording Tape 
and Stereo Handbook. Include Rand and Serial Num- 
ber. Electronics International, Inc., Box 3066, Char- 
lottesville, Virginia. 

WANTED 
WANTED: Collins, Hammarlund Receivers SP -600. 51J, 
R -390A, R -388. Teletype, Kleinschmidt. Cash, or trade. 
Alltronics- Howard, Box 19, Boston 1, Mass. (Richmond 
2- 00481. 

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 such as G.R.H.P., AN UPM prefix. Also want 
commercial Ham Receivers and Transmitters. For a 
Fair Deal write: Barry Electronics Corp., 512 Broad- 
way, New York 12. N. Y. (Walker 5-7000). 

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Massa- 
chusetts. 

ARMY Sets or Parts -GRC- PRC- FRR /URR- TCC -SB 
-SCR -Send Listings -Quick Cash. Anker Electronics, 
1617 So. Main St., Box 26, Wilkes- Barre, Pa. 

WANTED: Ampex 601 tape recorder, half track, mono 
or stereo W1FGO, Norwich, Vermont. 

TAPE AND RECORDERS 
TAPE Recorders, HI -FI Components. Sleep Learning 
Equipment. Tapes. Unusual Values. Free Catalog. Dress - 
ner, 1523 EW Jericho Turnpike, New Hyde Park 10, N.Y. 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free catalog. Stereo -Parti, 811 -G, Centinela 
Ave.. Inglewood 3, California. 
SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. 16. Box 3038. San Bernardino, California. 
SAVE 30% Stereo music on tape. Free bargain catalog/ 
blank tape 'recorders- norelco speakers. Saxitone, 1776 
Columbia Road. Washington. D.C. 

4 /TR Stereo Tapes - bought. sold, rented, traded! 
Bargain closeouts! Catalog /COLUMBIA, 9651 Foxbury. 
Rivera, California. 

HIGH- FIDELITY 
DISGUSTED with --Hi" Hi -Fi Prices? Unusual Dis- 
counts On Your High Fidelity Requirements. Write. 
Key Electronics, 120 Liberty St., New York 6, N. Y. 
D16 -4191. 
PRICES? The Best! Factory -sealed Hi -Fi Components' 
Yes! Send for free catalog. Audion, 25T Oxford Road. 
Massapequa. N.Y. 

RECORDERS, Components! Free wholesale catalogue! 
Carston. 125 -R. East 88, N.Y.C. 28. 

INDUCTORS for Crossover Networks, 118 types in 
stock. Send for brochure. C & M Coils, P.O. Drawer 
1147, Huntsville. Ala. 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9. Penna. 

WRITE for our low quotation on components, recorders. 
Hi- Fidelity Supply, 2817 -YC Third. N.Y.C. 55. 

ECTRONICS WORLD, One Park Ave., N. Y. C. 16. N. Y. 

STEREO I.F. Amplifier. Upgrade your present FM tuner 
to top performance with new I.F. amplifier whose 
circuitry is found only in the most expensive tuners. 
Improve stereo channel separation, eliminate drift, re- 
duce distortion and greatly increase sensitivity of 
your tuner, 10.7 MC, 5 tubes, 300 KC bandwidth, de- 
tector 1 MC wide. Fully aligned ready to use. Price 
$26.50 postpaid including tubes and instructions. 
Literature available. Stereo Scientific, P.O. Box 526, 
Westfield, N.J. 

REPAIRS AND 
SERVICING 

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. 
1W Electronics. Box 51B. Bloomington. Indiana. 

RECORDS 

RARE 78's. State Category_ Write Record -List. P.O. 
P v 2122. Riverside. Clli+ 

GOVERNMENT 
SURPLUS 

JEEPS $278. Airplanes $159, Boats $7.88, geneiato(s 
$2.68, typewriters $8.79, are typical government sur- 
plus sale prices. Buy 10,001 items wholesale, direct. 
Full details, 627 locations and procedure, only $1.00. 
Surplus. Box 177 -C33. Abbottstown, Penna. 

FREE, Valuable War Surplus Bargain Information. Box 
8ZD, Thomasville, Penna. 

GOVERNMENT Surplus Direct From Government. Jeeps 
$264.00. Radios $2.53, Typical Prices. Guns, Type- 
writers, Cameras, Tools, Thousands More. Amazing 
Low Prices. How, Where To Purchase, Merchandise 
Available, Etc., Only $1.00 To Surplus, P.O. Box 50512, 
Dept. R, New Orleans 50, Louisiana. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC, BUT OF WIDE GENERAL INTEREST. 

STAMPS ^._tiD s 4I_;:_ 

TERRIFIC Stamp Bargain! Israel -Iceland -San Marino - 
plus triangle set -Plus Antigua- Borneo -Virgin -Scouts- 
Conga- Russia -Plus large stamp book -all tour offers 
free -Send 10f for mailing cost. Empire Stamp Cor- 
poration, Dept. Z2, Toronto, Canada. 

SURPRISE Collection! Exotic mint British Colonials, 
absolutely free with appiovals. Viking, Great Neck 50, 
New York. 

WOW! 110 All Different Germany 10f! Zeppelins, Semi - 
Postals, Airmails, High values, etc. Giant Catalog, bar- 
gain lists included with beautiful approvals. James- 
town Stamps, Dept. A33EG, Jamestown. N.Y. 

BUSINESS 
OPPORTUNITIES 

I Poiade $40.000.00 Year by Mail Order! Helped otheis 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N. Oklahoma City 6, Oklahoma. 

ASSEMBLE artificial lures at home for stores. Ma- 
terials supplied free. Profitable! Write: Lures, Ft. 
Walton Beach 1, Florida. 

PUBLISH your book! Join our successful authors: pub- 
licity advertising promotion, beautiful books. All sub- 
jects invited. Send for free appraisal and detailed 
booklet. Carlton Press, Dept. ZDC, 84 Fifth Avenue, 
N.Y.C. 11. 

INVESTIGATE Accidents -Earn $750 to $1,000 monthly. 
Men urgently needed. Car furnished. Business expenses 
paid. No selling. No college education necessary. Pick 
own job location. Investigate full time. Or earn $6.44 
hour spare time. Write for Free Literature. No obliga- 
tion. Universal, CZ -3, 6801 Hillcrest, Dallas 5, Texas. 
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$100 weekly possible. Complete mailing lists and ad- 
dress envelopes for advertisers. Home -spare time. 
Particulars free. National Service, 81, Knickerbocker 
Station, New York City. 

MAKE $25 -$50 week clipping newspaper items for pub- 
lishers. Some clippings worth $5.00 each. Particulars 
free. National, 81, Knickerbocker Station, New York 
City. 

PARTICIPATE In Booming Phonograph Record Business: 
Top record manufacturer seeks individuals to establish 
Custom Recording Business under exclusive franchise. 
Previous experience not required. $3000 investment in- 
cludes complete training in Los Angeles area -busi- 
ness formula- management guidance -sales program 
-professional recording equipment. Can net $12,000 
per year. Franchise profit 40 %. If not completely sat- 
isfied after training program, will cancel franchise and 
pay all expenses. Write: Century Records, Dept. M -2, 
P.O. Box 308. Saugus. Calif. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains Request Free Giant Cal-44g `C1 
-144 pages- Astronomical Telescopes, Nlicroscopes. 
Lenses. Binoculars, Kits, Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

MEDICAL FILM - Adults only -"Childbirth," one reel, 
8mm $7.50: 16mm $14.95. International W, Greenvale, 
L.I., New Yrrk 

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 7021, Dept. 
e.g., Lexington, Kentucky. 

COLLEGE Home Study courses from leading universities 
Full credit towards Bachelor's or Master's degree. 
5,000- course directory $2.00. College Research, North 
Highlands, Calif. 

MISCELLANEOUS 
HYPNOTIZE Unnoticed, quickly, effortlessly, or re- 
fund! Thousands satisfied! $2, Timner, Box 244, Cedar - 
burg, Wisc. 

READ about mans' most thrilling sport. Sky Diver, Box 
44, Buena Park, California. 

SEND ELECTRONICS WORLD 

EVERY Eht milicswo á 

MONTH 

name 

address 

city zone 

state 

Check one: 3 years for $12 

2 years for $9 1 year for $5 
In the U.S., and possessions. 

Payment enclosed Bill me 

Foreign rates: Canada and Pan American 
Union countries, add .50 per year; all 
other foreign countries, add $1.00 
per year. 

New Renewal 
1rnil to: ELECTRONICS WORLD 

Dept. 7304, 434 S. Wabash Ave. 

Chicago 5, III. 
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EXTRA QUALIT S 

O 
SEP NO 

CAUTION ON HIOM VOLTS 

6000 
1200 

USES UNLIMITE 
Field Engineers 
Application Engineers 
Electrical, Radio, TV, and Appliance 

Servicemen 
Electrical Contractors 
Factory Maintenance Men 

Industrial Electronic Maintenance 
Technicians 

Home Owners, Hobbyists 

6000 
1200 

--300 
BAR RING 
SHIELDED 

MOVEMENT EASY TO CHANGE 
STANDARD BATTERIES 

60-- 
12- 

3- 

12A- 

V OUT 
PUT HIGH FLUX 

MAGIIET, 
SPF ING 

BALKED 
J EN ELS 

-FOR 
GGEDrESS 

SIMPLE TO 
REPLACE 
MULTIPLIERS 
OR SHUNTS 

SPARE FUSE 

FACTS MAKE FEATURES: 

t 2 3 

HEAVY COMPLETELY 
INSULATED CASE WIRED CIRCUIT 

Popular streamlined tester with long meter scales ar- 
ranged for easy reading. Fuse protected. 

Single control knob selects any of 32 ranges -less chance 
of incorrect settings and burnouts. 

Four resistance ranges -from .1 ohm reads direct; 
41/2 ohm center scale; high 100 megohms. 

Atteniio i to detail makes the Triplett Model 630 V -O -M a lifetime investment. 
It has el Du'standing ohm scale; four ranges -low readings .1 ohm, high 

100 mega. Fuse affords extra protection to the resistors in the ohmmeter 
circuit, especially the XI setting, should too high a voltage be applied. Accu 
racy 3% DC to 1200V. Heavy molded case for high impact, fully insulated. 

f30A same as 630 plus 1Y2% accuracy and mirror scale only $59.50 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

RANGES 
DC VOLTS 0- 3- 12 -60- 300 -1,200 -6.000 

at 20,000 ohms per volt. 

AC VOLTS 0- 3 -12 -60 -300- 1.200 -6000 
at 5,000 ohms per volt. 

OHMS 0- 1,000. 10,000. 

MEGOHMS 0 -1 -100. 

DC MICRO- 
AMPERES 0 -60 at 250 millivolts. 

DC MILLI- 
AMPERES 04.2 -12 -120 at 250 millivolts. 

DC AMPERES 0 -12. 

OB: -20 to +77 !600 ohm line at I MW). 

OUTPUT VOLTS: 0- 3- 12 -60- 300 -1,200; jack with 
condenser in series with AC ranges. 

630-A 630 -PL 630 -APL 630-NA 630 -T 631 310 666-HH 800 666-R 

THE W1 RLIYS MOST COMPLETE LINE OF V- O -M'S. AVAILABLE FROM YOUR TRIPLETT DISTRIBUTOR'S STOCK. 



COME PREPARED 
to Every 

Service Job 

Tools and tubes are your bread and butter 
on home service calls. That's why, in addi- 
tion to the finest electron tubes, RCA also 
provides you with special service -designed 
tool chests and tube caddies to increase 
your efficiency on every call. These valuable 
service aids ... 

Save your time 
Simplify your job 

Organize your work 
Help you find the tool or tube you need 
readily and quickly 
Help assure that you have what you 
need when you need it -with nothing 
inadvertently left behind in the shop. 

ANOTHER WAY RCA HELPS 

YOU IN YOUR BUSINESS. 
RCA ELECTRON TUBE DIVISION, HARRISON, N. J. 

Ask your Authori?ed RCA Tube Distributo- about obtaining these 
valuable service aids designed especially for your convenience. 

NEW SERVICE- SPECIAL TOOL CHEST 
(1A1280) Ample room for all basic tools, with 
a special compartment to hold your RCA 
WV -38A V -O -M or RCA Power Line Monitor. 

RCA "TREASURE CHEST" TUBE CADDY 
(1A1001) RCA's famous full -size caddy 
-holds over 260 receiv ng tubes. 

RCA "QUICK CALL" TUBE CADDY 
(1A1002) A handy tube caddy that 
holds 162 of the tube types you use 
most frequently on TV service calls. 

RCA LITEWEIGHT TUBE CADDY 
(1A1241) This lightweight, compact caddy 
holds up to 210 receiving tubes. Custom 
molded of plastic, its finish resists marring 
and staining, cleans with soap and water. 
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