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Untie your money 
With "QT'.' The Quick 
Turnover Inventory 
System from RCA. 

How much money dc you have tied up 

in old, unsold replacerr.ent parts? If you 

have more than your share of them, 
then it could be plenty. 

RCA can change all that with a new 

Quick Turnover Invento/ System -"QT" 
for short. It represents years of studying 
inventory control. 

Now you can have an nventory 
of the fastest moving RCA parts, 
selected by RCA's computers. You'll have 

the parts you need when you need them. 
You'll know when the supply s running low. 

And, if any parts are dropped from the 

"top- mover" list, simply -eturn them 
through your "QT" dist- butor. 

Talk to your RCA Parts Distributor 
about putting in a "QT" Irentory System. 

The sooner you untie ycur money 

the sooner you'll be courting it. 

RCP Parts and 
Accessories 
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btodvi introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

ELECTRICAL 

ENGINEERING 
FOR 

AL 

ENEERS 

124 418 
ELECTRICAL 
ENGINEERING 
FOR 

PROFESSIONAL 
ENGINEERS' 
EXAMINATIONS 
by 
J. D. Constance 
Pub. price, $12.50 
Club price, $10.65 

070/636 
PROGRAMMER'S 
GUIDE TO THE 

IBM 
SYSTEM /360 
by J. H. Bradley 
Pub. price, $13.50 

Club price, $11.50 

404'437 

SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 

by J. Markus 
Pub. price. $19.75 
Club price, $14.75 

259/607 

COMMUNICA- 
TION SYSTEM 
ENGINEERING 
HANDBOOK 

by 
D. H. Hamsher 
Pub. price, $29.50 
Club price, $22.50 

637/377 
TRANSISTOR 
CIRCUIT DESIGN 

by the 
Engineering 
Staff of Texas 
Instruments. 
Inc. 
Pub. price. $17.50 
Club price. $13.95 

86 515 

INTEGRATED 
CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
Ly R. G. Hibberd 
Pub. price, $9.95. 

Club price, $8.45 

635/099 

ELECTRONIC 
AND RADIO 
ENGINEERING, 
4/e 
by 
F. W. Terman 
Pub. price, $19.50 
Club price, $16.55 

313'059 

HANDBOOK OF 

SEMI- 
CONDUCTOR 
ELECTRONICS, 
3/e 
by P. Hunter 
Pub. price, $27.50 
Club price, 521.50 

092/32X 

DIGITAL 
COMPUTER 
PRINCIPLES, 2/e 
by Staff, 
Technical 
Training, 
Burroughs 
Corp. 
Pub. price. $9.95 
Club price, $8.45 

124 '035 

HANDBOOK OF 

PHYSICS, 2/e 
by Condon and 
Odishaw 

Pub. price, $34.75 
Club price, $14.95 

Special $1.00 bonus book 
comes to you with your 

first club selection 

494'754 
ENGINEERING 
MANUAL, 2/e 
by R. H. Perry 

Pub. price, $12.50 

Club price, $9.95 

570'426 

THE NEW 

ELECTRONICS 

by B. Shore 
Pub. price, $10.00 

Club price. $8.50 

Save time and money by joining the 

Electronics and Control Engineers' Book Club 

HERE is a professional club designed specifically to meet your 
day -to -day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 
How the Club operates: Basic to the Club's service is its publi- 

cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec- 
tions -or if you want no book at all for that month -you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two -year period. Considering the many books pub- 
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

October, 1971 

423'814 

PULSE, DIGITAL 
AND SWITCHING 
WAVEFORMS 

by Millman 
and Taub 
Pub. price, $18.00 

Club price, $15.30 

209/731 

STANDARD 
HANDBOOK FOR 

ELECTRICAL 
ENGINEERS, 
10 /e 
by Fink and 
Carroll 
Pub. price, $32.50 
Club price, $24.95 

MAIL THIS COUPON TODAY 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
582 Princeton Road I'Ightstown, N.J. 08520 

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 
to receive the bonus for just $1.00, and my first selection at the 
special Club price shown. These books are to be shipped on ap- 
proval, and I may return them both without cost or further obliga- 
tion. If I decide to keep the books, I agree to purchase as few 
as four books during the next two years at special Club prices (at 
least 15% below list). 

Write Code No. of 
bonus book 

here 

Name 

Address_ 

City 

State__ 

Write Code No. of 
first selection 

here 

lip 

E33169 
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Now -Just 3 RCA Hi-Lite "V" Type Color 
Picture Tubes Replace 185 Types 

Replaces 92 types Replaces 22 types Replaces 71 types 
18VABP22 19HCP22/ 490ASB22 19VABP22 21FJP22A/ 23VACP22 25AEP22 25BRP22 
18VACP22 19HKP22 490BAB22 19VACP22 21GVP22 23VADP22 25AFP22 25BSP22 
18VADP22 19HFP22 490BCB22 21AXP22 21FKP22 23VAHP22 26AGP22 25BVP22 
18VAHP22 19HJP22 490BDB22 21AXP22A 21GUP22 23VALP22 25AJP22 25BWP22 
18VAJP22 19HKP22 490BGB22 21AXP22A/ 21GUP22/ 23VAMP22 25ANP22 25BRP22 
18VAQP22 19HQP22 490BHB22 21AXP22 21FBP22A 23VANP22 25AP22 25BZP22 
18VARP22 19HRP22 490BRB22 21CYP22 21GVP22 23VA0P22 25AP22A 25CBP22 
18VASP22 19HXP22 490CB22 21CYP22A 21GVP22/ 23VARP22 25AP22A/ 25CP22 
18VATP22 19JBP22 490CH622 21FBP22 21FJP22A 23VASP22 25XP22 25CP22A 
18VBAP22 19JDP22 490CUB22 21FBP22A 21GXP22 23VATP22 25A0P22 25FP22 ti 
18VBCP22 19JHP22 490DB22 21FBP22A/ 21GYP22 23VAUP22 25ASP22 25FP22A 
19EXP22 19JKP22 490EB22 21GUP22 21GZP22 23VAWP22 25AWP22 25GP22 
19EXP22/ 19JNP22 490EB22A 21FJP22 21HAP22 23VAXP22 25AXP22 25GP22A 
19GVP22 19J0P22 490FB22 21F JP22A 23VAYP22 25A 27'22 25RP22 

19EYP22 19JYP22 490GB22 23VAZP22 25BAP22 25SP22 
19EYP22/ 19JZP22 490HB22 23VBAP22 25BCP22 25VP22 
19GWP72 19KEP22 490JB22 23VBCP22 25BDP22 25WP22 

19FMP72 19KFP22 490JB22A 23VBDP22 25BFP22 25XP22 
19FXP77 490A822 490KB22 23VBEP22 25BGP22 25XP22/ 
19GLP22 490ACB22 490KB22A 23VBGP22 25BHP22 25AP22A 
19GSP72 490ADB22 4901.622 23VBHP22 25BJP22 25YP22 
19GVP22 490AEB22 490MB22 23VBJP22 25BMP22 25YP22/ 
19GVP27/ 490AFB22 490NB22 23VBRP22 25GP22 25BP22A 
19EXP22 490AGB22 490RB22 25ABP22 25BP22A 25ZP22 

19GWP22 490AHB22 490SB22 25ADP22 25BP22A/ 
19GWP22i 490AHB22A 490TB22 25YP22 
19EYP22 490AJB22 490UB22 

19GXP22 490AJB22A 490VB22 
19GYP22 490AK822 490WB22 
19GZP72 490ALB22 490X622 
19HBP22 490AMB22 490YB22 
19HCP22 490ANB22 490ZB22 

490ARB22 

2 

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

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

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

n ciiElectronic 
Co mponents 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


4 

4 

1 

OCTOBER 1971 VOL. 86, No. 4 

F,Iedrouii1s11(0il 

t0919g 511111E3 

1 

A A 11%, 
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THIS MONTH'S COVER 
Four examples of the "new 
breed" of power supplies. 
Clockwise: the Lambda LL- 
902 (0 -20 V d.c., 0 -.65 A) 
general -purpose bench sup- 
ply; Trio ST631 (5 V d.c., 1- 
100 A) for inputs of 115 V 

a.c., 47 -400 Hz; Hewlett - 
Packard 6428B high -power 
SCR type (1 -20 V, 0-45 A); 
and Kepco precision voltage 
source for lab and systems 
applications. Photo: Dirone- 

Denner 

Publisher 
LAWRENCE SPORN 

Editor 
WM A. STOCKLIN 

Managm - F,: 
PRISCILLA B. HOEFER 

Assistant Edit;; 
STELLA HALL 
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WALTER H. BUCHSBAUM 
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FOREST H. BELT 

Art Editor 
RICHARD MOSS 

Technical Illustrator 
J. A. GOLANEK 

Advertising Manager 
JOSEPH E. HALLORAN 

Adverts , 

MARGARET DANIELLO 
Associate Puti/ _: ' 
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Group Vice President 
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Contents 

23 Which Computer -The Minicomputer? Rob Katz 
The "mini has the basic advantages of a desk -top calculator and 
time- sharing system, but remarkably few of their disadvantages. 

26 

28 

30 

34 

36 

39 

Recent Developments in Electronics 

Digitally Controlled Power Supplies Paul Birman 

General- Purpose Power Supplies Ed Brenner 

Interstellar Communications -What Are the Prospects? L George Lawrence 
While all attempts to pick up intelligent communications from the stars have 
failed thus far, some scientists believe there must be humanoids on the other 
worlds. What is being done to contact them and what are chances of success? 

SCR Power Supplies GeoffreyF Walker 

Hirsch -Houck Lab Tests Stereo Headphones Julian Hirsch 
.inl an Hirsch tested thirty models from twelve manufacturers and gives his 
candid opinion on their performance with respect to smoothness, isolation. 
sensitivity, convenience in use. weight, comfort, and specialized features. 

41 Directory of Stereo Headphones 

43 The Switching Regulator Power Supply =red Heath 

48 Electronic "Slide Rule" John Frye 
The advent of compact electronic calculators -many of them battery pow - 
ered -eliminates much of the drudgery of performing mathematical operations 
and at lightning speeds. Most have digital readouts -and many print -outs. 

57 Do You Know These Electronic Abbreviations? Sol D. Prensky 

11 Reader Service Page 

MONTHLY FEATURES 

4 Coming Next Month 16 Letters 

7 News Highlights 68 New Products & Literature 
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NOW, A COMPLETE REFERENCE 

ON CIRCUIT DESIGN, 

APPLICATIONS, OP AMP THEORY 

AND TEST METHODS 

OPERATIONAL 

AMPLIFIERS 

DESIGN & APPLICATIONS 
PUBLISHED BY McGRAW -HILL 
WRITTEN BY BURR -BROWN 

This is the first handbook to present 
complete information on operational ampli- 
fiers. both ICs and discretes. Written by the 
applications and engineering staffs of 
Burr -Brown, this practical reference con- 
tains over 500 pages and 300 illustrations. 
It details both the design of op amps and 
their use - including insight into factors 
which determine performance and tech- 
niques for their control, an extensive selec- 
tion of practical applications, basic theory, 
and complete definitions of parameters and 
associated test circuits. Truly a valuable 
reference of daily use to circuit and systems 
designers. 

U.S. PRICE 15 DOLLARS 
ORDER YOURS TODAY 

Outside USA Write for Details 

'BURR -BROWN' 
'RESEARCH CORPORATION' 
I International Airport Industrial Park Tucson. Arizona 85706 ' 
1 (A-5 BB 

Attached is my 
$15.00 each 

Please send me ( ) copies of 

I "Operational Amplifiers" 
check, ( ) money order for 

1 
Name: 

I Company: 

1 

1 

I State: Zip 

CIRCLE NO. 143 ON READER SERVICE PAGE 

Address: 

City: 

4 

Coming Next Month 
Special Feature Article 

fJitcl riUics \Norlil 

OSCILLOSCOPES _ 
\k 

'-> I 

'tr s 

OSCILLOSCOPES 
FOR 

SERVICING 

Stanton R. Prentiss provides a comprehensive look at 
the new scopes designed for general -purpose and por- 
table applications. He outlines the features such instru- 
ments must have if you are servicing or maintaining 
various types of equipment- ranging from computers 
and radar to AM /FM /TV broadcast transmitters, hi -fi 
gear, and radio and TV receivers. Two handy quick - 
check directories are provided to help you make the 
right choice for your particular job. 

Testing IC's 
in TV Receivers 

Since linear IC's are making their appearance in many of 
the 1971 -72 model color sets, the technician must know 
how to check them -rather than just replacing them if they 
are "suspect." Forest H. Belt contends that these compo- 
nents can be tested and provides step -by -step instructions 
on how it should be done. 

Which Computer - 
Time- Sharing? 

Concluding article on what the engineer /technician should 
look for in a computer for his job. Lee N. Beyer of General 
Electric explains the advantages of being able to call on a 

full- service computer by means of a time -sharing termi- 
nal- including costs, access, and limitations. 

15 Years of 
Video Recording 

Although one of the great developments of our times, will it 
really spawn a home recording /playback market as large 
as many presently anticipate? William Slatkin of Ampex 
gives his views on this subject. 

All these and many more interesting and informative articles will be yours in 
the November issue of ELECTRONICS WORLD on sale October 19th. 
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Put More "GO POWER" into Your Electronics Career 

1©WEi 

from Technician to 

V 

by studying at home with 

GRANTHAM SCHOOL OF 
E N G I N E E R I N G 
"the college that comes to you" 

Orantbant School of Cnginccrng 
has ronferrrb an 

jOtln pot 
thr brgrrr ol 

Flssornatt in Science in Etlrrtrontcs (+grnrrrtng 

w wwq. M1.n. wn^ N w.= M1.,+iy 1.w.n,....+nY4OwOfM.m,rlil 
i.... nr .Ys 111 adlóME111L.1 i4Ç_ 

Earn a DEGREE in Electronics Engineering 

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to 
upgrade electronics technicians to the engineering level, mostly by home study. 

While you continue your present employment, you can 
really learn electronics engineering and earn an 
ACCREDITED DEGREE. You can upgrade your income 
and prestige by upgrading your electronics education at 
the college level. 

GRANTHAM'S strong- foundation educational pro- 
gram in electronics engineering is designed especially 
for the working technician. This program, offered mostly 
by home- study, leads to non -obsolescent skills -to skills 
based on reasoning -and leads to the DEGREE of Asso- 
ciate in Science in Electronics Engineering (the ASEE 
Degree). 

This accredited degree program consists of four cor- 
respondence courses of 100 lessons each -an overall total 
of 400 lessons - followed by a two -week graduation sem- 
inar held at the School. Upon completion of the four cor- 
respondence courses, you are awarded a diploma in 
Electronic Engineering. Then, upon completion of the 
two -week graduation seminar, you are awarded the 
ASEE Degree. 

Accreditation and G.I. Bill Approval 
Grantham School of Engineering is accredited by the 
Accrediting Commission of the National Home Study, is 
approved under the G.I. Bill, and is authorized under the 
laws of the State of California to grant academic degrees. 

Grantham School of Engineering 
ptTED scyo Established in ] 95 I 

o 

zz 

z 

i 7 
4 

yUM F S'rv 
October, 1971 

NHS(' 1505 N. Western Ave. 
Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

CIRCLE NO. 133 ON 

What's in Your Future - 
The Same Old Job, or Success in Engineering? 
Where will you be five years from today? Are you headed 
for real advancement in electronics, or in a rut ? The expe- 
rience you have as a technician is valuable; it gives you a 
head start toward a better future. But to get ahead and 
stay ahead, experience must be supplemented with more 
education in electronics and such allied subjects as math- 
ematics, physics, computers, and engineering design. 

The Grantham educational program in electronics engi- 
neering is not for beginners. Every point is explained 
just as carefully as if you were a beginner, but the impor- 
tant difference is that while the beginner would need ex- 
tensive laboratory training. you (as an experienced tech- 
nician working with modern equipment ) do not require 
such training and should not waste your time doing the 
same laboratory experiments that beginners must per- 
form. This program in engineering is designed, written, 
and taught for and to experienced technicians, and be- 
ginners are not accepted for enrollment. 

For complete details, mail postcard or coupon. 

r- 
Grantham School of Engineering rl {' -10 -71 

1505 N. Western Ave., Hollywood, Calif. 90027 
Gentlemen: 
Please send me your free Bulletin which gives com- 
plete details on the Grantham educational program 
leading to the Associate Degree in Electronics Engi- 
neering. I understand no salesman will call. 

Name 

Address 

City State Zip 

I have been in electronics for years. 

READER SERVICE PAGE 5 
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We make the microphonef, too. 

6 

Since our job is to make your job easier, we've developed an entire line of 
ingenious, low -cost circuitry devices that take the headaches out of tough 
installations. For instance, Shure makes nearly a dozen different -type 
modular add -on Mixers, including a professional mixer. They're the talk of 
the industry. We offer an Audio Control Center to shape response to match 
room acoustics. Our Level -Loc effectively contols audio levels. In -line 
transformers, and plug -in problem solvers (such as phase reversers, atten- 
uators, etc.) are instant cures for knotty problems. Interested? Write 

Shure Brothers Inc., 
222 Hartrey Ave., Evanston, III. 60204. 

CIRCLE NO 117 ON READER SERVICE PAGE 

Ira S H V R E 
ELECTRONICS WORLD 
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a 

NEWS 
HIGi ¡LIGHTS 

Consumer Electronics Show 

The fifth annual CES Show which was held in Chicago June 27 -30 turned out to be a very exciting one 
with a record attendance of 36,160. In fact, it was so successful, that next year's show has already been 
planned for the same spot (McCormick Place, Chicago) June 11 -14, 1972. The show has changed gradually 
over the years. In the early days it was more of an EIA membership participation exhibit with both black -and- 
white and color TV the outstanding features. Now only a few of the major domestic TV manufacturers were 
exhibiting; in fact, there were more foreign sets being shown than domestic. TV in general seems to have lost 
out and this year's show turned out to be predominantly a hi -fi show. With most of the major component hi-fi 
manufacturers exhibiting, it seemed to be more a component hi -fi show than an EIA show. The only 
difference between it and the Institute of High Fidelity's Hi -Fi Show was that the CES show, of course, was 
basically for dealers and representatives only; while the IHF Hi -Fi Show is directed to the consumer. 
Four -channel sound, the highlight of the show, was in evidence everywhere -and if what we have seen is any 
criterion then four -channel sound has developed such momentum that it will be impossible to hold back. 
There were matrixing, discrete four -channel, and multiplexing systems throughout the show. There were all 
different types of discrete four -channel systems, but the 8 -track cartridge seems to be the most likely to 
succeed since there is a greater market for pre -recorded tapes. A discrete four -channel disc system has been 
designed by JVC and is in production in Japan, but whether or not it will be released to the U. S. market in 
the future will depend entirely on the availability of software. There are various four -channel FM multiplex 
designs, too, but since these would require FCC approval, it seems likely that any major development in this 
area would be at least 5 -10 years away. Different matrixing system designs were displayed, as well, and E -V 
was prominent here, but surprisingly many receiver and /or amplifier manufacturers seem to have incorporat- 
ed their own matrixing systems. Basically they are much alike, the only difference being the various combina- 
tions of phasing and amplitude. Great strides are being made in trying to standardize but it's hard to 
determine when and if such standardization will ever take place. 

The Key to Security -Holograms 

RCA has unveiled the world's first lock- and -key system based on a laser -made hologram. The system, 
called Hololock, enables employees to use a card with a laser -hologram to gain entrance to RCA's new 
40,000- square -foot technical center in Zurich, Switzerland. The hologram contains a coded number and other 
identification information. When inserted into a slot in a special box at the main entrance, the card's number 
is read by illumination with a standard light bulb and then compared with a number punched into an 
associated keyboard by the employee. If the two match, the door unlocks for 90 seconds. The system also 
keeps a record of the times each card is used. The hologram lock -and -key system affords a high degree of 
security because it cannot be altered and very sophisticated equipment is needed to produce it. 

100'F to 700 F to 100 °F in 10 Milliseconds 

The National Cash Register Company just announced a new on -line Model 260 data terminal that will 
compete directly with Teletype machines but will be faster. cheaper, smaller, and quieter. It will print in dot 
patterns 30 characters per second through the use of thermal instead of impact printing. By its very nature, 
thermal printing is much faster. There are no keys, no inked ribbon. and no impact. Electrical energy 
converted to heat chemically alters the coating of the paper to form characters almost instantaneously. This is 
accomplished by a print head which barely touches the surface of the coated paper. The key to the design is a 

print head consisting of 35 tiny heat sources that can change their temperature from 100 °F to 700 °F and back 
down to 100 °F in 10 milliseconds. 

Women's Lib in the Lab 

October. 1971 

A new. nat1,.uwide club has been formed exclusively for women in professional electronic servicing. Ladies 
in Technical Electronic Servicing (called LITES) was founded by Mrs. Sandra Schaffner who works with her 

7 
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husband Len Schaffner, a TV service technician, at his servicing firm in California. According to Mrs. 
Schaffner, the purpose of the club is to encourage women to enter the field of consumer electronics repair as 

well as to serve as a forum for the exchange of ideas and technical developments. There will be an annual 
national convention (not yet scheduled) as well as regional meetings in the course of the year and a newslet- 
ter. Mrs. Schaffner feels that "there is not only a tremendous shortage of qualified consumer electronic repair 
personnel today, but the field is highly compatible with women's capabilities . . . the natural feminine 
concern for small intricate detail makes electronic repair a natural vocation for women." Those wishing 
further information on LITES should contact Mrs. Schaffner at Kings lingnavox, 1209 Los Angeles Ave., 
Simi Valley, Cal. 

Rechargeable Cardiac Pacemaker Weighs Only Two Ounces 

Nickel -cadmium batteries (made by GE) in a rechargeable cardiac pacemaker (developed by Johns Hopkins 
University's Applied Physics Lab) can operate a human body for up to 20 years without removal or repair. It 
is only 1/2-inch thick and about one -third the size of conventional models. Heart pacers do have the disadvan- 

tage of having to be surgically removed about every two years because of depletion of the storage -battery 

power, but the new design can be recharged through the skin by a simple procedure that would take about 

one hour a week. The patient would wear a special vest in which an alternating -current field (generated by a 

small coil in the vest) passes through the intact skin and is picked up in the implanted cardiac pacemaker 

where it recharges the battery. No sensation is felt by the patient. The pacemaker also provides its own 

monitor of battery voltage. Since the pulse rate depends on battery voltage, a variation in the patient's pulse 

could indicate a change in charge level, warning that the battery needs to be recharged. 

Balloon Interrogation Package Records Trans -Polar Flight 

As a light plane flew over the North Pole last June, it was out of communication with the ground; yet 

NASA knew its exact location, its equipment voltages and temperature, and the physical condition of the 

pilot. In the cockpit was a miniaturized electronic data -collection and location system especially modified to 

record the trans -polar mission. Called RIP (Balloon Interrogation Package), it was designed for NASA by 

General Instrument Corporation to transmit information from the plane to a satellite which relayed it to ground 
control at the Goddard Space Center. Spotlighting the equipment's importance was its ability to pinpoint the 

plane's location in case of a malfunction or a forced landing. It also provided proof of a new aviation 
record -the first non -stop flight over the North Pole by a woman in a light plane. Sheila Scott flew the 

twin -engine Piper Aztec from Nord, Greenland to Point Barrow, Alaska in 12 hours. Although she was out of 
communication with the ground while crossing the Pole, the tracking system was able to plot the course of the 

mission by its fixes on the plane's position, insuring that the Pole was crossed. 

Congratulations! 

John W. Maxwell (P. R. Mallory Co.), winner of the Electronic Industries Association Outstanding Accom- 

plishment Award, for contributions to EIA engineering committees over a period of more than 30 years. Part 

of the award cites his "outstanding technical expertise and leadership" resulting in a body of standards 

ranging from the original American war standards on all components to the current EIA and international 
standards on electrochemical capacitors . . . Dr. Herre Rinia, recipient of the IEEE Award in International 
Communication. Formerly director of research for Philips Labs (Netherlands), Dr. Rinia is now retired. His 
voluminous works touch many fields of endeavor -radio -TV, cryogenics, automotive engineering, digital 
computers -and have earned him well over 100 patents. The award, established jointly by ITT and the 

IEEE, consists of a plaque, a certificate, and $1000 contributed by ITT. 

Did You Know That . . . 

8 

The Veterans Administration employs more architects and engineers for medical construction than any 

other Federal agency. It is the Government's largest independent agency, with 222 architects and engineers. 

Eighty -five percent of them have degrees and /or licenses; 20 percent are under 35 years old (including 

Vietnam veterans). . . . According to data compiled recently by the Electronic Industries Association's (EIA) 

Marketing Services Dept., U. S. factory sales of receiving tubes totaled 53.4 million units during the January - 

March, 1971 period. This represents a decline of only 0.9 percent compared with sales of 53.9 million units 

during the same period last year, and many had thought that the semiconductor era would signal the demise 

of the tube industry. 
ELECTRONICS WORLD 
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Find SK replacements fast with 
the new RCA SK Wall Chart 

7.:1 Solid -State Quick Selection Replacement Chart 
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Dimensional Outlines and Terminal Diagrams 

1 L 1 '7- 1 

A brand new expanded, king -size SK 
Quick Selection Wall Chart which shows you 
the correct SK replacement when the device 
to be replaced cannot be identified is now 
available from your local RCA distributor. 

Keying all RCA SK types to applications, 
and showing terminal diagrams and perform- 
ance data charts, this 23" x 35" chart is just 
what you need for fast SK replacement. 

Also available is the new edition of RCA's 
SK Series Top -of- the -Line Replacement Guide 
which shows how only 79 RCA SK devices 
can replace more that 20,000 OEM solid state 
devices in radios, TV's, stereos, tape equip- 
ment and other home entertainment equip- 
ment. 
October, 1971 

The new Guide also features 17 industrial 
type SK's that replace devices used in power 
control and switching circuits and other in- 
dustrial applications. 

All RCA SK types are accurately cross -ref- 
erenced with industry types in this updated 
Replacement Guide which you can use to ad- 
vantage on every service call. See your local 
RCA distributor for both the SK Quick Selec- 
tion Wall Chart (1L1367) and the SK Re- 
placement Guide (SPG- 202L). They work 
hand in hand to make your replacement job 
faster and easier. 

RCA I Electronic Components Harrison, N. J. 
07029 RCR 
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THE SANSUI QS -1 

QUA DPHONIC SYNTHESIZER 

SANSUI QS-I 

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

hidden in your stereo discs, tapes and broadcasts 

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

2 eh input 
recovering them. These subtle shifts and modulations, if re- introduced, sansul 

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

recording or broadcast studio. Phasem "let.oh 

The heart of the Sansui Quadphonic Synthesizer'' is a combination of a unique 
reproducing matrix and a phase modulator. The matrix analyzes the 2- channel 
information to obtain separate direct and indirect components, then redistributes Phase modulated signals 

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

speakers, adds another important element. It sets up a complex phase interference fringe in the 
listening room that duplicates the multiple indirect -wave effects of the original field. The result is 

parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through 
Mn in the accompanying illustration) and reproducing them through a corresponding number 
of channels and speakers. 

A 

10 

F. L F 

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

dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area 

at the center. And that is exactly the effect obtained with live music! This phenomenon is one 
of the true tests of the Quadphonic system. 

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

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

S aisu 
*Patents Pending 

SANSUI ELECTRONICS CORP. 
Woodside, New York Gardena, California 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan Frankfurt a M. West Germany 
Electronic Distributors (Canada), British Columbia 
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Electi'oiiics \Vorld 
READER SERVICE PAGE 
FREE 
I N FORMATION 
S ERVICE, Here's an easy and convenient way for 

and to get additional information 
about products advertised or mentioned 

editorially (if it has a "Reader Service Number ") 
in this issue. Just follow the directions below ... 
and the material will be sent to you promptly 

free of charge. 

On coupon below, circle 
the number(s) that 
correspond(s) to the key 

number(s) at the bottom or 
next to the advertisement or 
editorial mention that is of 
interest to you. (Key numbers 
for advertised products also 
appear in the Advertisers' 
Index.) Print or type your 
name and address on the 
lines indicated. 

2Cut out the 
coupon and 
mail it to: 

Electronics World, 
P.O. Box 7842, 
Philadelphia, Pa. 
19101 

NOTE 
If you want to write to the 
editors of ELECTRONICS 
WORLD about an article on 
any subject that does not 
have a key number, write to 
ELECTRONICS WORLD, 
One Park Avenue, New York, 
N.Y. 10016. Inquiries con- 
cerning circulation and sub- 
scriptions should be sent to 
ELECTRONICS WORLD, 
P.O. Box 1093, 
Flushing, N.Y. 11352 

Electronics \VoiitI 
P.O. Box 7842 
Philadelphia, Pa. 19101 
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Kit for kit, 
text for text, 
dollar for dollar, your 
best home training 
buy is NRI 
NRI "hands on" method gives you as much as 2 years 
of on- the -job experience. Pick your field and enroll now! 
After over 55 years of training men for Electronics in 

their homes, NRI knows that theory alone is not 
enough. That's why NRI concentrates so heavily in 

the development of special training equipment. Your 
hands must be trained as well as your head, and NRI 
gives you both kinds of training in a manner no other 
school can match. 

You get your hands on professional parts and demon- 
strate theory you read in NRI's unique "bite- size" 

texts. You build designed- for -learning Electronic cir- 

cuits and complete, operating equipment. You use 

what you build to prove out what you read. Elec- 

tronics comes alive in the most valuable, practical 
manner. You experiment with the same kinds of solid - 

state and transistorized and tube circuits you'll find 

on the job -not hardware or breadboard hobby kits. 

NRI prepares you for your choice of careers in Color 

TV Servicing, Communications, Industrial Electron- 
ics and the growing field of Computer Electronics. 
Many NRI graduates start earning $5 to $7 an hour 

extra soon after they enroll, fixing home Electronic 
equipment for friends and neighbors in spare time. 

NRI's remarkable teaching method simplifies, organ- 
12 

izes, dramatizes subject matter so that any ambitious 
man, regardless of his education, can effectively learn 
and profit from the Electronics course of his choice - 
and NRI gives you 15 training plans to choose from. 

Over three -quarters of a million men have enrolled 
with NRI since 1914. Proof of the value and experi- 
ence you get when you choose NRI for your Elec- 
tronics training ... proof of why NRI continues to be 
the country's largest Electronics home -study school. 
Discover for yourself how easy it is to move into 
Electronics and move up in a rewarding career. Mail 
the postage -free card for the new NRI Catalog. There 
is no obligation. No salesman will call on you because 
NRI does not employ salesmen. NATIONAL RADIO 
INSTITUTE, Washington, D.C. 20016. 

If postage -free card is missing, write to: 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in 
service now, check GI line on postage -free card. 

ELECTRONICS WORLD 
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...first and only school to include 
training equipment designed from 
chassis up for your education 

Earn $5 to $7 an hour spare or full 
+ time in COLOR TV SERVICING 

It's easy to learn as you build, stage -by- stage, the only 
custom designed Color TV receiver engineered specifically 
for training purposes. You grasp a professional under- ? standing of all color circuits through logical demonstrations 
never before presented. The end product is a superb Color 
TV set that will give you and your family years of viewing 
pleasure. NRI gives you the option of selecting either 
Color or black- and -white training equipment. 

ml1ltltip; 

There's glamour, success awaiting 
Technicians in COMMUNICATIONS 
NRI gives you the experience you need to qualify for 
jobs in TV broadcasting stations, or operating and servic- 
ing mobile, marine, aviation communications equipment. 
You build and use a solid -state voltohmmeter; perform 
experiments on transmission lines and antenna systems, 
even build your own 25 -watt, phone -cw amateur transmit- 
ter band. In all NRI Communications courses, you must 
pass your FCC exams -or you get your money back. 

Fill technical jobs without a degree 
in INDUSTRIAL ELECTRONICS 
NRI's Electronics Technology course gives you completely 
specialized training kits engineered for business, industrial 
and military Electronics fields. On completing this train- 
ing, competent technical ability can be instantly demon- 
strated by you. As you learn, you actually build and use 
your own training center in solid -state motor control and 
analog computer servo- mechanisms. Telemetering circuits, 
solid -state multi -vibrators, even the latest integrated cir- 
cuits are included in your home training program. 

Prepare quickly for a high pay career 
in COMPUTER ELECTRONICS 
This may well be the most unique and exciting educational 
aid ever developed for home training -a digital computer 
with memory you build and use to learn organization, 
trouble shooting, operation and programming. It performs 
the same functions as commercial computers you encounter 
on the job. Lessons stress computer repair. You perform a 
hundred experiments, build hundreds of circuits. Your own 
solid -state voltohmmeter is included among the ten training 
kits you receive. 

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING 

October, 1971 16 
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Punch clean, 
true holes 
in seconds. 
A Greenlee chassis punch is the 
quickest way yet to cut round, 
square, key, D, or double -D holes in 
16 -gauge metal, hard rubber, 
plastics, epoxy, etc. Available at 
radio and electronics parts dealers. 
Or write for Catalog E -730 to: 
Greenlee Tool Co, 1764 Columbia 
Ave., Rockford, III. 61101. 

GREENLEE TOOL CO 
1 

=X LO 
EX-CELL-0 CORPORATION 

CIRCLE NO. 132 ON READER SERVICE PAGE 

AR guarantees 
its published 
specifications 
At Acoustic Research we believe 
that the publication of complete 
performance data on our high fi- 
delity components is obligatory. 
Otherwise, our guarantee would 
have little meaning. 

Find out just what AR guarantees 
that its products will do. Mail the 
coupon below, and detailed tech- 
nical literature will be sent to you 
free of charge. 

Acoustic Research, Inc. 
24 Thorndike Street 
Cambridge, Mass. 02141 

Dept. E w 10 

Please send measured performance data 
on AR products to 

Name 

Address 

CIRCLE NO. 148 ON READER SERVICE PAGE 

LETTERS 

PHASE -SHIFT OSCILLATOR 
To the Editor: 

All praise to Mr. Jon Turino for his 
article "Designing a Phase -Shift Oscil- 
lator" (July, 1971 issue). Contrary to his 
implication in paragraph 3, however, 
computer -aided design is not difficult 
with his procedure. 

Using his equations, a desk -top com- 
puter (Olivetti Programma) was pro- 
grammed to do all the calculations. A 
run was completed in 15 seconds en- 
tering only RI, and p -p volts, transistor 
beta, and desired frequency. I did one 
run of his specific example, which I 

wired up, and it hit right on the nose! 
In a second run, I changed RI, from 25k 
ohms to 10k ohms and the frequency 
from 5000 Hz to 1000 Hz -and the 
breadboarded version again worked. 

Mr. Turino did not identify VRE in 
the text (Step 9) so I left it out in the 
programming; evidently it is small 
enough not to affect the calculations. 

Thanks for a fine article; it helps. 
W. R. KENNEDY, Spectroscopist 

American Cast Iron Pipe Co. 
Birmingham, Ala. 

TV RADIATION MEASUREMENT 
To the Editor: 

The article by J. G. Ello, "Measuring 
Color -TV Generated X- Rays" (appear- 
ing in the July, 1971 issue) is one with 
which I take some exceptions. In Fig. 1 

the author shows a Victoreen 440 sur- 
vey meter. This instrument is not ac- 
ceptable for x- radiation measurements 
from TV receivers for the following 
reasons: (1) It is not radio- frequency 
shielded; (2) it does not average its de- 
tection over a 10 -cm2 area as required 
by the Bureau of Radiological Health; 
and (3) its most sensitive range -0 -3 
mR /hr -is not practical for x- radiation 
measurements from TV receivers 
which in all probability are, under 
worst conditions, approximately 0.1 
mR /hr or less. 

In all fairness to Victoreen, they do 
market the 440 RF /C survey meter 
which has been approved by both the 
TV industry and the Bureau of Radio- 
logical Health as an acceptable instru- 
ment for color -TV x- radiation measure- 
ment, and which reads directly in dose 
with very little correction necessary 
over the energy range concerned. 

Also, Fig. 3 indicates a scanning 
speed of 2 in /s which is satisfactory for 

a scintillation detector or GM instru- 
ment but is far too fast for ionization - 
chamber -type survey meters which 
have time constants on the order of 8 
seconds on their most sensitive ranges. 
For these instruments, 2 -4 ft /min 
would be a more correct scan rate. Mr. 
Ello states that "at present there is no 
all- around survey meter for TV x -ray 
monitoring." I believe the instrument 
developed by the Bureau of Radiologi- 
cal Health, incorporating 6 GM (Gei- 
ger- Muller) tubes to an active length of 
17 ", is very practical for detection - 
even though it is energy- dependent. 
An instrument of this type is being 
marketed by Johnson Associates as a 
TVX -1 x -ray monitor; it can survey an 
entire receiver in three to four min- 
utes, compared to possibly 45 minutes 
for slower instruments. 

CHARLES W. COMBS, JR. 
Somerdale, N. J. 
* 

CALIBRATING D.V.M.'s 
To the Editor: 

In the June, 1971 issue of ELEC- 
TRONICS WORLD (page 36) an article 
by M /Sgt. David L. Kierstead describes 
a method of calibrating digital voltme- 
ters. Obviously there are a few impor- 
tant words missing between the bot- 
tom of page 36 and the run -back at the 
top of page 62. (A line was dropped; 
the "Calibration Procedure" should 
read as follows: "To start the cali- 
bration process, place switch SI in po- 
sition B, switch S2 to the standard cell, 
and close switch S3, placing divider 
#2 in the circuit. Divider #1 is set to 
10% of the standard cell volt- 
age... -Editor) 

Also, it should be pointed out that 
with divider #2 having only five dec- 
ades of resolution (settability), it will be 
impossible to adjust it for a null when 
S2 is connected to it. The last digit on 
divider #2 causes a change of slightly 
over 100 mV -which is far from a null! 
Nulling must be accomplished by 
changing divider # 1.This prevents cal- 
ibration of the d.v.m. at points chosen 
by the user; "fine- tuning" must be pro- 
vided by divider #1 to obtain exact 
knowledge of the voltage. Further- 
more, no digital voltmeter on the mar- 
ket has the linearity and accuracy of 
the best Kelvin Varley resistive divid- 
ers; the same applies to "absolute d.c. 
voltage standards." Thus, although the 

ELECTRONICS WORLD 

4 

4 

www.americanradiohistory.com

www.americanradiohistory.com


described method is sound in theory. 
in practice one must resort to either a 
calibrated K -V divider or a set of trans- 
fer resistance boxes to establish accu- 
rate ratios of .1 and .01. 

Lastly, a cushion of 10:1 in cali- 
bration support cannot be realized as 
one approaches one part per million; in 
most cases, one must settle for 1:1. 

LLOYD W. ROOT 
Dayton, Ohio 

To the Editor: 
In reference to Lloyd W. Root's let- 

ter regarding my article "Calibrating 
Digital Voltmeters," accuracy can be 
maintained within ±10 ppm, whereas 
I had said ±5 ppm. The article also 
states that divider #2 is a 5- decade 
unit and I would like to change this to 
state that it should have adequate reso- 
lution to accommodate the d.v.m. un- 
der test. 

It should also be pointed out that, in 
order to maintain ±10 ppm accuracy, 
the first digit of the Kelvin -Varley di- 
vider (divider #1) should not be less 
than 0.1 in its setting. 

Incidentally, the method I described 
does indeed use the calibrated K -V di- 
vider and transfer resistance boxes Mr. 
Root recommends; and, as the second 
sentence of my article acknowledges, 
accuracy that does not meet or exceed 
10:1 ratio should be annotated to indi- 
cate the true ratio. 

DAVID L. KIERSTEAD, M /Sgt., USAF 
Aurora, Colo. 

MORE ABOUT SOLDER 
To the Editor: 

Next time you publish an article like 
"Solder & Soldering Tools" (June, 
1971), we would appreciate being in- 
cluded in the list of manufacturers. We 
have been in the solder business for 70 
years now, and are the oldest and last 
surviving privately owned firm in the 
industry. 

We manufacture bar and wire sol- 
der, both solid and cored, high- and 
low -temperature, as well as a soldering 
iron and some soldering tools. Perhaps 
you can also mention that we make the 
only new cored solder called "perforat- 
ed solder." 

Glad to see you're interested in sol- 
der, and hope we can be of some serv- 
ice to you. 

JOHN R. MAINS, Sales Mgr. 
Gardiner Solder Co. 

Div. of Gardiner Metal Co. 
Chicago, III. 

OSCILLOSCOPES 
A number of our readers have ex- 

pressed interest in oscilloscopes in re- 
cent months. So we have planned an 
extensive feature article on the subject 
for our November issue telling what's 
available on the market today. Watch 
for it.- Editor 
October. 1971 

\* 
HEAR 

FF! MII 

Telex headphones and headsets give you that comfortable feeling 
of assurance when you monitor broadcasts or communications. 
Signals come through loud and clear - intelligibly and reliably. 

Telex professional monaural or stereo headphones incorporate 
audiometric -type transducers that are impervious to temperature 
or humidity changes and provide you with absolute performance 
consistency day in, day out. These sensitive dynamic transducers 
produce high output levels with minimum consumption of trans- 
mission power. Available in single or dual muff configuration and 
with noise cancelling dynamic or carbon boom microphones. 

And you'll never miss a cue or program buss with a Telex 
Anouncers Earset® . Inconspicuous for `on camera' work, it has 
practically become standard in the industry. 

Or you can select a Teleset® , Twinset® or Earset® for light- 
weight, comfortable and inexpensive private monitoring. And for 
special applications in business or home, industry or institution, 
Telex makes a listening device to fit your requirements. Available 
at better sound dealers or write for free information. You'll hear 
more from Telex. PRODUCTS OF SOUND RESEARCH 

L J 
ZZ® 

COMMUNICATIONS 

9600 ALDRICH AVENUE SOUTH 
MINNEAPOLIS. MINNESOTA 55420 

CANADA. DOUBLE DIAMOND ELECTRONICS, LTD.. 34 Progress Ave.. Scarborough 4. Ontario 
EXPORT: ROYAL SOUND COMPANY, INC., 409 North Main Street, Freeport. N.V. 11520 U.S.A. 
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10 Reasons why 
RCA Home Training is 

your best 
investment 
for a rewarding 
career 
in electronics: 

Performing transistor experiments 
on programmed breadboard -using 
oscilloscope. 

18 ELECTRONICS WORLD 
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LEADER IN ELECTRONICS 
TRAINING 

When you think of electronics, you im- 
mediately think of RCA ...a name that 
stands for dependability, integrity, and 
pioneering scientific advances. For over 
half a century, RCA Institutes, Inc., a 
subsidiary of RCA, has been a leader in 
technical training. 

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER, 
ALMOST AUTOMATICALLY 

Beginner or refresher, AUTOTEXT, 
RCA Institutes' own method of pro- 
grammed Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

3 WELL PAID JOBS ARE OPEN TO 
MEN SKILLED IN ELECTRONICS 

RCA Institutes is doing something posi- 
tive to help men with an interest in elec- 
tronics to qualify for rewarding jobs in 
this fascinating field. There are chal- 

1 lenging new fields that need electronics 
technicians... new careers such as com- 
puters, automation, television, space 
electronics where the work is interest- ' ing and earnings are greater. 

4 WIDE CHOICE OF CAREER 
PROGRAMS 

Start today on the electronics career of 
your choice. On the attached card is a 
list of "Career Programs ", each of which 
starts with the amazing AUTOTEXT 
method of programmed instruction. 
Look the list over, pick the one best 
suited to you and check it off on the card. 

Construction of Multimeter. 

SPECIALIZED ADVANCED 
TRAINING 

For those already working in electronics 
or with previous training, RCA Insti- 
tutes offers advanced courses. You can 
start on a higher level without wasting 
time on work you already know. 

6 PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home study, 
your training is supervised by RCA In- 
stitutes experts who become personally 
involved in your efforts and help you 
over any "rough spots" that may develop. 

7 HANDS -ON TRAINING 

To give practical application to 
your studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. You get over 250 proj- 
ects and experiments and as many as 22 
kits in some programs. Each kit is com- 
plete in itself. You never have to take 
apart one piece to build another. They're 
yours to keep and use on the job. 

8 FCC LICENSE TRAINING - 
MONEY BACK AGREEMENT 

Take RCA's Communications Career 
program -or enter with advanced stand- 
ing and prepare immediately for your 
1st, 2nd, or 3rd class FCC Radio Tele- 
phone License examinations. RCA In- 
stitutes money -back agreement assures 
you of your money back if you fail to 
pass the FCC examination taken within 
6 months after completing the course. 

9 CONVENIENT PAYMENT PLANS 

You get a selection of low -cost tui- 
tion plans. And, we are an eligible insti- 

tution under the Federally Insured Stu- 
dent Loan Program. 

10 RCA INSTITUTES IS FULLY 
ACCREDITED 

RCA Institutes is an accredited member 
of the National Home Study Council. 
Licensed by N. Y. State -courses of study 
and instructional facilities are approved 
by the State Education Department. 

VETERANS: TRAIN 

UNDER NEW GI BILL 

SEND ATTACHED POSTAGE PAID CARD 
TODAY! FREE DESCRIPTIVE BOOK 
YOURS WITHOUT OBLIGATION! 

If reply card is detached, send this coupon 
today. r 

RCA INSTITUTES, INC. 
DEPT. 240-110-0 
320 W. 31 ST. 
NEW YORK, N.Y. 10001 

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

Name 

Address 

City 

State ZIP 

Age 

Veterans: Check here O 
L J 

RCR 
Temperature experiment with transistors. 

October, 1971 

Construction of Oscilloscope. 
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When you're in a hurry; it's nice to know GTE Sylvania has the parts. 

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

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

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

In semiconductors, the story is different. Just 124 
ECG solid -state devices including transistors, diodes 
and integrated circuits will replace over 41,000 differ- 
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ent types. In the high -voltage section alone, only 8 
ECG rectifiers and triplers will take care of almost 
every job. 

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

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

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

And that should help you make a fast getaway. ® SYLVANIA 
ELECTRONICS WORLD 
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Minicomputers produce mathematical 
plots when interfaced to a line plotter or, 
in some cases, an oscilloscope. This 
three -dimensional true perspective plot, 
of a type useful for applications such as 
field -gradient studies, was done by a 

minimum -configuration DEC PDP -8, L 

minicomputer (41( core) interfaced to a 

Calcomp plotter using Focal language. 

WHICH 
COMPUT 
The Minic 
By ROB KATZ 
Applications Engineer. Digital Equipment Corp. 

It can be said that a minicomputer has the basic 
advantages of a desk -top calculator and time -sharing 
system but has remarkably few of the disadvantages of either. 

Editor's Note: This is the second article on the 
subject of the computer best suited to the engi- 
neer. Last month, Paul Asmus of Hewlett - 
Packard covered the "programmable calcula- 
tor. " Next month Lee N. Beyer of General 
Electric will discuss the pros and cons of time- 
sharing systems. 

HE image of the electronic computer is 
changing. Along with the huge, monolithic 

pieces of machinery usually found in computa- 
tion centers (and wildly parodied in movies), a 
new breed of machine has made its appear- 
ance. This newcomer is considerably smaller 
(sometimes small enough to fit on a desk top), 
is usually more rugged, and has been adapted 
to a number of unusual uses. Variously called 
"small general -purpose computers," "little 
computers," and "baby computers" by some 
manufacturers and users, these devices are al- 
most universally dubbed "minicomputers" by 
the electronics industry. However, since they 
come in various shapes and sizes, there is some 
confusion as to just what constitutes a mini- 
computer. 

A minicomputer is a complete computer, 
capable of performing normal computer func- 

OctolMr, 1971 

tions independently (as opposed to, say, an ex- 
otic terminal that has to be connected to a 
large computer in order to work); and it is 
general purpose, meaning that whatever func- 
tions it may do are determined by the pro- 
gram that is read into it -and that its functions 
can change merely by reading another pro- 
gram into it. By contrast, a special -purpose 
computer, whose functions cannot be repro- 
grammed directly, is not considered a mini- 
computer. 

Another aspect that identifies a minicompu- 
ter is its word length. Although all digital com- 
puters use binary information units (bits) for 
their computation these are grouped into larg- 
er units of bits called "words." The typical 
word length of a large computer is 32 -36 bits, 
the minicomputer from 8 to 18 bits. The mini- 
computer memory has a capacity of at least 
4096 words (4K words in computer parlance). 

A final parameter defining a minicomputer 
is that it generally costs less than $25,000 in its 
basic configuration. Admittedly, this last pa- 
rameter is somewhat arbitrary, but it draws a 
line in the rather extensive gray area where a 
minicomputer leaves off and the larger "medi- 
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Some models of minicomputers come in "desk -top" versions. 
This POP -8 /E can be used as an independent terminal for en- 
gineering calculations in this configuration. With the modern 
programming languages available, such as Focal, the computer 
can be programmed by engineer for use by untrained personnel. 

um-scale" or "midi" computer starts. It is important to em- 
phasize "basic configuration" since quite frequently the 
minicomputer uses supplemental devices to help it do its 
job -known in the industry as "peripheral devices" or "pe- 
ripherals." 

Peripherals are used to store data or programs or to input 
and output information to the computer. For storage, the 
basic method is magnetic recording. Magnetic tapes, disks, 
and drums are all used to record and play back information 
from and to the computer. With such storage media, it is 
possible to keep available for rapid recall program elements 
or data that may be used only from time to time, thus keep- 
ing the computer's internal memory free for more immedi- 
ate program needs. In order of recording and playback data 
rates, drums are the fastest, followed by disks and tape in 
that order. 

Tapes and some disks can be used to transfer data from 
one computer to another in the same way that it is possible 
to play back an audio tape recording on a machine other 
than the one on which it was recorded. Thus, in addition to 
being storage devices, some disks and tapes are used for 
data transfer. Sometimes when a small computer system is 
logging data from a process, it will prepare tapes so larger 
computers located elsewhere can make a more detailed 
analysis at a later time. 

The fundamental peripheral device by which one com- 
municates with the computer is a Teletype or its equiva- 
lent. Although almost all minicomputers come equipped 
with some such device, it is considered a peripheral be- 
cause it is tied to the computer in the same way as all other 
peripherals -that is, through appropriate interfacing. 

Besides the basic teletypewriter, other more specialized 
and sophisticated devices are used. High -speed line print- 
ers are used to output large quantities of printed data in a 
short time. Graphical plotters are used to output informa- 
tion in graphic form, which can be in Cartesian or polar 
coordinates -or even isometrics or perspective drawings. 
All these peripherals put out printed or "hard- copy" out- 
puts. 

Another form of peripheral is the display. In a display, a 
CRT presents imaged information -"soft copy" in comput- 
er parlance. Some displays merely present data; others act 
like teletypewriters, providing alphanumeric images and 
accepting data from a keyboard input. Others permit the 
user to act directly upon the image being presented. 

Quite frequently, minicomputers are required to gather 
data from a device or sensor that outputs an analog signal or 
must sometimes send analog signals to a process or device. 
24 

Converters are used to interface a computer to such a proc- 
ess or device. As its name implies, an analog -to- digital (A/ D) 
converter transforms analog signals into digital form for 
computer manipulation; digital -to- analog (D I A) converters 
do the reverse. 

The key to all peripheral operation is information trans- 
fer. The storage units transfer internal to and from the com- 
puter. The teletypewriter or its equivalent (often called the 
input /output or I/O device) transfers instructions or fin- 
ished data between user and computer. Converters transfer 
information between the computer and the "real world" - 
the outside activities the computer is involved in, other 
than direct communication with the user. 

When we speak of a computer and a number of peripher- 
als configured together to do a particular job, the result is 
usually referred to as a "computer system" to differentiate 
it from its central component. Since the teletypewriter is a 
peripheral device, a purist often refers to a computer that 
only has a teletypewriter connected to it as a computer 
system, although many people consider this particular com- 
bination a computer, saving the "system" designation for 
something a little more elaborate. This has led to some con- 
fusion. In this discussion, the author takes the latter ap- 
proach. 

An engineer can view a minicomputer in two ways: as a 
"free- standing" unit to help him with his calculations, de- 
signs, and so forth, or as a component to be used in a system 
to do a particular job. In this latter category, the engineer 
can consider the minicomputer "component" as something 
to help in engineering work (such as testing systems), or as 
something to solve a particular engineering problem (di- 
recting a machine to manufacture a consumer product, for 
example). Although using a minicomputer as a component 
to solve a particular problem is important to the minicom- 
puter industry, it is only marginally important to the engi- 
neer; consequently, emphasis here will be on how the engi- 
neer can be helped by a minicomputer -either by itself or 
in a system- rather than the different ways it can be incor- 
porated. 

Programming 

Most engineers who have only a nodding acquaintance 
with computers consider them simply and solely as devices 
on which to perform calculations- "supercalculators," in 
other words. In order to comment upon the "calculating" 
capabilities of a minicomputer it will be necessary to touch 
briefly upon the different types of computer programs. 
"Programming," to many people, means writing certain 
formulas and statements to enable a computer to solve ex- 
plicit problems. Actually, it is a little more complex than 
that. A computer cannot function without some sort of pro- 
gram, but there are all types. The circuits within a comput- 
er can recognize an "on -off" relationship (that is, whether a 
circuit is active or not); "on" and "off" are assigned the 
numbers 1 and 0 respectively, and thus computer opera- 
tions are binary, forming the basis of "machine language." 

A less cumbersome form of programming is an "assembly 
language" or "assembler." Instructions are read into the 
computer which enables it to recognize symbolic notation 
(for example, in a PDP -8 family computer, if you wanted to 
clear the accumulator, you could type "CLA"; this would 
be translated by the instructions -program already in the 
computer -to machine -language binary number 
111110000000). Assembler programs are organized the 
same way machine -language programs are -the way the 
computer's components operate rather than the way peo- 
ple normally handle mathematics. 

A form of programming more nearly paralleling the way 
human language and mathematics operate is known as a 
"compiler program" or a "compiler." Fortran, to take a 
well -known example, is a compiler. Because of the organi- 
zation of a compiler, it is far easier to learn to work with. 

ELECTRONICS WORLD 
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But you don't get something for nothing. The necessary 
instructions to convert the compiler's statements into ma- 
chine language take up considerably more of the comput- 
er's memory than an assembler, leaving less of the memory 
available for the programmer's instructions. 

Another high -level program is an "interpreter." Such a 
program is almost English -like in nature and very easy to 
learn. But, like the compiler, an interpreter takes up quite a 
bit of the computer's memory. 

Viewed from the programming context, the minicompu- 
ter is a versatile calculating tool. A large number of mini- 
computers can handle compilers like Fortran or interpret- 
ers like Basic or Focal. 

When a high -level program has been entered in the ma- 
chine, it is possible to formulate programs in the language 
that will permit detailed calculations to be performed by an 
assistant, freeing an engineer for other tasks. In this mode, 
the program is written by the engineer in such a way that it 
asks questions of the person. The computer does most of 
the talking so a relatively unskilled person can work with 
the computer (i.e., if the computer types out "Please enter 
the resistance of the load in ohms," the operator only has to 
enter a figure and, from the question, he knows which fig- 
ure to enter). 

In addition to printing out single calculations and pro- 
grams involving single calculations, minicomputers can 
perform matrix calculations and solve simultaneous equa- 
tions (precisely how many depends on the computer in 
question, how much memory is being used, and what type 
of program is involved; a 4K PDP -8 minicomputer can han- 
die a 6 X 6 matrix or solve ten simultaneous equations with 
10 terms using Focal, for example). 

Output Devices 

Minicomputers can be coupled to graphical output de- 
vices, permitting them to plot representations of solutions. 
These can be the form of conventional Cartesian or polar 
coordinates, and -depending on the computer and pro- 
gram used -can be two- or three -dimensional representa- 
tions (some minicomputers are capable of generating real 
three -dimensional plots by plotting a stereoscopic pair of 
images). 

A further extension, which actually goes beyond the 
realm of mere "calculation" for the more complex mini- 
computer systems, is the use of a visual display and a "light 
pen" for design work. The "light pen" is a probe with a 
photosensor built into its tip. The operator holds the pen 
directly against the face of the CRT; the pen detects the 
glow of an image on the CRT and sends the information 
back to the computer via a connecting lead. Since the com- 
puter is generating the image, it "knows" what image ele- 
ment of the total scene is being presented. This lets a de- 
signer manipulate elements within a design (such as parts 
layout) and permits the computer to optimize a design 
(such as circuit routing). Many "display -" configured mini- 
computers can also be connected to plotters to permit a 
finished "hard- copy" drawing of the design. 

As in the case of a high -level language, interactive graph- 
ical design is fairly easy to work with. Most systems are 
designed to be used by someone who is not a sophisticated 
programmer since the instructions flashed upon the screen 
are in English. 

The key to the calculation and design uses of minicomput- 
ers is interaction. Many of the programs are set up to per- 
mit the user to interact with his minicomputer for maxi- 
mum effectiveness. Unlike "after the fact" operations such 
as data -center batch processing (which a minicomputer can 
also do), the operator can alter his program (or design) 
while he is working, thus permitting him to operate more 
creatively. 

In addition to its calculating abilities, the minicomputer 
is useful as an engineering instrument for measurement, 
October, 1971 

Interactive graphical design is possible with both large and small 
computers by using a "graphical terminal" equipped with a light 
pen. In this arrangement, the photosensor-equipped light pen is 
held over an element of the image to be worked with. Since the 
photosensor picks up the image and determines its timing, it acts 
as a feedback mechanism to the computer, permitting the com- 
puter to "know" where pen is being held. This particular con- 
figuration is the Graphic 15, used with PDP -15 computer. Graphic 
15 is often used for circuit-design work and testing prototypes. 

data logging, and evaluation. Historically, a large number of 
minicomputers have either been built into measuring sys- 
tems or interfaced with instruments to extend the scope, 
precision, or both of such instruments. 

Engineering Applications 

Evaluating the performance of engineering prototypes of 
mechanical and electronic equipment is a normal minicom- 
puter function. The reason a minicomputer is used for this 
purpose is simple: its operations can be altered by repro- 
gramming; to do the same with a specially constructed in- 
strument would generally require a redesign plus the re- 
building that would be necessary. Thus, while initial costs 
are similar, the readjustment or modification costs of a mini- 
computer -based system are lower (with the added advan- 
tage that if you wish to return to your original application, 
you have merely to read in the initial program). 

In this respect, minicomputers offer an additional divi- 
dend. They are general- purpose machines, which means 
they are able to perform a wide variety of different func- 
tions merely by reading in different programs, although the 
majority of minicomputers.are able to do only one of them 
at a time. Thus, a minicomputer can be put to several dif- 
ferent uses by the same facility. For instance, at one facility, 
the minicomputer could be used to perform engineering 
calculations in the morning, system calibration in the early 
afternoon, and run accounting, payroll, or inventory calcu- 
lations at night. All it would require is the proper program 
(and in a few cases, some additional peripheral devices). 

How Do Minicomputers Compare? 

Quite frequently individuals who are associated with 
minicomputers being used for calculations are asked how 
the machines compare with desk calculators and with large 
computers used on a time -sharing basis. In one sense, it can 
be said that a minicomputer has the basic advantages of 
both with few of the disadvantages of either. In its basic 
configuration, that is, 4K of core memory and a teletype- 
writer, the average minicomputer is roughly comparable to 
a programmable desk calculator with regards to speed and 
accuracy. It can be used with slightly greater ease, but it is 

(Continued on page 63) 
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Recent 
Developments 
in Electronics 
A compact magnet that operates without power consumption. the 
new Intermagnetics General Corp. Minibrute 100 is being examined 
by IGC staff. When operated at low temperature the Minibrute pro- 
duces 100,000 gauss or five times the magnetic strength of iron. A 

conventional magnet or solenoid with the same characteristics 
weighs several tons and consumes millions of watts of electrical pow- 
er. The Minibrute will attract a one -pound block of iron with a force of 
1000 pounds. The magnet shown, mounted on its support structure, 
is of split configuration, allowing radial and axial access to the central 
high field region. This miniature superconducting magnet is made 
from patented IGC niobium -tin which becomes superconducting at 
comparatively warm temperatures (- 427 °F) and will carry steady 
electric currents many times those carried in copper or aluminum - 
without any power losses whatsoever. Niobium -tin tape is wound into 
pancake -like modules (discs) which are then stacked and electrically 
connected to produce the actual magnet. Just one of many potential 
applications for the superstrength magnet might be the levitation of 
high -speed trains on magnetic air cushions. 

New proton accelerator will be world's largest. Three Phelps Dodge 
Industries, Inc. operating units are fabricating over 2,141,000 
pounds of copper into conductor for the beam -bending magnet field 
coils in the world's largest and most powerful proton accelerator. The 
accelerator, now being rushed to completion this summer at the Na- 

tional Accelerator Laboratory near Batavia, Ill., has a main ring 3.9 
miles in circumference (shown) and will accelerate protons to an en- 

ergy of about 500 GeV to send them traveling at 99.9999 percent 
the speed of light before they are directed at experimental targets. At 
left, the beam tube enters a steering magnet between the out -turned 
ends of the copper coils that were fabricated from Phelps Dodge 
Copper Products Company hollow conductor. These coils are hollow 
to permit the passage of cooling water. Both the water and the elec- 
trical current are fed to the coils through the copper tubing lines 
coming down from the left. 

New "dry box" welding unit provides vacuum environment control- 
lable to 10 ` torr. Tantalum crucible designed for use in an Atomic 
Energy Commission project is shown in new production unit devel- 
oped by Norton Company. Controlled environment, gas flow, welding 
cycle, and weld thickness are all provided by the new welding unit. 
After the chamber is evacuated of most environmental gases, argon 
is pumped in, and the controlled environment enables effective weld- 
ing of tantalum which would otherwise oxidize. Tantalum, used in 

electronic, nuclear, aerospace, and other fields, has the third highest 
melting point of all metals (5400 °F), the acid resistance of glass, and 
is one of the easiest refractory metals to fabricate. Welding uncon- 
ventional shapes such as elipses and parabola is possible with the 

new system. 
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Digital musical computer replaces organ pipes and bellows, with 
the aid of aerospace microelectronics. Occupying '/e cubic foot and 

fabricated from 22 MOS /LSI circuits containing 48,000 transistors, 
the computer has literally billions of tone variations. Developed joint- 
ly by North American Rockwell and the Allen Organ Company, the 

digital organ computer concept was based on its ability to convert 
sound waveshapes into digital signals (binary numbers) which can be 

stored in the memory and recalled by a touch of the organ keys. The 

brain of the organ is a digital computer which adds, subtracts, and 

multiplies musical sounds expressed as numbers. Its function is so 

precise that to produce the breathiness of organ pipes it was neces- 

sary to intentionally introduce error into the system. The keys are 

connected to a microelectronic digital computer consisting of 22 tiny 
circuits on an 11 x 17 -inch board in the console. By inserting a 

computer program card into a slot, an infinite variety of sounds, 
including those other than pipe organ, can be automatically intro- 
duced into the memory and be available as the organist wants them. 
The changing of the many voice combinations is automatic; the or- 
ganist merely presses a button to select any of the voice combina- 
tions and tones he has pre -selected for an entire recital. Standard 
models will range from $5000 to $14,000. 

Improved vehicle communications are possible with new vehicle lo- 

cation systems developed by GTE Sylvania and RCA. GTE's "digi- 
map" (shown in photo) enables a driver to report the location and 
status of his vehicle in less than one second. The new system is 

designed for use with existing GTE Sylvania communications equip- 
ment that reduces radio channel congestion by sending messages in 

quick tone bursts rather than by voice. Each vehicle terminal has a 

pressure- sensitive map mounted on a grid- coordinate board which 
the driver merely touches to indicate his position. The vehicle also 
has a keyboard and small video screen for sending and receiving 
messages. The system also permits cars to send pre -selected mes- 

r sages such as "send ambulance" simply by pressing a button. RCA's 
Voice -PLUS system (not shown), presently being used by a New York 
taxi group, flashes a silent alarm to headquarters in case of robbery 
or other emergency. By pressing a hidden switch, a driver can signal 
the radio dispatcher, without the passenger's knowledge. After con- 
sulting a log of the cab's earlier assignments to determine its general 
location, the dispatcher can then summon help by calling the police 
or radioing other cabs near the one in distress. The alarm is part of 
an RCA two -way radio system which relays messages in number code 
as well as by voice. The system also automatically transmits a return 
signal from the dispatcher that lights an "ackowledge" lamp on the 
cab's dashboard to indicate the driver's message was received. The 
new equipment was demonstrated originally for police communica- 
tions and is also expected to find applications in trucking and related 
industries, as well as in taxis. 

New international Videovoice system, by RCA Global Communica- 
tions, Inc., links New York and Tokyo. The new system enables busi- 
nessmen to exchange black- and -white TV still pictures over conven- 
tional voice channels. Once two locations are equipped with Video - 
voice units, operation is simple. A subscriber wishing to transmit 
visual information (products, charts, etc.) places a call in the usual 
manner over his private network. If the subject is fixed, such as a 

chart, the subscriber merely pushes the transmit button. If the sub- 
ject is live, the sender pushes a freeze button and then transmits it. 
The receiving unit at the distant terminal displays the picture on a TV 
screen until a new frame is transmitted. A two -way discussion can 
proceed while the pictures are being exchanged, if a full duplex sys- 
tem (consisting of two circuits) is being used. If only one circuit is 

used, voice communications must cease during the transmission pe- 
riod; two -way conversation can resume after the picture is transmit- 
ted. Heart of the Videovoice frame -freeze unit is the novel RCA sili- 
con target storage tube which stores the picture electronically and 
allows it to be read off at the required speed for transmission. This 
permits the service to employ a normal voice circuit having a band- 
width of 3000 Hz. The domestic visual telephone service recently 
developed by AT &T requires a bandwidth of 1 MHz. 

October. 1971 
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DOWER supplies belong securely to the world of analog 
things, a world where electrical quantities flow smooth- 

ly in a (hopefully) infinite continuum. Your bench supply is 
like that; its output is probably adjusted by a knob whose 
possible settings, or resolution, is limited primarily by the 
steadiness of your hand. It is also limited by the quality of 
the control used to make the adjustment. 

In the digital world of computers, bits and pulses, and 
such, resolution is not so haphazardly determined. A given 
quantity is composed of just so many "bits of information" 
and the resolution of the thing is set by the number of bits 
used. 

When power supplies are used in automatic systems, the 
knob -method of control (Fig. 1A)-so handy on the bench - 
gives way to a more machine -compatible way of control, in 
other words -programming. 

It is a fact of life that most machine controls today em- 
ploy digital language to communicate instructions to the 
various elements of an equipment system. To fit into such 
systems, then, it is necessary to teach the basically analog 
power supply how to understand digital language. 

There are units available which can perform a digital -to- 
analog conversion (called DAC's). Placed between the in- 
coming digital instruction and a programmable power sup- 
ply, they will provide the needed interface (Fig. 1B). Alter- 
natively, you can feed the digital signals into decoding cir- 
cuits which operate directly into a power supply's refer- 
ence and feedback control circuits. 

You can't do these things to an ordinary power supply, of 
course. It must be one "smart enough" to understand digi- 
tal instructions -it must be a power supply with sufficient 
suppression of spurious responses that it only answers to 
legitimate digital signals. It must be the kind of supply 
known as "operational," because its response can be mathe- 
matically figured from the relationship of "operators" or 
controls (Figs. lA and 1B). 

An operational power supply, like an operational amplifi- 
er, responds linearly to the combination of input and feed- 
back conditions to produce an accurate output reproduc- 
tion of its instructions. If the instructions are to remain 
fixed at a specific voltage, the operational power supply 
becomes a constant -voltage stabilizer. If the instructions say 
remain fixed at a certain current, it is called a current stabi- 
lizer. If the instructions call for the output to be varied in 
accordance with this pre -planned program, the operational 
power supply can do that too. 

A critical characteristic of the operational power supply is 
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Digitally 
by PAUL BIRMAN 

Manager, Applications Engineering, Kepco, inL 

A digitally programmed system that will function with any 
operational power supply to produce a digitally controlled 
output of 0 -1000 V. Units (left) the DPR- 5- 5%digit readout; 
(right) the DPD -1 digital programming decade; and (front) 
the DPK -1 digital programming keyboard are by Kepco, Inc. 

its ability to "go to zero" when commanded to do so-or in 
the absence of any contrary instruction, it must not go to 
-0.1 volt or +0.01 volt; it must be trimmable so that zero is 
really zero. It this were not so, its response to the digital 
instruction would always have an error. 

A second important characteristic is the power supply's 
ability to change output quickly. This will govern how far 
behind the digital instructions the actual output will lag and 
determine the minimum time between successive instruc- 
tions. 

Assuming you have a "smart" operational power supply 
and have chosen to use it either as a linear amplifier, repro- 
ducing the analog output of the DAC, or are going to de- 
code directly into the supply's control loop (Fig. 2), you now 
must worry about isolation. If the supply's d.c. output is 
electrically common to the digital "ground" (and is of the 
right polarity), there is no problem. More likely, though, 
there will be a need for electrical isolation so that the d.c. 
output of the power supply floats relative to the digital 
lines. 

The popular ways of isolating the digital from the analog 
involve: (a) relay coupling; (b) r.f. coupling; (c) optical coup- 
ling; and (d) inductive coupling. In most cases, the isolation 
is provided at the digital end of the interface because it is 
easier to put an "on-off' digital bit through the selected 
coupler than it is to get a linear analog signal through. 

Relays, often encapsulated reed -types, are the most wide- 
ly used method of insuring electrical isolation. The digital 
signal goes to the relay's coil and comes out, isolated at the 
contacts, ready for the digital -to- analog conversion. Induc- 
tive and r.f. coupling have also been used with success. 
Modern semiconductor technology with light- emitting 
diodes (LED's) has greatly enhanced the attraction of opti- 
cal coupling, and the newer digital programmers for opera- 
tional power supplies use this method for their isolation. 

In today's highly developed equipment systems, "smart" 
operational power supplies can be found on -line with their 
output under digital control responding quickly and accu- 
rately to the demands of a high- resolution control comput- 
er. Such power supplies may seem remote from the ordi- 
nary unit on the bench -but chances are it is quite similar, 
since the operational technique for controlling output is 
widely used for most precision equipment. 

If it has (or you can add) provision for proper zeroing and 
it is a "programmable" supply, you might have the basis for 
a digitally controlled power supply right at hand. 

There are a number of digital /analog interfaces available 
ELECTRONICS WORLD 
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Controlled Power Supplies 

There are many occasions when you must use a power 
supply which is "smart enough" to understand 
digital instructions. Here's how it is done. 

commercially including the Kepco 
DPD series which are relay -isolated 
and work directly in any selected oper- 
ational power supply's feedback loop. 
These include: Model DPD -1 (41/2 dig - 
it, 0- 1000.0 V control), DPD -2 (41/2 dig- 
it, 0- 100.00 V control), DPD -3 (5'/2 dig- 
it, 0- 1000.00 V control), DPD -4 (3'/2 
digit, 0 -1000 V control, DPD -5 (31/2 
digit, 0 -100.0 V control), DPD -6 (31/2 
digit, 0 -10.00 V control, and DPD -7 
(31/2 digit, current control). 

These units couple to any operation- 
al power supply to form a digitally pro- 
grammable power- supply system, a bi- 
polar (two -directional) digital system if 
a bipolar supply is used. 

Also available are 31/2, 41/2, and 51/2 
digit serial to parallel information -stor- 
age and display registers (DPR -3, DPR- 
4, and DPR -5) as well as a manual key- 
board, Model DPK -1. 

The Kepco Model PVS 100 -1M is a 
switch- selected or relay isolated D/A 
with built -in 0 -100 volt, 0 -1 ampere 
precision voltage source. 

The company's SN series are optical- 
ly isolated digital -to- analog converters 
which produce analog output which 
the power supply can amplify linearly. 
The SN -2 is a 2 -digit BCD, 8 -bit binary, 
parallel storage unit with 0 -1 volt out- 
put which can be amplified to any de- 
sired level. SN -3 is a 3 -digit BCD, 12- 
bit binary, parallel storage type with 0- 
10 volt output which can also be ampli- 
fied to any desired level. These units 
couple to any operational power sup- 
ply to form a digitally programmable 
power supply, unipolar or bipolar. 

Hewlett -Packard's Models 6130B, 
6131B, r.f.- isolated combination of digi- 
tal-to- analog converter has parallel 
storage with built -in bipolar power 
supply. The 6130B is rated 50 -0 -+50 volts at 0 -1 ampere 
while the 6131B is rated -100-0H-100 volts at 0.5 ampere. 

John Fluke offers a combination of digital -to-analog con - 
October, 1971 

Fig. 1. (A) An operational power supply connected as voltage stabilizer. 
Rris voltage control and adjusts output; and (B) with a DAC driver. 

Fig. 2. An operational power supply with the digital operators control- 
ling both Rand R; directly. Refer to article for details on operation. 

verter, parallel storage with built -in supply in its Models 
4210A (0 -10 volts at 0 -100 mA), 4216A (0 -16 volts at 0 -100 
mA), and 4250A/4265A (0 -65 volts at 0 -1 A). 
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General 
Purpose 
POWER 
SUPPLIES 
By ED BRENNER /Director of Engineering 
Lambda Electronics Corp. 

Lambda Model LL -902 bench -type IC regulated laboratory 
power supply which provides an adjustable d.c. voltage 
range of 0 -20 volts at currents from 0 to 0.65 ampere. 

The capacitor -filtered, series -regulated supply is the most common. Final 
decision as to characteristics is usually trade -off between performance and price. 

DOWER supplies and power regulators are represented 
by a wide assortment of devices ranging from batteries 

and generators to dynamic electronic units using feedback 
circuits. 

The specific function of the a.c.- to -d.c. power supply is to 
provide d.c. voltage and current from a primary a.c. source. 
The electrical characteristics of the power supply and the 
physical form it takes must be a function of the circuitry 

Fig. 1. Rectifier and filter configurations showing (A) 
capacitor and (B) LC filters. (C) D.c. output voltage 
waveforms for single -phase, full -wave rectifier with 
(1) no filter, (2) capacitive filter, and (3) an LC filter. 
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being powered and the physical requirements of the sys- 
tem in which the circuitry is used. 

Circuits and Characteristics 

Power conversion generally starts with rectification, i.e., 
converting a.c. input voltage to a d.c. voltage. Because the 
output of a rectifier contains a relatively large a.c. ripple 
component in addition to its d.c. value, a filter must be used 
to attenuate the ripple component before this d.c. voltage 
is applied to a d.c. load. Figs. IA and 1B show two types of 
unregulated power supplies while Fig. 1C shows the output 
ripple. 

The amount of ripple present after filtering the rectified 
output is a function of the circuit components and the load 
current. In actual practice, at full -rated load, the capacitor - 
input filter supply is limited to approximately 5% r.m.s. rip- 
ple voltage while the LC input filter supply attains 1% 
r.m.s. ripple voltage. Of course, better filtering can be had 
by using components larger than those dictated by econom- 
ics or package volume when compared to the size of the 
transformer. However, such filtering can better be accom- 
plished using other means. 

With the unregulated power supply, no matter how effi- 
ciently ripple is reduced, the rectified -filtered d.c. output 
can change substantially with load current and /or power - 
line variations. Typical regulation characteristics include: 
For capacitor -input filter supply: line regulation of 1.2% 
per % line change at full load, and load regulation of 20% 
from '/y load to full load. For LC -input filter supply: line 
regulation is 1% per % line change at full load, and load 
regulation is 10% from '/p load to full load. 

Because of these relatively poor performance specifica- 
tions, unregulated supplies find limited application and are 
generally only used to power lamps and electromechanical 
devices where poor regulation is acceptable. They find 
greater use as front -ends for regulated power supplies or as 
d.c. power distribution sources in systems where d.c.- to -d.c. 
point -of -load regulators are employed. 

It is only recently that the unregulated supply has been 
readily available as an off- the -shelf item. Lambda has made 
available, as stock items, a line of power kits containing 
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components selected for a predesigned power -supply cir- 
cuit so that a purchaser could build his own d.c. power sup- 
ply. The kit components vary depending on circuits select - 

* ed as well as the d.c. voltage and d.c. current required. 
Major components supplied are transformers, filter chokes, 
computer -grade electrolytics, silicon rectifiers, and a power 
hybrid voltage regulator when a regulated output is re- 
quired. 

The Ferroresonant Transformer 

The ferroresonant transformer is an effective means of 
compensating for poor line regulation. The capacitor -input 
filter supply can be transformed into an improved regulat- 
ed supply by replacing the linear input transformer with a 
ferroresonant transformer which provides regulated a.c. to 
the rectifier -filter section and improves ripple attenuation 
by squaring the sine wave. Line regulation and ripple 
waveform change are caused by the resonance set up be- 
tween a transformer winding and an external a.c. capacitor. 
See Fig. 2. 

The ferroresonant transformer, inherently a current -lim- 
iting device, provides automatic protection against over- 
load. Because its major drawback is sensitivity to line fre- 
quency changes, it is used only where line- frequency stabil- 
ity is assured. A typical ferroresonant power -supply specifi- 
cation includes: line regulation of 2% for line changes from 
105 to 132 volts a.c. or 132 volts a.c. to 105 volts a.c. for anv 
load between 25% and 100% of full load; load regulation of 
5% from 1/2 load to full load; frequency regulation of 2.4% 
for each cycle change in line frequency; and ripple of 1% 
r.m.s. 

The simple ferroresonant power supply is the most reli- 
able regulated power supply in use today. Prerequisites for 
its use are: fixed input frequency, small load variations, and 
a tolerance for slow response to transients. A ferroresonant 
supply requires many cycles of input frequency to recover 
from any line transient. 

Feedback -Controlled Regulation 

The demand for better regulation imposed by today's so- 
phisticated circuits and complex electronics systems is best 
met by the feedback -controlled power supply. This type of 
regulated power supply is capable of maintaining a substan- 
tially constant output voltage at a selected value, even 
though changes occur in the a.c. input voltage (within spec- 
ified limits) and /or in the rated d.c. load current. In addi- 
tion, these power sources can be made short- circuit -proof, 
preventing damage to the supply caused by load fault and 
can be made load- protecting by using overvoltage protec- 
tors to prevent load damage caused by internal supply fail- 
ure. Fig. 3 is a general block diagram of the feedback -con- 
trolled regulated power supply. 

There are many circuits which can be used to meet the 
requirements of the feedback -controlled power supply. 
The approach selected is determined by economics, per- 
formance requirements, power output needs, efficiency, 
and specified input /output voltage levels. 

The circuit with the widest application is the linear or 
series- regulated power supply, which is used most often 
where output voltages are below 100 volts and power out- 
put is below 500 watts. Refer to Fig. 4. 

In this example, a.c.- to -d.c. conversion is accomplished by 
using a full -wave rectifier and a capacitor -input filter cir- 
cuit. The control element is one power transistor or many 
transistors in parallel, as required, which absorbs the differ- 
ence between the desired output voltage and the unregu- 
lated d.c. input. Because the series -pass element must han- 
dle the full -load current while maintaining relatively high 
voltage between input and output, it is basically a low -effi- 
ciency circuit. But since it is a linear circuit it has the poten- 
tial for the best general specifications. No other practical 
circuit has as fast a response, possesses the regulation speci- 
October, 1971 
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Fig. 2. Ferroresonant transformer power supply. 

LOAD 

REGULATED 
D C. 

OUTPUT 

Fig. 3. Regulated power supply using feedback control. 

fications, as low a ripple, or is as versatile in application as 
the series -regulated power circuit. 

Circuits with higher efficiency are usually obtained by 
switching techniques (see page 43), a circuit that produces 
pulses of current when the control element is in a saturated 
state or when the control element is at cut -off and absorb- 
ing maximum voltage and no current flows. The pulse 
width or repetition rate determines the output voltage and 
a filter section is required to transform the pulses of energy 
to d.c. The control element in this type of circuit is usually 
an SCR (for low -frequency switching, high -power applica- 
tions) or transistor (medium -power, high- frequency switch- 
ing). The resultant circuit is a high- efficiency package with 
poorer regulation, ripple, and transient response than a se- 
ries regulator but more watts per unit volume and lower 
cost per watt. 

As seen from the preceding categories, the selection of a 
power supply is a study in economics and specification 
trade -offs with no single approach having an advantage for 
all applications. By studying some typical application re- 
quirements, a better understanding of power- supply tech- 
nology and selection can be obtained. 

Power -Supply Applications 

Laboratory Supplies: The use of supplies for a laboratory 
can be broken down into two categories, 1. standards and 
calibration, and 2. experimentation and breadboarding. 

When a d.c. power supply is used as a voltage standard or 
a transfer standard for calibration purposes, its specs must 
be an order of magnitude better than average laboratory 
measuring equipment and include a means of setting up 
output conditions accurately. Almost all lab supplies are se- 
ries- regulator types because of their superior performance 
characteristics. By using aged reference elements and high - 
quality resistors, voltages with accuracies of better than 
0.01% can be obtained. By housing temperature- sensitive 
circuitry in a proportional -control oven within the supply, 
temperature coefficients better than 0.001 % / °C are ob- 
tained which virtually eliminate output changes caused by 
changes in ambient temperature. Circuit design and shield- 
ing techniques allow ripple to be below 100 p.V peak -to- 
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peak thereby approaching an almost perfect d.c. signal. 
The aged components and the oven insure a stability an 
order of magnitude better than the accuracy. Decade 
switches can be used to set up output conditions so that 
resolution down to the microvolt range is obtained. If the 
calibrator is to be part of an automatic test rack, its output 
voltage must be capable of being programmed from an ex- 
ternal source, such as a resistor network or a digitally coded 
signal. In the latter case, an accurate digital -to- analog con- 
verter is required to transform the digital command into 
either a programming resistor or analog voltage, depending 
on the accuracy required. In most applications, this type of 
supply is programmed by either a resistor or a program- 
ming voltage. In all cases, of course, the dynamic voltage 
standard must not be affected by load conditions or over- 
loads, hence current limiting is a necessity and a line /load 
regulation specification of 0.0005% is required. 

As a general lab tool, the power supply must be versatile, 
reliable, and rugged. Most lab supplies are capable of con- 
stant- voltage operation, constant- current operation, of be- 
ing remotely programmed by either resistance or voltage, 
or series or parallel operation with similar supplies for ex- 
panded capabilities, and are completely protected against 
load fault. Voltage regulation for line or load is usually 
around 0.01% with ripple and noise approximately 1 mV 
peak -to -peak. 

Meters are a "must" on lab supplies so that conditions of 
experiments can be monitored. Because these supplies are 
constantly handled, heat sinks should be inaccessible or, if 
exposed, electrically isolated and thermally cool to the 
touch. Power supplies, dissipative by nature, must have re- 
liable cooling. For this reason fans should be eliminated in 
favor of convection cooling because fans and their associat- 
ed filters represent a weak -link maintenance problem. 

System Supplies: The power- supply user, faced with the 
problem of putting together a complicated electronic sys- 
tem, has a difficult job selecting not only the regulation 
technique to be used but also the method of power distribu- 
tion. An electronic system normally needs a number of volt- 
ages to power a variety of circuits. Irrespective of the types 
of power supplies used, power can be distributed using var- 
ious methods, e.g., 1. individual power modules for each 
voltage required; 2. a multi- output power supply where all 
power required for a system is derived from a single pack- 
age; 3. unregulated d.c. voltage or coarsely regulated volt- 
age distributed to point -of -load regulators where power is 
regulated at the point of final usage; and 4. a combination 
of all or some of the above. 

Selecting the individual module is an attractive approach 
because almost any rating is available as a standard product 
from the power -supply manufacturer. This insures reliabili- 
ty because standard products from a reliable vendor usually 
have a performance record that can be verified and can be 
counted on for mechanical stability and production repro- 
ducibility. Moreover, the individual module requires sim- 
pler maintenance and fewer spare parts provisioning. Most 
power -supply manufacturers will assemble standard indi- 
vidual modules into a complete system power supply. 

Fig. 4. Simplified schematic of the series -regulated power supply. 
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Multiple- output power supplies, usually less expensive 
than individual modules when volume production quanti- 
ties are involved, normally lead to custom design, which has 
drawbacks. In addition to the initial circuit design phase, 
power -supply design also includes mechanical packaging 
design, thermal performance evaluation, and printed -cir- 
cuit board layout design. Consequently custom design, 
where quick delivery is required, usually yields poor me- 
chanical and thermal design, with resultant poor reliability. 
If, however, series regulators are used, power hybrid regu- 
lators, with known electrical and thermal properties, can be 
used to reduce design time. By using a number of hybrid 
regulators in a standard mechanical package with known 
thermal properties, packaging design is greatly simplified, 
the printed -circuit board is eliminated, and more time can 
be spent on testing to assure greater reliability of the multi- 
output power supply. Although this approach does not 
guarantee instant availability, it eliminates many of the dis- 
advantages inherent in the custom -design approach. 

When system noise and power -line degeneration results 
in power distribution problems, the point -of -load regulator 
is used. In this application a highly efficient power source 
such as an unregulated supply, a ferroresonant regulator, or 
a coarsely regulated SCR supply delivers d.c. power to re- 
mote sites within the system. Regulation and fine filtering is 
accomplished at various circuit locations, eliminating cross- 
talk and noise injection between different sections of the 
system. The d.c.- to -d.c. type point -of -load regulators can be 
hybrid, monolithic, or discrete circuits mounted on printed - 
circuit boards or some other local assemblies where the reg- 
ulated power is required. Here, again, the hybrid approach 
has the advantage because it provides the greatest amount 
of power (up to 5 amps) with a minimum of design time. 
Present monolithic regulators are not practicable above 
200 mA. In most very large electronic systems, it is not 
uncommon to find combinations of approaches used to sat- 
isfy the power distribution needs of the system. 

It becomes evident, then, without even raising the ques- 
tion of regulation techniques, that the formidable problems 
confronting the system designer in the areas of power dis- 
tribution are staggering. Factors involving economics, 
availability, maintenance, reliability, and signal condition- 
ing must all be considered and a decision made. 

Another factor not previously mentioned is: 3 -phase vs 
single -phase power input to reduce copper requirements 
and power -supply skin temperature and their effects on as- 
sociated circuitry. Because system power supplies are not 
accessible from exterior positions, they are normally de- 
signed with surface temperatures exceeding 100°C. Judg- 
ment must be used in power- supply placement to ensure 
proper cooling and prevent system circuitry temperature 
rise. 

Data -Processing Equipment: All foregoing problems re- 
lated to system power supplies are equally applicable to 
data -processing equipment. Because this type of equip- 
ment is commonplace in non -industrial environments, it is 
increasingly coming under the jurisdiction of Underwriters' 
Laboratories. Thus, it can he assumed that any power sup- 
ply used in data processing must have or be capable of ob- 
taining UL approval. 

Modern data -processing equipment, because of its in- 
creased use of LSI (Large -Scale Integration), requires large 
concentrations of power in relation to equipment size. Be- 
cause digital circuits do not require very finely regulated 
power sources, high- efficiency regulation techniques can 
be used. Generally, power supplies in these applications 
should have a combined performance bandwidth (line, 
load, ripple, and temperature) of better than 1 or 2 %. In 
some applications, however, ferroresonant power supplies 
are acceptable, where combined performance bandwidths 
of better than 10% are compatible with requirements. 

Memory Systems: Memory systems are a particular prob- 
ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


lem because the preservation of data is of prime impor- 
tance and a specific requirement. In order to ensure that no 
data is lost, power supplies must be sequenced "on" and 
"off" in a prescribed order. In the event of a.c. input pow- 
er -line failure, d.c. power must be kept available for any- 
where from 1 to 20 ms so that the system can permanently 
store the data before d.c. power is lost. Some means of de- 
tecting the loss of prime power must be provided. The 
same requirement also results in the need for undervoltage 
and overvoltage sensing circuits so that power- supply mal- 
function can be detected and the data stored before the 
power supplies fault to an out -of -limit condition. 

In core- memory systems, the power -supply voltage must 
be varied with ambient temperature to assure proper func- 
tioning of the magnetic memory material. This is accom- 
plished by programming the power supply with a ther- 
mistor network located at the core memory site. 

Analog Circuits: The most widely used analog circuit is 
the operational amplifier. Its power requirements are nor- 
mally a plus and a minus voltage of equal magnitude ( ±12 
to 15 volts being the most popular range). In analog circuits 
the accuracy of the signal being processed is of the utmost 
importance. In order to keep power -supply fluctuations 
from affecting signal processing, the plus and minus sup- 
plies are made to track each other so that changes caused 
by one supply are offset by changes caused by the other. 
Feedback -controlled regulators can easily track each other 
within 0.2% for all conditions of line, load, and temperature 
variations. This is satisfactory for most applications. 

Since signal -processing accuracy is of primary impor- 
tance, most analog circuits use power supplies with line and 
load regulation of no worse than 0.1% and ripple specifica- 
tions of no more than 5 mA peak -to -peak. To prevent pow- 
er- supply errors due to distribution wire drops, remote 
sensing is used. This allows regulations of the d.c. power at 
some point other than the output terminals of the supply. 

Battery Chargers and Back -Up Power: To prevent shut- 
down of electronic equipment when a.c. prime power is 
lost, batteries are used as back -up power for a.c.- to -d.c. 
power supplies. When a.c. power is available, the power 
supplies charge the batteries and supply load current. 
When a.c. power is lost, the batteries supply full load cur- 
rent. The power supplies must be electronically current - 
limited to ensure that proper charging rates are used. With 
no a.c. power, the supply must be capable of withstanding a 
voltage at its output terminals without causingnternal cir- 
cuit damage. 

If loss of a.c. power is not a prime consideration, a redun- 
dant power supply can be used to permit continuing equip- 
ment operation in the event of power- supply failure. Power 
supplies can be made to share the load, each operating at 
approximately half -load, or if desired, one supply can han- 
dle the full load while the other is set to a slightly lower 
voltage idling at no load. Redundant operation is normally 
handled by isolating each power supply from the load 
through a diode. When redundant operation is required, it 
is best to consult the applications department of the power - 
supply manufacturer to assure proper power -supply con- 
nections. 

Protection of Power Supply and Load 

Protection devices are used for two main reasons; 1. to 
protect the power supply from load faults, and 2. to protect 
the load from power- supply malfunctions. A discussion of 
commonly used fault protectors follows. 

Current Limiting: Power -supply overload beyond cur- 
rent rating limits must always be considered. Overloads 
caused by either operator error or load failure can result in 
catastrophic damage to the power supply. Unregulated 
power supplies can be protected by a fuse or circuit break- 
er in series with the output. Circuit breakers can be reliably 
selected to trip at selected current levels. Fuses, on the oth- 
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Fig. 5. Functional diagram of an overvoltage protection system. 

er hand, must be selected to blow at levels well above the 
maximum operating current to prevent random fuse failure 
due to electrical or mechanical fatigue of the element. A 
50% to 100% safety factor is normally required of fuses. 
Conversely, a fuse may last indefinitely at its maximum rat- 
ing so that a protection level cannot be accurately set or 
relied upon using this method. 

As mentioned previously, the ferroresonant power sup- 
ply is inherently current- limiting. Irrespective of load con- 
ditions, the output will never develop more than 200% of 
maximum current rating (maximum fault current will occur 
at short -circuit). 

The feedback -controlled regulated power supply is de- 
signed with electronic current limiting which holds the out- 
put current to a preset value, thereby providing protection 
for the load as well as the power supply. Removal of the 
load fault should result in normal power -supply operation 
without having to manually reset the supply. 

Thermal Protection: Many power supplies are provided 
with a thermostat which automatically cuts off power when 
an overtemperature condition is sensed. This type of pro- 
tection is primarily intended to prevent operation of the 
supply at load currents or ambient temperatures which ex- 
ceed the manufacturer's ratings. Thermostats normally 
take several minutes to reset themselves once the cause of 
overtemperature is removed. 

Overvoltage Protection: Excessive power- supply voltage 
output can be caused by power -supply malfunction or oper- 
ator error. In either event, with today's delicate integrated 
circuits, excessive voltage can cause catastrophic failure. 
Because the cost of protection is minimal when compared 
to the cost of the circuitry being powered, overvoltage pro- 
tection has been adopted as a standard requirement by 
most power -supply users. The overvoltage- protection cir- 
cuit should be an independent system, not having to de- 
pend on the power supply for anything other than as a 
source to be monitored. In the event of an overvoltage con- 
dition, the protection circuit will "crowbar" (short) the out- 
put by means of an SCR before the circuit limit is exceeded. 
Refer to Fig. 5 for diagram of a simple overvoltage protec- 
tor. 

Undervoltage Detection: As explained previously, an un- 
dervoltage condition can cause loss of information in mem- 
ory systems. Circuits are available which give an alarm 
should a power supply voltage output drop below the pre- 
scribed limit. 

A Check List 

Before selecting a power supply, a careful check -list 
should be made, which should include the following points: 

1. Performance based on minimum circuit requirements 
2. Power supply cost versus performance 
3. Power supply cost versus application 
4. Requirements for system circuit protection 
5. Requirements for power- supply protection 
Such an evaluation can only be made if all the inter- relat- 

ed characteristics associated with the product are com- 
pletely understood by the potential user. 
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Interstellar Communications 
-What are the prospects7 
By L. GEORGE LAWRENCE 

Clouds of interstellar dust and gas in Horseshoe Nebul:I 

All attempts to pick up intelligent communications from the stars 
have failed so far. But some scientists are still wondering about 
intelligent beings on other worlds and our ability to contact them. 

SPACE PROBE 

INTERSTELLAR TRANSMISSIONS INTERSTELLER TRANSMISSIONS F- -0- - 
TRANSMISSION 
Al 31.4,,, 

_\ 
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11 
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1 

Fig. 1. Mysterious radio echoes were heard as early as 1928. 
Some though that a space probe may have been responsible. 

Fig. 2. Some said that a plasma cloud stored TV signals. 
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LANCASTER AND 
LONDON, ENGLAND 

L'SS than two decades ago, we still insisted that our small 
planet was unique in the universe. Today, on the basis 

of careful celestial observations and other scientific infer- 
ences, we admit that we may not be alone in the cosmic 
immensity and concede the possible existence of extra-ter- 
restrial folk whose scientific development could very well 
be superior to our own. Some feel that good and direct 
benefits could be obtained by getting in touch with them. 

These speculations have rekindled an interest in inter- 
stellar communications technology. Principal attention is 
directed toward electronic aids because of the limitations of 
optical devices. 

However, we have massive problems here and ap- 
proaches are not uniform. Some scientists, for example, like 
to look for any non- Gaussian characteristic in signals re- 
ceived by radio telescopes. Others think that the natural 
calibration frequency of the universe, the 21 -cm hydrogen 
line which radiates at 1.420 GHz, should be looked at more 
intensely. Still other investigators have suggested different 
approaches altogether. 

Thoughts on interstellar communications have a long and 
continuous history. It was the modern world's first philoso- 
pher, the Creek scholar Thales of Miletus (636 -546 B.C.), 
who proposed that the stars may be other worlds. But it was 
his student, Anaximander, who apparently was the first to 
hint that the number of worlds is infinite, some in the proc- 
ess of birth, some dying. 

Later, in our own time, thoughts turned to means of com- 
municating with non -terrestrials. The German mathemati- 
cian Karl F. Gauss proposed that wide lanes of forest be 
planted in Siberia, forming a huge right -angled triangle. An 
Austrian astronomer, J.J. von Littrow, suggested that geo- 
metric canals be dug in the Sahara and be lit with kerosene 
at night. Charles Gros, a Frenchman, conceived the idea of 
a vast mirror to reflect sunlight toward Mars. 

More realistic approaches were suggested following the 
discovery of radio waves. One of the early pioneers in this 
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field, Nikola Tesla, claimed to have received signals of in- 
terstellar origin shortly after setting up his electrostatic lab- 
oratory in Colorado Springs, Colorado and equipping it 
with a 200 -foot transmission tower. 

Edison reported a somewhat similar experience. Howev- 
er, a massive attack, in the form of ridicule and skepticism, 
was made against both Edison and Tesla which reduced 
them to silence. 

At the same time, some radio observations were made 
which seemed to imply (as interpreted today) that the 
Earth is visited by transponding communications satellites 
of extraterrestrial origin. These so- called "radio mysteries" 
were first noted in 1927 and expressed themselves as signal 
delays. The principal investigators attributed the phenome- 
non to odd behavior of the Aurora Borealis and filed it as a 
scientific curiosity. We will present the facts, since they 
form a strong argument for various hypotheses. 

The Radio Mysteries 

During the summer of 1927, the Norwegian radio engi- 
neer Jorgen Hals of Bygdo, Oslo was listening to the Dutch 
shortwave transmitting station, PCJJ at Eindhoven. At the 
time he heard the telegraph signals he also heard strange 
echoes. One was the usual echo which goes around the 
world with an interval of about t/7 second, as well as a weak- 
er echo emerging about 3 seconds after the principal echo 
had disappeared. 

This matter was brought to the attention of Prof. Carl 
Stormer who, in turn, observed the phenomenon himself 
and then contacted Dr. van der Pol at the Philips laborato- 
ries in Eindhoven. 

On October 11, 1928, van der Pol and his assistant ar- 
ranged to have the transmitter staff send a series of three 
short dots in rapid succession, sent every 30 seconds be- 

. tween 8:00 and 9:00 p.m. local time and comprising a total 
of 120 signals. 

Thirteen echoes were observed, the delay times between 
the echoes and signals being 8, 11, 15, 8, 13, 3, 8, 8, 8, 12, 
15, 13, 8, and 8 seconds. The transmissions were conducted 
at a wavelength of 31.4 meters; the echoes being weak, 
slightly blurred but plainly audible and, most important, of 
the same frequency. 

This odd phenomenon came and went, rather than exist- 
ing continuously. The echoes were again observed in 1934 
during a series of tests organized by the World Radio Relay 
League and inaugurated by Sir Edward Appleton. This 
time the observers were British radio amateurs who 
worked the frequencies of 9.5 and 6.7 MHz. Similar echoes 
have also been reported by Drs. Galle, Talon, and Ferrie. 

To make a scientific detective story short, it was in the 
early 1950's when the fact of these echoes was re- examined 
and that the theory of extraterrestrial -type interference 
was advanced. Here, as illustrated in Fig. 1, reviewers as- 
sumed the intermittent existence of an interstellar commu- 
nications probe whose job it was to (a) monitor solar systems 
for intelligent life, and (b) re- transmit radio- frequency ema- 
nations from such life (us!) to a distant "home world. 
Again, the monitoring probe seemed to come and go. In 
1947, 1948, and 1949, Drs. Budden and Yates attempted t11 

observe long- delayed echoes at Cambridge, England but 
without success. 

Critics of the interstellar transponder hypothesis became 
less vocal when another observation was made. This time it 
involved a television signal that had been delayed for over 
three years. 

At 3:30 p.m. on September 4, 1953, C. W. Bradley of 
London, England, picked up on his TV set the American 
call letters KLEE -TV. Later that month, and various times 
thereafter, the same letters were observed on TV screens at 
Atlantic Electronics Ltd. of Lancaster, England. There is, of 
course, nothing unique about freakish long- distance TV re- 
ception. The strange fact is that this signal had been sent 
October, 1971 

from Houston, Texas three years earlier and had never 
been transmitted again prior to the time it was received in 
England. In July, 1950 KLEE -TV became KPRC -TV and no 
other TV station on this planet has broadcast the call letters 
KLEE -TV since. (Of course, there is the possibility that 
some illegal or amateur broadcaster could have transmitted 
these call letters.- Editor) 

As shown in Fig. 2, some insisted that the signal was 
stored, together with scanning information and correct vid- 
eo signals, in a "plasma cloud" which, somehow and for 
reasons unknown, released this data in a broadcasting mode 
for all to see, or perhaps it was due to the interstellar tran- 
sponder postulated above. 

Later Experiments 

In 1959, the prospect of instellar communications via ra- 
dio was supported by Drs. Cocconi and Morrison, both then 
at Cornell University. However, because of absorption and 
scattering of waves by interstellar gas clouds and nebula, 
plus similar attenuations by atmospheres of planets of inter- 
est, the effective range of radio- wavelengths one could use 
was very limited. 

(Continued on page 56) 
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Fig. 3. One guess of possible format of interstellar signals. 

The 85 -ft radio telescope at the National Radio Observatory, 
West Virginia, used unsuccessfully for interstellar listening. 
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L,I 
Typical rack -mounted SCR type 
power supply. The output is 0 
to 600 volts and 0 to 1.5 amps. 

SCR Power Supplies 
By GEOFFREY F. WALKER /Hewlett- Packard Co. 

SCR supplies are designed for applications requiring large amounts of fixed or 
slowly varying, moderately well -regulated and moderately ripple -free d.c. power. 

THE SCR power supply was developed to supply loads 
requiring substantial amounts of fixed or slowly varying 

d.c. power with moderate regulation and ripple. Covering 
(and dominating) the d.c. output power range between 1 

kW and 30 kW, SCR power supplies use silicon controlled 
rectifiers (thyristors) as their regulating element. SCR's, the 

E 

Fig.1. A secondary -regulated, constant -voltage SCR power -supply 
in which the SCR's are included in two arms of the bridge rectifier. 
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semiconductor equivalent of thyratrons, are rectifiers 
which remain in a non -conductive state, even when for- 
ward voltage is provided from anode to cathode, until a 
positive trigger pulse is applied to a third terminal (the 
gate). Then the SCR "fires," conducting current with a very 
low effective resistance; it remains in conduction after the 
trigger pulse has been removed until the forward anode 
voltage is removed or reversed. 

Regulator Operation 

There are two basic SCR power -supply circuit configura- 
tions: primary regulation and secondary regulation. Fig.l 
shows a secondary- regulated, constant -voltage SCR power 
supply in which the SCR's are included in two arms of the 
bridge rectifier. By controlling the firing time of the SCR's 
during each half cycle of input line frequency, the duration 
of conduction of the bridge rectifier is varied and the d.c. 
output is controlled in accordance with the setting of the 
output voltage control. 

Diode Dl across the bridge output is a "recirculating" or 
"freewheeling" diode. It discharges the energy stored in 
the filter choke at the moment the bridge stops conducting 
by providing an alternate path for the current flowing in 
the choke. If the diode were not present, the sudden cur- 
rent change in the inductor would produce a large voltage 
spike in the output. 

The voltage- control circuitry shown in Fig. 1 is common 
to almost all regulated power supplies, irrespective of the 
regulating method employed. The heart of the circuit is a 
voltage- comparison amplifier that continuously compares 
the supply output voltage with the drop across the front - 
panel voltage control. If these two voltages are not equal, 
the comparison amplifier produces an error signal that, 
when applied to the SCR control circuit, adjusts the SCR 
firing time (and thus changes the current through the load) 
until the output voltage equals the voltage across the volt- 
age control. 

Fig. 2 is a diagram of a primary -regulated, constant-volt- 
age/constant-current SCR power supply. Here the SCR's 
are connected in shunt opposition and placed in series with 
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the primary of the power transformer. 
It is apparent that in this arrangement 
the SCR's play no role in rectification; 
instead, the SCR's control the average 
a.c. level applied to the power trans- 
former. Notice that the transformer 
primary is not required to sustain the 
full power -line voltage; with a 115 -V, 
single -phase a.c. input, the highest 
voltage typically measured across the 
primary is equivalent to an 80 -V r.m.s. 
sine wave. This results in a substantial 
saving in size and weight of the power 
transformer and consequently of the 
entire power supply. 

The constant -current circuitry 
shown in Fig. 2 operates in much the 
same manner as the constant -voltage 
circuitry; a comparison amplifier con- 
tinuously compares the drop across the 
front -panel current control with the IR 
drop developed by the load current 
flowing through the current sampling 
resistor. If the two voltages are mo- 
mentarily unequal, the comparison 
amplifier produces an error signal that, 
when applied to the SCR control cir- 
cuit, varies the SCR firing time until 
the two voltages are again equal. Al- 
though constant -current circuitry is 
shown only in the primary- regulated 
supply, it can be (and usually is) used in 
all types of SCR supplies. 

Fig. 3 illustrates another type of 
power supply utilizing SCR's: the se- 
ries -regulated /SCR- preregulated sup- 
ply. This circuit uses a series regulator 
to reduce ripple, absorb transients, and 
handle rapid, low -magnitude regula- 
tion of the output; and an SCR prere- 
gulator to handle large, relatively slow 
regulation demands. The preregulator 
also minimizes power dissipation in the 
series regulator by maintaining the 
voltage drop across it at a low and con- 
stant level. Note that in Fig. 3 the pri- 
mary SCR's have been replaced by a 
triac (a bi- directional device that can 
conduct current in either direction, 
and fires whenever it receives a gating 
pulse, irrespective of the polarity of the 
input a.c. applied to it); the use of this 
device is very common in modern SCR 
preregulated supplies. 

Performance Specifications 

After output voltage and current rat- 
ings, the main criteria by which a pow- 
er supply is selected for a given appli- 
cation are its performance specifica- 
tions: line and load regulation, ripple 
and noise, stability, temperature coefficient, and transient 
response. Specifications for a typical constant -voltage SCR 
power supply are as follows: 

Line and load regulation: 0.05% for a load current 
change equal to the rating of the supply. 

Ripple and noise: 0.5% r.m.s. for a supply without a "rip- 
ple reducer" circuit, 0.05% r.m.s. for a supply with a "rip- 
ple reducer" circuit, and 3.0% p -p (d.c. -20 MHz) for both 
supplies. 

Stability: 0.2% under constant load, line, and tempera- 
ture conditions. 
October, 1971 
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Fig.2. Circuit of a primary -regulated, constant -voltage /constant -current SCR power sup- 
ply. SCR's are not used for rectification but control a.c. applied to power trans`ormer. 

Fig.3. Another type of power supply using SCR's- series -regulated /SCR preregulated. 
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Temperature coefficient: 0.05% per degree centigrade 
change in ambient following a 30- minute warm -up period. 

Transient response: 100 ms for recovery to within 0.5 V 
after a half -to -full or full -to -half load current change. 

These are typical values only; manufacturer's specifica- 
tions for different supplies vary over a moderately wide 
range. For example, SCR supply load and line regulation is 
nearly always in the range of 0.01 % to 0.5 %. (Actually, reg- 
ulation is usually specified as a percentage term plus a fixed 
term, because the percentage term alone does not accu- 
rately describe the regulation at low outputs. The com- 
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Fig.4. All SCR supplies have output restrictions. Unfortu- 
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bined expression can, of course, be converted to a single 
percentage term at any given output voltage.) 

It is important to realize that the "all in the same ball 
park" principle applies to power- supply specifications -if 
load regulation for a given supply is 0.05 %, a stability speci- 
fication of 0.0001 % for the same supply is pointless. Thus, 
while it is possible to greatly improve some of the specifica- 
tions of an SCR supply (such as stability and temperature 
coefficient), the nature of the basic design limits the over- 
all performance. For example, the transient response is lim- 
ited because regulation corrections can be made only once 
every half cycle of the a.c. input; this means that if there is a 
sudden load change immediately after the SCR has fired, 
no correction can be made (for a 60 -Hz, single -phase sup- 
ply) until at least 8.3 ms later. Another limiting factor also 
affecting the response to load transients is the amplifier 
bandwidth -it must be significantly less than the a.c. line 
frequency to avoid oscillation (gain crossover, the frequen- 
cy at which the amplifier gain is unity, is typically 10 -15 Hz 
in SCR supplies). 

Ripple and noise is another specification that is limited by 
the basic nature of the SCR power- supply design. High -fre- 
quency ripple (spikes) is a natural by- product of the switch- 
ing technique employed in an SCR supply; although consid- 
erable effort is made to counteract this problem in modern 
power supplies, the magnitude of the remaining peak -to- 
peak ripple is sufficient to bar the use of SCR supplies in 
many applications. The r.m.s. ripple, however, is a different 
story. It is quite possible to reduce r.m.s. ripple to very low 
levels either through the use of massive LC filters, or 
through "ripple reducer" circuits. In operation, the latter 
senses ripple at the output of the supply, amplifies it, and 
applies it to a control circuit. The control circuit in turn 
applies an auxiliary a.c. potential to the supply output; this 
a.c. potential is 180° out -of -phase with the normal ripple 
voltage, effectively filling in the valleys of the output volt- 
age. However, in applications where moderate load regula- 
tion and moderate peak -to -peak ripple is acceptable, very 
low r.m.s. ripple is usually not required (this is the "all in 
the same ball park" principle again). 

Other Characteristics 

Other notable characteristics of SCR supplies include ef- 
ficiency, reliability, size (watts per cubic inch), value (cost 
per watt), and functional features. 
38 

The switching technique used in SCR supplies results in 
an efficiency of 80 to 90% at the supply's maximum output 
rating; as the supply is turned down, the efficiency remains 
above 50 to 60 %. By comparison, series- regulated supplies 
rarely reach 60% efficiency even at full output, and at low- 
er outputs (where the series regulator must dissipate the 
unused power), their efficiency drops to 10% or less. Com- 
pared with other types of supplies in the same power range 
(ferroresonant, mag amp, and Variac- preregulated), SCR 
supplies are still more efficient, although not by as great a 
margin. 

In general, there is an inverse relationship between the 
number of electronic components in a power supply and its 
reliability (as the former rises, the latter falls). SCR supplies 
use more components than ferroresonant or mag amp sup- 
plies and fewer components than series -regulated supplies; 
thus the reliability of SCR supplies falls somewhere be- 
tween the two. 

Present SCR supplies exhibit an increasing power /vol- 
ume relationship -as the power output goes up, the watts/ 
cubic inch (W /in3) goes up. Typically, a 1 kW -5 kW SCR 
supply may offer 0.55 to 0.70 W /in3, while a 10 -kW supply 
may offer between 0.9 and 1.5 W /in3. (This is significantly 
different from the typical 0.08 -0.15 W /in3 figure for series - 
regulated supplies.) The relationship between power out- 
put and price is less distinct; SCR -type power supplies in 
the 1 -10 kW range generally cost between $0.25 and $0.65 
per watt. 

Modern SCR supplies are very similar to other types of 
supplies in their functional (operating) features; most sup- 
plies include remote -programming and remote -sensing ca- 
pability, CV /CC operation, front -panel meters and output 
controls, parallel and series operation, optional over -voltage 
crowbar, and adjustable loop response. This last feature is 
particularly necessary due to the unusually wide range of 
load impedances that may be connected to an SCR supply 
(storage batteries present from 1 to 10 farads of capacitive 
load, while cryogenic magnets present from 1 to 10 henrys 
of inductive load). 

Distinctive Operating Characteristics 

SCR power supplies exhibit a unique set of "operating 
peculiarities," again due to the nature of the basic design. 
These include a minimum output restriction, a sensitivity to 
line transients and line -to -line voltage imbalance (in three - 
phase supplies), and large short- circuit energy surges. 

All SCR supplies have a minimum output restriction that 
is determined by the characteristics of the SCR and the 
particular firing circuit used. At very low outputs, the SCR 
may skip one or more half -cycles of the a.c. input, degrad- 
ing the regulation, transient response, stability, and linear 
programming characteristic. As a result, some manufactur- 
ers specify a forbidden -output operating region, such as 
that shown in Fig. 4. For the particular case shown, the 
supply will not meet published performance specifications 
as a constant- voltage source at less than 5% of its rated 
output voltage, or as a constant -current source at less than 
5% of its rated output current. In addition, when the sup- 
ply is operated at low voltage and low current levels, the 
output power is further restricted to at least 10% of its max- 
imum value. 

Line- transient sensitivity, another peculiarity, occurs be- 
cause an SCR supply has no active element in its power 
mesh (the SCR is either "on" or "off"-it has no linear 
mode of operation as does a series transistor). When the 
SCR is on, any momentary change in the a.c. line voltage is 
passed through to the output. 

In higher -power SCR supplies where three -phase input is 
used (with three SCR's), a voltage imbalance of only a few 
percent between input phases can cause a low d.c. level to 
appear across the power transformer primary; this d.c. volt - 

(Continued on page 62) 
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Hirsch -Houck Lab Tests 

Stereo 
Headphones 
By JULIAN D. HIRSCH 

"Noise pollution" is driving many audiophiles to phones 
in order to get the most from their favorite recordings. 

TI IE growing use of stereo headphones reflects, in a way, 
one of our major contemporary social problems -"noise 

pollution." With more people living and working in close 
proximity, the ordinary sounds of living tend to become 
obtrusive. 

Playing a high -fidelity music system at reasonably high 
volume is frequently impossible without disturbing the 
neighbors or one's own family. On the other side of the 
coin, we have the problem of hearing pianissimo musical 
levels through the fortissimo interference of dishwashers, 
lawnmowers, jet airplanes, and the TV set in the next room. 

Stereo headphones provide an attractive solution to both 
problems, at very reasonable cost, which probably explains 
why many music lovers are switching to phones -at least 
for those times when ordinary loudspeaker reproduction is 
not possible. 

Headphones -as we know them in high -fidelity applica- 
tions -are actually miniature loudspeaker systems, coupled 
tightly to the ears and usually designed to exclude outside 
sounds. Headphones have been used since the early days of 
electrical communications, for many of the same reasons 
that have been described -to provide efficient transduc- 
tion of low -power electrical signals to sound, even in the 
presence of high ambient acoustic noise levels. However, 
communications headphones (particularly the lower priced 
types) often resemble telephone receivers in which a flat 
metal diaphragm is flexed by a varying magnetic field to 
produce sound. The poor dynamic range, frequency re- 
sponse, and distortion characteristics of such headphones 
rule them out for high -fidelity applications. 

Most stereo headphones are moving -coil dynamic speak- 
ers, with cone diameters up to about 31/4". The close cou- 
pling to the eardrum, through a well- sealed air volume, re- 
sults in very efficient operation and extremely high sound - 
pressure levels can be generated with a small fraction of a 
watt of electrical power. The low- frequency response is 
controlled to a great degree by the tightness of the acoustic 
seal around the ear and many headphones are capable of 
reproducing the lowest audible frequencies just as well as 
many of the best loudspeakers in an ideal listening room. 
However, no headphone produces the sense of physical 
pressure on the skin that can be generated by a speaker 
system with true low bass response. 

The over -all frequency- response smoothness of any elec- 
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tro- acoustic transducer is strongly influenced by its acoustic 
environment. In the case of loudspeakers, this is principally 
the listening room and its furnishings; with headphones it is 

the ear cavity which loads the moving cone. Standing 
waves are set up in the ear cavity at various frequencies, 
much as they occur in a room with loudspeakers, except 
that they affect the higher frequencies rather than the low 
end of the spectrum. Since there is little that one can do to 
modify his ear dimensions (unlike the choice of acoustic 
treatment possible in a room), the headphone manufactur- 
er must either design his product for optimum perform- 
ance with a hypothetical "average" ear or to be relatively 
unaffected by individual variations (or both). 

Problems in Testing Headphones 

Objective frequency- response measurements of head- 
phones are both easy and difficult to make. Easy, because 
simply clamping the earpiece to a standard coupler, or "ar- 
tificial ear," provides a controlled acoustic environment in- 
dependent of the surrounding room, and difficult because 
the results obtained from such measurements often bear 
little relationship to how the headphones sound. 

The standard coupler for headphone measurements is 
specified by the American Standards Association, together 
with other test conditions for making measurements of var- 
ious types of headphones. Most headphone manufacturers 
are understandably reluctant to use data from such mea- 
surements in their specifications, since above a few kHz the 
response smoothness is highly erratic. The ASA acknowl- 
edges this deficiency (the coupler was originally designed 
for testing communications headsets with a limited fre- 
quency range), and there the matter stands. One manufac- 
turer (Koss) has developed a modified coupler which it 
claims yields results more consistent with subjective per- 
formance, but others apparently remain skeptical. 

Other parameters of headphone performance include 
the maximum sound -pressure level (SPL) that can be devel- 
oped without exceeding a specified distortion, the sensitivi- 
ty (amount of electrical power for a given SPL), the electri- 
cal impedance as a function of frequency, and the acoustic 
isolation of the ear seal (how effectively it attenuates out- 
side noises). 

Our aim in this survey was to evaluate and compare a 

representative group of some 30 stereo headphones, from 
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(Left) David Clark stereo headphones, one of the three models tested. (Right) Fisher's 
new HP -70, a moderately priced headphone with a frequency range of 30 to 18,000 Hz. 

12 manufacturers, using both subjective and objective 
criteria. In view of the unsatisfactory situation with respect 
to test standards (insofar as high- fidelity phones are con- 
cerned), we created our own highly unofficial standards. 
Our evaluation was mostly comparative and we gave con- 
siderable weight to listening tests. In the absence of a crite- 
rion for "ideal" headphone sound (such as the "live vs re- 
corded" comparison we use for loudspeakers), we had to 
depend on our personal judgment in many cases. When 
considering such factors as smoothness of frequency re- 
sponse and transient response with tone -burst signals, we 
applied the same standards which we would have used for 
loudspeakers, making due allowance for the effects of our 
coupler where these could be identified. 

How We Tested 

Our coupler was simply a piece of a /," plywood drilled to 
hold our calibrated microphone flush with its surface. The 
earpiece was pressed firmly against the coupler, centered 
over the microphone. Each phone was driven from a power 
amplifier at a constant level of 300 millivolts (except for a 
couple of relatively insensitive units which were tested 
with 3 volts of drive). Our General Radio 1304 frequency - 
response plotter supplied the sweeping test signal from 20 
Hz to 20 kHz, and recorded the output of the microphone 
on a synchronously moving chart. 

Each phone was also tested at 400 Hz, where we mea- 
sured the level and distortion of the microphone output 
and adjusted the drive until we obtained 1% distortion. 
The absolute calibration of our microphone gave us a rough 
idea of the actual SPL that would exist at a listener's ear. 
The sensitivity of the phone was determined by subtracting 
from this SPL the electrical drive in dBm (0 dBm = 1 milli - 
watt). The result was the SPL in dB that would be devel- 
oped by a 1- milliwatt drive level. The driving power was 
computed from the relationship P = Ez /R, where R was 
the measured impedance of the earphone at 400 Hz (and 
for our purposes was assumed to be resistive). 

Impedance was measured by driving each phone 
through a series resistance from our sweep oscillator and 
recording the voltage drop across the phone on the chart 
recorder. By substituting an accurately known resistance 
for the headphones, we calibrated our chart. 

Acoustic isolation was measured by placing a small loud- 
speaker about 8 inches from the microphone in our coupler 
and driving it with white noise. The change in output level 
when the earpiece was pressed firmly over the microphone 
was an indication of the effectiveness of its ear seal. 

We also tested each headphone with tone -burst signals, as 
we would with a loudspeaker. The frequencies at which 
ringing became serious, and the degree of such ringing, 
40 

were carefully noted in each case. 
Interpreting Test Data 

Our test results are presented in tab- 
ular form. Since our numerical mea- 
surements of SPL and sensitivity would 
be difficult to interpret in a meaningful 
way, we have translated them into let- 
ter ratings. For most headphone users, 
this is merely background information, 
since even a "D" output -level rating 
corresponds to a more- than -comfort- 
ably loud listening level. Most of the 
phones, carrying a "B" rating, devel- 
oped about 115 dB SPL at 1% distor- 
tion, which is very loud. The one rated 
"A+" (Fisher HP -70) was the only 
headphone that exceeded the thresh- 
old of pain, developing a deafening 
136 -dB volume without exceeding 1% 
distortion (our ears gave up well below 

that point). This might be of interest to hard -of- hearing lis- 
teners, but hardly to most headphone users. 

Similarly, with sensitivity the rating is primarily for gen- 
eral information. Any of the phones could be driven be- 
yond their limits of distortion from virtually any amplifier 
output, so that this is not comparable in importance to loud- 
speaker efficiency. However, if you want to use one of 
these phones with a low -power source such as a transistor 
radio or a preamplifier with low -impedance voltage out- 
puts, it would probably be advisable to avoid a "C" rated 
phone. 

The impedance of a headphone can be an important con- 
sideration if you plan to use it for monitoring with a tape 
recorder. Many recorders have outputs for 600 -ohm -phones 
and will not develop sufficient volume with low -impedance 
types. Any of the headphones with impedances of 250 ohms 
or higher should be suitable for this application. If the 
phones are to be driven from an amplifier or receiver, the 
impedance is not a significant factor. It could be anywhere 
from 8 to 600 ohms or even higher. 

Acoustic isolation may or may not be important to you. If 
the ambient noise level is high, it should be considered seri- 
ously. From a subjective standpoint, the headphones with 
more than 18 dB of measured isolation (in our tests) were 
much more effective in eliminating room noises than the 
lower rated types. The three top Sharpe models were espe- 
cially noteworthy in this respect. On the other hand, the 
Fisher HP -100 and Sennheiser HD -414 had virtually no iso- 
lation. 

Many phones showed a severely degraded tone -burst re- 
sponse above 2 or 3 kHz. We classified them as "P" (poor), 
since a loudspeaker with this characteristic would indeed 
be a poor one. However, it must be admitted that every 
one of the "P" phones sounded much better than one 
would expect from their tone -burst responses. In other 
words, a "P" rating means poor tone -burst response under 
our test conditions, and not necessarily a poor headphone. 

At the other end of the rating scale, the Koss electrostatic 
headphones had essentially perfect tone -burst response 
(better than any speaker we have ever tested), and the 
Fisher HP -100, Sennheiser HD -414, and AKG K -180 were 
very nearly as good. All of them sounded excellent, and the 
"E" rating unequivocally applies to the headphone as well 
as to its tone -burst response. 

One of the more arbitrary decisions we had to make was 
the rating of frequency- response smoothness. As we point- 
ed out, even the standard ASA coupler can be expected to 
give a very irregular response curve, and we could hardly 
expect better from our home -made coupler. However, 
some of the headphones had truly excellent frequency re- 
sponse in our coupler, even when judged by the standards 
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we would apply to loudspeakers. The Koss electrostatic 
phones produced curves which were, over most of their 
range, within 3 dB of the individually run curve supplied 
with the headphones. The Fisher IIP -100 and Sennheiser 
II1)-4414 also had exceptionally smooth frequency response. 
All of these phones ranked very high in subjective listeninn 

tests and gave us renewed confidence in our test set -up. 
However, most of the others exhibited the expected ir- 

regularities, and we rated them from "Poor" to "Good" in 
relation to their standing within the test group. In this case, 
too, a "P" rating means a response which is more irregular 
in our coupler than other phones in the group, rather than 

DIRECTORY OF STEREO HEADPHONES 

Output Isola- Response 
Level Sensu- Z (ohms Tone tion Smooth- Wt. Cord Price 

Make & Model at 1% THO (ivity at 1 kHz) Burst (dB) ness (oz) Ift) (s) 

AKG K -60 B A 700 P 15 P 9 6S 39 -50 
K -180 B B 700 GE 19 G 19 7C 69.00 

Clark 300 B B 10 P 16 P 13 9C 21.00 
200 B A 9 P 21.5 P 15 9C 29.00 
100A C Ci 20 F 16 FG 16 9C 50.00 

Fisher HP -70 A A+ 12 P 14 P 12 10C 29.95 
HP -100 C C 65 GE 2.5 E 9 8S 39.95 

Foster RDF -224 B B 19 P 11.5 F 11.5 8C 24.95 

Koss SP3XC B A 4.8 P 16 P 16 10C 19.95 

K-6 B B 4.8 P 17 F 16 10C 26.50 
K -6L C B B 90 P 20.5 F 17 10C 29.95 
KRD -711 B C 280 F 16 G 14 10C 29.95 
KO -727B B B+ 4.7 P 12 P 17 10C 34.95 
Pro -4AA C C+ 18 FG 16.5 G 20 10C 60.00 
ESP -6 C C 70 E 15.5 E 32 10C 95.00 
ESP -9 D C 40 E 16 E 21.5 5S' 150.00 

Pioneer SE -30 B B 11 F 18 F 15 3.2S 29.95 

SE-50 B C+ 11 P 15 F 21.5 16C . 49.95 

PML D-42 B A 250 F 12.5 FG 7.5 6.5S . 29.95 

Sennheiser HD-414 C+ A 2200 GE 0.5 E 6.5 10S 33.95 

Sharpe 7 C C+ 19 P 13 F 12 12C 19.95 
9B B A 9 P 17 P 16 12C 25.95 
10A C C+ 10 FG 23 G 17 6S 35.95 
MK II C C+ 15 FG 22 FG 18 12C 45.00 
660 D C 450 G 25.5 G 19 12C 65.00 

Superex SW -2 C B+ 9 FG 13 G 15.5 10C 24.95 
SST D+ B 15 F 16 F 20 15C 39.95 
ST-Pro-BV D Bi 20 FG 20 F 17.5 10C 59.95 

Sylvania SP20 C C+ 22 P 13 F 11 12C 19.95 

Telex Studio 2 D C 28 P 14 F 24 25C 84.95 

RATINGS: Output Level -A =high, B= average, C =below average, D =low; Sensitivity -A =high, B= average, C -low; Tone Burst/ 
Smoothness-E =excellent, G =good, F =fair, P =poor 

Notes: Listed weight does not include the cord. 'Separate power unit has a 6 -foot cable. s No plug supplied. (I) C= coiled, S= straight. 

Phones are listed in alphabetical order by manufacturer, within each company's line, the listing is in order of increasing price. 
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(Left) Sylvania's SP20 lightweight phones. (Right) Telex "Studio 1 ", which was not test- 
ed, is similar to the "Studio 2" but features tone /level controls at each earpiece. 

a "poor" phone (although at some point which we do not 
feel able to define, it must also correspond to a really poor 
quality headphone). 

Comments on Listening Tests 

All the headphones were judged able to deliver a more - 
than- adequate sound level, with acceptable distortion, 
when used with any amplifier or receiver of moderate qual- 
ity. 

Those ranking "FG" or "G" in smoothness generally had 
an "easier," more open sound, with noticeably better high - 
frequency content. The clarity of these phones with a tone - 
burst rating of "F" or better was also in general noticeably 
superior to that of the "P" rated models. 

As with loudspeakers, individual preference must play a 
large role in the selection of headphones. The sonic differ- 
ences may not be easy to detect without a direct side -by- 
side comparison. Much easier to evaluate (and probably 
more important for most people in the long run) are the 
weight and general comfort of the phones and the effec- 
tiveness of the ear seals. It is obvious that a light phone will 
be more comfortable to wear for extended periods. The 
major sacrifice one must make for light weight is reduced 
acoustic isolation. The Fisher HP -100 and Sennheiser HD- 
414, two of the lightest and best sounding dynamic phones, 
have almost no isolation, but (to us) were exceptionally 
comfortable to wear. 

Frankly, we usually would find little positive correlation 
between price and performance in any one manufacturer's 
line. The top -priced phone was always better than the least 
expensive one, but between these limits the units seemed 
to vary more in features (individual volume and /or tone 
controls in each earpiece, different headband designs, etc.) 
than in sound. Buying headphones is much like buying 
clothing -they should be "tried on" to avoid disappoint- 
ment. 

Special mention should be made of the two electrostatic 
phones we tested -the Koss ESP -6 and ESP -9. They are 
expensive, and (in the case of the ESP -6) almost inordinate- 
ly heavy. They must be driven from the amplifier's speaker 
outputs (not the usual headphone- output jack). They re- 
quire more drive voltage and will not play as loud as many 
of the dynamic phones. The ESP -9, besides its $150 price 
tag, uses an auxiliary power supply, with only a 5 -foot cable 
between the phones and the supply. 

For all of this inconvenience and cost, one gets what is 
unquestionably the best sound in the group. Indeed, the 
electrostatic phones are in a class by themselves, surpassing 
speakers as well as other headphones in transparency and 
smoothness. We heard an occasional rather disconcerting 
"pop" in our ears when seating the phones and sometimes 
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when listening at rather high levels, 
which may have been related to the 
construction of the phones, but appar- 
ently did no permanent harm. 

In the following section, some of the 
differences between the various prod- 
ucts of each manufacturer will be de- 
scribed. The listing is in alphabetical 
order by manufacturer. 

AKG: The K -60 is a lightweight 
phone with a 700 -ohm impedance and 
an unusually short cord (6 feet, 
straight). The K -180 is totally different 
in appearance and has a unique in -out 
adjustment of the drivers relative to 
the ear. This modifies the upper mid- 
range response, shifting the listener's 
apparent position from the front to the 
rear of the auditorium (it seemed to 
work quite well, although we found 
the "front" setting more satisfactory). 

David Clark: The 300, 200, and 100A have the same gen- 
eral sound character, with the top -priced 100A showing no- 
tably improved frequency response. 

Fisher: The HP -70 is distinguished by its extraordinarily 
high sensitivity and undistorted output capability. The HP- 
100 is completely different in design, very light, and fitted 
with comfortable foam cushions. It has no acoustic isolation, 
but delivers exceptional sound quality. 

Foster RDF -224: These lightweight phones, imported 
from Japan by Ercona, have good sound for their price. 

Koss: The various models differ widely in external ap- 
pearance and headband design. The K -6 and K -6LC are 
similar, except that the latter has individual level controls 
in the earpieces (and a much higher electrical impedance). 
The KRD -711 ( "Red Devil ") is a bright red phone with a 
molded plastic headband, lighter than the others, and had 
very good sound quality in its price range. The Pro -4AA is 
the top of the line in dynamic phones, apparently different 
internally as well as externally from the other Koss phones, 
and was one of the better phones in the tested group. The 
electrostatic ESP -6 and ESP -9 have been described. 

Pioneer: The SE -30 and SE -50 are quite similar in appear- 
ance. The most obvious difference is in the better acoustic 
isolation of the SE -50, and its 16 -foot coil cord which allows 
the wearer considerable movement. 

PML D -42: This Swedish import is marketed by Ercona. 
It is a very light -weight phone with above -average sound 
quality and somewhat less acoustic isolation than most. It is 
supplied without a plug on its 61/2-foot cord. 

Sennheiser HD -414: These were the lightest phones in 
the group, with acoustically transparent ear pads. Their 
2200 -ohm impedance is unusually high, but high sensitivity 
makes them easy to drive from any low -impedance source. 
Together with the Fisher HP -100 (which is similar in de- 
sign), they provided the best sound of any dynamic phones. 

Sharpe: The 7 is a lightweight headset. The 9B, 10A, 
MkII, and 660 are successively heavier, have better isola- 
tion and listening quality, and cost more. The latter three, 
in particular, have considerably better isolation than any of 
the other phones tested. In the case of the top -priced 660, 
this is combined with better -than -average audio quality. 

Superex: The SW -2 delivers better -than -average sound 
quality for its price. The SST has a separate ceramic tweet- 
er in each earpiece, as well as individual volume and high - 
frequency adjustments for each ear. The ST- Pro -BV also 
has a "two -way" design, but lacks the level adjustments. 

Sylvania SP -20: Appeared to be identical to Sharpe 7. 
Telex Studio 2: This was one of the heaviest as well as the 

most expensive of the dynamic phones. Its 25 -foot coil cord 
is the longest of the group. The Studio 1, not tested, is simi- 
lar but has tone and level controls at each earpiece. 
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Bottom view of multi- output torpedo -borne power supply 
for MK27 Torpedo Target Vehicle. Output power is 1.6 
kW pulsed to 3.5 kW. Efficiency is 80% and input power 
is 33 to 70 volts d.c. The temperature range for this 
underseas unit is 28 to 160 degrees F. Switching regula- 
tors are used for high- efficiency regulation on this unit 
with five d.c. outputs and one 115 -V a.c., 400 -Hz outpu'. 

Although more costly, 
the switching regulator power 

supply is lighter in weight 
and dissipates less heat than 

a conventional series -pass 
type of supply. Frequency 

range is 7 -25 kHz. 

The Switching 
Regulator 
POWER SUPPLY 
By FRED HEATH 
Applications Engineer, Trio Laboratories 

ICIECAUSE of new advances in high -speed and high -pow- 
er transistors, the switching regulator power supply 

has come of age and is now starting to become competitive 
in many areas where it was unheard of previously. 

Generally, the term "switching regulator" is applied to 
any type of power- control device which regulates by alter- 
nately opening and closing some sort of switch. This switch 
is usually a transistor or an SCR, and control can sometimes 
be augmented by using a magnetic amplifier (mag amp). 
For the purpose of this discussion, only the transistor 
switching regulator will be considered, although mention 
will be made of both the SCR and the mag amp when perti- 
nent. 

The Switching Regulator 

Basically, there are just two types of switching regulators: 
the series or buck regulator and the shunt or boost regula- 
tor. Fig. 1 shows both schemes. The series regulator allows 
current to flow to the LC filter when the switching transis- 
tor is "on" When the transistor is "off," the inductor keeps 
current flowing, with the flyback diode providing a return 
path. The output voltage is En = E;,, (T ,,,, l T nr, + L); thus 
the output voltage is always less than the input voltage. 

The shunt or boost regulator, on the other hand, has an 
output voltage which is higher than the input voltage. 
When the shunt transistor turns "on," the inductor pre- 
vents a step current load on the capacitor and the current 
through the transistor becomes a ramp function. When the 
transistor turns "off," the inductor prevents current from 
Octob.r, 1971 

changing instantaneously and thus the current will flow 
into the capacitor and the load. 

Switching feedback is accomplished by one of three 
methods. The first consists of keeping the frequency con- 
stant and varying the pulse width as a function of the out- 
put voltage. The second involves keeping the pulse width 
constant while varying the frequency (such as with a mo- 
nostable multivibrator or one -shot). With the third method 
both frequency and pulse width are allowed to vary as a 
function of output by using a Schmitt -trigger -type device. 
When using the third method the driver of Fig. 1 will be a 
Schmitt trigger controlled by the feedback circuit. 

The Inverter 

Because of the need for input- output isolation, an invert- 
er is usually used in a switching regulator -type supply. An 
inverter is a device which changes d.c. to a.c. In most pieces 
of equipment the inverter does this by alternately connect- 
ing the input d.c. to one side of a transformer primary and 
then to the other (as shown in Fig. 2). The switches, Si and 
S2, can either be transistors or SCR's. The output is a square 
wave which can either be rectified and filtered to provide a 
d.c. output or simply filtered to provide an a.c. output. 
A device which adds rectification and filtering on the out- 
put of an inverter to make the output d.c. is called a con- 
verter. 

Mag amps are sometimes used in series with the inverter 
switches to regulate current to the inverter transformer. 
The control winding of the mag amp provides the feedback 
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from the output. Using this scheme, a switching regulator, 
as such, is not necessary. A few years ago this technique was 
quite popular. Today, however, the cost of building a com- 
plex magnetic amplifier vs buying switching transistors 
makes the former choice uneconomical unless the ultimate 
purpose of the inverter is to provide a low -frequency a.c. 
output. 

UNREG. E 
D.C. 

UNREG. E 
D.C. 

TRANSISTOR 
SWITCH 

E-r 

AI 

REFERENCE 

(B) 

REFERENCE 

Eour 
REG 

Fig. 1. There are two types of switching regulators (A) ser- 
ies or buck regulator, and (B) the shunt or boost regulator. 

SI 

sz 

OSCILLATOR 
CONTROL 

SQUARE- WAVE- 
OUTPUT 

Fig. 2. Basic configuration of inverter circuit which changes 
d.c. to a.c. by alternately connecting d.c. to one side of a 
transformer primary and then connects it to the other side. 

This supply designed for the F -111 has eight outputs with 150 
watts delivered power in the temperature range of -54 to 95 
degrees C. Built using many connectors, this supply has no 
board -to -board hand wiring and can be completely disassem- 
bled at PC card level in less than 20 min with screwdriver. 

.''-^. ', 

Oscillation control for the inverter can be supplied by 
one of a number of approaches. The simplest method is to 
have a separate oscillator which provides base drive for the 
inverter transistors. Another approach is to have a winding 
from the inverter transformer itself provide the base drive 
for the transistors. However, using this approach necessi- 
tates having some sort of start -up circuit to get the inverter 
cycling upon application of input power. Recently various 
schemes have been used in which the inverter transistors 
themselves are part of a built -in oscillator. Capacitance 
bridges or small timing transformers (or both) are designed 
to form a self -oscillating astable -multivibrator -type circuit 
with the inverter transistors. 

If an inverter is being used with a switching regulator, 
the frequency at which the inverter is working is generally 
the same frequency at which the switching regulator will 
operate. This improves over -all power- supply stability and 
eases filtering for both the input and output lines. Using a 
common frequency, of course, implies that the switching 
regulator can provide regulation only via a pulse -width 
control approach. 

The Power Supply 

Many combinations of switching regulators and inverters 
can be and are used in the design of the complete power 
supply. A few of the possible combinations are shown in the 
block diagrams of Fig. 3. Fig. 3A is of a switching regulator 
power supply which regulates for line variation directly 
and for load changes via a feedback loop from the main (or 
only, as the case may be) output. Feedback is generally 
transmitted using some sort of chopper amplifier to main- 
tain isolation. A series -pass regulator can be used (as shown) 
for low -power outputs and, because line regulation has al- 
ready been taken care of, the efficiency is better than it 
would normally be for a pass regulator. 

Fig. 3B shows the raw d.c. going directly into the invert- 
er with regulation finally achieved just before the output by 
a switching regulator. This scheme allows quicker response 
to load steps. A series -pass regulator can, of course, be used 
at the output of the inverter, but since there is no line regu- 
lation, efficiency of this regulator will typically be low. 

Fig. 3C shows separate switching regulators for line and 
load regulation. This allows faster response to load steps, 
with better over -all regulation, but with decreased efficien- 
cy. A series regulator hung off of the inverter in this ap- 
proach will work very efficiently because it will see an in- 
put that has been regulated only for line variations. 

Frequency 

One of the principal advantages of a switching regulator 
supply is light weight and small size for a given delivered 
output. Much of the benefit is derived from the frequency 
at which the inverter operates. Most switching supplies 
work with frequencies in the 7 -25 kHz range. Since a trans- 
former's size is highly dependent on the frequency at 
which it operates, a 60 or 400 Hz transformer used for isola- 
tion in a series -pass supply will be much larger and heavier 
than a high- frequency inverter transformer. 

Lower limits on the inverter frequency are determined 
by two criteria: (1) the size and weight -obviously, if the 
frequency is too low the main reasons for using a switching 
regulator are negated; (2) audible noise -below about 12 
kHz a switching regulator power supply can produce a 
high -pitched noise which is objectionable in many applica- 
tions. For this reason many switching regulator manufac- 
turers prefer to use switching frequencies above the audi- 
ble range. However, with proper design of magnetic cores 
and sound packaging techniques, many high -power switch- 
ing regulator supplies which use frequencies in the audible 
range are not, in fact, audible at all. 

The upper limits on switching frequencies are deter- 
mined by core losses. At frequencies above 20 kHz, effi- 
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Memorex makes tape 
that can shatter glass. 
So what? 
Sure, that proves our tape 
records and plays back with the 
precision necessary to shatter 
a glass. 

But, you buy tape to record and 
play back your favorite music. 

So, it's also important you 
know that hiss is less noticeable 
with Memorex. That's because 
we've increased high frequency 
response so you can decrease 
treble on playback. 

You'll also notice less distor- 
tion at high volumes with 
Memorex. That's because 
Memorex is more sensitive than 

ee 

the tape you're probably using 
now. 

It's all because of the way we 
coat cur tape. 

First, we use smaller gamma 
ferric oxide particles. That means 
there are more of them on any 
given inch of tape. More places to 
pick up and play back sound. 

Now anybody could come 
along and use smaller particles 
just like us; except for one 
thing. It's a tough job to coat 
small particles in a smooth, 
uniform manner. But Memorex 
does it. And, just how we do it is 
a little secret we're not even 
going tc tell you. 

There's one other thing we 
can't tell you: how Memorex Tape 
sounds when you use it. You'll 
just have to listen. Please do. 

MEMOREX 1800 

MEMOREX 900 

MEMOREX Recording Tape 
Reproduction so true it can shatter glass. 

Polyester m,prwtrc recording tape I0 mir 1900' 
Sarda Clara. Caldornia 95057 

r;r 
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Fig. 3. Several combinations of switching regulators and inverters. 
(A) Regulator for line variations and for load changes; (B) Raw d.c. 
goes directly to inverter with regulation achieved near the output; 
(C) Separate switching regulators for regulation of line and load. 

ciencies start to drop drastically and cooling becomes a 
problem if thermal runaway or the eventual degradation of 
the magnetic components is to be prevented. 

Efficiency 

Because in the basic buck (series) switching regulator 
scheme the transistor is used as a switch which is either full 
"on" or full "off," very little power is dissipated in the cir- 
cuit. In the boost (shunt) switching regulator, because the 
transistor goes "on" more slowly, losses are somewhat 
greater. Efficiencies of a typical switching regulator power 
supply range from about 65 to 75% for a 5 -volt output to 
about 85 to 90% for a 28 -volt or higher output. 

Greater efficiencies are important for a number of rea- 
sons. In airborne or shipboard applications where power is 
sometimes at a premium, a series -pass supply will generally 
dissipate more power than it delivers, while a switching 
supply will deliver at least twice what it dissipates. This 
means that a switching supply will reduce the heat given 
off by a complete system by more than one -third. This 
could easily mean that thermal problems will be reduced 
and reliability of the system (not just the power supply) will 
be increased. Because the switching supply itself doesn't 
dissipate much heat, heat sinks and other thermal conduct- 
ing surfaces won't have to be quite so large, suggesting still 
further economies of volume and weight over series pass 
supplies. 

Trade -offs of switching frequencies and efficiencies 
sometimes mean that although a higher frequency will re- 
duce magnetic component sizes, the decrease in efficiency 
will necessitate larger heat- removal surfaces with no net 
decrease in the volume of the power supply. 

Drop -Out 

Since the input a.c. is rectified and filtered directly, stor- 
age of the raw d.c. is at a much higher voltage (165 volts). 
Since it takes a longer time to discharge the filter capaci- 
tors, a momentary decrease or drop -out of the input line 
will not cause a, like drop in the output voltage. A typical 
switching regulator power supply will operate for 30 milli- 
seconds (fully loaded) to 60 milliseconds (half load) after a.c. 

4e 

power has been removed. This is especially important in 
computer applications where power must be removed 
from the memory before the logic starts to shut down. The 
input line can be sensed as low and the memory voltage 
can be crow- barred long before other voltages in the sys- 
tem go out of regulation. 

Electromagnetic Interference 

To many engineers the "switching regulator" is associat- 
ed with electrical noise headaches. In the past this feeling 
may not have been completely unjustified. SCR switching 
regulators or inverters were used extensively and suppres- 
sion of SCR switching noise is a difficult task at best. How- 
ever, because of the many new high -power transistors in- 
troduced in the past couple of years, SCR's need not be 
used except when power requirements reach about 1000 
watts. Shown on the front cover is an off- the -shelf 500 -watt 
(5 -volt, 100 -amp) transistor switching regulator supply. This 
supply could not have been built a year and a half ago, 
using transistors which were available at that time. 

Aside from using transistors as the switching elements, 
many other techniques evolved which have been used suc- 
cessfully for years in military applications. Here, size and 
weight have made the switcher a "must ", but EMI consid- 
erations are still critical. Some of these techniques include 
inverter oscillators using capacitive bridges which reduce 
switching spikes as they are produced, use of the boost 
(shunt) switching regulator which insures continuous cur- 
rent through the filter choke, careful wiring and printed - 
circuit card layouts, and proper shielding of magnetic com- 
ponents and the unit itself. 

Conducted interference on the input lines seems to cause 
the worst EMI problems. In a recent test, conducted for the 
U.S. Navy, using a simple rectifier circuit with a purely re- 
sistive load, it was shown that the rectifiers themselves 
caused an out -of- specification (MIL- STD -461) condition on 
the input lines at frequencies up to 5 MHz. This means that 
the rectifiers themselves turning on and off are responsible 
for much of the conducted noise. This source of noise is 

present whether an off -the -line switcher is employed or a 
series -pass supply is used, with the rectifier switching re- 
flected through the input transformer. Proper input filter- 
ing is needed in any case. Because an off -the -line switching 
supply can more easily handle the input attenuation of such 
a filter, filtering for input -line- conducted interference is ac- 
tually simpler to obtain in a switching supply. 

The switching regulator doesn't do quite as good a job on 
containing output ripple and noise as a series -pass supply. 
The switching regulator supply can generally be designed 
to have a maximum of 5 to 10 millivolts r.m.s. ripple and 
noise while the series -pass can get below 1 mV with no 
difficulty. For most applications, however, it makes no dif- 
ference if the noise is 1 mV, 10 mV, or even 100 mV. Some 
logic designers will need the small size and weight of a 
switching supply, but will specify 1 mV of ripple and noise 
because that's what they saw on the data sheet for the se- 
ries -pass supply they were using on the bench. Since most 
logic circuits have close to 1 volt of noise immunity, this is a 
clear case of over- specifying. Knowing exactly what the sys- 

tem requires is of prime importance in picking the right 
power supply. 

Load Steps 

One of the disadvantages in using a switching supply is its 
slow response to step -load changes. The feedback cannot be 
any faster than the maximum frequency of the switching 
regulator. Usually, because the switching regulator is ahead 
of the inverter, response times of several milliseconds are 
encountered. There are, however, a number of techniques 
for solving this problem. The best and most recent solution 
to this problem is the so- called "transient suppressor." 

During a step decrease in the load, this circuit clamps the 
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voltage at a maximum level close to 
what it was before the step and absorbs 
the excess energy which is still being 

u supplied to the output. During a step 
increase in load the voltage is clamped 
to a minimum level -again close to the 
original value -and the output is sup- 
plied energy until the switching regu- 
lator can meet the requirement. The 
transient suppressor is a passive -type 
circuit during normal power- supply 
operation and thus does not dissipate 
any power. 

Another example of over -specifying 
is the case where a logic designer will 
call for a difficult dynamic- regulation 
parameter which increases the price of 
the power supply. In fact, a digital log- 
ic load will not vary more than 5% dur- 
ing a complete computation cycle. 

Cost and Applications 

A switching regulator power supply 
will always cost more than a series -pass 
supply with the same outputs. Present- 
ly, it costs anywhere from 25 to 100% 
more. As the price of switching transis- 
tors comes down (which they have al- 
ready shown signs of doing), this gap 
will close, but the switcher will always 
be more expensive. To understand 
why is simple if you refer to Fig. 3. 
Even if the cost of the switching regu- 
lator and inverter approach the price 
of the series -pass circuitry, the over -all 
switching supply always contains two 
sets of rectifiers and filters, one off -the- 
line and one at the inverter output. 
The series regulator power supply, on 
the other hand, uses only one rectifier- 
filter combination. 

Until recently the only people who 
would spend the extra dollars for a 
switching supply were those working 
on military contracts. For aircraft, ship- 
board, and mobile ground- support 
equipment weight, volume, and effi- 
ciency are of utmost importance. 
Where weight penalties can be ap- 
plied, the added cost of a switcher was 
minor when compared to penalty dol- 
lars. Most pieces of gear had to fit in a 
fixed volume. When most of that vol- 
ume was allotted to the rest of the sys- 

This five -output sup- 
ply provides 250 
watts d.c. and 350 
VA a.c. for fans. It 
supplies logic and 
memory sequencing 
circuitry built in to in- 
sure that memory is 
shut down before 
the logic. It is being 
used in the Honey- 
well H316R comput- 
er. 

October, 1971 

tern, the power supply had to fit into 
the tiny space that was left. 

Now, with MSI and LSI, computer 
and peripheral manufacturers are able 
to make complex equipment in very 
small boxes. And because logic speeds 
are increasing along with the watts per 
logic function, these small boxes use 
huge amounts of power. There are now 
many instances where a series -pass 
supply is larger, heavier, and dissipates 
more power than the computer it is 
driving. If nothing else this is not aes- 
thetically pleasing. If you are trying to 
sell a desk -top computer with a power 
supply which is as big as the desk, you 
can understand the problem. Thus 
many computer people are looking to 
switching supplies. Companies using 
switching regulators right now read 
like a "Who's Who" of the computer 
industry: IBM, Honeywell, Univac. 
DEC, Burroughs, and RCA, to name ai 

few. 
Besides aesthetics, there are solid 

dollar reasons why the switcher makes 
sense to the computer industry. Ther- 
mal problems which necessitate a com- 
plex cooling system with a series -pass 
supply are sometimes eliminated by us- 
ing a switcher. The cooler running 
switching supply means less tempera- 
ture stress on components and greater 
reliability or MTBF (mean- time -be- 
tween -failure) which, in turn, means 
lower maintenance costs. 

There are applications where a 

switching regulator would make sense. 
but often is not used simply because 
the engineer is unfamiliar with the 
technology or has doubts about EMI. 
As more and more switching regulator 
power supplies are designed into neu 
hardware this reluctance will disap- 
pear. Of course, for every application 
where a switching regulator is a must, 
there are many more where the extra 
cost isn't justified. As new and better 
transistors are introduced and as the 
recent arrivals start to drop in price, it 
will become harder not to consider a 

smaller, lighter, more efficient, and 
more reliable power supply for tomor- 
row's state -of- the -art designs. A 
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Save steps, keep in touch with this corn- 

pact two -station intercom. Needs no cable. 
Just plug into any AC outlet in your home 
wiring system and talk between them. 
Can continuously monitor baby's room, 
sickroom or any desired location. 
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260 S. Forge St., Akron, Ohio 44308 
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Electronic 
"Slide Rules" 

New pocket -sized electronic calculators are a big hit 
with both students and traveling business executives. 

6y John Frye 
HE October morning, crisp as a potato chip, had every- 
one in a happy mood. Matilda hummed to herself as she 

dusted her desk prior to starting the day's work at Mac's 
Service Shop. The humming expressed her contentment 
and also served to drown out Barney's off -key rendition of 
"September Song" emanating from the service depart- 
ment. 

The front door opened and Mac, her employer, came in 
carrying something in a small leather case. He uttered not a 

word but deposited the object on her desk, unzipped the 
case, and with a flourish removed a little black- and -gray 
instrument with a compact colorful array of white, blue, 
and red keys on top. "Now," he said, "don't say I never buy 
you anything!" 

"Gee, thanks; but what is it ?" 
"It's a miniature electronic calculator called the Compet 

ELSI -8, or EL -8 for short, made by Sharp Electronics in 
Japan but distributed in the U.S. by its Paramus, N.J. office. 
I know you're going to love it. Here, lift it. It weighs only a 
fraction over a pound and a half and is 63/46" long, 4" wide, 
and 23/4" thick." 

"Where is the line cord ?" 
"That's one of the beauties of it. It operates on six self - 

contained 0.450 A /hr rechargeable NiCad batteries or on 
a.c. with this little adapter- charger," he explained, taking an- 
other little leather case from his pocket and removing a 

small black box measuring about 2" X 2" x 4 ". A line cord 
came out one end and a coiled cord with a special plug on 
the end came out the other. 

"So what can it do to replace Humperdink in Matilda's 
affections ?" Barney asked as he came through the door of 
the service department. 

Mac flipped a little switch on the side of the case of the 
calculator and instantly an eight -digit display of bright 
green numerals appeared behind the tinted, sloping, rec- 
tangular window at the top of the instrument. The numbers 
on the right kept changing rapidly and a negative sign ap- 
peared at the top of the window. Mac punched a key 
marked C, and the numbers stopped changing. He 
punched the key again, and the negative sign was extin- 
guished and all the digits became zeroes. 

"Now we're ready for business," he announced. "Give 
me some numbers to add." 

"Six dollars plus three dollars and fifteen cents," Barney 
offered. 

Mac pushed a key marked 6, and instantly the right -hand 
0 became a 6 with a decimal behind it. Then he pushed a 
Plus -Equals key, which had no effect on the display. But 
when he punched 3, the 6 disappeared and was replaced by 
a 3 with a decimal behind it. Pushing a blue key marked 
with a decimal did not change the display, but when the 1 

was pushed the 3 and its decimal moved one place to the 
left and was replaced by a 1. Pushing a 5 moved both previ- 
ously displayed numerals another space to the left, and the 
5 showed up in the right -hand spot. Finally Mac pushed a 

Plus -Equals key, and instantly the display changed to 9.15. 
"Hm -m -m, not even any kachunk, kachunk sound," Bar- 

ney observed. "But I've got some questions. How come you 
didn't have to punch out a decimal and two zeroes on that 
six dollars? You did punch in the decimal on the three dol- 
lars and fifteen cents." 

"That's part of the Floating Decimal feature," Mac ex- 
plained. "As long as you're keying a whole number, no mat- 
ter how many integers make it up, the decimal stays put on 
the extreme right behind the last integer displayed. But if 
you hit the decimal key before keying an integer, the deci- 
mal moves left along with that integer. Watch what hap- 
pens when I punch out pi." He hit the C key to clear the 
machine and return all displays to zeroes, and then 
punched out 3.1416. Sure enough, the decimal marched 
left step by step behind the 3 as successive integers were 
keyed. "And the decimals line up for addition no matter 
how many integers appear to the right and left of those 
decimals in the numbers being added. Now you see why I 
didn't have to hit the decimal and two zeroes when I re- 
corded six dollars." 

"I assume it subtracts, too," Matilda said. 
"Of course. The operation is only a little different. To 

subtract 3 from 9, you simply hit 9 first and then the Plus - 
Equals key, like so. Then you punch 3 and the red Minus - 
Equals key. There is your 6 answer. Continued subtractions 
require only that you punch out each subtrahend and then 
hit the Minus- Equals key to get the new remainder. If you 
wish, you can mix addition and subtraction by hitting the 
Plus -Equals or Minus -Equals key, respectively, after each 
number you wish to add or subtract. If, say in balancing 
your checkbook, the 'minuses' exceed the 'pluses,' the neg- 
ative sign lights up to indicate that the number displayed 
reveals how much you are overdrawn; and it stays lighted 
as long as the displayed number is really negative." 

"Can it multiply and divide ?" Matilda pursued. 
"It sure can. Suppose we want to multiply 9 by 3. I punch 

9, hit the Times- Divide key, punch 3, and hit the Plus - 
Equals key, and there is the answer, 27, clear to the right. 
Now let's go backwards and divide 27 by 3. I key in 27, hit 
the Times -Divide key, and punch 3. Now watch closely as I 
hit the red Minus -Equals key." The 3 disappeared from its 
place on the right and in the same instant a 9 followed by a 

decimal and seven zeroes appeared in the window. 
"That display really flips from the right to the left side in 

a hurry," Barney said. "How fast does that thing work ?" 
"Addition and subtraction are performed in 20 millisec- 

onds; multiplication in 150 miliseconds; and division in 200 
milliseconds. But let me show you something else. Suppose 
we want to multiply 824005.1 by 930047.2. Notice I get an 
answer of 76636363." 

"Hey, that's too small an answer," Barney objected. 
"Right you are. The complete answer is 7663636 

36040.72. Notice the lack of a decimal on the right tells us 

the display is not a complete answer. The machine can han- 
dle eight digits multiplied by eight digits, but it can only 
display the first eight digits of the answer and discards the 
rest. This is called the Underflow System. However, it does 
keep track of the decimal beyond the eight displayed inte- 
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Test reports in both 
HIGH FIDELITY and STEREO REVIEW 
prove the Altec 714A receiver 
is built a little better. 

u..1«. N.M., 

Stereo Pickups A cor k,.4.0 sw 
So VIM Md r Spool SM, M imports.' Y I 
OIrr5' .rYr N Irr N WNW. 

Records RerHed SuFUYraYF 146 **mull 
M. Reese firmr.sFrr a1 Imam emu 
Ar CIrpO. Map'. Pia .Ir kW 

St e re Ww 
WHAT YOU NEED TO VOW ABOUT STEREO ELCI IVHt 
SEALS AND CROFTS: TIE SOUND OF THE REVIEW S 

BASSO ALEXANDER il 'HIS THOSE 'HOW TO ID ( S 

In February, HIGH FIDELITY maca ?ine 
printc a detai ec two -page test report iby 
CBS Laborator es) on the Altec 714A stereo 
rec3 ver. The wrap -up ccmment read as 
fcll."s: All told. the 714A is one boautiiul 
p e,e of audio machiner, that should be 
g ven long sericus look by anyore n tie 
rraiklet for a new high -quality ste-ao 
rccerver ". And in January, STEREO 
REVIEW'S equiorrent test report by 
H rech -Houck Laboratori3s) stated "In its 
genera performance and listening quality, it 
is cynparable to the be we have teste -]..." 

rr á:: ,:.i 

ALTEC DIVISION OF LTV LING ALTEC. INC 

The Altec 714A AM /FM stereo receiver 
delivers 44/44 watts of RMS power at less 
than 0.5% distortion (180 IHF music power). 
And for high FM sensitivity, it features 
3 FET's and a 4 gang tuning condenser. 
Plus, 2 prealigned crystal filters and the 
newest IC's for better selectivity and 
more precise tuning. 

The Aztec 714A sells for $399.00. Hear it 
at your Altec dealer. Or, w'ite for a complete 
Altec catalog and copies of available test 
reports. Altec Lansing, 1515 S. Manchester 
Ave., Anaheim, California 92803. 
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Build this magnificent 
Schober Theatre Organ 

for only 

'1730! 
Includes 

finished walnut 
console. Amplifer, 

speaker system, 
optional accessories 

extra. Only 
51256 if you 

build your own 
console. 

You couldn't touch an organ like this in a store for 
less than $3500 -and there hasn't been a musical 
instrument with this vast variety of genuine Theatre 
Organ voices since the days of the silent movies! If 
you've dreamed of the grandeur of authentic big -or- 
gan sound in your own home, you won't find a more 
satisfying instrument anywhere -kit or no kit. 

Yeu can learn to play It. And yeu can build it, from 
Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or 
music, for design and parts quality from the ground 
up, and -above all - for the highest praise from 
musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of the five 
Schober Organ models, beginning at $499.50. No 
charge. no obligation - but lots of food for a healthy 
musical appetite! 

TheYa4fitet Organ Corp., Dept. RN -9', 
43 West 61st St , New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS_ 

CITY SI All 711' _ 
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gers and the decimal can be recalled 
into the display by multiplying by 
.0000001, as I do now. See, our display 
now reads 76636.363. Since the deci- 
mal was called back seven places, we 
know it actually belongs four places to 
the right of the last integer in the origi- 
nal answer, which can be rounded off 
as eight significant figures and four ze- 
roes." 

"I see Alarm and Error printed on 
the display window. What are they 
for ?" Barney asked. 

"A green dot appears besides the Er- 
ror sign and the display goes to all ze- 
roes and only the C key will function 
when the integral number result in 
multiplication and division exceeds 16 
digits, if addition and subtraction calcu- 
lations are performed continuously 
when the decimal is not displayed, or 
when the battery voltage becomes too 
low to insure accurate performance. 
When the last happens, you connect 
the Adapter -Charger and throw the 
switch to AC. This powers the instru- 
ment and trickle -charges the battery at 
the same time. In 12 to 15 hours of this 
type of operation, the battery will be 
recharged. It can be quick- charged in 3 
hours with the charger connected and 
the instrument switched Off. A red in- 
dicator lamp on the charger goes out 
when the battery is fully charged, but 
the batteries are protected against 
overcharge. If the instrument is con- 
nected to the charger but is switched 
to DC instead of AC, a red dot appears 
beside the Alarm sign to warn the op- 
erator the battery is not being 
charged." 

"How long does a charge last ?" Bar- 
ney wanted to know. 

"About three hours." 
"Is the C key just used to clear the 

machine ?" Matilda asked. 
"No, it's also used to delete a mistak- 

en entry. When I was adding 3.15 and 
6, if I had accidentally keyed 3.16, I 

could have hit the C key and the 3.16 
would have disappeared and the dis- 
play gone back to 6. Then I could have 
proceeded as before." 

"I don't suppose it will handle pow- 
ers and roots," Barney hazarded. 

"Not directly, but a set of common 
logarithms, such as I just happen to 
have with me, reduces power and roots 
to multiplication and division, which 
the instrument can handle. For exam- 
ple, suppose you wanted to find 
2.82415. You multiply the logarithm of 
2.82, which is .4502, by 4.15, like so, 
and get 1.86833. The antilog, 73.84, is 
your answer. Or suppose you need the 
fifth root of 1.251. The logarithm is 
.0972. Dividing by 5 we get .01944. 
Your answer is the antilog, or 1.0458." 

"How can so much smart math be 
wrapped up in such a small package ?" 

"Chiefly by the use of Extra Large 
Scale Integrated circuits, of which this 

instrument has four. Notice its name 
comes from the initials. Each ELSI 
measures only ' /A" square but does the 
work of 1875 resistors, diodes, capaci- 
tors, etc." 

"I'm afraid to ask, but what does that 
thing cost ?" Barney questioned. 

"Three- hundred and forty -five dol- 
lars complete with adapter /charger." 

"Does anyone but Sharp make 
them ?" 

"Oh yes. Sharp was the first, but lots 
of other companies, chiefly Japanese, 
are getting into the act. These include 
such firms as Canon, Sanyo, Busicom, 
Hitachi operating through the Frieden 
Division of Singer, Monroe Division of 
Litton Industries, Commodore Busi- 
ness Machines of Toronto, etc. Some of 
these are 12- and 16 -digit machines 
that display six or eight digits and view 
the rest through a lens system. Others 
provide a paper print -out in addition to 
the light display. The ELSI -8 uses mini 
fluorescent display tubes, but others 
are trying LED's and liquid -crystal dis- 
plays. Competition is fierce; lightning 
advances in microcircuitry are being 
snapped up; low -cost solid -state key- 
boards have been developed; there has 
been overproduction in some areas; 
and such widespread price -cutting that 
the Japanese are working toward an 
export cartel to establish a minimum 
price structure for calculators pro- 
duced for overseas markets." 

r "I get the idea Japan is pretty big in 
the calculator business." 

"Very big. In fact, Japan produces 
70% of the world's calculators and ex- 
ports half of this. The U.S. took 40 -50% 
of the $181- million worth of calculators 
exported last year and is Japan's best 
customer. On the other hand, we man- 
ufacture most of the integrated circuits 
used in the calculators. North Ameri- 
can Rockwell has a $30- million con- 
tract with Sharp for advanced MOS/ 
LSI circuits. Texas Instruments makes 
them for Canon. Mostek Corp. of Dal- 
las supplies MOS chips for Busicom. 
General Instrument makes LSI chips 
for Sanyo." 

"Well," Barney said, patting the lit- 
tle instrument, "I certainly forecast a 
bright future for these devices, espe- 
cially if the price keeps coming down. 
Think how handy one would be for a 
college kid taking engineering. It is al- 
most as portable as a slide rule and is 

faster, more accurate, and keeps track 
of the decimal. It can add and subtract, 
which a slide rule can't." 

"I'd like to take it with me when I'm 
buying groceries," Matilda admitted. 
"Actually, it could be all the calculator 
most professionals or small business- 
men would need. But now will you two 
lugs go on back into the service depart- 
ment and let Elsie and me become ac- 
quainted? After all, I thought you 
bought this calculator for me.!" 
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All of them are brand new. Al of 
thin make electronics easier to know. 

One or more of these important new 
books from the Sams Technical Li- 
brary may offer the precise help you 

need in the varied field of electronics. 
If you don't see what you need here, 
send for our free catalog. 

SCIENCE PROJECTS IN 
ELECTRONICS (2nd Edition) 
by Edward M. Noll 
Demonstrates basic electron- 
ics principles through simple 
projects that teach funda- 
mental theory and develop 
practical construction and 
testing skills. Projects cover 
electrical current fundamen- 
tals, transistor theory, amplifi- 
cation, feedback, oscillation, 
modulation and detection. 
144 pages, softbound. 

No. 20846 -53.95 

NORTH AMERICAN RADIO - 
TV STATION GUIDE 
(7th Edition) 
by Vane A. Jones 
Complete, updated and ex- 
panded, this new 7th edition 
lists all commercial broad- 
cast stations in the U.S., 
Canada, Mexico and the 
West Indies. Gives frequen- 
cies, call letters, locations, 
etc., for nearly 10,000 AM, 
FM and TV stations. 160 
pages, softbound. 

No. 20843 -$3.95 

ABC'S OF CAPACITORS 
(2nd Edition) 
by William F. Mullin 
Simply, clearly written for the 
beginning electronics student 
to take the "mystery" out 
of capacitors. Explains, in an 
informal style, what capac- 
itors are, how they are con- 
structed, how they operate. 
Tells how to use and test 
them. 112 pages, softbound. 

No. 20849 -52.95 

INVENTORS PROJECT BOOK 
by L. George Lawrence 
Stimulate your creative 
thought processes! This book 
presents 120 problems of 
general or specific nature to 
which there are, as yet, no 
workable solutions . and 
invites your inventive inge- 
nuity to solve them. Also sug- 
gests dozens of other fields 
for inventive exploration, 
tells how to apply for pat- 
ents, how to look for infor- 
mation, provides references. 
160 pages, softbound. 

No. 20827 -53.95 

SO YOU WANT TO BE 
A HAM (5th Edition) 
by Robert Hertzberg, W2DJJ 
All information needed to be- 
come a ham operator is given 
here . . requirements for 
various types of licenses. 
how to obtain a license, types 
of equipment available, ham 
radio operating procedures. 
Written for the prospective 
ham by an active ham, in 
the language of the ham. 192 
pages, softbound. 

No. 20845 -55.25 

STUDY GUIDE FOR 
CET EXAMINATIONS 
The only study guide for the 
National Electronic Associa- 
tion's Certification Program. 
A sound, comprehensive re- 
view of the material covered 
by the CET examination. It 
is also an excellent guide to 
help you pass a state or 
local licensing exam, and a 
quick brush -up for anyone 
applying for a job in the 
electronics field. Twelve 
chapters cover each section 
of the CET exam, with ques- 
tions and answers and a 
complete 300 question re- 
view test. 272 pages, soft- 
bound. No. 20834 -55.95 

REGULATED POWER 
SUPPLIES 
by Irving M. Gottlieb 
Presents the advantages and 
benefits of using regulated 
power supplies with elec- 
tronics equipment, rather 
than treating the power -sup- 
ply section of the equipment 
as a filtered auxiliary. Covers 
static and dynamic charac- 
teristics of regulated power 
supplies, actual implementa- 
tion techniques, use of inte- 
grated circuits and mono- 
lithic modules. 160 pages, 
softbound. No. 20844 -$4.95 

TELEVISION BROADCASTING: 
Camera Chains 
by Harold E. Ennes 
The fundamental and ad- 
vanced training information 
you need to understand the 
circuit theory, operation and 
maintenance of TV camera 
chains. It clears up the in- 
structions found in different 
service manuals by taking 
you, step by step, through 
simplified diagrams of each 
block under discussion. Both 
a textbook for beginners and 
a factual guide for practic- 
ing technicians. 464 pages, 
51/2" x 81/2 ", hard cover. 

No. 20833 -512.95 

ELECTRIC GUITAR 
AMPLIFIER HANDBOOK 
(3rd Edition) by Jack Darr 
How to service and repair 
electric guitars. Relates the 
functions of all parts of the 
guitar to familiar electronic 
circuitry, translates musical 
terminology complaints into 
the common language of 
electronics - faulty compo- 
nents, grid bias, voltages, 
waveforms. Updated latest 
circuits, test methods and 
devices, new information on 
solid -state amplifiers, inte- 
grated circuits. 194 complete 
schematics of amplifiers and 
special effects units. 240 
pages. Softbound.8V2 "x 11 ". 

No. 20848 -56.95 

COLOR -TV FIELD SERVICE 
GUIDES, Vols. 1, 2 and 3 

Adjustments for all color TV 
receivers from 1960 to 1970. 
240 detailed cnassis layouts 
cover over 8,500 models. Just 
find the model or chassis 
number of the set you're 
working on, then check the 
index for the proper chassis 
layout and go to work. Each 
layout includes horizontal 
sweep, agc, color afc, purity 
and gray scale adjustment 
information and location of 
test points. 

Vol. 1 No. 20796 -54.95 
Vol. 2 No. 20807 -54.95 
Vol. 3 No. 20847 -54.95 

3 -Vol. set, No. 20864 -514.85 

Howard W. Sams & Co., Inc. 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Order from your Electronics Parts Distributor, or mail to Howard W. Sams AT, S Co., Inc., Dept. No. EW 101, 4300 West 62nd St., Indianapolis, Ind. 46268. 
Send books checked at right. S 
tax where applicable. 

enclosed. Please include sales 

Send FREE 1971 Sams Book Catalog. 

Name 

Address 

HOWARD W. SAMS á Ca, INC. City State Zip 

(Please Print) 

' 20846 20844 

"-,' 20843 í. 20833 

;J 20849 20848 

L 20827 r 20796 

20845 20807 

20834 20847 

20864 

October, 1971 
) 
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How to prepare for 
today's competitive 

job market, tomorrow's 
new opportunities 

in electronics 

Competition for o7s and promotions 
is severe in the electroiis industry to- 
day. But experts say that exciting new 
electronic products will create thousands 
of new jobs in the next few years. 

One thing is certain: in good times 
or bad, the best opportunities come to the 
man with an advanced, specialized 
knowledge of electrcn cs. He has a bet- 
ter chance of survival n a ret:.essiore and 
will profit more in times o- prosperity 
than the man with ordinary qualifications. 

But how can you get the additional 
education in electronics ycu need to 
protect your future -arid the future of 
your family? Going back to school isn't 
easy for a man wits a job and family 
obligations. 
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CREI Home Study Programs offer 
you a pranbal way to get nore educa- 
tion witho.jt going back to school. You 
study at home, at your own pace, on 
your own schedule. And ycc study with 
the assurance that what you learn can 
be applied Dn the job im -nediately to 
make you worth mcre money to your 
employer. 

You're Eligible for a CREI Program 
if you work in electronics and have a 
high school education. Our FREE book 
gives complete information Mail post- 
paid card for your copy. If card is de- 
tached, use coupon o- write: 
CREI, Dept. E11106, Wisconsin Ave. & 
Tilden St., Washington. D.C. 20016. 

October, 1971 

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

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

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

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

Founded 1927 

Accredited Member of the 
National Home Study Council 

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

write: CREI, Dept. E1110B, 
Wisconsin Ave. & Tilden St., 

Washington. D.C. 20016 

CREI, A Division of the McGraw -Hill 
Continuing Education Company 
Dept. E1 1 10B, Wisconsin Ave. & Tilden St., Washington, D.C. 20016 

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

Name Age 

Address 

City State Zip Code 

Employed by 

Type of Present Work G.I. Bill 

I am interested in College credits for CREI study. Space Electronics 
EJ Electronic Engineering Technology Computers Industrial Electronics 

Nuclear Engineering Technology Electronics Systems Engineering 
Non -technical course in computer programming. CATV Engineering 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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tookisg 
Pow 
Sip 

OG ROWER SUOaut 
SELECTION 

GUIDE 

it's all 
here in the 

-g 

Power Supply 
Selection Guide 

This 36 page selection guide lists 
over 100 power supplies ... rang- 
ing from 10p.V to 4000V ... from 
1µA to 2000A . . . from $90 to 
$3,500. It's factual and informative 
... clearly listing all the specifica- 
tions, features, options, prices, 
etc., making it easy to find the 
right power supply for any appli- 
cation. 
21102 

HEWLETT gi PACKARD 

P O W E R S U P P L I E S 
100 Locust Avenue, Berkeley Heights 
New Jersey 07922 (201) 464 -1234 
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Interstellar Communications 
('unlilrued jrum page '1, 

If, for example, wavelengths longer 
than 300 meters (1 MHz) were used, 
they would be absorbed by the inter- 
stellar medium. Further, since it must 
be assumed that given planets have 
ionospheres of one type or another, 
only wavelengths of less than 10 or 15 
meters are likely to pass through and 
reach the planets' surfaces. After con- 
sidering the effects of cosmic radio 
noise, things were narrowed down to 
wavelengths between 3 and 30 cm, fi- 
nally to 21 cm or 1.420 GHz. 

The reason was that Nature itself 
provides a fixed, "standard" calibrating 
frequency in the spectrum of interest 
to communicators: the precession fre- 
quency of hydrogen atoms. Since hy- 
drogen is the most abundant thing in 
the universe, we can assume that 1.420 
GHz is the fundamental frequency of 
Nature and known to technical inter- 
stellar societies. 

Unfortunately, the 21 -cm channel is 
a noisy one. In order to recognize data 
contained in such a carrier as an artifi- 
cial signal, the thing to assume is that it 
might have a narrow -band character 
and would vary with time. A signal se- 
quence might be in the form of dots 
and dashes, giving a binary counter -in- 
put pattern such as that shown in Fig. 
3. The ones given at (A) have been ex- 
pressed as dark spaces in the readout 
matrix (B), while the zeros are entered 
as light spaces. 

While little more than a two- dimen- 
sional pattern, a readout of this basic 
type would contain an enormous 
amount of information. First, they use 
a decimal system for their purpose. 
\ext, they are bipeds just like our- 
selves. And that, in turn, would allow 
us to reason that there might be similar 
traits in behavior, thinking, and expres- 
siveness. Further, being intelligent be- 
ings, they would not overwhelm us 
with complex dimensions in their com- 
munications simply because we 
couldn't understand them. Again, the 
21 -cm hydrogen line appears to be a 
logical choice for data transport be- 
cause of its universality. 

Subscribing to the 21 -cm channel 
theory, Dr. Drake's famous "Project 
Ozma" used the 85 -foot radio tele- 
scope at the National Radio Observato- 
ry during the months of May, June, and 
July, 1960 for actual listening attempts. 

The instrument employed two horns 
and a semiconductor -diode parametric 
amplifier as the first amplifying stage. 
During the entire search for intelligent 
signals, a bandwidth of 100 Hz was 
used. One of the two antenna horns re- 
ceived radiation from a small area near 
a star of interest (where one might ex- 
pect to find a transmitting planet). En- 

tering the other horn was radiation 
from a neighboring region of the sky. 
Using electronic antenna switching 
and synchronous detection at the re- 
ceiver, a good degree of sensitivity was 
obtained -but, unfortunately, no re- 
sults. 

Today, many astronomers still share 
the conviction that deep -space 
searches for intelligent life should be 
concentrated on stars which are less 
than 15 or so light -years away from our 
solar system. 

Interstellar Event or Mythology? 

Interstellar spaceflight is technically 
feasible, even though it is an enor- 
mously expensive and difficult under- 
taking. Perhaps this has been devel- 
oped to absolute perfection by extra- 
terrestrial societies whose worlds were 
old when the Earth was young. Thus, if 
we assume scientific developments a 
million or billion years ahead of our 
own, an altogether different approach 
to interstellar communications and 
physical commerce emerges. 

Some local field investigations tie in 
with such and similar considerations. 
The objective is a geophysical defini- 
tion of dated American Indian legends 
which imply the presence of celestial 
beings within or near tribal systems 
that have long ceased to exist. Una- 
voidably, stories of this kind smack of 
UFOistic hocus -pocus and can be con- 
sidered valid only after their contents 
have been verified by impartial scien- 
tific methods. 

The Yuman -speaking Mohaves, Co- 
copas, Halchidhomas, Yumas, and Mar - 
icopas, together with the Chemehuevis 
of the Utaztecan language family, all 
lived, at one time or another, along the 
lower Colorado River and shared cer- 
tain legends of space and time. The 
Chemehuevis, in particular, originally 
came from the eastern Mohave Desert 
in California and it was in this approxi- 
mate region that the legend of "the 
mountain of the bearded god" was 
born. 

According to the story, a "humming 
star" came from the sky, landed in the 
desert near a dry lake and -as Indians 
watched with great fear from a re- 
spectful distance -dug in and trig- 
gered massive lava flows from what are 
now known as the Pisgah and Amboy 
craters near U.S. 66, going east. A short 
time later, strange men were seen 
after whom the mountain of the beard- 
ed god was named. This is an outrun- 
ner of the Cady Mountains and, if 
looked at from the spot the Indians 
once stood, shows a distinct forehead, a 
nose, and a small mouth with a massive 
beard. 

The question is: Was a real interstel- 
lar experience witnessed by an unso- 
phisticated people or is it mythology 
and nothing but? 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


Do You Know These 
Electronic 

Abbreviations ? 
By SOL D. PRENSKY 

Can you "translate., expressions such as: 
-The TTI, is compatible with the LSI of the NO \1" or 

-The IGFET is a suitable amplifier for the PIN diode in the 
VCO." 

Test yourself on your recognition of these electronic 
abbreviations and check your answers by matching the 
numbered abbreviations in the left column with the 
corresponding numbers in the upside -down column at the 
right. 

A score of 20 or more correct answers is excellent, 13 to 
19 correct is very good, but if you score less than 13, you 
need to study your electronic alphabet again. 

Electronic 
Abbreviation 

English 
"Translation " 

1. ADC )ep4o3e4 edel oep!A LZ 

2. DAC 40)ell!oso pellonuoa-e6e)IoA '9Z 

3. DCU Ao)s!sue.i) uo!)ounr!url 'SZ 

4. DPM 0!601 4o)s!sue4)-Jois!sutul 'OZ 

5. DVM puegep!s el6u!S '£Z 

6. ECG 43)!MS pepo44uo5 uoo!I!S 'ZZ 

7. EEG Ae!;!ioe4 pepou)uoo uoo!1!S 'LZ 

8. ESR AJowew /quo-peek' 'OZ 

9. FF en!)e6eu-o!sup)u!-en!)!sod '6L 

10. IGFET eoueuose, o!)eu6ew--iee!3nN 'SL 

11. JFET 6u!)se)en!lon4tsep-uoN 'LL 

12. LED uo!)e4Be)w e!eos-wmpeyy '9L 

1 3. LSI 13A ao)onpuoo!wes ep!xo-o!lle)eytl 'SL 

14. LVDT JewJo;sueJ) !e!)ue4e;;!p elgepen-Aeeun NL 

15. MOSFET uo!)e46e)w eleos-e64ei '£L 

16. MSI epo!pBu!))!we-)46i1 'ZL 

17. NDT 4o)s!sue.4) )oe;;e-ple!; uo!)ounf 'L L 

18. NMR 4o)s!sue4) )oe;;e-pie!; e)e6-pe)elnsul '0L 

19. PIN dol;-d!Id '6 

20. ROM eoueuoseI u!ds-uo4)oel3 '8 

21. SCR 4deA6oleydeoueo4)oel3 'L 

22. SCS 4dea6o!p4e3o4)oel3 

23. SSB .4e)ew)lon le)!6!Q 'S 

24. TTL 4e1.ew leued Ie)!6!p 

25. UJT )!un Bu!)unoo-lew!oea £ 

26. VCO ae)Jenuoo 6oleue-le)!6!Q Z 

27. VTR 4e)4enuo3 Ie)!6!13-601euy L 

October, 1971 

$69.95 NET 

0M -1 OMNI SPEAKER SYSTEM. We've been in it from the 
beginning ... at point ALPHA in time. Our engineers took 
audible sounds -electronically produced, and made them 
clear, high fidelity tones. We participated in the design and 
engineering of speakers to create the world's finest stereo- 
phonic sound reproduction. Now, we have reached OMNI ... 
0M -1 OMNI SPEAKER SYSTEM produces sound uniformly 
for any part of the room. It is "omni- directional," (radiates 
360 degrees). This new concept radiates both direct and 
reflected sound deftly, creating a real depth sensation. You 
can place this OMNI speaker anywhere from the middle of 
the room to a corner bookshelf. The UTAH Omni Speaker 
is a wonderful new way to enjoy music. 

SPECIFICATIONS 
Woofer; 8' diameter. cloth roll sus- 
pension, 13/4 pound magnet struc- 
ture, 1" voice coil. Tweeter; 3" 
diameter, co- axially mounted, Alnico 
V magnet. Crossover frequency: 
4.500 Hz. Cabinet: 93/4 x 93/4 x 14V/2 " 
high, durable laminated walnut fin- 
ish. Power: 30 watts peak, (15 watts 
program). Response, 35/18,500 
Hz. Impedance. 8 ohms. Shipping 
weight, 15 pounds. 

HUNTINGTON, INDIANA 46750 
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Train on this 
315 sq. in. 

picture 
color TV 

and get the 
skills that 

mean a 

high -paying 
career! 

Rte+ 

Solid -Statt the newest flevelonment 

Count on NTS training to always 

feature the latest electronic eUuiDffleflt. 

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

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

tional 46 transistors and 21 di- 
odes. The first solid -state color 
TV this large - yours to keep! It 
features Automatic Fine Tuning; 
"Instant On "; an Ultra- Rectangu- 
lar Screen (25 in. diagonal meas- 
urement) that lets you see the 
complete transmitted image for 
the first time -a full 315 square 
inches; exclusive built -in Self 
Servicing features which elimi- 
nate the need to buy costly test 
equipment; exclusive design 
Solid -State VHF Tuner with an 
MOS Field Effect Transistor; 3- 
stage Solid -State IF; Automatic 
Chroma Control; Adjustable 
Noise Limiting and Gate Auto- 
matic Gain Control; High Resolu- 
tion Circuitry; Matrix Picture 
Tube; and a specially formulated 
Etched Face Plate that eliminates 
unwanted glare, and heightens 
contrast. Colors are more vivid, 

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

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

4 

in color TV 
NTS ELECTRONICS & 
COMPUTER TECHNOLOGY 

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

NTS BLACK & WHITE 
TV AND RADIO SERVICING 

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

October, 1971 

comes 10 home training. 
NTS ELECTRONICS 
COMMUNICATIONS & F.C.C. 

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

NTS INDUSTRIAL & 

AUTOMATION ELECTRONICS 

Automation is the future of industry 
and you can play an important part! 
Learn industrial controls by training 
on the NTS Electro -Lab - a com- 
plete workshop. You also build and 
operate this 5" wide band Oscillo- 
scope. And you 
perform experiments 
that involve 
regulating motor 
speeds, temperature, 
pressure, liquid 
level, and much 
more. 

Classroom Training 
at Los Angeles. You can take classroom 
training at Los Angeles in sunny South- 
ern California. NTS occupies a city block 
with over a million dollars In technical 
facilities. Check box In coupon. 

APPROVED FOR VETERANS 
Accredited Member: National Associ- 
ation of Trade & Technical Schools; 
National Home Study Council. 

NATIONAL TECHNICAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 South Figueroa Street, los Angeles, Calif. 90037 

r 
Please rush Free 
Color Catalog and 
Sample Lesson, plus 
Information on course 
checked below. No 
obligation. No sales- 
man will call. 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 

Master Course in Color TV Servicing 
Color TV Servicing (For Advanced 
Technicians) 
Master Course in B &W TV & Radio 
Servicing 
Master Course in Electronic 
Communication 
Practical Radio Servicing 
FCC License Course 
Master Course in Electronics 
Technology 
Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics 
High School at Home Dept. 240 -101 

Name Age 

Address 

City State Zip 
Check d inle,eslecl m venie T,.,nmç undo. new G I Gill 
Check it .nteestea only n Class,00,n T.a, ,n0 at Los Angeles . J 
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Electronics World 
SUBSCRIBER SERVICE 

Please include an address label when writing about 
your subscription to help us serve you promptly. 
Write to: P.O. Box 1093, Flushing, N.Y. 11352 

CHANGE OF ADDRESS: Please let us know you are 
moving at least six to eight weeks in advance. Affix 
magazine address label in space below and print 
new address in space provided. If you have a ques- 
tion about your subscription, attach address label 
to your letter. 

TO SUBSCRIBE: Check these boxes: ' 5 years $26 
3 years $18 1 year $7 New . ; Renewal 

SPECIFY: Payment enclosed -You get 1 extra 
issue per year as a BONUS! Bill me later. 

vg-AFFIX LABEL 

I t; 4' CO 

' ó d 

á o 
Q 

/ 
m m 

u -` -6 , á - 
0 

Ad p. 1 per year outside U S.. its poss. & Can 

through 

Earn 
It Your 
Degree 

ELECTRONICS 
ENGINEERING 
HOME STUDY 

HIGHLY EFFECTIVE 
HOME STUDY COURSES IN 

Electronics Engineering Technology 
Electronics Engineering Mathematics 

F am your Associate in Science Degree in 
flectronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. Were a forward 
looking school. Outstanding lesson ma- 
terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin i. no sates - 

man will call on you. 

COOK'S INSTITUTE 
OaYrroniCJ en(jineerinrt 

Forest Hill Road 
P. 0. Box 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronics 
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SCR Power Supplies 
(Continuer/ front Nage 38) 

age applied to the very low d.c. pri- 
mary resistance causes a large d.c. pri- 
mary current to flow, tripping the cir- 
cuit breaker or blowing the fuses. 
However, at least one manufacturer's 
SCR supplies incorporate a circuit that 
senses the line- voltage imbalance 
(within a certain limit) and adjusts the 
firing time of one of the three SCR's 
accordingly, thus eliminating the prob- 
lem completely. 

Finally, the unusually large output 
filter capacitor used on most SCR sup- 
plies causes a large initial current surge 
when the output terminals are short - 
circuited, even if the supply is in con- 
stant- current operation, because the 
capacitor is nearly always outside the 
constant -current feedback loop. 

Applications 

As previously mentioned, SCR sup- 
plies were developed for applications 
requiring large amounts of fixed or 
slowly varying, moderately well -regu- 
lated, moderately ripple -free d.c. pow- 
er. Presented below are ten of the 
most typical applications with such re- 
quirements: 

Life testing and aging large quanti- 
ties of such components as power tran- 
sistors, rectifier diodes, zener diodes, 
incandescent lamps, circuit breakers, 
and d.c. contactors. 

Supplying power to computer main- 
frame and memory systems (8 volts at 
1000 amperes is a typical supply rating 
used here). 

Magnet supplies for cyclotron, mag- 
netohydrodynamic, and cryogenic (su- 
perconducting) magnet applications. 

Battery charging and discharging. 
SCR supplies with constant- voltage/ 
constant- current automatic crossover 
are frequently used to charge and dis- 
charge large storage batteries (such as 
those used in electric warehouse 
trucks) at constant current. In charging 
applications, when the maximum 
charge voltage is reached, the supply 
automatically switches to constant -volt- 
age operation and supplies a trickle 
charge sufficient to maintain full 
charge. Taper charging is accom- 
plished with the same supply by insert- 
ing a small resistance between the sup- 
ply and the battery; this causes the nor- 
mally flat constant- voltage output char- 
acteristic to take on a finite slope. 

Supplying d.c. filament current for 
superpower tubes, such as those used 
in linear accelerators (3.5 V, 3500 A is a 
typical supply rating used in this appli- 
cation). 

Precision tungsten /inert -gas arc 
welding for cleanliness and hermetic 
seals in such components as crystal - 
case relays and aneroid bellows; preci- 

sion aluminum welding during aircraft 
assembly. SCR supplies are also used to 
test welds such as those between stor- 
age- battery plates and terminals; in 
this application, a 1000 -A current is put 
through the weld, and the resulting 
millivolt drop is measured across the 
weld using the four -terminal Kelvin 
method. The same Kelvin method is 
also used when testing high- current 
meter shunts. 

Precision electroplating, usually with 
precious metals. SCR supplies are also 
used in chrome -plating large quantities 
of machine parts, and in other high - 
current electrochemical processes. 

Testing high- current electrical sys- 
tems such as large telephone switch- 
boards and luxury automobile electri- 
cal systems. Also in this same area, SCR 
supplies are used in processing (form- 
ing) electrolytic capacitors. 

Controlling and operating d.c. mo- 
tors; replacing motor -generator sets in 
older industrial operations. 

Powering air- conditioning systems 
using the Peltier effect (the production 
or absorption of heat at the junction of 
two metals when a current is passed 
through the junction). 

What's Ahead? 

What's ahead in SCR power sup- 
plies? Perhaps the largest factor on the 
near horizon is the gate -controlled 
switch (GCS). These are SCR's that can 
be turned off as well as on by the appli- 
cation of a pulse; their future availabili- 
ty in high -power ratings may cause ma- 
jor changes in the design philosophy of 
SCR supplies. 

First, SCR regulators will no longer 
be limited to operation at the line fre- 
quency; with the ability to turn off the 
SCR when desired, the regulator can 
be made to operate at a higher fre- 
quency. This will result in an even 
smaller supply due to smaller trans- 
formers and filters. Second, the higher 
operating frequency will result in im- 
proved transient response and pro- 
gramming speed. Third, the ability to 
turn off the SCR at any time during the 
a.c. input cycle will provide greater 
supply reliability. In present supplies, a 
fault occurring immediately after an 
SCR fires may cause the peak current 
in the SCR to exceed the safe maxi- 
mum because the device cannot be 
turned off until the end of the a.c. half - 
cycle. With GCS's, a fast -acting elec- 
tronic circuit (rather than the present- 
ly used electromechanical devices) 
could turn off the gate- controlled 
switch early enough to avoid any possi- 
bility of damage. 

Finally, there will undoubtedly be a 
continuing improvement in value (cost 
per watt) and output range of SCR sup- 
plies as prices of semiconductors con- 
tinue to fall and maximum device volt- 
age ratings continue to rise. 
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The Minicomputer 
(Continued from page 25) 

somewhat more expensive. However, 
the minicomputer has something that 
the programmable desk calculator has 
not: expansion potential. The range 
and type of peripherals available for a 
minicomputer, plus the memory that 
can be added, permit a basic minicom- 
puter to be expanded into a reasonably 
sophisticated data -processing system 
(and, in addition, it can be used for spe- 
cialized analytical operations with in- 
struments). By contrast, the expansion 
of a programmable desk calculator is 
quite limited. 

When comparing the minicomputer 
to time -sharing service, another factor 
must be considered -the economics of 
the situation. To be sure, the large 
time -sharing computer has considera- 
bly more power than a minicomputer; 
however, it is rarely that an engineer 
needs the very powerful "number 
crunching" that a time- sharing com- 
puter affords. Most routine calculations 
can be performed on a smaller com- 
puter. For that reason, the smaller 
minicomputer systems -when operat- 
ing with a high -level language like Fo- 
cal or Basic -can almost be thought of 
as the equivalent of time- sharing ter- 
minals without the large computer. 
Since the average rental of a time -shar- 
ing terminal will cover the cost of a ba- 
sic minicomputer system within six 
months to a year, it usually makes 
more sense for the user to own his mini- 
computer. 

Using individual minicomputers 
rather than a time -sharing network to 
perform equivalent calculations offers 
another dividend besides economy. In 
a time- sharing network, if there should 
be a computer malfunction, all termi- 
nals would go "off the air." By contrast, 
independent minicomputers do not 
face that problem; if one should mal- 
function, it would not affect the activi- 
ties of the others. It is the equivalent of 
not putting all one's eggs in a single 
basket. 

Of course, time -sharing's chief ad- 
vantage is that many users have access 
to the same data base. Indeed, some 
minicomputer systems are capable of 
time sharing -and some users employ 
minicomputer systems for time sharing 
routinely -but here the large comput- 
er system with its greater capacity has 
a decided edge. 

But what about those jobs that a min- 
icomputer is unable to handle by itself? 
A minicomputer can often "go into 
partnership" with a large computer to 
solve such problems. In what is known 
as a "hierarchical" arrangement, a 
minicomputer can be connected to a 
large computer over communications 
lines just like a time -sharing terminal. 
Octobsr, 1971 

But the difference in operation is this: 
a minicomputer will handle all the 
problems it can cope with by itself. 
When it runs into the occasional prob- 
lem beyond its capabilities, it will "pre- 
process" the problem, translating it 
into machine -language instructions 
which are, in turn, sent to the large 
computer. The large computer solves 
the problem and then sends the an- 
swer to the minicomputer, which ac- 
cepts the problem solution as if it had 
solved it by itself. The large computer 
is thus used only when needed and the 
operating costs of using it can be cut 
drastically. 

Minicomputer Costs 

This brings up the question of over- 
all minicomputer costs. "How much ?" 
is a question with no easy answer, be- 
cause it can range from very inexpen- 
sive to prohibitive. The hardware costs 
of a minimum configuration are around 
$6000 -$7000 including the Teletype 
or equivalent input /output device; this 
will usually include a program that will 
permit you to get "on the air" with 
some calculations, although the power 
and accuracy of the program depends 
on the manufacturer. 

The reason costs are hard to pin 
down, however, is that different peo- 
ple require different configurations. 
Some just need a desk -sized minicom- 
puter for simple calculations. Some 
want to store programs or data and re- 
quire a system with a mass -storage de- 
vice like tapes or a magnetic disk. 
Some need interfacing to instruments. 
Others may want a visual display. 

The best rule -of -thumb for deter- 
mining computer- system costs is that, 
in general, a system will cost about six 
times the cost of its minicomputer (that 
is, an average system containing a 
$5000 basic minicomputer will cost 
around $30,000); but such a system will 
be a lot more powerful than a mere 
calculator. Of these costs, part will be 
for the additional hardware, part for 
specialized programming, and part for 
interfacing devices. The percentages 
tend to vary with the applications. In 
some cases, small systems are "expand- 
ed" at a later date by adding more 
equipment to the basic system after it 
has been in operation for a while. Thus 
a system can "grow" as extra features 
are required. 

Computers have come a long way 
from the old punch -card monsters liv- 
ing in isolated glory in an air- condi- 
tioned comp center. Minicomputers 
and systems built around them are 
helping engineers solve their problems 
"on location." Rather than having to 
take problems to the computer, the 
minicomputer is brought to where the 
problem is. And that can make a big 
difference in the way a problem can be 
tackled. 

24 HOURS A DAY 
...7 DAYS A WEEK 
[II send you 2 FREE BOOKS 
describing career opportunities in 
Electronics. Call me TOLL FREE: 800 -321 -2155 

(in Ohio, call 800 -362 -2105) 
For details about the famous CIE 
home -study courses in Electronics, 
see our ad on page 64 67 

Cleveland Institute of Electronics 
i1/6 E. 17th St., Cleveland, Ohio 44114 

r 

New low price on Lampkin Type 107A 

DIGITAL FREQUENCY 

METER / SYNTHESIZER / 
SIGNAL GENERATOR 

A money- making, time -saving, all- purpose 

instrument for mobile -radio maintenance. - PLUS - 
Numerous applications in educational, 
aerospace, industrial laboratories; in AM, 

FM, and TV broadcast engineering; in 

commercial frequency -measuring serv- 
ices, and many others. 

PRICE $2150.00 
Write, wire, or phone - NOW! 

Name 
Address 

City State Zip 

LAMPKIN LABORATORIES, INC. 
MFM Div., Bradenton, Fla. 33505 
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You can earn more money 
if you get an FCC License 
...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

Nor SATISFIED with your present income? 
The most practical thing you can do about 

it is "bone up" on your electronics, pass the 
FCC exam, and get your Government license. 

The demand for licensed men is enormous. 
Ten years ago there were about 100,000 licensed 
communications stations, including those for 
police and fire departments, airlines, the mer- 
chant marine, pipelines, telephone companies, 
taxicabs, railroads, trucking firms, delivery 
services, and so on. 

Today there are over a million such stations 
on the air, and the number is growing con- 
stantly. And according to Federal law, no one 
is permitted to operate or service such equip- 
ment without a Commercial FCC License or 
without being under the direct supervision of a 
licensed operator. 

This has resulted in a gold mine of new 
business for licensed service technicians. A 
typical mobile radio service contract pays an 
average of about $100 a month. It's possible 
for one trained technician to maintain eight to 
ten such mobile systems. Some men cover as 
many as fifteen systems, each with perhaps a 
dozen units. 

Coming Impact of UHF 
This demand for licensed operators and service 
technicians will be boosted again in the next 
5 years by the mushrooming of UHF television. 
To the 500 or so VHF television stations now 
in operation, several times that many UHF 
stations may be added by the licensing of UHF 
channels and the sale of 10 million all -channel 
sets per year. 

Opportunities in Plants 
And there are other exciting opportunities in 
aerospace industries, electronics manufactur- 
ers, telephone companies, and plants operated 
by electronic automation. Inside industrial 
plants like these, it's the licensed technician 
who is always considered first for promotion 
and in -plant training programs. The reason is 
simple. Passing the Federal government's FCC 
exam and getting your license is widely accepted 
proof that you know the fundamentals of 
electronics. 

So why doesn't everybody who "tinkers" 
with electronic components get an FCC License 
and start cleaning up? 

The answer: its not that simple. The gov- 
ernment's licensing exam is tough. In fact, an 
average of two out of every three men who 
take the FCC exam fail. 

There is one way, however, of being pretty 
certain that you will pass the FCC exam. And 
that is to take one of the FCC home study 
courses offered by the Cleveland Institute of 
Electronics. 

CIE courses are so effective that better than 
9 out of every 10 CIE- trained graduates who 
take the exam pass it. That's why we can afford 
to back our courses with the iron -clad Warranty 
shown on the facing page: you get your FCC 
License or your money back. 

There's a reason for this remarkable record. 
From the beginning, CIE has specialized in 
electronics courses designed for home study. 
We have developed techniques that make learn- 
ing at home easy, even if you've had trouble 
studying before. 

In a Class by Yourself 
Your CIE instructor gives his undivided per- 
sonal attention to the lessons and questions 
you send in. It's like being the only student in 
his "class." He not only grades your work, he 
analyzes it. Even your correct answers can 
reveal misunderstandings he will help you clear 
up. And he mails back his corrections and 
comments the same day he receives your assign- 
ment, so you can read his notations while 
everything is still fresh in your mind. 

It Really Works 
Our files are crammed with success stories 
of men whose CIE training has gained them 
their FCC "tickets" and admission to a higher 
income bracket. 

Mark Newland of Santa Maria, Calif., 
boosted his earnings by $120 a month after get- 
ting his FCC License. He says: "Of I I different 
correspondence courses I've taken, CIE's was 
the best prepared, most interesting, and easiest 
to understand." 

Once he could show his FCC License, CIE 
graduate Calvin Smith of Salinas, California, 
landed the mobile phone job he'd been after 
for over a year. 

Mail Card for Two Free Books 
Want to know more? The postpaid reply card 
bound -in here will bring you free copies of 
our school catalog describing opportunities in 
electronics, our teaching methods, and our 
courses, together with our special booklet, 
"How to Get a Commercial FCC License." 
If card has been removed, just mail the coupon 
at right. 

2 NEW 
CIE CAREER 

COURSES 

1. ELECTRONICS TECHNOLOGY with LABORATORY . .. teaches you the 
fundamentals. With a 161 -piece laboratory you apply the principles 
you learn by analyzing and trouble- shooting electronics equipment. 

2. ELECTRONICS ENGINEERING ... Covers steady -state and transient 
network theory, solid state physics and circuitry, pulse techniques, 
computer logic and mathematics through calculus. A college -level 
course for men already working in Electronics. 

CIE 
GCtoMr, 1971 

Cleveland Institute of Electronics Accredited Member 

1776 East 17th Street, Cleveland, Ohio 44114 National Home Study Council 

CIRCLE NO. 142 ON READER SERVICE PAGE 

THESE CIE MEN PASSED THE 
FCC LICENSE EXAM ...NOW THEY 
ARE EARNING MORE MONEY 

From Tugboat 
to Television 

"When I started my 
CIE electronics train- 
ing, I was working in 
the engine room of a 
tugboat. Before finish- 
ing, I passed my First 
Class FCC License 
exam and landed a job 
as a Broadcast Engineer 
at KDFM -TV in Beaumont. I was able to 
work, complete my CIE course and get two 
raises ... all in the first year of my new 
career in broadcasting. The course was 
interesting and well written. " -Richard L. 
Kihn, Anahuac, Texas. 

rilliNew Job with 
We More Pay 

"CIE has taken me 
from a dull low -pay job 
with little chance for 
advancement to one 
with challenge and a 
good future. I'm now 
an Engineering Special- 
ist with National Radio 
Company, Inc. testing 

prototype equipment. CIE training gave 
me the electronics technology I needed to 
pass the exam for First Class FCC License. 
I'm already earning 40''; more than I could 
without my CIE training. " -Joseph E. 
Perry, Cambridge, Mass. 

NEW REVISED G.I. BILL BENEFITS: All CIE 

courses are approved for full tuition reim- 
bursement under new G.I. Bill. If you served 
on active duty since January 31, 1955, OR 

are in service now, check box on reply 
card or coupon for G.I. Bill information. 

1 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, O. 44114 

Please send me without cost or obligation: 
Your illustrated 44 -page book, "How To 

Succeed in Electronics." 
Your book on, "How To Get a Commercial 

FCC License." 

I am especially interested in: 

Electronics Electronic 
Technology Communications 
Broadcast Industrial 
Engineering Electronics 
First Class Electronics 
FCC License Engineering 

Electronics Technology 
with Laboratory 

Name 
,PLEASE PRINT, 

Address 

City 

State Zip Age 

Veterans S. Servicemen: check here for 
latest G.I. Bill information. Ew94 
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NEW PRODUCTS 
& LITERATURE 

For additional information on items 
identified by a code number, simply 
fill in coupon on Reader Service 
Card. In those cases where code 
numbers are not given, may we sug- 
gest you write direct to the manu- 
facturer on business letterhead. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB COMMUNICATIONS 

4- CHANNEL ADAPTER 
A 4- channel adapter, the QA -4 "Quatrason- 

ic," designed to be used with almost any stereo 
amplifier or receiver is now available in both kit 
and factory assembled versions. 

Designed to recover the "hidden" sound on 

most stereo records, the new unit is a passive 
device which is connected to the speaker outputs 
of the amplifier. It requires no a.c. power. It will 
work with 4 -, 8 -, or 16 -ohm speaker output ter- 
minals. Two controls are provided: a 4- position 
switch permits selection of 4- channel operation, 
front speakers only, or rear speakers only; while 
a level control on the front panel permits rear - 
speaker level adjustments. Eieo 

Circle No. 1 on Reader Service Page 

DECAPSULATION KIT 
A decapsulation kit that dissolves most cured 

plastics used to package electronics assemblies is 
now available. It is useful in failure analysis, de- 
potting for repair and retrieval, chemical de- 
flashing, and cleaning equipment. 

Materials removed by the solvents include 
epoxies, both cast and transfer molded; sili- 
cones; RTV's; varnishes; urethanes; elastomers; 
coatings; and foams. Some are selective solvents 
and attack only one type of plastic while others 
dissolve several. 

The kit includes a quart each of Dynasolve 
160, Uresolve HF, Decap, Dynasolve 190, Ure- 
solve Plus SG, and Dynasolve 100 or a polysul- 
fide dissolver. Dynaloy 

Circle No. 2 on Reader Service Page 

TRANSISTOR TESTER 
A new transistor tester which uses a visual 

display on the face of a small CRT to indicate 
the type and quality of the transistor under test 
has been introduced as the "Q- Check." 

The instrument is designed to be operated by 
unskilled personnel and will find application in 
quality control, incoming inspection, mainte- 
nance, engineering lab, radio and TV servicing, 
medical electronic, and other applications. 

68 

The transistor Is inserted ut the test socket 
and a display indicates a good "p -n -p" or "n -p- 
n" or a fault such as short, leakage, or open - 
each with its characteristic pattern. 

In addition to testing power or small- signal 
transistors, the tester can be used to check zener 
diodes, SCR's, unijunction transistors, rectifiers, 
and signal diodes. 

The instrument is housed in a two -tone green 
cabinet measuring 6W X 8" X 8" and has a 

sturdy plastic carrying handle and tilt stand. .1 & 
J Electronics 

Circle No. 3 on Reader Service Page 

"DIGITAL- CLOCK" TRANSCEIVER 
A new solid -state CB transceiver which fea- 

tures a digital clock and a built -in illuminated 
"on- the -air" indicator has been introduced as 
the "Conqueror." 

This new transceiver can be turned on at any 
given time by pre -programming the digital 
clock. While transmitting, the on- the -air sign re- 
mains illuminated and an exclusive flickering 

red light behind the sign indicates the modula- 
tion level. 

The 23- channel selector switch has an extra 
position for operating in the p.a. mode. Back- 
lighting of the selector identifies the channel or 
mode, with channel 9 and p.a. keyed in red. 
Crystals to cover all 23 channels are included in 
the design. Courier 

Circle No. 4 on Reader Service Page 

PROGRAM EQUALIZER 
The Model PEQ -4 mid -range program equal- 

izer and filter is designed to provide exact con- 
trol of the "power region" in program material. 
This "region" is that frequency range of approx- 
imately 200 to 7500 Hz in which most of the 
sound energy is concentrated. 

With six selectable low- frequency points for 
each peak and dip position, the unit can simulta- 
neously boost or attenuate from 200 to 1000 Hz. 
An additional seven positions each for mid -fre- 
quency dip and boost perform the same function 
for the frequency range from 1250 to 7500 Hz. 

Six selectable low- frequency positions and 
seven mid -frequency positions comprise the fil- 
ter family. Power and equalization indicator 
lamps with separate equalization and filter in/ 
out switches complete the front panel of this sol- 
id -state package which measures 311" X 19" 
standard rack mount. Lang Electronics 

Circle No. 5 on Reader Service Page 

DIRECT /INDIRECT SPEAKER 
The new Model 601 speaker system has a flat 

response +3 dB over the 40- 18,000 Hz audio 
range and can be easily driven by an amplifier 
with only 30 watts per channel output. Each 
speaker will handle a maximum of 100 r.m.s. 
watts. 

Because the output is as linear as the input, 
the 601 requires no equalizer. A total of six driv- 
ers is housed in the walnut 24" x 16" X 15" 

cabinet, arranged in three woofer -tweeter mod- 
ules. The rear -facing modules are placed 90° to 
each other to eliminate mutual coupling and 
each has an 8 -inch long- excursion woofer and a 
I -inch wide -dispersion tweeter. The forward - 

facing module has another 1 -inch tweeter and a 

specially designed 6 -inch long- excursion woofer. 
Individual controls balance the ratio of direct 

and reflected sound to match the acoustics of 
the listening room while separate tweeter con- 
trols adjust for the room's sound absorption. 
EPI Speakers 

Circle No. 6 on Reader Service Page 

FOUR -CHANNEL HEADPHONE 
The "Quadrafone" Model K2 +2 four -chan- 

nel headphone is engineered with four separate 
dynamic drive elements which reproduce sound 
from four- channel amplifiers. A versatile feature 
of the new phone is its compatibility with con- 
ventional stereo amplifiers as well as four -chan- 
nel and augmented two -channel stereo. It oper- 
ates from standard stereo phone jacks on receiv- 
ers and amplifiers. 

The K2 +2 is a compact headset -no larger 
than conventional stereo phones. Each earcup 
houses two drivers, situated in standard four - 
channel array: left front and left rear receive 
channels I and 3; right front and right rear re- 
produce channels 2 and 4. Koss 

Circle No. 7 on Reader Service Page 

SOLID -STATE G.D.O. 
A solid -state grid -dip oscillator which the 

company claims performs as well as the best 
vacuum -tube models but with the additional ad- 
vantage of being battery powered is now on the 
market as the No. 90652. 

Operating features include a sensitive oscilla- 
tor- dipper for checking resonant frequencies of 
non -energized resonant circuits and an absorp- 
tion -type wavemeter with the oscillator ar- 
ranged to act as a Q- multiplier amplifier, pro- 
viding both a sharp tuning response and great 
sensitivity. 

The frequency range of 1.7 to 300 MHz is 
covered by seven plug -in coils, with some over- 
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lap between ranges. The lowest frequency coil 
(1.7 -4. -0 MHz) is wound on a powdered -iron 
core to increase Q and improve coupling to cir- 
cuits being checked. 

The instrument measures 71/4" long X Ph" 
wide X 31/4" high and weighs just 21/2 pounds 
with battery. James Millen 

Circle No. 8 on Reader Service Page 

CONDENSER MICROPHONE 
The Model MKH 415 is a professional con- 

denser microphone which combines the best fea- 
tures of both cardioid and shotgun designs, ac- 
cording to the company. 

Because of its directional characteristics, 
wind- and pop -suppression, ruggedness, long 
length, small diameter, and flat response, the 
microphone is suitable for both outdoor and 
critical indoor broadcast or recording applica- 
tions. Sennheiser 

Circle No. 9 on Reader Service Page 

STEREO MIKE MIXER 
A stereo microphone mixer, designed to offer 

unusual flexibility for the serious audiophile as 
well as the professional sound engineer, has been 
introduced as the Model M688. 

The mixer accepts four high- or low- imped- 
ance microphones through four inputs, plus a 
stereo auxiliary high -level input, each with its 
own volume control. Three microphone inputs 
have front -panel switches for left- or right -chan- 
nel output. The fourth microphone input has a 
pan control which allows this input to be direct- 
ed to the left channel, the right channel, or any- 
where in between. A stereo master volume con- 

(") ®®-6. 

trol adjusts the level of all inputs simultaneous- 
ly. If additional inputs are needed, the unit can 
be paralleled with the M67 mixer or another 
M688 via mix bus jacks. Shure 

Circle No. 10 on Reader Service Page 

SWEEPER /MARKER GENERATOR 
A jitter -free sweeper /marker generator de- 

signed specifically for the professional service 
technician is now available as the Model SMG -39. 

The instrument uses post- injection markers 
for fast, accurate alignment of a TV receiver 

' Nasolup Ñ .. _ 
0 .0 -. 

when used with any standard oscilloscope. The 
generator provides all needed bias and linear 
sweeping signals for negligible error in align- 
ment, according to the company. All output sig- 
nals are provided: TV i.f., FM i.f., VSM, chro- 
ma, 4.5 -MHz, and v.f.o. The circuit is all solid - 
state and the PC boards are glass epoxy for sta- 
bility and long life. All necessary cables, probes, 
and leads are included. Lectrotech 

Circle No. 1 1 on Reader Service Page 

STEREO PREAMP /AMP 
The Model TRM -400 stereo preamp /amplifi- 

er has a power output of 56 watts +1 dB at 8 
ohms, Music power (IHF) is 45 watts at 8 ohms. 
Rotary controls are used to control bass, treble, 
balance, and volume while push -buttons are 
used to handle speaker /mode selection, high/ 
low filters, loudness, and tape monitor. The 
headphone jack is locatid on the front panel 

.1 
5 

. 111 

The back panel has a six- function input termi- 
nal board, color -coded spring- loaded connectors 
for speakers and antennas, and independent 
channel outputs for the preamp section for con- 
necting other components. 

The unit measures 33/4' high X 12" wide X 
81/2" deep and weighs 8.6 pounds. Nikko 

Circle No. 12 on Reader Service Page 

SEMICONDUCTOR TESTER 
The TT -7 is a new semiconductor tester that 

permits checking transistors and diodes and 
troubleshooting solid -state equipment. It pro- 
vides dynamic "go /no -go" indication of semi- 
conductor status in- circuit or out. No clip leads 
are required and there is no meter to watch, thus 
providing single- handed, eyes -on -work testing. 
The special probe conforms to all transistor con- 
figurations and styles without adjustment. 

The tester operates on two inexpensive pen- 
light cells and will work for months without be- 
ing turned off. Ramko Research 

Circle No. 13 on Reader Service Page 

60 -WATT SPEAKER SYSTEM 
The Model 878A "Santiago" is the newest ad- 

dition to the company's line of dynamic force 
speakers. It incorporates the firm's "Voice of the 
Theatre" components. The low -frequency 
speaker is a 41I-type 15 -inch woofer with a 3- 
inch edge -wound copper voice coil. A 17 -pound 
magnetic structure is capable of producing a 
compression force of up to 16 psi. The 18 -inch 
high- frequency sectoral horn, Model 811B, cou- 
pled with an 807 -type compression driver pro - 

(Conrintued on page 76) 

10 CHANNELS 
SONAR -SCAN' 

FM MONITOR RECEIVERS FREE! 
144"4,.1. .. 

MAMUAI 

* PRIORITY CHANNEL -LOCKS OUT ALL OTHER SIGNALS* * CARRIER DELAY -YOU HEAR MOBILE CALLBACKS* * MANUAL SELECTION BY SLOW SCAN TECHNIOUE 
A proven professional performer with the most advanced tech- 
nology in design, circuitry and solid state electronics assures 
flawless performance you can hear with extreme clarity 
SONAR -SCAN will search and automatically lock a signal on any 
of 10 pre -programmed channels Noise free squelch 10 crystal 
controlled channels Adjustable scan sensitivity Narrow band 
operation 117 VAC or 12 VDC, negative ground only 

FR -2516 (25- 50MHz) FR -2517 (150- 175MHz) $15995 Comes complete with AC and DC power cables, 
mounting bracket less crystals- Crystals 15.00 ea. 

EXCLUSIVE WITH SONAR and PATENT PENDING' 

SONAR RADIO 
CORPORATION 
73 Wortman Avenue 
Brooklyn, N. Y. 11207 

Send information on Model FR- 2516/17 
SONAR -SCAN. 

Name 

Address 

City State Zip 

Dept. 
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1972 LAFAYETTE 
CATALOG 720 

468 Pages 
Your 1st Guide To 

Everything In Electronics 
Stereo Hi -Fi ... Receivers ... Tuners . . . 

Speakers . Turntables -& Accessories 
Automatic Reversing Stereo Tape Re- 

corders & Decks Color TV's FM Radios 
Tubes & Parts Intercoms & PA Sys- 

tems Closed Circuit TV Equipment 
Cameras Auto Tape Players Musical 

Instruments 

Serving The Public Since 1921 

Lafayette Radio Electronics, Dept. 01101 
P.O. Box 10, Syosset, L.I., N.Y. 11791 

I Please Send the FREE 1972 LAFAYETTE CATALOG 720 

Name 

Address 

City State 

Zip 
(please include your Zip Code No.) 

01 101 
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New Heathkit Stereo 
Cassette Recorder 

Frequency response of ±3 dB, 30 -12 
kHz. brings your stereo system into 
the cassette age. Features built -in 
bias adjustment to accommodate the 
new chromium dioxide tape: counter: 
automatic motor shutoff: preassem- 
bled and aligned transport mecha- 
nism. The AD -110 offers fidelity re- 
cording and playback of stereo or 
mono when used with your stereo sys- 
tem. 

\ Kit AD -110, 10 lbs. 119.95 

Announcing 16 exciting new Heathkit 
projects for wintertime kitbuilding fun! 

Em 
91 94 41 100 102 104 106 108 

I I I 1 L.jyJ,,l 

Am 
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Meet the second generation AR -15 
...new Heathkit AR -1500! 

From the AR -15. hailed at the time of its introduction in 1967 as 
the most advanced receiver of its kind. comes the AR- 1500... 
with impressive improvements in every critical area! 180 Watts 
Dynamic Music Power. 90 watts per channel (8 ohm load); 120 
watts dynamic music power per channel under 4 ohm load, with 
less than 0.1% intermod distortion, less than .25% harmonic 
distortion. A 14 -lb. power transformer and massive output tran- 
sistor heat sink are mute testimony to the power at your com- 
mand. Direct coupled output and drive transistors are protected 
by limiting circuitry that electronically monitors voltage and 
current. FM selectivity greater than 90 dB. better phase linear- 
ity, separation, and less distortion are the result of two corn - 
puter- designed 5 -pole LC Filters. An improved 4 -gang 6 -tuned 
circuit front end offers better stability. 1.8 uV sensitivity. 1.5 dB 
capture ratio. and 100 dB image and IF rejection. Four ICs are 
used. three in the IF and one in the Multiplex. Patented auto- 
matic FM squelch is both noise and deviation activated, fully 

adjustable for sensitivity. Vastly Superior AM, an "also ran" 
with many receivers, has two dual -gate MOSFETS in the RF 
and Mixer stages, one J -FET in the oscillator, 12 -pole LC Filter 
in the IF, and broad -band detector. Result: better overload 
characteristics, better AGC action. and no IF alignment. Greatly 
simplified kit construction. Ten plug -in circuit boards, two wir- 
ing harnesses and extensive use of pre -cut wiring with installed 
clip connections make the AR -1500 a kit builder's dream. Built - 
in test circuitry uses signal meter to make resistance and volt- 
age checks before operation. Other advanced features include 
Black Magic panel lighting that hides dial markings when set is 
not in use; flywheel tuning; pushbutton function controls; out- 
puts for two separate speaker systems. bi- amplification, oscil- 
loscope monitoring of FM multipath; inputs for phono, tape. 
tape monitor and aux. sources - all with individual level con- 
trols. Versatile installation in optional new low- profile walnut 
cabinet. in a wall, or black- finish dust cover included. Join the 
"NOW" Generation in audio technology...order your Heathkit 
AR -1500 today! 
Kit AR -1500, less cabinet, 42 lbs. 349 95 
ARA- 1500 -1, walnut cabinet, 6 lbs. 24 95 

/ New Heathkit 
Stereo -4 Decoder 

Compatible with your present stereo 
system and FM receiver, lets you hear 
all Stereo -4 material currently being 
broadcast by a number of stations 
across the country. Additionally. im- 
parts a 4- channel effect to your exist- 
ing stereo library. Requires second 
amplifier and 2 speaker systems for 
installation with conventional stereo 
system. 
Kit AD -2002, 5 lbs. 29.95' 

New Heathkit Stereo 
Phonograph with AM Radio 

10995* 

Gets it together in a portable package 
with a purple plum snakey skin that's 
as far out as today's sounds. Solid - 
state 18 -watt amplifier, fold -down 
4 -speed automatic changer and 
swing -out high compliance speakers. 
Speakers can be separated up to 5 
A flip of the mode switch and you're 
into AM radio! 45 spindle adapter in- 
cluded. 
Kit GD -111. 50 lbs..... . 109.95' 
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Now Heath's finest color TV package 
comes wrapped in a handsome 
new optional cabinet! 

Here's the inside story:... the 
Heathkit 25" solid -state color 
TV with exclusive MTX -5 ultra - 
rectangular tube b bring you 
the largest color picture in the 
industry! The etched, bonded 
tube face cuts glare, increases 
contrast for sharper picture, 

purer colors, more natural flesh tones. But the true story of 
color TV reliability starts in the solid -state modular circuitry 
...45 transistors, 55 diodes, 2 silicon -controlled rectifiers, 4 
ICs containing another 46 transistors. 21 diodes, and just two 
tubes (picture and high -voltage rectifier). Major circuit functions 
are contained on individual plug -in glass epoxy boards (see chas- 
sis inset above) to simplify assembly, service and adjustment. 
And, of course, only Heathkit color TV offers you the money- 
saving advantages of home -serviceability...with the built -in dot 
generator and tilt -out convergence panel to let you perform the 
periodic adjustments required of all color receivers. 

Other advanced design features incluue solid -state VHF tuner 
with MOSFET for greater sensitivity, lower noise and cross 
modulation; solid -state UHF tuner with hot -carrier diode design 
for greater sensitivity: 3 -stage solid -state IF for higher gain and 
superior picture quality; Automatic Chroma Control for con- 
stant color quality under different signal conditions; adjustable 
video peaking; adjustable noise limiting and gated AGC; "In- 
stant-On"; VHF power tuning on 13 channels plus one prese- 
lected UHF channel; Automatic Fine Tuning; Tone -Control; and 
an output to your stereo /hi -fi system for the ultimate in sound 
reproduction. 

And to wrap it all up ... your Heathkit GR -371MX is available 
in a magnificent new Mediterranean cabinet with doors that 
transform your home television theater back ;nto an attractive 
center of decor. This finest cabinet in the Heathkit line fea- 
tures deep -grained pecan veneers on hand rubbed furniture 
grade hardwood solids. Two beautifully scalloped double - 
hinged bi -fold doors hide the TV screen when it's not in use, 
fold neatly to the cabinet sides when opened. Ornate brass 
"Canterbury Antique" handles add the perfect finishing touch. 
Measures 29s /8" H x 561/4" W x 223/8" D. 

Kit GR- 371MX, TV less cabinet, 125 lbs 579.95" 
GRA- 404 -25, assembled cabinet, 87 lbs. 139.95* 

New Heathkit Solid -State New Heathkit Solid State 
Wireless Intercom Shortwave Receiver 

2995 * 

Plug two of them into standard 105- 
130 VAC outlets for 2 -way communi- 
cations. Three channels let you carry 
on 3 conversations in a 6 -unit system, 
call one unit without disturbing the 
others in a 3 -unit network. Intercoms 
have channel selectors, spring load- 
ed "talk" button, slide- action volume 
control, and "dictate" for extended 
one -way communication. 
Kit GD -113, 5 lbs. each 29.95' 

K 

5995 * 

Four over -lapping bands provide con - 
tinuoLs coverage from 550 kHz to 30 
MHz, giving you local AM plus inter- 
national, amateur, marine & weather 
and citizens band broadcasts. Fea- 
tures band -spread tuning for close 
station separation; BFO control for 
receiving code; signal meter; front - 
panel headphone jack; noise limiter: 
built -in AM antenna. 
Kit SW -717, 10 lbs. 59.95* 

Kit 

Heathkit Automatic 
Battery Charger... 

Charges 12 -volt batter- 
ies automatically. 10 
amp max. charge rate. 

Impossible to hook up wrong. No 
charge setting to make ... can be left 
hooked up indefinitely. Meter monitor 
charge. Kit GP -21, 13 lbs.....29.95* 

New Heathkit Automotive 
Timing Light... 

Completely self -con- 
tained. Bright flash lets 
you work in sunshine. 

Adapter for connecting to distributor. 
Hi- impact plastic case. 
Kit CI -1020, 2 lbs. 19.95' / 
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IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 

muumuu LOGIC AND NIXIE POWER SUPPLIES 

í 1 5 volt. 5 ampere supply 
1% line. 1% load, 0.1% 
ripple. Built by Bluhne 
for integrated circuit 
applications. Fantastic 
value, brand new. S29.50 

5 volt 3 ampere supply. with 170 volts at 50 Ma for Nunes, 
similar to above, except 170 volts is unregulated. $29.50 
5 volt 3 ampere supply, built by Powertak. Low profile for easy 
buildin to instruments. $25.00 

NIXIE- READOUT DECADE COUNTER 
KIT. including 7490 and 7441 integrated 
circuits, readout tube, complete etched 
circuit and instructions. 
Would you believe 58.95 

(Add 52.00 for 7475 latch) 
Burroughs 5441 tube and socket only 
Price 54.75 

Cl Ampere. B1000R tube only 
Price 52.95 

SURPLUS TTL INTEGRATED 
CIRCUITS. BRAND NEW IN ORIGINAL 

MANUFACTURERS CARTONS 

B & F has one of the worlds largest 
inventories of surplus integrated 
circuits. All are new, meeting all 
manufacturers original 
specifications, and in factory 
packaging. The low prices should 
speak for themselves. Manufactured 
by Texas Instruments, National. 
Sgnsues or Phdco, no choice. All 

packages are 14/16 lead silicone Dual In Line Pals. 

NEW LOWER PR/CES, 

ITEMS @401 

7400 Quad 2 Input NAND 
7401 Quad 2 -Input Open Collector 

NANO 
7402 Ouad 2 Input NOR 
7404 Her Inerte. 
7405 Open Collector Hex Inverter 
7408 Quad 2 Input 
7409 Oued 2 Input AND. Open 

Collector 
7410 Triple 3 Input NAND 
7411 Triple 3 -Input AND 
7420 Dual4 Input NAND 
7421 Dud 4 Input AND 
7430 8 Input NAND 
7440 Dual 4 Input NAND Butler 
7450 Dual 2 Wide 2 Input 

Eeandable 
7451 Dual 2 Wide 2 Input A O I 

7453 4 Wide Epardabn 2 Input 
A 0 

7454 aged*? Input A -O -I 

7460 Dual 4 -Input Expander 

ITEMS @954 

7406 30 Volt Hex Driver Inverter 

7416 15 Volt Rex Driver Inverter 
7407 30 Volt Ha Omer 
7417 15 Volt Hex Oreyer 

7426 Open Collector Hr Volt 
NAND Ouad 2.Input 

7470 J K Fhp Flop 
7472 J K Mauer Slaw Flip Flop 
7473 Dual J K Flip Flop 
7474 Dual D Flip Flop 
7486 Goad 2,Input Ecluuw OR 

74121 Monostable Molt,oArator 
(One Shot) 

74122 One Shot 
8162 One Shot 

ITEMS @ S1 75 

7442 BCD to Decimal Decoder 
7443 Excess 3 to Decimal Decoder 
7444 Excess 3 Gray to Decimal 

Decoder 

ITEMS @St 75 

7475 Quad Br Stable Latch 
7480 Full Adder 
7490 Decade Counter 
7494 4 Bit Shill Register 

7495 4 Bn Right Left Shill Reg 

7496 5 Bit Shift Reenter 
74151 8 Bit Data Selector with 

Strobe 

ITEMS er S2 00 

7448 BCD to 7 Segment Decoder 

Drn 
7492 Dnde by 12 Counter 
7493 4 611 Binary Counter 
74180 8 Bn ODD EVEN Parity 

Generator /Checker 

ITEMS @ S150 

7447 BCD to 7 Segment Decoder 

Driver 
7445 BCD to Decimal Decoder 

Dreyer 

7483 4 -Bit Binary Full Adder 
74145 BCD to Decimal Decoder 

Driver 

ITEMS @ 0275 
7441 BCD to Decimal NIXIE 

ewer Decode. 
7491 8 Bit Shill Register 

ITEMS H S3 75 

74154 4 to 16 Lim Decoder/De 
Multiplexer 

74192 Bi Doectwml Counter BCD 

Output 
74193 Bi Deectroml Counter 4 -Bit 

Binary 
7485 Comparator 

ITEMS @ S9 75 

7489 64 -Bit Random Access 

Memory 
7488 256 -Bit Rom ASCII to 

EBCDIC 
74181 Arithmetc Logic Unit 

20% d &uouot on all orders for 700 or more integrated circuits All 
I.C's postpaid, with FREE au nail on orders over S5000 We 

stone to ship I C by return mail Free data sheers on all items 

CIRCUIT BREAKERS 

Our floors are groaning with circuit 
breakers. and we are clearing them out at 

a give away price. Breakers come in 

banks of three, designed to control three 
power supplies and cut the power to all 
three should one breaker blow. Tie rod 
between sections can easily be removed 
to make three separate circuits. Two 
sizes available 3/3/5 amperes and 5/5/5 

amperes rated 115 volt 60 -. Either type S2 00. 

3/3/5 amperes $2.00 
015/5/5 amperes 52.00 

FIBER OPTIC LIGHT GUIDE - Experimental kit with 10 feet 
of 200 fiber guide in PVC packet. shrink tubing and instructions 
for making larger diameter guides and branches $2.50 

LINEAR INTEGRATED CIRCUITS 
- New Lower Prices - 

709 Operational amplifier S .90 

711 Dual comparator 1 25 

741 Operational Amplifier with built-in compensation 1 60 

723 Voltage regulator 175 
Dud 741 Two compensated operation amplifiers in one dual 

in -lire package 2 25 

CIRCLE NO. 145 ON 78 

SPECIAL! - DISCONTIN- 
UED MODEL SHARP 
CALCULATOR. 
This model was originally 
$375.00. It is hand held 
size, and is superceded by 
the new model which is 

identical, but pocket sized! 
We think the slightly larger 
size is an advantage, as 

unauthorized persons are 
less likely to pocket it. This 
calculator has sixteen digit 
capacity with eight digit 
display. By special 
arrangement with Sharp we 
are bringing this to you at 
halt its original price. 

S187.50. Don't forget. you can charge this as well as other 
items to Mastercharge or BankAmericard. Fully guaranteed by 
Sharp and B & F. 

! ' Sharp Electronic Calculator $187.50 

It 

TEXAS INSTRUMENTS LIGHT 
EMITTING DIODES (LED's). 

Use as logic readouts. either on panel 
or right on cards. Infinite life. 

L! 2 for S1.50 
10 for 57.00 

A 

THIS MONTH'S SUPER SPECIAL! 

7 Segment Readouts. Two 
types are available. a large size 
model with wire leads for P.C. 
Board Mounting illustrated at 
IA) and a small size 
low current version in a Dual 
In Line type package for 

mature battery operated 
instruments illustrated at (B). 
Large Size Readout 
(Illus. AI $3.95 
Low Current Version 
Illlus. B) 53.75 

O Complete counter kit. 
including 7490 decade 
counter, 7447 decoder and 
printed circuit board, and 
choice of either readout 
Price 58.75 

I 1 Complete counter as above, 
with 7475 latch, for storage. 
Price $10.75 

Complete Bidirectional counter, with 74192 instead of 
7490, for up- down counting 511.75 
Complete Bidirectional counter, with latch for storage 
174192.7475.7447) $12.75 

SPECIAL SALE ON DIODES AND TRANSISTORS 

The recession in the electronics industry is the gain of the 

electronics enthusiast. Discrete components are now available at 

prices that are a fraction of the large volume price. Every unit 
listed is a brand new device, with full lead length, and in original 
manufacturers boxes. Guaranteed to equal or exceed 
manufacturers specifications. 

ZENER DIODES, 5% Tolerance, Mfgs. List 51.71 each. 
1N754A 6.8 Volt 
1N755A 7.5 
1N756A 8.2 
1N757A 9.1 
1N758A 10 
1N759A 12 

14 Volt, 3 Wan 

1N746A 3.3 Volt 
1N747A 3.6 
1N748A 3.9 
1N749A 4.3 
1N750A 4.7 
1N751A 5.1 
1N752A 5.6 
1N753Á 6.2 
Specify Number: 3 for 51.00 10 for $2.50 100 for $225.00 

Mix or Match 

TRANSISTORS 
2N3055 87.5 Watt Hi -Power Silicon 5125 
2N242 60 Watt Germanium Hi -Power 2/51.50 
2N3819 N Channel FET 2for 51.00 
2N2484 NPN Silicon Amplifier 1W, Lo Noise 3 for $1.00 
2N2907 PNP Silicon AmpSw, Hip. 200 MC 3 for 51.00 
2N2222 NPN Silicon Amp-Sw. Hs, 250 MC 3 for S1.00 
2N2369 NPN Silicon Amp -Sw, Hi,i, 500 MC 3 for $1.00 
2N2219 NPN Silicon AmpSw 3W 3 for 51.00 
2N2905 PNP Silicon AmpSw 3W 3 for 51.00 
NPN Silicon TO-18 Transistors marked with RCA house numbers 

= 100-200. P = 0.3 Watts 10 for 51.00, 100 for $7.50 
Same as Above. but 1 Watt TO-5 ... 10 for $1.50, 100 for $10.00 
Same. 0.3W PNP TO-18 10 for 51.50, 100 for $10.00 
Same. 1.OW PNP TO -5 10 for 52.00, 100 for $15.00 
PNP Germanium transistor, RCA house number same as 2N 404 
Pria 12 for $1.00, 100 for 56.00 

DIODES 
1N4004 400 PIV, 1 Amp 5 for $1.00 
Epoxy F.W. Bridge Rectifier 400 DIV, 2 Amps $1.00 

Li 80 PAGE CATALOG - Free with any order or send 50.25 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

Charges Welcome BankAnienrard Masiercharge SI000 nun 

B.& F. ENTERPRISES 
Phone 16171 532 2323 

P 0. Box 44. Hathorne, Massachusetts 01937 

READER SERVICE PAGE 

duces a smooth response up to 90° off -axis. An 
N801 -8A dividing network provides a crossover 
frequency of 800 Hz with complete control of 
the high- frequency output by a continuously 
variable shelving control. 

Frequency response is 20- 20,000 Hz. Contin- 
uous power rating is 60 watts and the imped- 
ance is 8 ohms. Housed in a natural oiled -wal- 
nut cabinet, the enclosure measures 291/4" high 
X 2611/,,," wide X 91/4" deep. Altec Lansing 

Circle No. 14 on Reader Service Page 

CASSETTE DECK WITH DNL 
The first cassette tape machine to incorporate 

the company's new dynamic noise limiter 
(DNL) system has been introduced as the 2100. 
It is a stereo record /playback deck and because 

of its playback compatibility, the DNL circuitry 
will permit greatly improved performance from 
all pre -recorded cassettes, according to the com- 
pany. 

The Model 2100 has a slanted front control 
panel which permits its use in shallow and re- 
cessed areas. An exclusive three -position bias/ 
equipment selector makes it possible to optimize 
the performance from different types of tapes; 
regular, high -performance, or chromium diox- 
ide. 

The solid -state unit records through micro- 
phones or from external sources such as phono- 
graph, radio, tuner, or another tape recorder. 
Operation is by simple fingertip push- button/ 
slide potentiometer and the jacks for micro- 
phones and stereo headphones are front- mount- 
ed for user convenience. Norelco 

Circle No. 15 on Reader Service Page 

MANUFACTURERS' LITERATURE 

TOOLS FOR ELECTRONICS 
A 36 -page catalogue picturing and describing 

an extensive line of tools for electronics, tele- 
communications, and precision applications is 
now available for distribution. 

The listing is divided into eleven categories 
covering adjusting tools, cleaning equipment, 
screw and nut drivers, extraction and insertion 
tools, gages, tool kits, production assembly and 
service tools, pliers, soldering equipment, tele- 
communications tools, and wrenches. Jonard 

Circle No. 16 on Reader Service Page 

MAGNETIC RECORDING DIGEST 
A 28 -page "Design Digest" for mini- digital 

magnetic recording has been issued. It is a com- 
prehensive collection of applications informa- 
tion specifically compiled for personnel working 
with minicomputers, programmable desk -top 
calculators, credit -card verifiers, input /output 
systems, point -of -sale terminals, and other per- 
ipheral equipment. 

It features a detailed 9 -page discussion of 
technical considerations and applications data 
for designers of low -cost recording systems and 
components; in -depth information on test proce- 
dures; and a 16 -page section devoted to the 
characteristics and specifications of the firm's 
state -of- the -art tape heads for this field. Nor - 
t ronies 

Circle No. 17 on Reader Service Page 

TECHNICIANS' INSTRUMENTS 
A new catalogue, "Precision Test Instruments 

for the Professional Technician," is just off the 
press and ready for distribution. 

It contains complete specifications and prices 
on sweep /marker generators, oscilloscopes, vec- 

ELECTRONICS WORLD 
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Now Heath's finest color TV package 
comes wrapped in a handsome 
new optional cabinet! 

Here's the inside story:... the 
Heathkit 25" solid -slate color 
TV with exclusive MTX -5 ultra - 
rectangular tube to bring you 
the largest color picture in the 
industry! The etched. bonded 
tube face cuts gla-e, increases 
contrast for sharper picture, 

purer colors, more natural flesh tones. But the true story of 
color TV reliability starts in the solid -state modular circuitry 
...45 transistors, 55 diodes, 2 silicon -controlled rectifiers, 4 
ICs containing another 46 transistors, 21 diodes, and just two 
tubes (picture and high -voltage rectifier). Major circuit functions 
are contained on individual plug -in glass epoxy boards (see chas- 
sis inset above) to simplify assembly, service and adjustment. 
And, of course, only Heathkit color TV offers you the money- 
saving advantages of home -serviceability...with the built -in dot 
generator and tilt -out convergence panel to let you perform the 
periodic adjustments required of all color receivers. 

New Heathkit Solid-State 
Intercom 

Other advanced design features incluue solid -state VHF tuner 
with MOSFET for greater sensitivity, lower noise and cross 
modulation; solid -state UHF tuner with hot -carrier diode design 
for greater sensitivity; 3 -stage solid -state IF for higher gain and 
superior picture quality; Automatic Chroma Control for con- 
stant color quality under different signal conditions; adjustable 
video peaking; adjustable noise limiting and gated AGC; "In- 
stant-On"; VHF power tuning on 13 channels plus one prese- 
lected UHF channel; Automatic Fine Tuning; Tone -Control; and 
an output to your stereo /hi -fi system for the ultimate in sound 
reproduction. 

And to wrap it all up ... your Heathkit GR -371MX is available 
in a magnificent new Mediterranean cabinet with doors that 
transform your home television theater back ;nto an attractive 
center of decor. This finest cabinet in the Heathkit line fea- 
tures deep -grained pecan veneers on hand rubbed furniture 
grade hardwood solids. Two beautifully scalloped double - 
hinged bi -fold doors hide the TV screen when it's not in use. 
fold neatly to the cabinet sides when opened. Ornate brass 
"Canterbury Antique" handles add the perfect finishing touch. 
Measures 295 /8" H x 561/4" W x 223/8" D. 

Kit GR- 371MX, TV less cabinet. 125 lbs. 579.95* 
GRA- 404 -25, assembled cabinet, 87 lbs. 139.95* 

e New Heathkit Solid-State 
Shortwave Receiver 

2995* 

Plug two of them into standard 105- 
130 VAC outlets for 2 -way communi- 
cations. Three channels let you carry 
on 3 conversations in a 6 -unit system, 
call one unit without disturbing the 
others in a 3 -unit network. Intercoms 
have channel selectors, spring load- 
ed "talk" button, slide- action volume 
control, and "dictate" for extended 
one -way communication. 
Kit GD -113, 5 lbs. each 29.95* 

v New Heathkit Automatic 
Battery Charger... 

5995* 

Four over -lapping bands provide con - 
tinucus coverage from 550 kHz to 30 
MHz. giving you local AM plus inter- 
national, amateur, marine & weather 
and citizens band broadcasts. Fea- 
tures band -spread tuning for close 
station separation; BFO control for 
receiving code; signal meter; front - 
panel headphone jack: noise limiter 
built -in AM antenna. 
Kit SW -717, 10 lbs. 59.95' 

I \ 

Charges 12 -volt batter- 
ies automatically. 10 
amp max. charge rate. 

Impossible to hook up wrong. No 
charge setting to make ... can be left 
hooked up indefinitely. Meter monitor 
charge. Kit GP -21, 13 lbs. 29.95* 

New Heathkit Automotive 
Timing Light... 

eassi Completely self -con- 
tained. Bright flash lets 
you work in sunshine. 

Adapter for connecting to distributor. 
Hi- impact plastic case. 
Kit CI -1020, 2 lbs. 19.95` / 
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New Heathkit DC -15 MHz Dual Trace 
Solid -State Oscilloscope... 
The new Heathkit 10 -105 is a high -performance scope designed 
to give you a wide range of measurements for use in instrumen- 
tation courses, engineering, R&D and electronics...at a fraction 
of the cost of comparable scopes! The 10 -105 brings you com- 
plete dual trace and X -Y capability, allowing comparison of 
input /output for such parameters as loss, gain, phase shift and 
distortion. You can display two separate input signals in Chan- 
nel 1 or Channel 2 modes of operation. Direct comparison of 
both signals is possible in alternate and chopped modes. In the 
alternate mode, both signals are alternately displayed on suc- 
cessive sweeps...at faster sweep speeds they are retained on 
the screen for time relationship comparison. In the chop mode, 
both signals are sampled at 100 kHz and appear as a function 
of the same time base. In X -Y. both channels are displayed as a 

function of each other...channel 1 controlling the vertical (Y) 

axis and channel 2 controlling the horizontal (X) axis. Both in- 
put channels are precision balanced for 5% or less phase shift 
to 50 kHz. Switch selected AC or DC coupling lets you trigger 
the time base at a given point on the signal or at a preselected 

39995* 

DC level. Flipping a switch gives you automatic triggering at the 
crossover (0) point. You can also switch select positive or neg- 
ative slope triggering. Internal, External and Line trigger inputs 
are provided. The convenient 18- position time base switch in a 

1, 2, 5 sequence provides sweep rates from 100 msec /cm to 0.2 
usec /cm. The separate vernier control with a calibrated posi- 
tion gives you continuous control between settings, while a 5- 
times magnifier switch allows detailed trace viewing.The DC -15 
MHz bandwidth capability and 24 nsec rise time make possible 
analysis of high frequency signals and transient waveforms. Full 
bandwidth is featured from 20 V /cm to 50 mV /cm in 1, 2, 5 

sequence. For special applications, a rear panel Sweep Gate 
output delivers a 3.5V pulse in sync with the sweep. A TTL- 
compatible external blanking input is also provided. Other fea- 
tures include a CRT bezel incorporating standard camera 
mount dimensions...flush mounted handle for easy stacking... 
easily -removable side panels for quick accessibility...compact, 
15" depth for bench installation instead of cart. If you want to 
expand your analysis capability while holding the budget line, 
order your new Heathkit 10 -105 now! Or send for more informa- 
tion and complete specification sheet. 

Kit 10 -105, 35 lbs. 399.95' 

New Heathkit 
Vector Monitor... 

4995* 
Designed for use with the 
Heathkit 1G -28 Pattern Gener- 
ator or similar units which dis- 
play either "rainbow" (offset 
carrier) or NTSC patterns, the 
10 -1128 vector display helps 
you perform fine tuning, static 
and dynamic convergence, 

purity, 3.58 oscillator, reactance coil, phase detector 
transformer, demodulator angle check, and chroma 
bandpass adjustments. Represents exactly the color sig- 
nals fed to CRT guns. 

Kit 10 -1128, 10 lbs. 49.95' 

New Heathkit 
Electronic Switch ... 3995* 

Provides simultaneous 
visual display of 2 input 
signals on a single trace 
oscilloscope. Has DC 
coupling and DC -5 MHz 
-3 dB frequency re- 
sponse. Conventional 
binding posts permit fast 

hook -up. Can be left connected to scope. Ideally suited 
for digital circuit work; amplifier input and output for 
gain and distribution checks; simultaneous monitoring 
of 2 stereo channels. 

Kit ID -101, 6 lbs. 39.95 
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New Heathkit "Minimizer" 
kitchen waste compactor... 
Today's most modern refuse handling method in easy -to as- 
semble kit form! Now you can own the most exciting kitchen 
appliance on the market for less than you'd pay for any other 
comparable compactor. The Heathkit Minimizer lets Mom throw 
out the unsightly waste baskets and garbage cans for the latest 
in clean, convenient, odor -free disposal. The Minimizer han- 
dles all normal household trash - food wastes, glass and 
plastic containers, tin cans, wrappings. boxes. floor sweep- 
ings, light bulbs, etc. The packing ram descends with 2,000 -lb. 
force to reduce refuse to almost 1/4 of its original size, pack- 
aging the material in a strong disposable bag - one bag holds 
an entire week's trash for a family of four! When the bag's full. 
Mom simply folds over the top and removes a neat, dry pack- 
age for normal rubbish pickup. And the Minimizer deodorizes 
the contents each time the drawer is opened and closed. The 
sanitation man will love Minimizer, too! 

Simple. safe operation! To use, Mom merely inserts a Minimizer 
plastic -lined bag in the drawer and starts the compacting cycle. 
In less than a minute the ram forces down the trash, returns to 
its normal position. and the Minimizer shuts itself off. For maxi- 
mum safety, the Minimizer uses a key lock switch and an inter- 
lock which automatically turns unit off if drawer is not fully 
closed or is accidentally opened during cycling. Your Heathkit 
Minimizer can be built -in under the kitchen counter or left free- 
standing. Its bright white enamel finish with marble -tone vinyl - 
clad top complements any decor. And you can build it yourself 
in 6 to 10 hours. Has long -life 1/3 hp motor, plugs into 110 -120 
VAC conventional household outlet. Kit includes 5 plastic -lined 
bags, one 9 oz. aerosol can of deodorant. Minimizer measures 
343/8" H x 15" W x 251/2 " D . 

Kit GU -1800, 203 lbs. 199.95' 
GUA -1800 -1, 25 plastic -lined bags, 

2 aerosol cans, 6 lbs. 10.95' 

New Heathkit 
Thermo Spotter 

2495* 

Seeks out the temper- 
ature where your favorite fish 

live. Includes submersible sensing 
element, 100' of strong nylon cord. 
battery -powered solid -state meter cir- 
cuitry ... in high- impact plastic take - 
up reel case. 

l Kit MI -104, 3 lbs. 24.9 

New Heathkit V New Heathkit Economy 
Garage Door Opener Digital De th Sounder 

0® 
13995* 

Gives accurate, digital depth readings 
to 199'. Red warning light alerts you 
to shoals of 10' or less. Automatic 
noise rejection and range switching. 
Kit MI -101 -1 (w /thru -hull trans.) 

6 lbs. 139.95' 
Kit MI -101 -2 (w /transom -mount 

5' trans.) 8 lbs. 

9995* 
Deluxe features include husky 1/4 hp 
motor, heavy -duty chain drive, auto- 
matic safety reversing, automatic 
light. Preassembled transmitter & sol- 
id -state receiver. 

Kit GD -309A, 43 lbs. 99.95* 
Kit GD -309B (w /2 trans.) 

43 Ibs. 114.95' 

SEE THESE KITS AT YOUR LOCAL HEATHKIT ELECTRONIC CENTER...or send for FREE catalog! 
CALIF.: Anaheim, 330 E. Ball Road; El Cerrito, 6000 Potrero Avenue; La Mesa, 8363 Center Drive; 
Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.; Woodland Hills, 22504 Ven- 
tura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: Atlanta, 5285 Roswell Road; ILL.: Chicago, 
3462 -66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; 
MASS.: Wellesley, 165 Worcester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 
101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 3507 Broadway (Rte. 41: 
N.Y.: Jericho, L.I.; 15 Jericho Turnpike; New York, 35 W. 45th Street; OHIO: Cleveland, 5444 Pearl 
Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 
William Penn Hwy.; TEXAS: Dallas, 2715 Ross Avenue; Houston, 3705 Westheimer; WASH.: Seattle, 
2221 Third Ave.; WIS: Milwaukee, 5215 Fond du Lac. 

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local stock, consulta - 
1 fion and demonstration facilities. Local service also available whether you purchase locally or by 

factory mail order. 
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Schlumberger - -1 
HEATH COMPANY, Dept. 15.10 
Benton Harbor, Michigan 49022 

Enclosed is $ plus shipping. 

Please send model(s) 
Please send FREE Heathkit Catalog. 

Name 

Address 

City_ State Zip 

Mail order prices; FOB factory. 
Prices & specifications subject to change without notice. 
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IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 

IIIIIIIIIIIIIIIIII LOGIC AND NIXIE POWER SUPPLIES 

5 volt, 5 ampere supply 
1% hoe, 1% load. 0.1% 
ripple. Built by Bluline 
for integrated circuit 
applications. Fantastic 
value, brand new $29 50 

1] 5 volt 3 ampere supply, with 170 volts at 50 Ma for Nixies, 
similar to above, except 170 volts n unregulated. $2950 

35 volt 3 ampere supply, built by Powertek. Low profile for easy 

buid.m to instruments. $25.00 

- NIXIE- READOUT DECADE COUNTER 
KIT, Including 7490 and 7441 integrated 
circuits, readout tube, complete etched 
circuit and instructions. 
Would you believe 58.95 

(Add $2.00 for 7475 latch) 
1 Burroughs 5441 tube and socket only 

Price 54.75 
Amperex 81000R tube only 
Price $2.95 

SURPLUS TTL INTEGRATED 
CIRCUITS, BRAND NEW IN ORIGINAL 

MANUFACTURERS CARTONS 

B & F has one of the worlds largest 
Inventories of surplus integrated 
circuits. All are new. meeting all 
manufacturers original 
specifications, and mn factory 
packaging. The low prices should 
speak for themselves. Manufactured 
by Texas Instruments, National, 
Sgnetics or Philco, no choice. All 

packages are 14/16 lead silicone Dual In -Line Pak. 

NEW [ OWE R PRICES, 

ITEMS .401 41J1 

7400 Ouad 2 Input NAND 
lao, Quad 2 Input Open Collector 

NAND 
7402 Ouad 2 Input NOR 
7404 Hp Inverter 
7405 Open Collector Hex Inverter 
7408 Ouad 2Ineut 
7409 Ouad 2 Input AND. Open 

Collector 
7410 Triple 3 Input NAND 
7411 Triple 3lnput ANO 

7420 Dual 4 Input NAND 
7421 Dual 4 Input AND 
7430 8 Input NAND 
7440 Dual 4 Input NAND Butter 
7450 Dual 2 Wide 2 Input 

E x pendable 

7451 Dual 2 Wide 2 Input A O I 

7453 4Wide Expandable 2 Input 
AOI 

7454 4 W de 2 Input A O l 

7460 Dual 4 Input Expander 

ITEMS H 954 

7406 30 Volt Hex Driver Inverter 
7416 15 Volt Hex Driver Inverter 

7407 30 Volt Hee Driver 
7417 15 Volt Hex Driver 

7426 Open Collector Hi Volt 
NAND Quad 2 Input 

7470 J N Flip Flop 
7472 J K Master Slave Flip Flop 
7473 Dual J K Flip Flop 
7474 Dual D Flip Flop 
7486 Quad 2 Input Exclusive OR 

74121 Monostable Mulhvibrator 
(One Sisal 

74122 One Shot 
8162 One Shot 

ITEMS H SI 75 

7442 BCD to Decimal Decoder 
7443 Excess 3 to Decimal Decode. 
7444 Excess 3 Gray to Decimal 

Decoder 

ITEMS N 5175 
7475 Oued Bi Stable Latch 

7480 Full Adder 
7490 Decade Counter 
7494 4 Bit Shirt Register 

7495 4 Bit Right Lett Shift Reg 

7496 5 Bit Shift Register 

74151 8 Bit Data Selector with 
Strobe 

ITEMS H $200 
7048 BCD to 7 Segment Decoder 

Orner 
7492 Deride by 12 Counter 
7493 4 Bit Binary Counter 
74180 8 Bit ODD EVEN Parity 

Genersten /Checker 

ITEMS N $2.50 

7447 BCD to 7 Segment Decoder 

Draw 
7445 BCD to Decimal Decoder 

Drin 
7483 481t enuacy Full Adder 

74145 BCD to Decimal Decoder 

D river 

ITEMS fa SI.75 

7441 BCD to Decimal NIXIE 
Dine Decoder 

7491 8 B Shift Register 

ITEMS H137S 
74154 4 to 16 Line Decoder /De 

Muhipineer 
74192 Bt Directorial Counter BCD 

Output 
74193 BI.Deetronal Counter 4.Bit 

B inary 
7485 Comparator 

ITEMS B $9.75 

7489 64B11 Random Access 

Memory 
7488 256 Bit Rom ASCII to 

EBCDIC 
74181 Arithmetic Logo Unit 

20% discount on all orders lot IGO or more integrated Cocoas All 
EC 's postpaid. with FREE an marl on orders over S5000 We 

strive to ship I C Y he return !tail Free data sheen on all mend 

CIRCUIT BREAKERS 

I Our floors are groaning with circuit 
breakers, and we are clearing them out at 

a give-away puce. Breakers come in 

banks of three, designed to control three 
power supplies and cut the power to all 
three should one breaker blow. Tre rod 
between sections can easily be removed 
to make three separate circuits. Two 
sizes available 3/3!5 amperes and 5/5/5 

amperes rated 115 volt 60 -. Either type Sk 00. 

3/3/5 amperes S2.00 
5/5/5 amperes $2.00 

FIBER OPTIC LIGHT GUIDE - Experimental kit with 10 feet 

of 200 fiber guide In PVC packet. shrink tubing and instructions 
foe making larger diameter guides and branches $2.50 

LINEAR INTEGRATED CIRCUITS 
- New Lower Prices - 

709 Operational amplifier S .90 

711 Dual comparator 1 25 
741 Operational Amplifier with built -in compensation 160 
723 Voltage regulator 1 75 

Dual 741 Two compensated operation amplifiers in one dual 
in -line package 2 25 
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SPECIAL! - DISCONTIN- 
UED MODEL SHARP 
CALCULATOR. 
This model was originally 
$375.00. It is hand held 
size, and is superceded by 
the new model which is 

Identical, but pocket sized 
We think the slightly larger 
size is an advantage, as 

unauthorized persons are 
less likely to pocket it. This 
calculator has sixteen digit 
capacity with eight digit 
display. By special 

i arrangement with Sharp we 
are bringing this to you al 
hall its original price. 

$18750. Don't forget, you can charge this as well as other 
items to Mustercharge or BankAmericard. Fully guaranteed by 
Sharp and B & F. 

Sharp Electronic Calculator 518750 

A 

TEXAS INSTRUMENTS LIGHT 

A EMITTING DIODES (LED's). 
Use as logic readouts, either on panel 

t or right on cards. Infinite life. 
111. 2 for S1.50 

10 for 57.00 

THIS MONTH'S SUPER SPECIAL. 

7 Segment Readouts. Two 
types are available, a large size 
model with wire leads for P.C. 

Board Mounting illustrated at 

(AI and a small size 
low current version in a Dual 
In Line type package for 
miniature battery operated 
instruments illustrated at (B). 

Large Size Readout 
(Illus. A) $3.95 
Low Current Version 
(Illus. B) $3.75 

f] Complete counter kit, 
including 7490 decade 
counter, 7447 decoder and 
printed circuit board. and 
choice of either readout 
Price $8.75 

I Complete counter as above, 
with 7475 latch, for storage. 
Price $10.75 

DComplete BidirectIonal counter, with 74192 instead of 
7490. for up down counting $11.75 

I I Complete BI- directional counter. with latch for storage 

174192. 7475.7447) $12.75 

SPECIAL SALE ON DIODES AND TRANSISTORS 

The recession in the electronics Industry is the gain of the 
electronics enthusiast. Discrete components are now available at 

prices that are a fraction of the large volume price. Every unit 
listed is a brad new device, with lull lead length, and in original 
manufacturers boxes. Guaranteed to equal or exceed 

manufacturers specifications. 

ZENER DIODES, 5% Tolerance, Mfgs. List $1.71 each. 
1 N746A 3.3 Volt 
1N747A 
1N748A 
1N749A 
1N750A 
1N751A 
1N752A 

1N754A 6.8 Volt 
3.6 1N755Á 7.5 
3.9 1N756A 8.2 
4.3 1N757A 9.1 
4.7 1N758A 10 

5.1 1N759A 12 

5.6 14 Volt, 3 Watt 
1N753A 6.2 
Specify Number 3 for $1.00 10 for $2.50 100 for $225.00 

Mix or Match 

TRANSISTORS 
2N3055 87.5 Watt Hi -Power Silicon 51.25 
2N242 60 Watt Germanium Ho-Power 2/51.50 
2N3819 N Channel FET 2 for $1.00 
2N2484 NPN Silicon Amplofiee 1W, Lo Noise 3 for $1.00 
2N2907 PNP Silicon Amp -Se.. Hi 1. 200 MC 3 for $1.00 
2N2222 NPN Silicon Amp -Sw, Hi i, 250 MC 3 for $1.00 
2N2369 NPN Silicon AmpSw, Hip. 500 MC 3 for $1.00 
2N2219 NPN Silicon AmpSw 3W 3for $1.00 
2N2905 PNP Silicon AmpSw 3W 3 for $1.00 
NPN Silicon TO 18 Transistors marked with RCA house numbers 

100.200, P = 0.3 Watts 10 for 51.00, 100 for $7.50 
Same as Above, but 1 Watt TO-5 ... 10 for $1.50, 100 for $10.00 
Same. 0.3W PNP 70.18 10 for $1.50, 100 for 510.00 
Same, 1.0W PNP TO.S 10 for $2.00, 100 for $15.00 
PNP Germanium transistor. RCA house number same as 2N 404 

Price 12 for $1.00, 100 for S6.00 

DIODES 
1N4004 400 PIV, 1 Amp 5 for $1.00 
Epoxy F.W. Bridge Rectify 400 DIV, 2 Amps $1.00 

r] 80 PAGE CATALOG - Free with any order or send $0.25 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

Charges Welrome BankAmrnrand M,ulerdarge SI000 non. 

B. & F. ENTERPRISES 
Phone 16171 532 2323 

P.O. Box 44, Hathorne, Massachusetts 01937 
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duces a smooth response up to 90° off axis. An 
N801 -8A dividing network provides a crossover 
frequency of 800 Hz with complete control of 
the high- frequency output by a continuously 
variable shelving control. 

Frequency response is 20- 20,000 Hz. Contin- 
uous power rating is 60 watts and the imped- 
ance is 8 ohms. Housed in a natural oiled -wal- 
nut cabinet, the enclosure measures 2944" high 
X 2611 /,r," wide X 91/4" deep. Altec Lansing 
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CASSETTE DECK WITH DNL 
The first cassette tape machine to incorporate 

the company's new dynamic noise limiter 
(DNL) system has been introduced as the 2100. 
It is a stereo record /playback deck and because 

of its playback compatibility, the DNL circuitry 
will permit greatly improved performance from 
all pre -recorded cassettes, according to the com- 
pany. 

The Model 2100 has a slanted front control 
panel which permits its use in shallow and re- 
cessed areas. An exclusive three -position bias/ 
equipment selector makes it possible to optimize 
the performance from different types of tapes; 
regular, high -performance, or chromium diox- 
ide. 

The solid -state unit records through micro- 
phones or from external sources such as phono- 
graph, radio, tuner, or another tape recorder. 
Operation is by simple fingertip push- button/ 
slide potentiometer and the jacks for micro- 
phones and stereo headphones are front- mount- 
ed for user convenience. Norelco 
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MANUFACTURERS' LITERATURE 

TOOLS FOR ELECTRONICS 
A 36 -page catalogue picturing and describing 

an extensive line of tools for electronics, tele- 
communications, and precision applications is 

now available for distribution. 
The listing is divided into eleven categories 

covering adjusting tools, cleaning equipment, 
screw and nut drivers, extraction and insertion 
tools, gages, tool kits, production assembly and 
service tools, pliers, soldering equipment, tele- 
communications tools. and wrenches. Jonard 
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MAGNETIC RECORDING DIGEST 
A 28 -page "Design Digest" for mini- digital 

magnetic recording has been issued. It is a com- 
prehensive collection of applications informa- 
tion specifically compiled for personnel working 
with minicomputers, programmable desk -top 
calculators, credit -card verifiers, input/output 
systems, point -of -sale terminals, and other per- 
ipheral equipment. 

It features a detailed 9 -page discussion of 
technical considerations and applications data 
for designers of low -cost recording systems and 
components; in -depth information on test proce- 
dures; and a 16 -page section devoted to the 
characteristics and specifications of the firm's 
state -of- the -art tape heads for this field. Nor- 
Ironies 
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TECHNICIANS' INSTRUMENTS 
A new catalogue, "Precision''est Instruments 

for the Professional Technician," is just off the 
press and ready for distribution. 

It contains complete specifications and prices 
on sweep /marker generators, oscilloscopes, vec- 

ELECTRONICS WORLD 
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torscopes, color -bar generators, and other test 
equipment for the service technician. Lectrotech 
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SERVICE REPLACEMENTS 
A 20 -page catalogue covering service replace- 

ment capacitors is now available. It contains de- 
scriptive information and rating charts for elec- 
trolytics, paper /film, filters, ceramic, mica, and 
a.c. capacitors. Listings include the more popu- 
lar values for the servicing of radio and TV re- 
ceivers, hi -fi stereo and associated audio equip- 
ment, ham radio, hearing aids, air conditioners, 
refrigerators, and industrial applications. 

Also included in this new edition is a section 
of popular decade boxes featuring four resist- 
ance decades, three capacitance decades, and 
four inductance decade units. ARP /Aerovox 
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HOME -TRAINING COURSES 
An elaborate 96 -page full -color catalogue of 

home- training course has been issued under the 
title "1971 -NRI is the Way to Go!" 

The booklet describes courses the school of- 
fers in color -TV, FCC license preparation, TV 
and radio servicing, communications electron- 
ics, computer electronics, electronics technolo- 
gy, automation, and applied mathematics in 
electronics. Information is also provided on the 
various kits which are used in the courses, mate- 
rial included in the companion lessons, and the 
job level of the student upon successful comple- 
tion of the course or courses. National Radio 
institute 
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"HARD -TO- FIND" TOOLS 
A 40 -page catalogue covering an extensive 

line of professional tools for various applications 
has been published. This expanded listing covers 
not only tools normally associated with service 
work but tools used in other professions which 
can be readily, and usefully, adapted to servic- 
ing. 

Each tool is pictured and described in detail 
and all options listed. Many of the tools are im- 
ported and some have been made especially for 
the company to its specifications. Brookstone 
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POWER SUPPLIES 
A new short -form catalogue containing con- 

densed data on three- to five- output modular 
units; three- and four -output custom units for 
computer CRT terminal, card reader, and digi- 
tal- cassette OEM applications; and three- to 
eight- output MIL -Spec custom units for avion- 
ics and mobile ground -communications terminal 
applications is available for distribution. 

Astro -Space Laboratories, Inc., Research 
Park, Huntsville, Ala. 35806 will forward a 
copy on letterhead request. 

NEW IEEE STANDARD 
A new standard that provides guidance in the 

use of Le Système International d'Unités, other- 
wise known as SI (metric) units, and in forming 
and selecting decimal multiples and submulti- 
ples in science and technology has been pub- 
lished by the Institute of Electrical and Elec- 
tronics Engineers. 

The new standard, entitled "Rules for the Use 
of Units in the International System of Units," 
is designated IEEE Std. 322 -1971. It uses stan- 
dard U.S. spellings for such terms as kilogram, 
meter, liter, etc. The tables in the new standard 
have also been redesigned to present informa- 
tion in a more convenient format. 

Single copies are $4.00 and may be ordered 
direct from the IEEE, 345 E. 47th Street, New 
York, N.Y. 10017. 

MARKET DATA BOOK 
The 1971 issue of the "Electronic Market 

Data Book" has just been published by the Elec- 
tronic Industries Association. 

Covering industry sales and trends through 
1970, the 104 -page book contains more than 50 
October, 1971 

r Be Safe with DeItAIeÑ7 
the Proven Crimestopper 

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

$69.95 

24.95 

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

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

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

dust and moisture 
protection; 8) Use 

on ANY 12 -volt, 
negative -ground 

engine. Put the 
Mark Ten Bon 
your car today. 

It will pay for 
itself in dollars saved. 

Superior Products 
4t Sensible Prices 

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

Standard Mark Ten $44.95 ppd. 

Please send me literature immediately. Enclosed is $ 

Please send: _ _DeltAlert(s) @ $69.95 ppd. 
DeltaHorn(s) @ $24.95 ppd. 
Mark Ten B @ $59.95 ppd. 
Standard Mark Ten (Assembled) @ $44.95 ppd. 

_6 Volt: Neg. Ground Only Positive Ground 
12 Volt: Specify Negative Ground 

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

Car Year Make 

Name 

Address 

Ship ppd. C.O.D. 

DELTA 

1 
t 
t 

City/State PRODUCTS, INC. 4 
P.O. Box 1147. Grand Junction. Colorado 81501. (303) 242 -9000 
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the tape that 
turned the 

cassette 
into a 

high- fidelity 
medium 

TDK 
Until TDK developed gamma ferric oxide, cassette 

recorders were fine for taping lectures, conferences, verbal. 

memos and family fun -but not for serious high fidelity. 

e - 4I 
TDK SUPER DYNAMIC 

(SD) TAPE 

v 

5MUTE l)< 

HIGH FIDELITY 
114c 

CIRCLE 

Today you can choose among 
high -quality stereo 

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

Available in C6OSD and C9OSD lengths. 

TDK ELECTRONICS CORP. 
LONG ISLAND CIT Y, NEW YORK 11103 

NO 114 ON READER SERVICE PAGE 

MAKE YOUR CAR 
COME ALIVE WITH A 

TIGER SST 
CD IGNITION SYSTEM 

Instant starting in any weather - Eliminates 
90% of tune -ups - Increases gas mileage - 

Increases horsepower up to 15% - Improves 
acceleration and performance - Spark Plug 
points last up to 70,000 miles - Reduces 
engine maintenance expense - Amplifies 
spark plug voltage to 45,000 volts - Maintains 
spark plug voltage to 10,000 RPM - Reduces 
exhaust emissions - Dual ignition switch - 

Unconditional guarantee for original owner - 

Installs in 10 minutes on any car with 12 
volt negative ground - No rewiring - Most 
powerful, efficient and reliable Electronic 
Ignition Made in U.S.A. 

SATISFACTION GUARANTEED 
or Money Back. 

Simpli -Kit $29.95 - Assembled $39.95 
POST PAID 

Send check or money order with order to: 

iStar Corporation 
DEPT. E., P. O. Box 1946 

Grand Junction, Colorado 81501 
CIRCLE NO. 112 ON READER SERVICE PAGE 

.;To ELECTRONICS 

411k 

V.T.I. training leads to success 
as technicians. field engineers. 
specialists in communications. 
guided missiles. computers. ra- 
dar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember. February. Dorms. cam- 
pus. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 46383 

charts and tables describing sales in the various 
segments of the industry. The book contains sta- 
tistical data on consumer electronics, communi- 
cations and industrial products, government 
products, components, world trade, industry 
employment, and earnings. Each section is illus- 
trated with detailed tables and charts plotting 
sales patterns. 

This data book should prove useful to market 
analysts, researchers, executives, stock analysts, 
technical librarians, and students. It is $15.00 a 

copy and may be ordered from the Publication 
Sales Office, EIA, 2001 Eye Street, N. W., 
Washington, D.C. 20006. 

IR CRYSTAL SELECTION 
Barnes Engineering Co., 30 Commerce Rd., 

Stamford, Conn. 06902 has issued a 32 -page 
handbook entitled "Everything You've Always 
Wanted to Know About Crystals" for the bene- 
fit of spectroscopists. 

The guide discusses the selection of suitable 
IR crystals for specific research studies. Consid- 
erations covered include transmission range, re- 
action to various samples, refractive index, re- 
flection losses of crystals, and comparative cost. 
Charted properties and spectra illustrate advan- 
tages and limitations of seventeen different crys- 
tals. 

A letterhead request to the company at the 
above address will bring a copy without charge. 

FERRITE MAGNETS 
The Arnold Engineering Company has issued 

a revised catalogue (Bulletin PM -133A) describ- 
ing its line of "Arnox" hard ferrite permanent 
magnets. 

Normal and intrinsic demagnetization curves 
are shown for six grades -1, 3, 5, 6, 7, and 8- 
along with other engineering information to aid 
in material selection. Data includes revised typi- 
cal properties for grades 7 and 8, now with typi- 
cal Hr; minimum of 4000 (min.) and 3000 
(min.), respectively. The catalogue also contains 
a broader list of ring and rectangular block sizes 
available as well as a glossary of magnetic terms, 
typical uses, and advantages. 

Letterhead requests should be addressed to J. 

K. Finn, sales manager of permanent magnets, 
The Arnold Engineering Company, P. O. Box 
G, Marengo, Ill. 60152. 

FET's AND IC's 
Siliconix Incorporated, 2201 Laurelwood 

Road, Santa Clara, California 95054 has just is- 
sued a new 16 -page catalogue featuring a broad 
line of field -effect transistors and integrated cir- 
cuits, with special emphasis on MOS and JFET 
switches, analog drivers, and gates. 

This comprehensive short-form brochure also 
contains technical data on digital and linear 
IC's, current and voltage limiters, and high -fre- 
quency devices as well as information on CMOS 
multiplexers and switches, and the company's 
line of FET and IC chips. 

INSTRUMENT DATA 
The 1971 -72 Instrument Databook and Rent- 

al Catalog provides coverage on over 3600 gen- 
eral- purpose electronic instruments. It logically 
divides the products and compares pertinent 
specifications. 

Other sections cross- reference manufacturers' 
model numbers and contain some data sheets, 
simplifying alternate source selections. A special 
section is devoted to rental rates and further 
provides a "blue- book" of prices for instruments 
for sale. 

Copies of this 264 -page reference work are 
available on letterhead request to Leasametric, 
822 Airport Blvd., Burlingame, California 
94010. 

LIGHTING CONTROLS 
General Electric has announced publication 

of a newly revised 12 -page brochure describing 
its full line of lighting controls for virtually ev- 

ery idustrial and commercial application. 
Contacts may be inserted and coils changed 

ELECTRONICS WORLD 
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without disturbing the wiring. Included in the 
brochure are electrical ratings, dimensions, typi- 
cal connection diagrams, and ordering informa- 
tion. ' 

To obtain a copy of GEA- 7873F, write Gen- 
eral Purpose Control Products Dept., General 
Electric Company, Bloomington, III. 61701. 

SOLID -STATE DEVICES 
The 96 types of "Top -Of- The -Line" SK Series 

transistors, rectifiers, thyristors, and integrated 
circuits manufactured and tested for use specifi- 
cally as replacements for over 20,000 semicon- 
ductor devices designed into original equipment 
are covered in a 72 -page guide (SPG -202L) 
which is available for 35 cents. 

The guide cross -references over 20,000 semi- 
conductor devices numbers to SK- Series re- 
placement semiconductors. In addition, a 23- 
inch x 35 -inch (IL1367) Solid -State Quick Selec- 
tion Replacement Chart (free) lists the 79 enter- 
tainment SK- Series devices by application for 
easy selection by service dealers and features 
performance data charts, dimensional outlines, 
and terminal diagrams for each type. 

Letterhead requests (with payment) should be 
sent to RCA Distributor Products, Harrison, N. 
J. 07029. 

R.F. INDUCTORS 
An updated catalogue on r.f. inductors is now 

available from Airco Speer Electronics, St. 
Marys, Pa. 15857. 

These inductors are made for use at radio fre- 
quencies and in pulse circuitry, with standard 
values ranging from 0.1 µH through 10,000 
.tH. The inductors offer high Q and SRF as well 
as high reliability and meet the requirements of 
MIL -C- 15305, Revision D. 

In addition to presenting revised data on the 
company's lines of conformal- coated, molded, 
and shielded inductors, the 12 -page folder pro- 
vides a key to the MIL -C -15305 color code plus 
procedures for measuring inductance and Q un- 
der this specification. 

Requests for this catalogue should be ad- 
dressed to the attention of Fred Darr at the 
company address. 

NEON INDICATORS 
A six -page, two -color brochure which pro- 

vides detailed specifications, ratings, and physi- 
cal dimensions on the "Elfin" neon 7- segment 
indicator has been announced. 

A copy of Catalogue EL -77 can be obtained 
by writing to Tom Clark, Product Sales Manag- 
er, Alco Electronic Products, Inc. 8 Marblehead 
St., North Andover, Mass. 01845. 

AUTOTRANSFORMER DATA 
The choice and application of "Variac" ad- 

justable autotransformers are simplified in the 
new 24 -page Variac catalogue just issued by 
General Radio, 300 Baker Avenue, Concord, 
Mass. 01742. 

The handbook starts with a general discussion 
of the selection and application of the units; pro- 
ceeds through a complete listing of single -phase, 
three -phase, 400 -Hz, and portable models; and 
concludes with a special section on how to get 
more out of a Variac. Also included is a descrip- 
tion of the new "Minivolt," a miniature 50- to 
400 -HZ transformer for low -voltage a.c. control. 

PHOTO CREDITS 

Page Credit 

24.25 Digital Equipment Corp. 

28 Kepco, Inc. 

30 Lambda Electronics Corp. 

34 Lick Observatory 

35 National Radio Observatory 

36 Hewlett- Packard Co. 

4144.47 Trio Laboratories 
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Make and repair your own patchcord stacking plugs in seconds. 
Any color, any length for 40% less cost. 

These new kits contain everything you need to custom assemble and /or replace damaged 
molded stacking patchcord plugs: 60 metal banana or .080 standard tip metal plugs, 60 hous- 
ings. 10 in each of the six standard colors. An assembly tool and fixture for fast, easy assembly. 
Use with standard 0.144" wire (not included in kit). To assemble. simply feed stripped end of 
wire through cross -hole metal contact. Insert contact and wire into housing. Place in fixture 
and snap contact into place. 
Convenience and flexibility, plus savings of at least 40% over molded stacking patchcord plugs. 

E. F. Johnson Company, Waseca, Minnesota 56093 E W 10 
Please send me complete information on your new stacking patchcord kits 

Name 

Address 
City 

(, E 

Firm 

State Zip 

. F. JOHNSON COMPANY 
CIRCLE NO. 128 ON READER SERVICE PAGE 

FOREDOM MINIATURE POWER TOOLS 
for the Professional Technician 

Drill, grind, dehur, polish, sand, cut, 
drive screws and nuts. No other tools 
can perform the range of intricate, 
precision operations you can do with 
FOREDOM. 

COMPLETE 

POWER 

Ç'OMPLETE r 

MINIATURE 
WER TOOL \ /,4 THE FOREDOM ELECTRIC COMPANY 

DIVISION OF BLACKSTONE INDUSTRIES, INC 

CATALOG 250. Bethel, Connecticut 06801 

CIRCLE NO 135 ON READER SERVICE PAGE 

NEW 
NEW 
NEW 

8 
VALUE 

8 Packs of chemicals with box of 5 precision tools 

Valve for easy insertion of extension tube 

Ultra Wissh formula for Color TV. 6 oz. aerosol 

MODEL SC6A -8 
ULTRA WI55H with precision 
screwdrivers. 

MODEL HL6 -8 
LUBRITE with 
precision nut 
driver. 

ONLY WORKMAN 
FROM SARASOTA FLORIDA 

MODEL HG6A -8 
MIRACLE BATH with precision 
wrenches. 

TOOL 
KIT 

WITH 
EVERY 
PACK 

$ 8 8 8 
PRODUCTS, INC Dlr. Net 

CIRCLE NO. 110 ON READER SERVICE PAGE 79 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. $1.00 per word (including name and address). Minimum order S10.00. Payment must 
accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. 

READER RATE: For individuals with a personal item to buy or sell. 651 per word )including name and address). No minimum! Payment must accompany copy. 

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. All copy subject to publisher's approval. All advertisers using Post Office Boxes in their addresses 
MUST supply publisher with permanent address and telephone number before ad can be run. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes 
January 1st). Send order and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016. 

FOR SALE 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Radios, Parts, Picture Catalog 251. Meshna, 
Nahani, Mass. 01908. 

CONVERT any television to sensitive big- screen oscillo- 
scope. Only minor changes required. No electronic experi- 
ence necessary. Illustrated plans, $2.00. Relco -A22, Box 
10563, Houston, Texas 77018. 

INVESTIGATORS, Latest Electronic Aids. Free Litera- 
ture. Clifton, 11500 -J NW 7th Ave., Miami, Florida 
33168. 

SENCORE, B & K Test Equipment Unbelievable Prices. 
Free Catalog and Price Sheet. Fordham Radio, 265 East 
149th Street, Bronx, N.Y. 10451. 

ELECTRONIC PARTS, semiconductors, kits. Free Flyer. 
Large catalog, $1.00 deposit. Bigelow Electronics, Bluff- 
ton, Ohio 45817. 

NEW SEMICONDUCTOR LIGHT EMITTING DIODES. 
Bright red lights replace light bulbs. Typical life 100 
years. Operate at 1.65 volts, 50 milliamps. Order 2 for 
$2.98 NOW. Data sheet and instructions included. Mon- 
santo Company, Hobby Section, 10131 Bubb Road, 
Cupertino, California 95014. 

ELECTRONIC COMPONENTS -Distributor prices. Free 
catalogue. Box 2581, El Cajon, California 92021. 

ELECTRONIC Ignition. Various types. Information 101. 
Anderson Engineering, Epsom, N.H. 03239. 

CONSTRUCTION PLANS: Laser ... $2.00. Investigation 
aids -2 -FM microphone transmitters ... $1.00. FM tele- 
phone transmitter ... $2.00. Sound telescope ... $2.00. 
Space monitor -missile tracker ... $2.00. Free equipment 
and kit catalog. Howard, 20174 Ward, Detroit, Michigan 
48235. 

JAPAN HONG KONG DIRECTORY. World products 
information. $1.00 today. Sekai Shogyo Annai, Hillyard, 
Washington 99207. 

BURGLAR ALARM SYSTEMS. We manufacture in- 
truder -fire detection systems, radar and perimeter types. 
Accessories available. Free Literature. Inquiries for dealer- 
ship and wholesale prices must be on letterhead. U.S. and 
Canada only. Microtech Associates, Inc., Box 10147, St. 
Petersburg, Florida 33733. 

EUROPEAN wholesale new products catalog $1.00 re- 
fundable. Deecow, P.O. Box 9308, North Hollywood, 
Calif. 91609. 

INTEGRATED circuits, new TTL, DTL at very competi- 
tive prices. No minimum order. Send for list. Marco 
Enterprises, POB 216, Dayton, Ohio 45401. 

CAPACITIVE DISCHARGE Ignition Systems by Delta at 
discount prices. Write: Southland Communications, P.O. 
Box 3591, Baytown, Texas 77520. 

FREE ELECTRONICS Catalog. Tremendous bargains. 
Edu -Kits, Department C -122 E, Hewlett, New York 
11557. 

MECHANICAL, ELECTRONIC devices catalog 101. 
Greatest Values - Lowest Prices. Fertik's, 5249 "D ", 
Philadelphia, Pa. 19120. 

FIRE ALARM system for your home complete with 
control unit, 8 sensors, wiring and alarm bell. Easy 
installation instructions. Satisfaction Guaranteed: $69.50, 
Electronic Signal Systems, Dept. A -2, 713 Rebecca Drive, 
Tallahassee, Florida 32303. 

ELECTRONIC IGNITIONS by Delta. Low discount 
prices. Write Southland Communications, Box 3591, 
Baytown, Texas 77520. 

METERS Surplus, new, used, panel or portable. Send for 
list. Hanchett, Box 5577, Riverside, Calif. 92507. 

BUILD your own Electronic Desk Calculator. Catalog 
251. Digital Concepts, Box 5424, Charlottesville, Virginia 
22903. 

POTTER 90611-1 Computer Tape Transports -7 Track 
$295. 2400' computer tape from $2.50. Bellefleur, 229 
West, Darien, Conn. 06820. 

SILICON RECTIFIERS 
PIV 25 50 100 200 400 600 800 1000 1200 

IA. - .05 .06 .08 .10 .12 .16 .19 .24 
3A .29 .99 .45 .57 
18A - .15 .19 .29 .99 - - - - 
20A - - - .59 .75 1.19 1.95 1.79 2.10 
40A - - - 1.35 1.80 2.25 2.70 9.15 3.60 

-Tophat, Flangless, Pressfit 3, 20, 40 Studs 
SILICON CONTROLLED RECTIFIERS 

P R V 25 50 100 200 400 600 

IA - - - .30 .55 .85 
7A - - - .45 .90 1.20 

18 - - - .60 1.10 1.40 

20A .18 .90 .45 .70 1.15 1.95 

Tophat, Pressfit, 7 & 20 Amp Stud 

SILICON POWER TRANSISTORS 
20424, 85W, 80V -.65 2N498, 4W. 100V -.13 
201724, 50W, 80V -.65 201719, IOW, IOOV -.20 

2 N458-450 
2N 1021-600 
2 N 697-6/ 1.00 
2 N 699-5/ 1.00 
2N342-10/1.00 

2N3053, Sil. NPN 3/$1.00; 2N1142, Ger. HI -Fret. 
Amplifier 3/91.00: Thermistor Beads, 1200 ohm or 
3500 ohm 3/$1.00: Varieaps -27. 47. IOOpf $1.25 ea.: 
P.C. Board 6 "x6 "x1 /16", I oz. Copper 2/51.00: Epoxy 
Diodes. 200MA, 3000 Piv. 491; P.C. Connectors, 28 
contact 2/S1.30; Trim Pot 25 Turn. IK ohm. 4W; IN 
34A Diode. 50/82.50; Photo Celle, Harm Glass, 5 

Diff. 91.00; IN 661 Sil. Switch, 50/53.49. 100/94.98: 
IN 658 Sil. Computer, 50/$3.49. 100/$4.98; R.F. Coll 
Assort. 25/51.00; Int. Cir., TO.5.15 /91.00. 

ASSORTMENTS 
Precision resistors film 
Precision resistors wirewound 40/ 1.00 
Ferrie Chloride Etehant, 24 oz. bottle 1.49 
Relays 8 different types 8/$1.00 
Terminal lugs. assorted 200 /$1.00 
Tie lugs, assorted 50/$1.00 
Push button switches, on -off, panel 6 /91.00 
Pots. 2-4 watt, different 10 /91.00 

SPECIALS 
Output Transformer, 150 ohms -primary, 8 ohms -sec. 

ea. 69e. 
Electrolytic Cap.: 1500 Mfd, 25 WVDC, I /981: 25 

Mfd, 70 Vde, 50 Mfd, 35 Vde, ea. 4W. 
Speaker, 2%a ", 8 ohm Ií800 
Stud Rectifier, 1500 Piv, 1 amp 125t 
IN 727A Zoner, 36V, 250 MW I 75C 
AM RADIO RECEIVER, VOICE TRANSMITTER, 
and WIRELESS CODE PRACTISE OSCILLATOR 
(schematics included) $4.95 
TAPE RECORDER includes speaker (schematics 
included) $4.95 
EARPHONE HEADSET, 4000 ohms $1.50 
TERMS: min. order $3.00. COD'S used 20%. Send 

sufficient postage- overage refunded. FREE 
catalogue with order or send 1St. 

GENERAL SALES CO. 
254 E. Main St. (713) 265-2369 

Clute, Texas 77531 

CIRCLE NO. 134 ON READER SERVICE PAGE 

ALL IC's ARE NEW AND FULLY TESTED -LEADS 
ARE PLATED WITH GOLD OR SOLDER. ORDERS FOR 

$5 OR MORE WILL BE SHIPPED PREPAID. ADD 355 
HANDLING AND POSTAGE FOR SMALLER ORDERS. 
CALIFORNIA RESIDENTS ADD SALES TAX. 

TTL dual in line 
7400, 7401, 7402, 7404, 7405, 7410, 7420, 
7430, 7440, 7450, 7451, 7453 .... all 3 for $1.00 
7441 BCD decimal decoder driver 1.50 

7442 BCD decimal decoder 2.00 
7473 dual 1K flip flop .65 
7474 dual type D FF .65 
7475 quad latch 1.50 
7476 duak JK FF .75 
7480 gated full adder 1.00 
7486 quad exclusive or gate 1.00 
7490 decade counter 1.50 
7491 8 bit shift register 1.75 
7493 4 bit binary counter 1.75 
74192 up /down preset decade counter 2.00 
74193 up /down preset binary counter 2.00 
8220 parity gen /checker 1.00 
8242 4 bit comparator (open collector) 90 
8280 preset decade counter 2.00 
8520 25 MC divide by "N" 2 to 15 2.00 
LU321 10 MC dual JK flip /flop (Signetic) .50 
N1283 Signetic 8 bit scratch pad memory 1.75 
8H21 75 MC dual JK flip /flop ( Signetic) 1.25 
7495 4 bit SHIFT REGISTER . .... 1.75 
8H70 SIGNETIC Ultra high speed triple 

3 input NAND .40 
8H80 UHS Quad 2 input NAND .50 
8590 8 bit shift register 2.00 
8270 4 bit shift register 2.00 

LINEAR IC's (dual in line) 
723 105 Voltage regulator 1.00 
741C compensated operational amplifier 

Fairchild w /gold plated leads Dip only .75 
710 voltage comparator .75 
711 dual comparator 35 
NE525 memory sense amplifier 1.50 
7524 dual sense amplifier 1.50 
LED Red Emitting Lamp .60 
DIGITAL COUNTER MODULE 30MC unit 
includes board, SN1490, SN7475 quad 
latch, SN7447 7 segment driver 
and RCA "numitron" display 
tube W/ decimal. 1" x 4.5" 
module will mount on 1" 
centers. kit $12 -wired and tested $15. 

BABYLON ELECTRONICS 
5942G Don Way, Carmichael, CA. 

95608 916 966 2111 

AMPEREX 
READOUT 

TUBE 

Brand new 
$3.00 ea. 
10/$25.00 

7 

READOUT 
PACKAGE 

$7.75 
TUBE 
7441 
7475 
7490 

NIXIE TUBE POWER SUPPLY 
From used egpmt. OK. 

115V input. solid state. 
$4.95 

NICAD CELLS 34 AH $3.75 

MINIATURE SWITCHES 

DPDT or SPDT $1.00 ea. 
3PDT or 4PDT 1.25 ea. 

HI FREQ TRANSISTORS 2N2222 
400mc 30V " 1.8W 
Better than 2N706 

3 for $1.00 

640 WIRED CORE MEMORY 
$5.00 per frame 

81.86 fí881.16 1 0 
COMPUTER KEYBOARD $30.00 

w, encoder diode matrix 

MAGNOSTRICTIVE COMPUTER MEMORY 
Magnostrictive delay line good for approx. 
7000 bit storage. D. tails included. $25.00 

MOTOROLA POWER TRANSISTOR 2N3448 
NPNS " PWR " 115 watt " 80 volt $1.50 

Please add postage for above items 
Send 25e for Surplus Catalog .. 
JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass 01904 

CIRCLE NO.144 ON READER SERVICE PAGE CIRCLE NO.124 ON READER SERVICE PAGE 
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PANORAMA of industrial and government electronic 
surplus in our monthly picture catalogs. Startronics, Box 
17127, Portland, Oregon 97217. 

PARTS BARGAIN -Save 50% on Parts Package: 10 
Semi- Conductors, 52 Resistors, Capacitors, Audio Trans- 
former, 4 PDT Switch. Over 70 parts total. No "junk" 
parts, all first quality of U.S. manufacture. $8.90 P.P. 
with schematics for ten safe projects based on a 9 Volt 
Battery (not included). The Hall Company, P.O. Box 
38158, Urbana, Ohio 43078. 

LOWEST Prices Electronics Parts. Confidential Catalog 
Free. Knappco, 3174 8th Ave. S.W., Largo, Fla. 33540. 

FREE Samples. Resistors, capacitors. Send 254 postage - 
handling. Comet Communications Company, 639 - 50th 
Street, Brooklyn, New York 11220. 

OLD Radio Programs. Catalog $1.00. D.P. Parisi, 38 
Ardmore Place, Buffalo, New York 14213. 

ELECTRONICS HOBBYIST and professional builders 
love our 34 film resistors; 164 electrolytics and 1% micas. 
Great catalog, 354. Electrovalue- America, Box 27E, 
Swarthmore, PA 19081. 

PLANS & KITS 

INTEGRATED CIRCUIT KITS -Free Catalog. FRAZER 
& ASSOCIATES, 3809 Surfwood Road, Mailbu, Cali- 
fornia 90265. 

FREE Catalog -loads of bargains. R.W. Electronics, 4005 
West Belmont, Chicago, Illinois 60641. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING at home. 
All Makes including transistors. Experimental kit - 
troubleshooting. Accredited NHSC. Free Booklet. NILES 
BRYANT SCHOOL, 3631 Stockton, Dept. A, Sacra- 
mento, Calif. 95820. 

ELECTRONICS! Associate degree -29 months. Tech- 
nicians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, Val- 
paraiso, Indiana 46383. 

WANT AN F.C.C. 1st CLASS LICENSE? WANT TO 
BECOME A DISC -JOCKEY? REI has a school near you 
VA approved call toll free: 1 -800- 237 -2251 or write REI, 
1336 Main St., Sarasota, Florida 33577. Florida Residents 
call: (813) 955 -6922. 

DEGREE in Electronics Engineering earned mostly by 
correspondence. Free brochure. Dept. G -9, Grantham 
School of Engineering, 1505 N. Western Ave., Hollywood, 
California 90027. 

FCC Type Exams ... guaranteed to prepare you for FCC 
3rd, 2nd, and 1st phone exams. 3rd class, $7.00; 2nd 
class, $12.00; 1st class, $16.00; complete package, 
$25.00. Research Company, 3206 Bailey Street, Sarasota, 
Florida 33580. 

MEMORIZE, STUDY: "1971 Tests -Answers" for FCC 
First and Second Class License. -plus -"Self -Study Ability 
Test" Proven! $9.95. Satisfaction guaranteed. Command, 
Box 26348 -Q, San Francisco 94126. 

FCC 1971 first and second tests, $8.95. Electronic 
Tutoring, Box 24190, Cleveland, Ohio 44124. 

DRAFTING -Blueprint Reading (Mechanical, Electronic, 
Architectural). Home Courses $25.00. Send $2.00 first 
lesson. Prior Inc. 23 -09 169th Street, Whitestone, New 
York 11357. 

REPAIRS AND SERVICES 

SERIAL Electronics Company designs and builds Digital 
and Analog devices. Guaranteed. Write for free estimate. 
Box 3436, Orange, California 92665. 

TUBES 

TUBES, SEMICONDUCTORS, ELECTRONIC EQUIP- 
MENT & COMPONENTS. Quality merchandise only! 
Serving engineers, Purchasing Agents, TV /Hi -Fi Service- 
men and Hams for 20 years. Write for Catalog or call 
212 -WA 5.7000. BARRY ELECTRONICS, 512 Broad - 
way, New York, N.Y. 10012. 

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS, 
All Brands -Biggest Discounts. Technicians, Hobbyists, 
Experimenters- Request FREE Giant Catalog and SAVE! 
ZALYTRON, 469 Jericho Turnpike, Mineola, N.Y. 
11501. 

SAVE money on parts and transmitting -receiving tubes, 
foreign-domestic. Send 254 for giant catalog. Refunded 
first order. United Radio Company, 56 -E Ferry Street, 
Newark, N.J. 07105. 

October, 1971 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

LIGHT EMITTING DIODES (LED's) 
Infra red OR visible 
spectrum $1.05 ea. 
Photo detectors for each 5 70 

PROGRAMMABLE UJT's 
Similar to D13T. with data sheet. 

5.75 
or 
6. 12 & 24v, 50Omw senors 5.30 

ER9OO TRIGGER DIODES. These 
bidirectional trigger diodes are 
one of the best and eneapest 
methods to trigger SCR's and 

tiaes 4 $1.00 

TIS 43 UNIJUNCTIONS S 50 

2N3819 N-CHANNEL FET. ..S.45 

T R I A C S 

PRV 
100 
200 
300 
400 
500 

IA 
.40 
.70 
.90 

1.10 
1.50 

10A SSA 20A 
.70 1.00 1.20 

1.10 1.40 1.60 
1.35 1.80 2.00 
1.60 2.60 2.40 
2.00 2.20 2.80 

'Press Fit 

TTL IC SERIES (DIP) 
7441 BCD Decimal Decoder ...2.00 
7475 quad Bistable Latch ..1.70 
7476 Dual MastSlave JK FF ..1.00 
7490 Decade Counter 1 85 
7492 Divide By Twelve 185 
7481 16 bit read /write memory 1.85 
7404 Ilex Inverter .......... .40 
7447 BCD to seven 'decoder/ 

driver 2 50 
74192 Bidirectional counter ..2.75 
74121 Monostable multi - 

vib 2 50 
Silicon Power Rectifiers 

PRV 3A 30A 12A 
100 .09 .30 .50 
200 .16 .35 .80 
400 .20 .45 1.20 
600 .30 .70 1.50 
Boo .40 .85 1.80 

1000 .35 1.10 2.20 

NIXIE TUBES 
Similar to Raytheon 

8754, with socket & 
data sheet $4.25 

Ternis: FOB Cambridge. Mass. 
Send check or Money Order. Include 

ss ge. Average ttt. per package 
Ib. No C.O.D.'s. Minimum Order 

33.00 
1131,I ,into:ooe, :i,I das . net 

DECADE COUNTER KIT 
Consisting or 
1 -Nixie tube & socket (8754) 
1 -7490 
1 -7475 
1 -7441 $8.95 

709C OPER AMP S .70 
SE 501 VIDEO AMP. 1.00 
741 OPER. AMP. 51.00 
723 VOLTAGE REGULATOR . $1.25 
Controlled Avalanche or Epoxy 
Rectifiers 1 AMP. 

100 .08 
200 .07 
400 .09 
800 .11 
800 .1S 

1000 .20 
Silicon Control Rectifiers 

PRV 3A 7A 20A 70A 
SO .25 .28 .60 

100 .30 .38 .83 3.50 
200 .50 .60 1.10 6.50 
300 .60 .68 1.30 
400 .70 .75 1.50 9.50 
Soo .80 .85 1.70 
600 .90 1.20 1.90 11.00 

Send for our Latest catalog eaturing Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

CIRCLE NO. 116 ON READER SERVICE PAGE 

TUBES -364 each. Year guarantee. Tuner Cleaner $1.00. 
Free catalog. Cornell, 4213 -W University, San Diego, 
Calif. 92105. 

WANTED 

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Mass. 02062. 

QUICK CASH ... for Electronic Tubes, Semi-conductors, 
Equipment (Receivers, Transmitters, Scopes, Vacuum 
Variables, etc.) Send lists now! Write: BARRY ELEC- 
TRONICS, 512 Broadway, New York, N.Y. 10012 
1212 -WA 5- 7000). 

DO- IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS -51.00 up. 
Catalog 254. PARKS, Box 25665A, Seattle, Wash. 98125. 

TAPE AND RECORDERS 

OLD Radio Programs on tape. 6 hours for $8.00. Catalog 
504. Don Maris, 1926 Cherokee, Norman, Okla. 73069. 

STEREO TAPE TRANSPORT -7" reel -2 speeds -pause 
control -made for famous manufacturer -50 to 15,000 
Hz -with rec /play and erase heads, without case. Send 
m.o. or check for $19.50 to Alsheimer Audio Electronics, 
218 Columbia St., Utica, N.Y. 13502. $2.50 for prepaid 
shipping and insurance. 

STEREO TAPE RENTAL for particular people. Free 
catalog. Gold Coast Tape Library, Box 2262, Palm Village 
Station, Hialeah, Fla. 33012. 

RENT 4 -track open reel tapes -all major labels -3,000 
different -free brochure. Stereo -Parti, 55 St. James Drive. 
Santa Rosa, California 95401. 

BARGAIN MUSIC, Tape, Equipment Catalog 254. Saxi- 
tone, 1776 Columbia Road, Washington, D.C. 20009. 

VIDEO TAPE, 1 inch. x 1 mil x 1700 feet. Used. On 
computer reels. $6.00 each. Lahill, P.O. Box 656 
Martinsburg, W. Va. 25401. 

RECORDING TAPE made by top American manufac- 
turer, guaranteed not "seconds" or "white box;" 2400' 
mylar, $2.29; 1800' mylar $1.69; 1200' acetate $0.79. 
Send for information and quantity pricing. Alsheimer 
Audio Electronics, 218 Columbia Street, Utica, New York 
13502. 

HIGH FIDELITY 

HI -Fl EQUIPMENT -GET Our "ROCK BOTTOM" prices 
on NAME BRAND amplifiers -tuners- tape -recorders- 
speakers FRANCHISED -60 YEARS IN BUSINESS. 
Write for this month's specials -NOW! Rabson's 57th St., 
Inc., Dept 569, 119 W. 57th St., New York, N.Y. 10019. 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn, Penn. 19001. 

HI -FI components, tape recorders, sleep learning equip- 
ment, tapes. Unusual Values. Free catalog. Dressner, 1523 
R Jericho Turnpike, New Hyde Park, N.Y. 11040. 

DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure, Pickering, Stanton, Empire, Grado and 
ADC. Send for free catalog. All merchandise brand new 
and factory sealed. Lyle Cartridges, Dept. E, P.O. Box 69, 
Kensington Station, Brooklyn, New York 11218. 

MINIATURE RELAYS 

DPDT 24 VOLTS DC 
3/4 

3 /a 1 

ACTUAL SIZE 

Stock No. H9130- 2/$1.00, 5/$2.00 

ELECTROLYTIC FILTER CAPACITOR 
GRAB BAG 

Capacities to 2500 Mfd. Voltages to 600 
VDC. Single & multiple sections. Leading 
Mfgs. Entire assortment at less than gov- 
ernment cost of a single piece. 

12 Piece Assortment 
Stock No. H2078 $3.50 

COMPUTER GRADE CAPACITORS 
H2049 3500 Mfd. 55 volt 41/4" x 13/4" 

$.65 ea., 5/$3.00 

112062 40,000 Mfd. 10 volt 3" x 41/4" Brand new 

$1.25 ea., 6/$7.00 
$1.00 FREE WITH $10.00 ORDER 

MINIMUM ORDER $3.00 
Lots of other items -send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will be refunded. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

CIRCLE NO. 140 ON READER SERVICE PAGE 
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U.S. GOV'T ELECTRONIC SURPLUS 
Notl.naIly Known-World Famous SURPLUS CENTER otters 

finest, most npnure, Government Surplus electronic units and 
components at a traction at Their oriental acquisition east. 

IBM COMPUTER POWER SUPPLY 

l( ITEM 522134 1 - - I. 
. aird u 1 e Ir.r r,dlete ¡.ï.rr....nth rn rum.Ill 1 rum eil..., . 

ol ix °..r. nm .non 1 \ Iuen ..:a;nl . 
I\ 

1 men Irannonnen Idle.. Ir .n, x load 
Il[ulal m. Inanpendenl of It. 40 .. 
un n Is.r ...par... r tiller j/! .w, 

I n d in. lumrNrd fat. ruf .mull - 
ulalme road" unit.. rn nn r.,1. mde ter nn 
. I 'r na. m" I:" In" 1:1 In 

a.rìt a Inn 
$24.95 

rill 
ONCE-IN -A- LIFETIME SPECIAL 

"141111111111116- 

BURGLAR -FIRE ALARM SYSTEM 

( ITEM 111175 -A) irrl .1r 
` 111' \'N r..l 

1 4 n 

T 
nnl.11111aJrn'I rn'. '.I.Imm "al rM..r 

..I.. ..III Illll. e529.95 
STANDARD DIAL TELEPHONE ( ITEM 115) - ,I.m.m. 11..1 L 

.trNnm and Innmehoul 1 : \m' \Ilia.- _.\ 
tue ^ ah,M1rd Idnk lila ,,du . I nil '- 

....Mom.,n 
,r,hel 

fen ìmle.ln 
r ` $7.49 Ism 11111 eon..., re lu .shed! si n In.. 1.4.50 

STEP -BY -STEP TELEPHONE SWITCH ail 
( ITEM cot -506 1 - \nr.nrrc .rI.Nn... .. -Ir. i..r 3 

.xflan. Laust 'al lal m 
number 

r.rd xl'M1 Ix. 
. IWere.. dial 

prune 
.... .n mlo fu..no "0 100. 1, F. 

.1.4r 1 r D`r. . 
Iii -.ì." mode. ell m01l, x IIM1'r " 1r .r'lunl 

I 11`.5 "In II,. . Ion n r fep.11p-4r. 
4!;a , $6.29 

.,"t. -.'r rl1I foru xNln. .., n.li " 
rnn... Nrm ;n ,$1.97 \INPn 

MAGNETIC DIGITAL COUNTER (12 to 18 -V DC) 

II" ° .::'. 

rr l' ll51.99:;' "' 

54.99 

m( ITEM '22-063) - \ 1 e, . Inn. . Ir 

111 

200 AMP., 50 VOLT, SILICON DIODE 

à,. lie nb1e ellnn n IS :4..odl 
1..1 n hu err.. Innah "r l (nun.r.uPPIi . 
.24,. . IS ... Vs". 'I"- It. % ti moonrma Oven, i lb,': 

i I.1 n.rr íu.00 $4.99 

AC PROGRAM TIMING CLOCK 

ATEM 1561' - n,m1, 111 \ \I peu. 1... 
r menu . ,r 11kí. uenn Mrl .l. , Wm 
rd.s MIi. ale.. Inrl; 

du o :4 hour', ',runt \I,r. nh lndu ' n. multiple m, led. n.. , on 

nun tit on $15.75 

1 

!) ,.i. 
YJIY, 

n SNAP AROUND VOLT- OHM -AMMETER 

i. 1 ITEM ,21-0111 -- 1.-.....n.... \r ens ..nlleoul 
nuOw line, ul. n nIm .'2, D.. lli O' 'ïi. lv.d. 

.n.ia : 5mle i:. 
211 ..$36.90irr, 1.21 "'n'in\lq.. 

SPECIAL SALE 

Correspondence 
111311111 Course In 41 

ELECTRICAL $8.79 P. end In i s. \. 
ENGINEERING 510.79......ari S. s. 

( ITEM 'A 1B0 ) l Ir m I lox r 
o seal h.. I,, i ponder e , .1\ 

Inn.annlunu Ix. rd II I.;7dn I 1 n[r(.; iIb[ 
col.., Aui`.... Ina e ntl1 e inn n1nede-,I.A, un. uuub'i rd. .cod. 

Innal dr., .nenne luv. x come 11;11. I Hmìmrnul11.1sumn ìh ñ mnrn.h..n At nee . str r.,.I. 

. - - 

.l I.en rain 
bee 

I 

...rd. 

RUNNING TIME METER 

( ITEM .2166 1 tin.. a 11 no ele 

e. e m clef uinanm nee ten .l 
Nee nod, nd1 M1,u r' nt...0 nuMeeellh, op 
tts Wu,". hen.. I. 115- .I.. In 

,n,a''a: . r. r;'..mppnne x lens 1 In.. $4.39 
r rr f29. nn 

COMPUTER TRANSISTORS ON HEAT 
IBM Compute Quality Units 

(pomet6t- 111 ,........1....1 rmISM n. mennu. 
uses un" "cot. in \r ,I.n, pr. nor I 

uses. 1 ,h. 
coed on. I Iher $mulm $1.99 

SINKS 

J 
- tap: -als 1 -- In .n ,col lira lm- 

áuMn. vnp,^1 . I. ^In., 
rd.ed lu a mxhr.l ncol., Id..l 1. e a. 
motor .need e ran ua. e 4 I,. . 

roil Inn'. In er sn.no $4.91 1 

-Y e...o ALL ITEMS SNIPPED F.O.B. LINCOLN. NEBR. 
tl I.-" `tea Order Direct From At Money Back Guarantee. 

/'ums' n SURPLUS CENTER r - - :_ s DEPT. `:l' 1ií1 LINCOLN. NEBR. ASSAI 
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RECORDS 

POPULAR organ albums factory direct. Concert Record- 
ing, Lynwood, Calif. 90262. 

SPECIAL interest records available, produced by the 
editors of the world's leading special interest magazines. 
Send for free catalog. Record Catalog, EW, Ziff -Davis 
Publishing Company, One Park Ave., New York 10016. 

GOVERNMENT SURPLUS 

JEEPS Typically From $53.90 ... Trucks from $78.40 
Boats, Typewriters, Airplanes, Multimeters, Oscillo- 

scopes, Transceivers, Electronics Equipment. Wide Vari- 
ety, Condition. 100,000 Bid Bargains Direct From 
Government Nationwide. Complete Sales Directory and 
Surplus Catalog $1.00 (Deductible First $10.00 Order.) 
Surplus Service, Box 820 -K, Holland, Michigan 49423. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international 
correspondence. Illustrated brochure free. Hermes, Berlin 
11, Germany. 

HOUSTON Remails 254. Monthly, $3.00. Fast Forward- 
ing. Box 12263, Houston 77017. 

HYPNOTISM 

SLEEP Learning. Hypnotic Method. 92 %effective. Details 
free. ASR Foundation. Box 7545EW, Fort Lauderdale, 
Florida 33304. 

FREE Hypnotism, Self- Hypnosis, Sleep Learning. Cata 
log! Drawer H400, Ruidoso, N.M. 88345. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains- Request Free Giant Catalog 
"CJ" -148 pages- Astronomical Telescopes, Microscopes. 
Lenses, Binoculars, Kits, Parts, War Surplus bargains. 
Edmund Scientific Co., 300 Edscorp Bldg., Barrington, 
New Jersey 08007. 

EMPLOYMENT INFORMATION 

EXCITING Overseas Jobs. Directory $1.00. Research 
Associates, Box 942 -E, Belmont, California 94002. 

EDUCATIONAL OPPORTUNITIES 

LEARN WHILE ASLEEP. Hypnotize! Strange catalog 
free. Autosuggestion, Box 24-ZD, Olympia, Washington, 
98501. 

INVENTIONS WANTED 

PATENT Searches including maximum speed, full airmail 
report and closest patent copies, $6.00. Quality searches 
expertly administered. Complete secrecy guaranteed. Free 
Invention Protection forms and "Patent Information. 
Write Dept. 23, Washington Patent Office Search Bureau, 
711 14th Street, N.W., Washington, D.C. 20005. 

GREGORY ELECTRONICS 

Your Best Buys In 
QUALITY USED 

FM 2 -WAY RADIO EQUIPMENT 

ALL NEW ... JUST ARRIVED! 

KAAR DT -76 MOBILE RADIO 
RF POWER OUTPUT, 120 watts, 6- frequen- 
cy capability. 148 -174 MHz. Brand 

3 
new, in factory -sealed cartons. In- $45 
eludes all accessories. each 
In Quantities of Ten (10) each $300 
(6 Frequency Deck $39) 

BIG SAVINGS ON 
MAMMOTH RCA 

EQUIPMENT PURCHASE 

RCA LOW BAND 
CMFT 50 27.54 MHz, 50W, Checked out, 
with accessories. Transistor power 
supply; partially transistorized re- $l 70 
server _ I IO 
Same as above, but fully factory 

$228 reconditioned, with new accessories vO 

RCA HIGH BAND 
CMCT 30, 30W, Checked out, partially 
transistorized receiver, complete 

$168 accessories 
Same as above, 30W, but fully factory re- 
conditioned, with new accessories $200 

CMCT60 60 watts. Checked out, partially 
transistorized receiver, 

$208 complete accessories 
Same as above, 60W, but fully factory re- 
conditioned, with new accessories 

$248 
UHF 450.470 MHz CMUE 15, 12V /15W, 
transistor power supply with asses- $A0 
sories .... 70 
Same as above, but fully factory recondi- 
tioned, with new accessories, nar- 
row banded $148 
RCA CMU 15B 6/12 volt, 450-470 
MHz less accessories $28 

accessories (sold separately) $20 

SEND FOR NEW 711 CATALOG 

, GREGORY a 

GREGORY 

1[2]-11E: ELECTRONICS 

CORPORATION CLLCTRONrCde.... 

249 Route 46, Saddle Brook, N. 1. 07662 

Phone (201) 489 -9000 
CIRCLE NO. 131 ON READER SERVICE PAGE 

FREE Catalog lifNThEe 
E STV GOV'T 

SURPLUS ELECTRONIC BARGAINS 

SEND FOR NEW 
CATALOG No. 71 

F. M. MOTOROLA 
GOVERNMENT SURPLUS 

R -394 RECEIVER Used: Re- Conne.: 

152 -172 MC $14.95 $22.50 
T -278 TRANSMITTER 

152 -172 MC 18.95 24.95 
R -257 RECEIVER 

25.50 MC 19.95 
T -208 TRANSMITTER 

25 -50 MC 29.95 
CY -938 CABINET 7.95 9.95 

C-847 CONTROL BOX 8.95 12.95 situe lr. :, moaNl t, etc. 

FAIR RADIO SALES Dept. EW, Box 1105 Lima, Ohio 45802 
CIRCLE NO. 136 ON READER SERVICE PAGE 
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BUY A BARGAIN OSCILLOSCOPE IN OCTOBER 

No room for details; ask for scope list ,x+24 

Tekt 321 Solid-state bat or line lc -5 MIIZ . 95.00 
Telequip dual -beam, each plugin de -15 MHz 
LB0328: Import, new, do -7 MHz. postpaid 

. 375.00 

. 189.50 
L80301 solid -stale dc-7 MHz. new, postpaid 
L8050/ -" dc10 MHz Import, 

s 
w postpaid 

334.50 
339.50 

AN USM -32 Navy 3 ". 10 Hz to 4 MHz only 
Tekt 422 w /battery pack. ác15 MHz, OHC'd 

. 129.50 

.1375.00 
Tekt 453 sm. solid-state do -50 MHz. OHC'd 
Tekt 502 dual.bcam. no plugins needed 

. 1425.00 

. 395.00 
Tekt 51511 do -15 MHz, no plugins needed . 

Tekt 519 
C 

a -1 Gila real time. not sampler. 
. 395.00 
.2750.00 

Tekt 535 has calih. variable delay, OHC'd 
Tekt 535A. later model, do -I5 MHz, OHC'd 

. 495.00 

. 595.00 
Teat RM3SA i 

s 
rack-mtg version of above.. 

Tekt 536 with T. use as standard or a8 X -Y 
. 450.00 
. 50.00 

Tekt RM545B de -33 MHz, calib. var. delay 
Tekt 551 dal -beam de -27 MHz 52200 Value 

. 875.00 

. 750.00 
Tekt 564 's ith 3A1 & 3133 2 -trace storage 
Tekt 570 VOW curve tracer 51100 value .. 

.1295.00 

. 275.00 
Tekt 575 ,VIllieUrI1luctor curve tracer 
Tekt 661 451 STIR 2 -trace 1Ic1000 MHz. 

875.00 
750.00 

Tekt 661 451 ST3 sampler, later type wpr ' . 995.00 
Teat P6032 Alten probe set for the 001'3 
Tekt 581 80 P80 setup do -100 MHz real time 

. 100.00 
750.00 

Test 581 with X82 2trace plugin 1050.00 

Tektronix Plugins, Probes, Etc.: 
182 2.tr:e do -33 5111z. from 50 my /cm 225.00 
3576 2 -trace sampler for the 560series 275.00 
B: 5 ms /cot & up, ealib., do -1.2 MHz 50.00 
CA: 2 -trace de -24 MHz. A, II chop, alt., add 125.00 
D: Differential. high gain, from 1 my /em 40.00 
G: [vide band 20 MHz differential, 50 my /em 60.00 
H: wide -band higain, 20 MHz. 50 my /em 50.00 
K: Fast -rise do -30 MHz, from 50 my /cm 50.00 
L: is a K plus prcamp, 5 my /cm and up 75.00 
N. Sampler. makes any scope do -1000 MHz 175.00 
O: Si operational amplifiers & display Ampi 250.00 
P6006 l0X probe do -33 MHz 10 meg. 7 pf 17.50 
P6010 l0X dc50 MHz. 2 ns. 10 meg, 10 pf 25.00 
P6011 IX for isolation, I meg 28 pf. 10 na . 15.00 
P6013 hi -volt probe 12 kv de. 25 kv peak 27.50 
P6016 current probe w /passive termination 27.50 
C12 Camera, hinged swingaway, Polared back 275.00 
180* Time Mark Generator better than .O01Me 225.00 
1908 constant -amplitude signal generator 125.00 
292 pwr silly for semiconductor testing 65.00 

RH A FIELD -STRENGTH -METER BARGAINS: 

'rt 
tiler) unit 3 to 3tl IM -139 URM102: St,.ddart r , 

hllz. 1".'r sole into reunnect cord 137.50 
Stoddart Power supply 01182 for NM -40A 37.50 
NM -10B complete: 14 to 250 KHz 375.00 
NM- 20 -A's & 's complete: 0.15 to 25 MHz 450.00 
Ferris 32A complete: 11.15 to 211 MHz 95.00 
Ferri. 328 complete plater version/ 150.00 
Empire Devices 14F -114: 0.15 to 80 MHz 295.00 
NM50A complete: 375 -111101 MHz ... 195.00 
Empire Devices NF105S We have rcvr. 2 T2's, 2 T3's. 
Need TX. TA. & TI. Will swap extras we have or 
boy outright. Write or phone us! 

POLARAD SPECTRUM -ANALYZER BARGAINS: 
TSA with STU -1() lead: 151 to 1,5:551 Milt 350.00 
TSA with STU -2A head. 45..41 1 , 1.:,13 tilt, 175.00 
TSA with STU -3(1 Ilea,/ 1.:17 to 22 (.lIz 175.00 

WE PROBABLY HAVE THE BEST INVENTORY OF 
GOOD LAB TEST EQUIPMENT IN THE COUNTRY. 
BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR 
SPECIFIC ITEMS OR KINOS OF ITEMS YOU NEED! 
WE ALSO BUY! WHAT DO YOU HAVE' 

R. E. GOODHEART CO. INC. 
Bon 1220 -A, Beverly Hills, Calif. 90213 

Phone: Area 213 272 -5707 

LIBERTY PAYS MORE! - 
WILL BUY FOR CASH 

ALL TYPES: 

* ELECTRON TUBES 

* SEMICONDUCTORS 
* TEST EQUIPMENT 

* Military Electronic Equipment 
WIRE -WRITE -PHONE COLLECT! 
We pay freight on all purchaaes- 

LIBERTY OFFERS MORE! 
PRESTEL FIELD STRENGTH 
METER 
Model 614G 

Oniy 

512900 
F.O.B. 

New York 

Larger, loud speaking 
model-2.5 mlcrovoll.Model MC16 

only $289.00 F O.B. New York 

* Never Anything Like It! 
* 1 -Man Can Do A Better lob than 3 in the 

Same Time! 

* A Gold -Mine for Antenna Installers! 
Calibrated from 40 to 230, and 470 to 860 In 4 
Bands Megahertz, from 10 to 50.000 Microvolts. 
Nothing makes it easier to properly and speedily find 
the correct place to install TV. FM and Communica- 
tion Antennas. You can measure and hear the signals 
with this 41/2 volt battery economically powered unit. 

LIBERTY ELECTRONICS, Inc. 
548 Broadway, New York, New York 10012 

Phone (212) 925 -6000 

CIRCLE NO. 126 ON READER SERVICE PAGE 

MAGAZINES 

OVER 2,000,000 Backdate magazines! Specify needs. 
Midtown, Box 917EW, Maywood, New Jersey 07607. 

JAPAN PUBLICATIONS GUIDE business, pleasure, edu- 
cation. $8.00. INTERCONTINENTAL, CPO 1717, Tokyo 
100-91. 

BUSINESS OPPORTUNITIES 

I MADE $40,000.00 YEAR by mailorder! Helped others 
make money! Start with $10.00 -Free proof. Torrey, Box 
318 -N, Ypsilanti, Mich. 48197. 

$200.00 DAILY In Your Mailbox! Your Opportunity To 
Do What Mailorder Experts Do. Free Details. Associates, 
Box 136 -EW, Holland, Michigan 49423. 

FREE BOOK "999 Successful Little -Known Businesses." 
Work home! Plymouth 445 -M, Brooklyn, N. Y. 11218. 

FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools, supplies, full instructions. Doolin, 2016 Canton, 
Dallas, Texas 75201. 

JAPANESE Electronics New Products Monthly! Speci- 
men copy $1, deductible. Dee, P.O. Box 9308, North 
Hollywood, Calif. 91609. 

MAILORDER! Make big money working home. Free 
report reveals millionaire's trade secrets! Executive 
(1K10), 333 North Michigan, Chicago 60601. 

DEALERS Wanted! Citizens Band, AM, SSB Two -way 
radios & accessories. USA and export models. We ship 
around the world. Send letterhead to: Baggy's Radio, P.O. 
Box 778, 6391 Westminster Ave., Westminster, Ca. 

92683,714- 894 -3301. 

TREASURE FINDERS 

FREE: Jetco Electronics 24 -Page treasure finder catalog. 
Find gold, silver, coins, metals, minerals, relia. Jetco, 
Dept. EWC, 3933 Barranca, El Paso, Texas 79935. 

STAMPS 

FREE! 88 DIFFERENT COUNTRIES!! An Incredible 
Collection of genuine postage stamps ... from Afghanis 
tan to Zambia, all around the world! Stamps from the 
North and South Poles. British, French, Portuguese, 
Spanish Colonies. Ancient Stamps, New Issues, Airmails, 
Commemoratives, Moon and Outer Space Stamps -from 
88 countries! Also, other exciting stamps for free exami- 
nation. Buy any or none, return balance, cancel privilege 
any time. Plus Big Introductory Catalog. Send 104 for 
mailing. H.E. Harris, Dept. SS -12, Boston, Mass. 02117. 

RUBBER STAMPS 

RUBBER Address Stamps $2.00. Signature $3.50. Free 
Catalog. Jackson's, Box 443 -G, Franklin Park, Ill. 60131. 

MUSICAL INSTRUMENTS 

30% DISCOUNT name brand musical instruments. Free 
catalog. Freeport Music, 127 -L Sunrise Hway, Freeport, 
N.Y. 11520. 

EMPLOYMENT OPPORTUNITIES 

RECORDISTS. Make records. We train, equip, provide 
exclusive territory. Modest investment. Director Group, 
Englewood, Ohio 45322. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of yeasts, equip- 
ment. Semplex, Box 122 -76, Minneapolis, Minn. 55412. 

WINE Recipes and Catalog, 254. Country Winemaker, 
Box 191E, RFD 1, Mattapoisett, Mass. 02739. 

STOP BURGLARS THE EASY WAY! Affix authentic 
"Protected by Electronics Sentry Alarm" decals to auto 
windows, doors and windows of home, retail stores, 
vending machines, etc. Whether you have an alarm or 
not -thieves stay away! Only $1.00 for each set of two. J. 
Ross, 80-34 Kent St., Jamaica, N.Y. 11432, Dept. EW. 

YOUR low cost Classified Ads in these columns will be 
seen and responded to by more than 175,000 Electronics 
Professionals each month. 

PSMASHES 
"IC" PRICES! 

709 -710 -71 I LINEAR"SET rr 

3 -Pc. Set $1.25 
10 Sets $10. -- 
FROM FACTORY STOCK ROOM TO YOU! 
Factory excess inventory of the popular 
linear amplifier FLAT PAKS! Brand new! 
A set of 3 consists of 709 "operational 
amplifier ", 710 hi speed differential com- 
parator, 711 Dual Comparator. With specs. 

MEMORIES! REGISTERS! t.c, 
PHILCO MOS "ICS" ,P tt 

t 
Factory No. U,", r' "' Sale 

PLN516C :,16 Bit shift register 55.95 
PM52O48LVC 2.00 Bit Read Only Memo :. 9.95 
PLSR32C Dual 14-16 -23.32 Hit shift rug ... 5.95 
PM52O48C 2.048 Bit Read Only Memory 9.95 
PMS2098LVC 2.096 Bit Read Only Memory 9.95 
PL518C 16 Channel Multiplexer 9.95 
PL7CO7AC Freduenry nivider 4.95 
MMSOO Dual 'L: Bit shift register .95 
MMS02 Dual 50 Bit shift register 5.95 

Tone generator for electronic organ 

GIANT SALE ON NEW 
Brand new! Spec sheets. 
Buy 3 - take 10% discount. 

TYPE CIRCUIT FUNCTIONS 
SN7400N Quad 2 input NAND 
SN7401N Same as 7400 open 
SN7402N Quad 2 input NOR 
SN7404N Hex inverter 
SN7405N Hex inverter open 
SN7410N Triple 3 input NAND 
SN7420N Dual 4 input NANO 
SN7430N 8 input NAND 
SN7440N Dual 4 input NAND 
SN7441N BCD -to- decimal 
SN7447N BCD -to -seven segment 

decoder /driver 
SN7472N J -K Master slave 
SN7473N Dual J -K Master 
SN7474N Dual D -type edge 

flip flop 
SN7475N Quad bistable latch 
SN7476N Dual J -K Master 

with pre -set and 
SN7481N 16 Bit memory (scratch 
SN7483N 4 Bit binary full 
SN7490N Decade counter 
SN74192N Bidirectional counter 
SN74193N Binary up down 
SN74154N Divide by 16 

O G -E 3.5W AUDIO 
"IC DIP" AMP! 

Ir pr i':1 -2r.1, 3Jo- 
cunt, duty. 9- to -.Ov $3.95 
.aupply. Fnr phone. tape. 3 for 

TTL ICs 

- 

F II 
SALE 

gate _...$ .45 
collector .45 
gate .45 

.45 
collector .45 

gate .45 
gate .45 

gate _ .45 
buffer .. .45 

decoder /driver 1.45 

2.45 
flip flop .88 

slave flip flop .88 
triggered 

.75 
. 1.65 

slave flip flop 
clear .95 

pad) . 1.75 
adder 2.45 

. 1.45 
. 3.45 

counter 3.45 
3.45 

as 

Vp -263 
I k 

SiO /, 

LINEAR Brand new! Spec sheet 
AMPLIFIERS Buy 3 - take 10% discount 

Type Description S.,b 11111 

709C Oprnttion;d 5.69 
723C F. Reg. 1.19 
741C C O Freq. Comp 7.1'. 1.19 
709 -709 Dual 709's 1.49 
741.741 lio:,l ' 11'. 1.98 

ALPHA -NUMERIC 
INDICATOR TUBE 

Only $8.88 
w /tune socket 

3 for S24 

11uough. 7 :i':t 21 
:.gh A t L and 
T.,be .t I' v In- 
I1ndrsl'orkr!. " 

RTL ICs 
75e 3 for $2.00 

TYPE Description 
909 Buffer 

l 911 1 In. (;ate 
[1 912 Half Adder 
ri' 913 Shift Register 

F Í 

923 
Dual 

FI p Flop 
ote 

ü 960 Dual Buffer 

1150 CATALOG on Fiber Optics, 'ICs', Semi's, Parts 

Terms: add postage. Rated: net 
Phone Orders: W:rkrlield, Hass. 
Retell: 211 Alh,on St., Wakefield, 

30, cod's '25 '; . 

16171 245 -3529 
Mass. 

P.O. 
BOX 

942W 
LYNNFIELD. MASS 

01940 
POLY PAKS 

I 
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KEEP PACE WITH SPACE AGE! SEE MOON SHOTS- LANDINGS, SPACE FLIGHTS, CLOSE -UP! 

F E RE 

CATALOG 
MIRRORED BALLS BOUNCE LIGHT 

Yesteryear's ballrooms ballr,ms 
echo In mirrored lights 
that ricochet to the beat 
of today's discotheque. 
Up to 1.000 lustrous. 
clear, handmade glass 
mirrors on each bell 
create fantastic lighting 
effects. Motorized - they 
cast reflections that blow 
the mind! Ideal for light 
shows, displays, 
rants, hotels and modern 
stores. 

Stock No. 71.086AK ... (12" Diem.) ....$31.00 Ppd. 
Stock No. 85.180ÁK .... (16" Diam.) ... .S75.00 FOB 
Stock No. 71,06566 . ( B' Diam.) ....517.75 Ppd. 
Stock No. 60.74466 .. (Ceiling Motor) ....513.00 Ppd. 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous variety of 
unusual & beautiful lighting 
effects with this low-cost 
t p quality I500-Watt unit 
(500 W. per channel). Corn. 
pare with others selling for 
twice the price. Has pilot 
light, plus individual sensi- 
tivity controls and channel 
indicator lights. Can Operate 
ten 150 W. "spots" or 200 
Christmas lights. Uses reg. 
house current- attaches to 
audio source w /HCA -ty'Pe 

phone plug. 5tí" x 6a.," x 21/3". 21 /a lbs. Thermal setting 
plastic case. 6-ft. ord. Including complete instructions. 
Stock No. 71,223AK 544.50 Ppd. 

ROTATING MULTI -COLORED LIGHT 
Dazzling colors stream end- 
lessly from constantly rotat- 
ing light. Facetted. trans- 
parent globe has louvered 
drum Inside with red. green, 
blue & yellow stars. Bulb 
heat rotates drum which pno- 
Jects flickering star points 
on walls, ceilings, etc. while 
individual globe facets pre. 
sent constantly changing ar- 
ray of brilliant colors. 044" 
star -approx. 12" high on 
bell-shaped base. Surprising- 

ly light. Easily placed on table, TV, fireplace -even top of 
Christmas tree or other display. 
Stock No. 71,000ÁK S7.00 Ppd. 

SPECIAL VISUAL EFFECTS PROJECTOR SET 
Dazzling, avant-garde via - 

rains all necessaual 

effects. Fantastic site 
ety. Incredibly beautiful. 
Special package offer con 

ry appara- 
tus. Create floating, explode 
Mg fiery bursts of color Ilke 

F "Symphony Of Spheres, r1' Chromatle Starburst, 
Crystal Starburat. Fee. 
[ores 35mm 500 W. fan 

_ cooled projector- produces 
big Image at short dlalance. 

(Dry 
4 

If 
two 9' diem. wheels 

(D Kaleidoscope & Heâ Hpe), 2 cylindrical acces- 
sories (6" Colored Cloud & 5" Hexainin pe w /elx Internal 
mirrored walls)- Perfect for entertaining, parties, photog- 
raphy. Complete instructions. 

$79.50 Ppd. Stock No. 71,212ÁK 
Deluxe Model No. 71,293ÁK 

(w / Kaleidoscopic lens) $99.50 Ppd. 

BLACK -LIGHT MIGHTY MITES 
Inv latoveli' small (12 ") fix- 
tures give surprisingly 
bright blacklight. Mirror 
I,nishad reflector makes in- 
stant starting 8 watt, high- 
intensity bulb look like 40 
oalter. 

Up to 5.000 hours 
f safe, long -wave (366061 

blacklight to really turn -on 
part tea, light & theatrical 
shows, psychedelic decors. 
holiday decorations. Shock- 
proof end -caps remove for 
safe, easy replacement of 

bulb and starter. Stands upright or horizontal. Alum. case. 
Stock No. 71,274ÁK $14.95 Ppd. 
DELUXE OUTDOOR INDOOR MODEL 
Stock No. 71,299ÁK 519.95 Ppd. 

PSYCHEDELIC LIGHTING HANDBOOK 
lß0 n formation packed 
pages! Fully explains latest 
in is-yelp-del,- lighting equip. 
menu. techniques. develop- 
ments. Covers all facets of 
psychedelic light-ahow pro- 
duction Including strobes. 
black lights. proienors. crys 
tale, organic elides, mirrors. 
color organs. polarized coi 

etlight boxes. MusieVislon. 
c. Show how to "psy chedellze parties. musical 

groups. shows or how to up "electric trips" for private gatherings. 81/2" x I1 looscleaf paper punched for 3 ring binder. 
Stock No. 9100ÁK 93.00 Ppd. 

MAIL COUPON FOR GIANT FREE CATALOG 
1411 PAGES- 1000's OF BARGAINS 

Cmnplu-i, ly o' 1972, edition. New Items. 
categories, illustrations. (Dozens of electri- 
cal and electromagnetic 
Fn selection of At cal oTele 
scopes. 

Magnets. 
Binoculars. Magni- 

fiers. Magnets. Lenses, Prisms. Many war 
Rems: for hob 

, 
byists. nerlmcntr 

era. work.hon. factory. Mall coupon for 
catalog "AK" 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING, 
°ARRINGTON, N.J. 08007 

NAME 

ADDItFs 

CITY 

STATE 

NEW LIGHT -EMITTING -DIODE KIT 
Bargain kit ideal for eco- 
:iomical experimenting with 
maging L.E.D.s, the tiny 
solid state monochromatic 
lamps that use low voltage 
I:t'. last up to 1MM hrs. 
Used in card -tape readers. 
character recognition hi- 
speed detectors, all kinds of 
lectro- optical applications. 

Kit incls :1 1..E.D.s: gallium 
arsenide (MLI I) 600. MV 50. 
MLF.D 930): 2 visible red 
emitting 16600 A°): 1 infra - 
1ed emitting (9000 A"): 6 resistors: 1" 20mm plastic fibre optic light pipe: Instrs. 
Stock No. 1,597AK 55.95 Ppd. 

HELIUM BALLOONS MAKE A "BALL" 
Anytime there's a balloon 
the air is festive. Especially 
when the "air" is helium: 
which makes a balloon perky 
and adventurous. Now here's 
25 times the fun- 25 
ous colored balloons of a J, 
A. or 6" diameter when in- 
flated. With them, a pres- 
surized (300 lbs /s.t in.. can 

tontaining 
25 liters of het 

um to innate all 25. For 
adults or kids' parties, give- 
aways, bazaars or Just de- 
monstrating "lighter than air ". helium is a sate on -b'sic 

art gar. 
Stock No. 71.289ÁK 53.00 Ppd. 

BUILD A WORKING CRYSTAL RADIO 
firing the gt cs bock v, tit 

s 

the fun of a ,"Ionien sa 

phone crystal set that re- 
ceives I or more stations! 
So simple you can have it irking in less than an 
ho Connects to a per - ently fixed germanium 
crystal. Kit Masi 43/4 X 
gsl5 X sk" thick plywood 
base, high -Q tuning coil. 
germanium 

alios, in variable 
flans, 

earphone & holder plus lla- 
gram & s mete instrs. A charming conversation piece, 
.meat fun at parties and ideal gift. 
Stock No. 71,513ÁK 55.95 Ppd. 

LOW COST XENON STROBE 
Price breakthrough In bright. reliable electronic strobes. uW /Second xenon tube. 
Variable flash rate -60 to 
500 per minute. Long Me- 
more than 1.000,000 flashes. 
Printed circuit bond design. 
Safe. durable Bakelite case. 
Externally mounted bulb. 
plastic shield. tit ax33yx2 ". 
14 oz. Perfect for psyche - 
delic. stop-action lighting 
effects for home light shows. 
parties, displays. 
Stock No. 71,342ÁK $24.95 Ppd. 
BUILDIT. YOURSELF STROBE KIT 
Stock No. 71,343AK 519.95 Ppd. 

NEW 18" BLACK -LIGHT STROBE 
It's a 

e 
salile strobe 

and it's black- light! Adjust- 
able flash rate from as slots 
as 1 flash per several secs. 
to a continuous glow beyond 
visual flicker perception 
1,500 flashes a minute) - 

son be used light 
urce. Top quality, solid 

state unit has hi10,1ish 
!lector, long lamp life. 
Ideal for parties, black light 
posters, combos, decoration 
anti experiments. Incls, 18' 
blacktight tube. di t ft. cord. Appros 3 X Al : X 

Stock No. 71.480ÁK 542.95 
I K". 

Ppd. 

CHROMATIC "MACHINE -GUN" STROBE 
Red. Green & Blue light 
barrage the eyeballs every 

seconds with this low - 
cost top -quality mechan 
teal strobe that can run 
continuously without fear 
of burning up Dazzling 
affects over 500 rt. ay. 
a Created by rotating 
color wheel 

u 

n front of 
100w, 120V reflector 
tloodlamp (incl. l - ere- 

ofnts s to flash on & f as 
seem 

fluctuate. 
Turns store windows, posters, parties into flashing, point- 
ing produ productions. Convection cooled. Hugged wrinkle finish 
metal Adjustable hanger bracket. lied. house current. 
Stock No. 71,423ÁK (9'09 "56 ") $32.75 Ppd. 

NEW $99.50 HELIUM -NEON LASER! 
Completely assembled. in- 
stant- starting /3X power 
output of comparable mml. 
els. Steady. ripple -free light 
of moderate fsafei power. 
Excellent collimation. Sim- 
Ile and safe to use. 41/u Ib. 
unit reaches 75% power in 

2 secs.: 100'7o, typically 
0.5 mllliwatt (0.3 mW mini 
mum) in 3 miss. Beam di. 
sentence 2 milliradians -- 

ems at 40ft. 
Stock No. 79,004ÁK $99.50 Ppd. 
Stock No. 79.005016 .... (Single Mode) ...6129.50 Ppd. 

EDMUND 300 EDSCORP BLDG. 
SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

BARRINGTON, NEW JERSEY 08007 
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. re S54A-$45) 

I°,wpred- ,Ingle Trace -Type S54U -S715 

Dual race Tp' r 

ITELEQUIPMENT 

the world's 
most popular 

low -cost 10 -MHz 
oscilloscopes 

...the 54 series 
from Telequipment 

3 

- 
y 

4- 

5 1 1 -Inch Rackmounts- Single Trace -Type S54AR -5495 -Dual Trace -Type D54R-S640 

10 mV /cm DEFLECTION FACTOR BRIGHT TRACE 

200 ns /cm SWEEP RATE FET INPUTS 

VERSATILE TRIGGERING SOLID STATE 

On your bench, in the field, or built into your system, if you 
require a 10 -MHz oscilloscope, look no further. One of the 54 

Series from Telequipment is designed to meet your needs. 

Telequipment products are marketed and supported in the 
U.S. through the Tektronix network of 58 Field Offices and 30 

Service Centers. The instruments are warranted against de- 
fective parts and workmanship for one year. For a demon- 
stration or more information, call your nearby Tektronix Field 
Engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, 
Oregon 97005. 

U.S. Sales Prices FOB Beaverton, Oregon 

a subsidiary of Tektronix, Inc. 
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the new 

Fînc6 

HOME TV/ FM 
MULTIPLE SET AMPLIFIERS 

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

SAFE! DEPENDABLE! INEXPENSIVE! 
FOR COLOR TV ... BLACK & WHITE TV ... 
FM /FM STEREO 

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

ohm outputs using twin lead wire. 
List $43.95 

75 ohm system 
VHF -UHF- 

FM, 75 ohm 
input and 

four 75 
ohm outputs 

using coaxial cable. 
List $46.95 

300ohm sys- 
tem, VHF - 

FM only, 
300 ohm 

input and four 
300 ohm outputs 

using twin lead wire. 
List $33.95 

G-924 75 ohm system, 
VHF -UHF- 

FM, 75 ohm 
input and 
single 75 

ohm output 
using coaxial cable. 

List $45.95 
75 ohm sys- 

tem, VHF - 
FM only, 

both 75 ohm 
and 300 ohm 

inputs and four 75 
ohm outputs using coaxial 

cable. List $39.95 

WRITE DEPT.4ioioFOR CATALOG NO. 20 -594. 

f THE FINY COMPANY 
34 W. Interstate 

NE 
Street 

Bedford, Ohio 44146 
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