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IMPORTANT ANNOUNCEMENT:
Starting with the next issue (Jan., 1972

-
Edition), Electronics World will merge B
with Popular Electronics. (See page 6) ™ ’i




A cartridge in a pear tree.

A gift of the Shure V-15 Type Il Improved stereo phono cartridge will
| earn you the eternal endearment of the discriminating audiophile who
receives it. What makes the V-15 such a predictable Yuletime success,
of course, is its ability to extract the real sound of pipers piping, drum-
mers drumming, rings ringing, et cetera, el cetera. Stereo Review, in
a test report that expressed more superlatives than a Christmas dinner,
described the performance of the V-15 Type Il Improved as *. .
Unstrained, effortless, and a delight to listen to.” All of which means that |f
you'’re the giver, you can make a hi-fi enthusiast deliriously happy. (If
you'd like to receive it yourself, keep your fingers crossed!)

Shure Brothers Inc., w _
222 Hartrey Ave., Evanston, IIl. 60204 'ﬂ SRS
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Testrepo

rts in both

HIGH FIDELITY and STEREO REVIEW
prove the Altec 714 A receiver
is built a little better.

HIGH -
FIDELITY

Stereo Pickups » coe s Tays sige

WHAT YOG NEEE T KNOW A!iOUT STEREQ RECEIVERS
SEALS AND CROFTS: THE SQUND OFTHE SEVENTIES?
BASSQ ALZYANZEE KIPNIS * THOSE "HOW TO" DISCS

Goiden Diers Heoniod

Bo We Need s Spend $807 @ How wpartamt It Stylas

Overvamg? @ A Rindewn of Over 60 adtreges
Records Reviewed Shostakonchs Lith ympiony-A

New Protest? @ Fischer-Deshau ané Woanms 25 Caesar

And Diespatra & Debmsey's Prileas Usees Bciier

ALTEC DIVISION OF LTV LING ALTEC, INC

S

o

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.

In February, HIGH FIDELITY magazine
printed a detziled two-page test report (by
CBS Laboratcries) on the Altec 714A stereo
receiver. The wrap-up comment read as

fo lows: “All tcid, th= 714A is one beautiful
pi=ce of eLdia machinery that should be
giver a lcng <erious 100k by anyone in the
marke: for a naw high-quality stereo
receiver’. And in Jaary, STEREO
REVIE'W'S eqtipment test report (by
Hirsch-Haouck Laboratories) stated, “In its
general pa-formancs and listening quality, it
is comparable to the best we have tested...”

The Altec 714A sells for $399.00. Hear it

at your Altec dealer. Or, write for a complete
Altec catalog and copies of available test
reports. Altec Lansing, 1515 S. Manchester
Ave., Anaheim, California 92803.
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STEREO
DIRECTOR

It's the 1972 Stereo ying Guide and it
has a ton of information to give you about all the
latest stereo systems and components—

irectory & Buying

& yHIL

e 4-Channel Components
® Amplifiers ® Tuners
® Receivers ® Hi-Fi Systems
® Changers & Turntables
® Speaker Systems
® Phono Cartridges & Arms

@ Cassette, Cartridge &
Reel-to-Reel Tape Machines

More than 1500 products in alll All listed by manu-
facturer, each with model number, complete spec-
ifications, description and price.

&

if you've missed any of the current and previously published Annuals,
a wide selection is still available. To place your order, circie the cor-
responding numbers on the coupon on this page.

—Exciting electronics construc-
tion projects—all laboratory tested by the Editors, complete with parts
list and easy "‘How-To-Do-It, How-it-Works" instructions.

1972 Winter—%40 1971 Winter—%33 1970 Spring—=14
1971 Spring— =26 1970 Winter =97 1968 Spring—#84

—Here is one single package, the combined
knowledge and experience of the top men in each field, tunes you in
on everything you need to know about CB, SWL and HAM. 1971—#37
1970—#10 1969—#86 1968— 53

—The complete guide to what's availabie—how
to choose what's best for you and how to get the best use and pleasure
from your tape recorder. 1971—#19 1970—#99 1969—#81

—Complete, accurate facts on every piece of
equipment including full technical specifications, model numbers,
dimensions, special features, optional accessories, manufacturers
prices. 1969—#82

2

Here’s your own ‘“‘consumer advocate”—a com-
plete, shop-at-home Buyer’'s Guide loaded with ex-
pert information on what to lock for, what to avoid,
how to decide what’s best for you at a price you can
afford. Now you can know what you want before
you visit the dealer—and what to listen for when you
get there.

Whether you’re shopping for your very first stereo
system, or trading up compcnents on a sophisti-
cated rig, you'll save time, save money and avoid
needless disappointment when you shop it first in
the 1972 ¢ 3 d

Only $1.50! Use the convenient coupon below to
order your copy today and to add to
vour stereo reference library as well!

ZIFF-DAVIS SERVICE DIV. ¢ Dept. SD
595 Broadway, N.Y., N.Y. 10012

Please 32nd me copies of the 1972 edition of Stereo |
Directory and Buying Guide at $1.50 each plus 35¢ each for pos- |
tage and handlirg. (52.50 postpaid for crders outside the U.S.A)
Also, | have circled the numbers below of the additional annuals
I wish to receive: EW-1271

1
I am enclosing a tofal of $________for the annuals ordered |
above. | have enclosed an additional 35¢ per copy for postage and |
handling. (For orders outside the U.S.A., all annuals are $2.50 per !
copy, posipaid.) i

print nama

address

state zip

city i
Payment Must be Enclosed with Order :

ELECTRONICS WORLD
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I“I('('“'U"i('\' W("I(l 3  Instrumentation Balloons Carry Electronic Payloads .. George tawrence
4 \ 1iu One of the least expensive ways of getting electronic instruments into
an outer space is to use modern balloons. Envelopes of 65 million cubic
feet interior volume hava been built and flown—bigger ones to come.

20 Optical Communications with Semiconductor Light Sources pavia L. Heiserman
The overcrowded r.f. spectrum has limited the availability of addition-
at broadband communications links but now engineers are looking to
light portion of the band to handle short-range optical links.

23 RC Time Constants in UJT Circuits Richard M. Cartoscelli

24  The “Pipe” Speaker System capr J Roy Smith. USNR
Designed for use with alectronic organs and similar instru-

THIS MONTH'S COVER ments, this system is low in cost and easy to put together.
shows a hand-held, wide-angle

laser optical communicator L .

developed by Santa Barbara 27  Animal Guidance Systems . George Lawrence

Dr. B.F. Skinner believes that almost any sentient creature can be trained in
his “‘Skinner box.” This article tells how such training is carried out and
reveals the war- and peace-time potentiais of this technique.

Research Center. Because of
its wide angle (2° or 3°) it re-
quires no stand or support
and can be used under any

conditions which permit the 30 cChannel Electron Multipliers  Freq w Hoider

use of hand-held binocuiars. These new semiconductcr radiation detectors are highly sensitive
Audio quality is such that to low-energy protons and electrons in space exploration.
voice identification is possible

up to maximum range of the 3 i

optical transceivers (4 miles 32  Zener Diodes & Voltage-Regulator Design «irk Busier

at 2° and 2.5 miles at 3°). The
unit weighs 3 pounds with 35

batteries and has full duplex Facsimile via Telephone pavid L Heiserman

operation. See page 20. Photo You can now transmit graphic material over conventional

courtesy of Hughes Aircraft
Co.

phone lines using one of the economical systems available.
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40 Novel Counter, Decoder, Readout rrank H. Tooker
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Hear your police and
| liremen n acion!

Listen on these channels, too .

WEATHER

i TRAFFIC
UTILITY
BUSINESS
MARINE
"- CivIiL DEFENSE

— Al

The Only Munitur Receiver You'll Ever Need

Meets present and future needs in any lo-
cality. Scans 1 to 8 FM emergency and
business channeis you select, in any 1 or
2 bands—low, high, UHF. Stops for any
transmission, then resumes search. Plug-
in interchangeable RF module for each
band. Built-in front speaker. Complete
band coverage. Comes with one or two RF
modules, mobile mount and cords for AC
and DC. American built by Electra, origi-
nator of the scanning receiver.

At better dealers.

$139.95 WITH RF MODULE FOR ANY 1 BAND
$159.95 WITH RF MODULES FOR ANY 2 BANDS

Plus plug-in crystals at $5 each.
Additional modules $20 each.
e22+.. corPORATION

CUMBERLAND, INDIANA 46229
CIRCLE NO. 141 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 wili be sent to you
free of charge.

Acoustic Research, Inc.
24 Thorndike Street
Cambridge, Mass. 02141
Dept. Ew-12

Please send measured performance data
on AR products to

Name.

Address.

CIRCLE NO. 150 ON READER SERVICE PAGE
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Coming Nlext Month

Popular Electronics

Cable TV—
Where It Is and
Where It’s Going

neewene Electronics World

Forest Belt discusses how the winding road to cable TV
may lead to more and better viewing. What are the advan-
tages and disadvantages and how will they affect the gen-
eral public subscribing to the service? An important and
timely article which you can't afford to miss!

More Solid-State
Electronics
For the New Cars

In this first of two articles, John Drummond tells how and
where electronics will be used in 1972-model cars. He
delves into the GM line and evaluates the importance of
each device or system in terms of cost to the motorist,
performance claims, and if you can rely on the gear.

Electronic Equipment
and Hospital Safety

Whether they admit it or not, patients have been imperiled
by electronic equipment used in some hospitals—but now
engineers and scientists have combined forces to insure
that the wide variety of medical-electronic equipment is not
only effective and efficient but nearly 100% safe.

A Look
at the PC Market

What's available for the home experimenter/habbyist in
the way of kits and materials for fabricating PC boards?
This article explains the different types of kits and their
various uses and suggests which type of kit should be used
for what products. A handy quick-reference table lists man-
ufacturers and the kits and materials each supplies.

Build a Distortioniess
Phono Preamp

Hirsch-Houck Labs tested this circuit and reported that it
is better than most available commercial units. You can
build it—using state-of-the-art circuitry—from readily
available parts.

Labyrinth Speakers
for Hi-Fi

David B. Weems traces the evolution of the labyrinth
speaker system from earliest designs through current sys-
tems. He discusses the “pro's and con's” you should con-
sider before tackling such a construction yourself. If the
answer is ‘‘pro,” a table of various speakers suitable in
such enclosures is appended to make your job easier.

A Transmitter for
The “Neglected” Band

Taking advantage of 2 little-known loophole in FCC Rules
Regulations, here are construction plans covering a li-
cense-free transmitter and receiver (in February issue) op-
erating in the 1750-meter low-frequency band.

All these and other interesting and informative articles will be yours in
January POPULAR ELECTRONICS Including ELECTRONICS WORLD.
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Put More ‘““GO POWER’’ in

to Your Electronics Career —

WMIOWE AKIEAD
from Technician to
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by studying at home with

GRANTHAM SCHOOL OF
ENGINEERING

“the college that comes to you”
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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 electronies 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

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, physies, computers, and engineering design.

The Grantham educational program in electronics engi-
neering is not for beyinners. 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 T T T T |
Grantham School of Engineering is accredited by the | Grantham School of Engineering  EW-12-71|
Accrediting Commission of the National Home Study, is | 1505 N. Western Ave., Hollywood, Calif. 90027 |
approved under the G.1. Bill, and is authorized under the ] Gentlemen: }
laws of the State of California to grant academic degrees. | 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. |
Grantham School of Engineering : |
owteo o e Established in 1951 | Neme— {
& %

& o°r_ 1505 N. Western Ave. } Address I
5 Hollywood, Calif. 90027 I :

5 | City State Zip
S Telephone: !
‘IOME 0¥ (213) 469-7878 Il_ I have been in electronics for years J
Daceamber, 1971 CIRCLE NO. 139 ON READER SERVICE PAGE 5



Copul'ar Age
Action Kits!

&

by Science Fair

Exclusive at
1200 Radio Shack storfs

' Digi-Count

P

INTEGRATED CIRCUIT

BINARY COUNTER KIT
The “fun” way to learn computer theory
and interpret binary code! Four-bulb-
readout counts binary digits to 16
(or 1,048,576 with Add-On kits). Adds,
subtracts, multiplies, calculates rpm,
even counts people.

14

ANALOG-TYPE COMPUTER KIT . .

Be a math wizard! Figure square and
cube roots, log function, reciprocals,
muttiply and divide, do metric con-
version—electronically.

RADIO SHALK
5 4 TANDY CORPORATIGN CO_I\A_P-A-(;I-.Y

2725 W. Tth St.
Fort Worth, Texas 76107

" Add state. local taxes. Address above

CIRCLE NO. 149 ON READER SERVICE PAGE

wo ELECTRONICS

INTO

V.T.1. 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.1. 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

WM. A. STOCKLIN, EDITOR

VER the years many people have asked us “Why two electronics
books in the same company?” We thought we had a pretty good
answer, but times change, and evolution makes its mark in the publishing

field, too. It is therefore with a mixture of sadness for the old and
exhilaration for the new that we bring you the news that next month,
ELECTRONICS WORLD will merge with its sister publication, POPULAR
ELECTRONICS, which even today, before the merger, has the largest
circulation of any electronics magazine in the world.

ELECTRONICS WORLD has had a long and honorable history—over 50
years—and we are proud of the role we have played in it. The passing of
the magazine is the passing of an era. Many readers have witnessed our
coverage of World War II with the special Signal Corps issues and the
progressive developments in television. Some go back even farther to the
inventions of Lee deForest and Armstrong (the inventor of FM radio).
We have witnessed the birth of such companies as IBM, Xerox, and Fair-
child Semiconductor . . . and one of the greatest pleasures we’ve had in
editing ELECTRONICS WORLD over these many years has been the strong
loyalty of our readers.

But in the past few years the two magazines have been coming ever
closer together—in content and in technical level—and, as a result, in our
readership. In fact, the current subscriber duplication between the two
magazines is over 40 percent. This coming together of what used to be
two separate audiences has led us to complete what seems to be a natural
process by combining the two publications into one. The new, merged
publication—which will retain features of each of its component
magazines—will be called POPULAR ELECTRONICS Including
ELECTRONICS WORLD. The combined publications will be produced by a
merged staff of editors from EW and PE—including myself. Many of our
present contributors will continue in the new magazine—Forest Belt,
John Frye, Walter Buchsbaum, George Lawrence—and Julian Hirsch,
whose Hirsch-Houck Lab Reports will be expanded to cover more types
of electronics gear.

With regard to the merging of the subscription lists, if you presently
subscribe to ELECTRONICS WORLD and not to POPULAR ELECTRONICS,
then you will receive the new publication as follows: If you are entitled to
one-to-six issues, you will receive one extra; seven-to-12 issues, two extras;
13-to-18, three extra, and so on. This takes-into account the fact that the
subscription price of the merged magazine is less than that of EW. Thus,
you will receive more copies of the new publication than you would have
of the old.

If you presently subscribe to both ELECTRONICS WORLD and POPULAR
ELECTRONICS, then the two subscriptions will be automatically
combined. You will receive POPULAR ELECTRONICS Including
ELECTRONICS WORLD on a copy-for-copy basis for all issues remaining on
your PE subscription, and the number of issues remaining on your
ELECTRONICS WORLD subscription will be credited according to the
above schedule.

It is my personal hope that all of our readers will find the new
publication as exciting and full of interest as you did the old and that, in
time, you will develop the same loyalty for it as you had for ELECTRONICS
WORLD. A

ELECTRONICS WORLD
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‘ g 2nd to get additional information
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theres a heathgit present

New Heathkit Solid-State
Digital Multimeter...

Here’s a breakthrough in instrumentation. The new Heathkit
IM-102 gives you a true digital multimeter for about half what
you'd pay for comparable wired DMM’s! And with an accuracy
that's better than many wired digital units on the market...de-
cidedly superior to most analog type instruments. This great
new meter measures AC and DC voltages and currents, and
resistance with no need to change probes or switch for changes
in DC polarity. Automatically displays a positive or negative DC
voltage and current, indicating the correct amplitude and
polarity. Five overlapping ranges measure voltage from 100 uV
to 1000 V on DC (either polarity); five ranges cover 100 uV to
500 V on AC; 10 ranges measure 100 nanoamperes to 2 am-
peres on AC or DC, and six ranges show resistance from .1 ohm
to 20 megohms. Input impedance is exceptionally high — ap-
proximately 1000 megohms on 2V range (10 megohm on higher
ranges), with overload protection built-in on all ranges. Deci-
mal point is automatically placed with range selection and over-
range is indicated by a front panel light.

229°%

Ends parallax and interpclation errors! There’s no mistaking
a digital display — everyone reads it the same way. High qual-
ity precision components, 3% digits and ease of calibration
contribute to the IM-102’s lab-grade accuracy. Analog to digi-
tal conversion is accomplished by a patented, dependable Dual
Slope Integrator that does not depend on a stable clock fre-
quency for accuracy. A heath-designed and assembled pre-
cision DC calibrator is furnished with each IM-102. An internal
circuit and transfer method provides accurate AC voltage cali-
bration. The all solid-state design incorporates cold cathode
readout tubes anc a ‘‘memory’’ circuit to assure stable, non-
blinking operation. Features include detachable 3-wire line
cord (no batteries neaded), dual primary power transformer,
isolated floating grournd and completely enclosed, light-weight
aluminum cabinet with die-cast zinc front panel and tinted
viewing window. Kit includes standard banana jack connectors
complete with test leads. Assembles in approximately 10 hours.
The new Heathkit IM-102 Digital Multimeter will be the pride
of your bench!

Kit IM-102, 9 Ibs.. mailable .. .. ........ ... ... ...... 229.95*

2Q095*



“for every age, every hobby!

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-Ib. Tﬁ%ﬂﬁ‘
force to reduce refuse to almost Y4 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 ciosed. 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 ¥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
34%" Hx 15" W x 25%2" D.

Kit GU-1800, 203 Ibs. .. .......... ... ... ... .. ... ... 199.95*
GUA-1800-1, 15 plastic-lined bags, S5 lbs. ............ 4.99* 199 Q5*
New Heathkit Slotless 95+ New Heathkit Electronic
1/32-Scale Raceway 129 Workshops
You race up to 4 GT cars Completely self-con-
— each with independent tained electronics labs
acceleration, deceleration teach youngsters the
and steering! Make all the basics of electronics.
maneuvers of real high- Each contains basic electronic components in easy-to-
speed drivers. You can work-with medule form. Kids simply follow the instruc-
even turn around com- tions, arrange the blocks on the board to form actual
pletely and backtrack. Kit includes track sections for 8'x4’ oval, working circuits for code fiashers, timers, alarms, etc.
power transformer, 2 cars and controllers. Kit JK-1033, 36 experiments, 11 1bs. ... ......... 29.95*
Kit GD-79, 13 ibs., mailable ....................... 129.95* Kit JK-1022, 25 experiments, 81Ibs. . ............ 24.95*
Kit GDA-79-1, extra car and controller, 3 Ibs., mailable. .21.95* Kit JK-1011, 12 experiments, 61lbs. ............. 19.95*
1 . —
SEE THESE KITS AT YOUR LOCAL HEATHKIT ELECTRONIC CENTER...or send for FREE catalog! D o
CALIF.: Anaheim, 330 E. Ball Road; EI Cerrito, 6000 Potrero Avenue; La Mesa, 8363 Center Drive; m—————————————————==<== [T r— —===A
Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.; Woodiand Hills, 22504 Ven- : HEATH COMPANY, Dept.15-12 :
tura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: Atlanta, 5285 Roswell Road; ILL.: Chicago, ) Benton Harbor, Michigan 49022 \
3462-66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; : ] Enclosed is § , plus shipping. :
MASS.: Wellesley, 165 Worcester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 1 Please send model (s) 1
101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois Ave.; N...: Fair Lawn, 3507 Broadway (Rte. 4); 1 P|egse Se:d FREE Hoathkil Catalo ]
N.Y.: Jericho, L.I.; 15 Jericho Turnpike; New York, 35 W. 45th Street; OHI10: Cleveland, 5444 Pearl : & :
Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 Name |
William Penn Hwy.; TEXAS: Dallas, 2715 Ross Avenue; Houston, 3705 Westheimer; WASH.: Seattle, | Address :
2221 Third Ave.; WIS: Milwaukee, 5215 Fond du Lac. : City State Zip— 1
Retail Heathkit Electronic Center prices slightly higher to cover shipping, local stock, consulta- : *Mail order prices; FOB factory. :
tion and demonstration facilities. Local service also available whether you purchase locally or by |  Prices & specifications subject to change without notice. CL-421R)

factory mail order. R s
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70 Degree
/? 7 ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUDY COURSES IN:
= Electronics Engineering ‘Technology
= Electronics Engineering Mathematics

Earn your Associate in Science Degree in
Etectronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec-
tronics Engineering. we're a forward
locoking school. Outstanding lesson ma
terial—thorough and easy to understand
Engfneering taught an 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 w th low monthly payments
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin J. no sales-
man will call on you

COOK'S INSTITUTE

ﬂf rr‘*l‘l. fl‘-ﬂﬂlq "4 iﬂjl’ﬂ.rl"i:’lq
Forest Hill Road
F. 0. Box 10634
Jachson, Miss. 39209
. Established 1945
Farmerly Coek’s School of Electronics
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REPLACEMENT
PARTS &
ACCESSORIES

WELTRON'S
GOT 'EM !

DO YOU?

plugs & jacks * stereo switches *
universal replacement antennas &
bases * volt meters * cables * mi-
crephones * power supplies * auto
stereo accessories * high precision
motors * synchronous motors *
shaded 4-pole motors *

COMPLETE CATALOG AVAILABLE.
CALL YOUR CISTRIBUTOR NOW!

*Meltron

COMPANY, INC.

514 EAST PEABODY STREET. OMRHAM, N.C 27702
B19-682-0333
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TRANSISTOR TESTERS
To the Editor:

In an article in the July, 1971 issue of
ELECTRONICS WORLD, “Transistor
Testers for Servicing,” the author, For-
est Belt, undertakes an evaluation of
the various transistor testers currently
on the market, including the B&K
Model 162. The article includes a table
of transistor testers and their charac-
teristics, in which the B K s listed as
measuring beta the a.c. way. Else-
where in his text he also indicates the
BGK 162 as a.c.

However, I have just completed tests
on this model and find that it does, in
fact, measure beta the d.c. way, and
not the a.c. way. Furthermore, the in-
struction manual supplied with the
unit definitely states that this model is
d.c. transistor tester.

As a consultant currently in the proc-
ess of evaluating various types of test
equipment, I would appreciate some
clarification. Did the author actually
have an a.c. version of this transistor
tester?

EUGENE E. MERKEL
Silver Spring, Md.

Sorry, we were in error. The B&K
Model 162 transistor tester is d.c., and
not a.c.—FEditor

* * *
MORE ON LARGE D.C. MOTORS
To the Editor:

After reading Ed Heck’s comments
(in your September, 1971 issue) I want
to say that I was not amused but very
much interested in the “Speed Control
for Large D.C. Motors” article (in your
January, 1971 issue).

As a field engineer, I have been in-
volved in the start-up and modification
of industrial machines using large d.c.
motors, including a rolling mill that
used a 1500-h.p. d.c. motor to power
the mill stand. The mill rectifiers are
capable of 1800 h.p. constant output,
and are able to supply 150% of that
value for 1 minute. The motor is rated
at 2400 amperes full load at 500 v.d.c.
armature voltage, and is capable of a
2:1 field range. It is speed regulated to
0.1%:; this is equivalent to the loss of 1
r/m out of 1000 r/m from no load to
full load. When initially starting this
machine, the motor was tested, in-
stalled, to 3600 amperes for electrical
armature response.

ETTERS

I am always very interested in arti-
cles about industrial applications—
even if they involve motors of only Vs
horsepower.

ROBERT K. LEAMAN
Resident Engineer
Reliance Electric Co.
York, Pa.
PHASE-SHIFT OSCILLATOR
To the Editor:

1 would like to point out an error in
the phase-shift oscillator design pub-
lished in the July, 1971 issue.

Note that Fig. 1 shows the oscillator
with bias established using R, and
Ryuein a voltage-feedback arrange-
ment. With capacitor C, inserted as
shown, this is a relatively simple bias-
ing scheme and a good way to stabilize
the quiescent operating point. Howev-
er, in the circuit of Fig. 3, the author
has connected the resistors to the sup-
ply, and not to the collector, resulting
in a bias circuit which introduces no
feedback for stabilization.

The formula given in Step 9 for cal-
culating R, is correct for Fig. 1 but not
for Fig. 3. If one wishes to use the cir-
cuit of Fig. 3, he must replace V. /2
with V.. and eliminate capacitor C, al-
together, since it serves no purpose in
Fig. 3. If one does not modify Step 9 in
building the oscillator as shown in Fig.
3, the transistor will be biased with
twice its required base current.

(Probably it was the author’s inten-
tion to connect the circuit in Fig. 3 ex-
actly as it was in Fig. 1; in that case,
everything would have been correct as
stated.)

MILFORD R. DERRICK
Charleston, S. C.

Your exception to Fig. 3 is correct.
The base resistor (390k) should return
to the collector of the 2N930 (as in Fig.
1), rather than to V.. Thanks for call-
ing this to our attention.—Editor

* * *
TRANSISTOR/FET CURVE TRACER
To the Editor:

Having just completed the construc-
tion of the “Transistor and FET Curve
Tracer™ as described in the August
(1971) issue of your magazine, I should
like to pass on information concerning
several design problems which have
come to light.

(1) The Darlington emitter/follower

ELECTRONICS WORLD



pair (04 and Q35) present too low an
impedance to the emitter of (3 to al-
low a clean staircase wave. According-

+14v

ly, I have substituted an n-channel
FET for Q4 (see diagram).

(2) The schematic published does not
indicate a common ground between
the staircase circuit and the collector
circuit; accordingly, the emitter should
be connected to scope ground.

(3) The “step position” circuit is, in
my opinion, totally unsatisfactory. It
has an effect in the “NPN" position
only. While the staircase level responds
when RY is turned clockwise, there is
no satisfactory discharge path from the
C3/D1 junction when it is turned
counter-clockwise, Moreover, [ believe
the circuit might even be self-destruc-
tive in some instances, though I have
not worked this through fully as yet. In
the meantime, though, I believe R9 is
best left in the counterclockwise posi-
tion.

RoN CaNODY
Woodland Hills, Cal.
* % *
HI-FI VOLUME EXPANDER
To the Editor:

I have just finished assembly and cal-
ibration of Richard Wilt’s “Low-Distor-
tion Hi-Fi Volume Expander” (June,
1971 issue of ELECTRONICS WORIL.D)—
which is now operating in the tape mo-
nitor circuit of my integrated stereo
amplifier. I would like to report to you
concerning its performance.

I built the expander on an etched
circuit board and enclosed it in a Bake-
lite box. Then I ran shielded cable to all
inputs, outputs, controls and switches,
using two meter circuits (instead of one
as Wilt showed) so that [ could monitor
the input levels of both channels at the
same time without switching back and
forth.

Using inexpensive 1-mA meters for
the input level, I mounted a double-
pole, double-throw slide switch on the
rear of the expander and ran shielded
cable from the point on the circuit
board where capacitor C7 would nor-
mally mount to the switch. On the
switch, I mounted four capacitors (two
for each channel) and arranged the
switching circuit so that it is possible to
have two decay rates—fast and slow.
(The values of the capacitors can be
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chosen to please the listener.) This
makes the expander more versatile.
On very slow music, if the slow decay
rate is switched in, it prevents the
“blasting” effect described in the arti-
cle; with more lively music, the fast de-
cay rate can be switched in to handle
the different material.

[ have substituted 2N3823 JFET's for
the 40468A’s called for. These perform
beautifully with an average drain cur-
rent of about 3.5 mA.

When calibrating the unit, I simply
fed the input with a 1-kHz square
wave and set it so that the input meter
deflected to half-scale. With the expan-
sion control set to minimum, and an os-
cilloscope hooked to the expander out-
put, I adjusted the bias pot for maxi-
mum signal. [ then reset the bias for a
one-tenth maximum signal level. This
was accomplished for both channels in
about 20 minutes and I have not had to
readjust it since.

[ am not using the power supply
shown by Wilt, but one of my own de-
sign, fully regulated, with exactly 18
volts output. It is a separate unit which
plugs into the back of the expander
box. Qver-all performance is excellent,
with no hum problems; noise level is
not detectable by ear; and the expan-
der unit performs exactly as Wilt de-
scribes it.

Using an expander for the first time,
[ am truly amazed at what this device
does for music. On tapes, there is com-
plete silence between selections (no
hiss); the same is true for records. The
music seems to have more “life” to it
with the expander. I don't see how I
ever got along without it.

If anyone would like to write directly
to me for construction details, I will be
happy to help.

ROBERT EUBANKS
2835/, Willow Pass Road
Concord, Cal. 94520
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THE MOST IMPORTANT DISCGS IN YOUR ENTIRE GOLLECTION!

Stereo Testinﬂ

Spectacular Sound/!

4 A
NEW STANDARD
in

Stereo Testing!

STEREQ TEST
REQ%RD

FOR HOME AND LABORATORY USE

Model SR12
STEREO TEST RECORD

The most complete . most sophisticated . . . most
versatlle Test Disc available today. Whether you're an
avid audiophlle who'll settle for nothing but peak
performance from his stereo components . . . a casual
listener who'd like more insight into the challenging
world of stereo reproduction or a professional
technician who needs precise standards for lab test-
ing . .. the SR12 Is a must for your record collection.

Make thése important stereo checks BY EAR
Frequency response « Separation « Cartridge track-
ing + Channel balance = Hum and rumble - Flutter
« Cartridge and speaker phasing - Anti-skating ad-
justment « “Gun shot test” for stereo spread - Multi-
purpose musician's "A.” Equai-tempered Chromatic
octave « Guitar-tuning tones.

7 criticai TEST EQUIPMENT checks . . . Attention
professionals: SR12 is also designed to be used as a
highly efficlent design and measurement tool. In the
following tests, recordad levels, frequencies, etc.
have been controlled to laboratory tolerances—atford-
ing accurate numerical evaluation when used with
oscliloscope. chart recorder, output meter, intermodu-
tation-distortion meter znd flutter meter.

1.000-Hz square waves to test transient and high-
{requency response of phono pickups.

+ 500 to 20,000 Hz frequency-response sweep.

Sine-wave tone-bursts to test transient response
of pickup.

+ Intermodulation test using simultaneous 400-Hz
and 4,000-Hz signals.

Intermodulation sweep to show distortion caused
by excessive resonances in tone arm and cartridge

1,000-Hz retérence iones to determine groove
velocity.

3.000-Hz tone for flutter and speed tests.

Sammple waveforms—illustrating both accurate and
faulty responses are provided in the Instruction
Manual for comparison with the patterns appearing
on your own oscilloscope screen.

r N
The Most Spectacular Sound
Exhibition of Stereo Fidelity
Ever Available on One Disc.

s STEREO
EMONSTRATION
HCORD ==

STEREO REVIEW
STEREO DEMONSTRATION RECORD

The result of two years of intensive research in the
sound librarles of Deutsche Grammophon Gesell-
schaft, Connoisseur Society, Westminster and Cam-
bridge. The Editors of Stereo Review have selected
those excerpts that best demonstrate the many as-
pects of the stereo reproduction of music. The record
offers you a greater variety of sound than has ever
before been included on a single disc.

ELECTRIFYING EXPERIENCE IN LISTENING

The Record Is a series of independent demonstrations
designed to show off one or more aspects of musical
sound and its reproduction. Entirely music, the Record
has been edited to provide self-sufficient capsule
presentations of an enormous variety of music ar-
ranged in a contrasting and pleasing order. It includes
all the basic musical and acoustical sounds that you
hear when you listen to records. isotated and polnted
up to give you a basis for future critical listening.

WIDE RANGE OF DEMONSTRATIONS

« Techniques of separation and multiple sound
sources « Acoustic depth « The ambiance of a con-
cert hall « Sharp contrasts of dynamics + Crescendo
and diminuendo « Very high and very low pitched
musical sounds « Polyphony (two or more melodies
going on at once) with both similar and contrasting
instruments + Tonal qualities of wind, string and
percussion instruments - Sounds of ancient instru-
ments - Sounds ot oriental instruments « Sound of
the singing volce, both classicaily trained and un-
trained « Plus a large sampling of tinger snapping.
hand clapping, foot stamping and other musical and
percussive sounds.

13 SUPERB SELECTIONS:

STRAUSS: Festive Prelude, Op. 61 (excerpt] DGG + DEBUSSY:
feux d'artifice (excerpt) Connoisseur Society » BEETHOVEN:
wellington's Victory (Battie Symphony}, (excerpt from the
first movement) Westminster . MASSAINO: Conzona XXXV
4 16 (complete) DGG Archive « CORRETTE: Concerto Comique
0p. 8, No. 6, "Le Plaisir des Dames” (third movement)
Connoisseur Society « KHAN: Raga Chandranandan (ex-
cerpt) Connoisseur Society - RODRIGD: Concert—Serenade
for Harp and Orchestra (excerpt from the first movement)
DGG - MANITAS DE PLATA: Gypsy Rhumba (complete) Con-
noisseur Society « MARCELLO: (arr. King): Psalnt XVII “The
Heavens are Telling” (complete} Connoisseur Society =
PRAETORIUS: Terpsichore: La Bourrée XXXII {complete) DGG
Archive - BERG: wozzeck (excerpt from Act Ill) DGG -
BARTOK: Sonata for two pianos and Percussion (excerpt
from the first movement) Cambridge - BEETHOVEN: We!-
lington’s Victory (Battle victory) (excerpt from the iast
movement) Westminster.
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Created specifically
tor playback through
stereo headphones.

Steren Beview s
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BINAURAL DEMONSTRATION
RECORD

This unique record
presents sound of
unsurpassed realism.

Binaural recording re-creates the directions. distances,
and even the elevalions of sounds better than any other
recording method. The super-realism of binaural reccrd-
Ing is accomplished by recording the acoustical input for
each ear separately, and then playing it back through
sterea> headphones. Thus the sound intended for the left
ear cannot mix with the sound for the right ear, and vice
versa.

Binaural recording offers the listener the identical acous-
tical perspective and instrument spread of the original.
The sound reaching each ear is exactly the same as would
have been Freard at the live scene.

“MAX"-—-GENIE OF BINAURAL RECORDING. "Max.” a
specially constructed dummy head, cast in silicone rubber,
duplizates the role of the human head as an acoustical
absorber and reflector of sounc. Super-precision capacitor
micrcphones were installed in Max’s ears so that each
micrcphone would pick up exactly what each human zar
would hear. The result is a demonstration of phenomenal
recorded sound.

STAFTLING REALITY. The Binaural Demonstration Record
offers 45 minutes of sound and music of startling reality.
You'l marvel at the eerie accuracy with which direction
ang elevation are re-created as you embark on a street
tour n binaural sound—Sounds Of The Clty . Trains,
Planes & Ships . . . a Basketball Game, a Street Parade,
a Street Fatrication Plant, The Bird House at the Zoo—all
demcnstrating the Incredlble realism of binzural sound
reproduction.

MUSIC IN BINAURAL. The musicai performznces pre-
sented on the Binzural Demonstration Record transport
you 1 the concert hall tor a d2monstration of a wide va-
riety of music. Selections total 23 minutes. and include
examoles of jazz, organ, and chamber music.

The Stereo Review Binaural Demonstration Record is the
ultimate in sound reproduction. It has been made without
compromise.

Altho sgh headphones are necessary t0 appreciate the near-
total reallsm of binaural recorcing, the record can also be
played and enjoyed on conventional stereo systems.

The Stereo Demonstration Record ONLY is available in your choice of 33-1/3 or 45 RPM.

ﬂ?ECORDs . Zitf-Davis Service Division - 595 Broadway * New York, N.Y. 10012

[
FREE BOOKLET \
WITH EACH ALBUM

SR12: Informative manual includes
tables, diagrams.

Demonstration Record: Discussion
of the selections plus descriptions
of each selection performed.

| Enclosed find § Please send . |
[ _ Mode! SR12 Stereo Test Records @ $5.98 each postpaid ($8.00 outside U.S.A.) 0 33Y%; RPM |
} _ Stereo Demonstration Records @ $5.98 each postpaid ($8.00 outside U.S.A.) Check one: {J 45 RPM |
) - _ Binaural Demonstration Records @ $5.98 each postpaid. ($8.00 outside U.S.A} ]
|
: PRINT NAME 0
| EW.1271 |
ADDRESS |

[, 288 ~
} i

STATE zp o

PAYMENT MUST BE ENCLOSED WITH ORDER
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Instrumentation

Balloons

Carry Electronic

Payloads

By L. GEORGE LAWRENCE

One of the least expensive ways of getting an electronics
package up into the outer reaches of the atmosphere.
Description of some of the more unusual types,
including advantages and limitations.

tHGE balloons are convenient vehi-
cles for putting a sizable package of
electronic instruments at the outer
reaches of the atmosphere, typically at
an altitude of 150,000 feet or more.
Sooner or later, a modern ‘“‘aerostat”
(the scientific name for these helium-
filled plastic bubbles) might well float
across your professional career and in-
vite your understanding and use. This
article profiles some of the more inter-
esting types of instrumentation bal-
loons—their virtues and limitations.

From Montgolfier to Polyethylene

A balloon may be described as an air-
craft lacking a propulsive system. J. M.
and J. E. Montgolfier of France are
credited with its invention in 1783.
Also in 1783, the Robert brothers and J.
A. C. Charles ascended and traveled
about 27 miles in a hydrogen-filled bal-
loon. Numerous other flights followed
both here and abroad, but it was in the
United States that the balloon’s capa-
bilities as instrumentation carriers
were recognized and used.

Thaddeus Lowe, perhaps the best
known of the early pioneers, was the
first to use a balloon-borne telegraphic
transmitter to direct gunfire. Another
first was the use of balloon-flown cam-
eras to take pictures of military ground
emplacements. Before Richmond, dur-
ing May, 1862, the entire battle zone
was mapped in 64 overlapping photo-
graphs taken from a height of 1000
feet. Later, following the Wright
Brothers’ invention of powered air-
craft, balloons remained popular for
weather observations and as research
vehicles for daring men like August
Piccard (1884-1962) who ascended to a
height of 55,500 feet in 1932.

Today, scientific ballooning has
come almost full circle. Modern bal-
loons are, in essence, electronic-pay-
load carriers occupying a position be-
tween high-altitude airplanes and
space satellites. Balloon envelopes of
65 million cubic feet interior volume
have been built and flown, and larger
ones are on the way. The large instru-
mentation balloon is one of the least
expensive means for carrying things to
altitudes above 99.8% of the Earth’s at-
mosphere (2 millibars of pressure),
where they can remain for many hours
and transmit a large amount of geo-
physical data. Here, an instrumenta-
tion package might contain infrared
and x-ray telescopes, cosmic-ray coun-
ters, pressure and temperature sensors,
and particle samplers.

All this might sound very elementa-
ry and traditional. But such feats gain
stature when we realize that the effec-
tive carrier, the balloon itself, is little
more than a carefully shaped and
sealed piece of polyethylene less than
75/1000th of an inch thick—a fourth
the diameter of a human hair.

Characteristics

Scientists use four types of balloons
for meteorological and other research.
The extensible balloon outranks any
other. This vessel is designed for light
loads—like a radiosonde—which it will
carry to its burst altitude of from
100,000 to about 130,000 feet.

Next comes the zero-pressure bal-
loon, a vented design, which is the
workhorse for scientific research and
carries the heaviest payloads to the
very highest altitudes.

A third type is the super-pressure
balloon, a closed vessel made of strong

A rising instrumentation balloon just after launching. At its operating altitude over
100,000 ft, balloon will attain the shape of a sphere and be over 200 ft in diameter.
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Charging of polyethylene research balloon with 2400-psi truck
tanks. Helium is fed through plastic hose on top. Launch spool,
mounted in front of truck, restrains balloon during charging.

Fig. 1. Components of a typical balloon flight train.
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materials whose volume remains constant. This aerostat
floats at a constant-density height and, theoretically at least,
needs no ballast to maintain effective altitude when it cools
down at sunset. By contrast, the vented zero-pressure bal-
loon must dispose of ballast under the same flight condi-
tions—typically about 5% to 7% of its gross weight. The
jettisoning of ballast limits the balloon’s useful service life to
about one week.

A fourth type is called the open-appendix hot-air balloon.
Today, aside from improvements in hull materials and
sources of heat (propane burners), it is of the same classic
design as the one which carried the first man above ground
in 1783. As an expendable design, it can be used in various
applications where no great low-oxygen altitudes are in-
volved. However, it is the zero-pressure balloon which is of
particular interest to electronics men.

Pricr to the advent of helium as the lifting medium, high-
ly dangerous hydrogen gas was in general use. In an early
generator, steam was sprayed over red-hot iron filings. The
decomposing water released hydrogen as the oxygen com-
bined with the iron. The hydrogen was then carried
through a pipe into the water chamber and from there into
the tethered balloon.

Pre-inflation always posed a problem. But, hot-air types
can be pre-inflated by large blowers to reduce danger to
the hull from the open flame of the heat source.

Helium has a lifting power of 66 1b for every 1000 cubic
feet. Thus, a balloon’s ground-level charge of, say 10,000
cubic feet, will generate a lift of 660 Ib. The excess lift over
the balloon’s material weight is termed the “free lift” and
provides an ascent rate of about 1000 feet per minute.

One of the photos shows charging operations. The poly-
ethylene balloon, a zero-pressure type, receives the helium
through a plastic hose on the top. The vessel is restrained
by running the top section of the folded part through a
launch spool attached to the helium truck’s front end.

As inflation progresses, the helium truck inches for-
ward—toward the instrumentation package. The latter
rests on a launch truck at some distance from the balloon’s
big bubble. In this way, more and more of the balloon is
allowed to emerge safely from the launch spool and reach
the free air above it.

The launch spool is equipped with explosive bolts that
hold it closed. Also, a load cell or similar weighing device is
attached to the spool to measure effective lift against the
amount of helium drawn from the truck’s storage tanks. A
small pilot balloon, clearly visible in the photo, will be re-
leased just before launch to indicate wind direction at the
launch site.

For the actual launch, the explosive bolts are fired, the
launch spool opens, and the balloon rises—but it’s not yet
free. To prevent damage to the payload by being dragged
over the ground, the driver of the launch truck moves his
vehicle to a point where, in his estimation, the swinging
balloon will arrive just as its envelope has stretched to full
length. Then, if all goes well, the instrumentation package
gently lifts off its cradle on the launch truck and another
experiment is on its way.

Balloon Failures

Although we are accustomed to regard balloon lift in
terms of Archimedes’ principle—buoyancy being equal to
weight of fluid displaced—it gives us little insight into the
physical processes involving the lift provided by a balloon.
Great stresses are brought to bear by the lift of the gas, with
other stresses exerted on the envelope by the balloon’s
weight and the scientific payload, gondola, or other attach-
ments. If these stresses are not carefully balanced out, the
balloon tends to fail.

It was largely due to the work of Dr. Ralph Upson, then
at the University of Minnesota, that progress has been
made in analyzing the effects of shape on possible stress
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concentrations. Typically, a high-altitude balloon faces its
greatest danger not during launch, but during ascent. The
lift force of the helium must be absorbed in a relatively
small area of the upper part of the polyethylene film, yet
over-all balloon design is based upon fully inflated condi-
tions.

From common launch to free float, the helium expands
as much as 500 times. At from 30,000 to 60,000 feet, the
altitudes of typical failures, the balloon is only 5% to 15%
inflated. The polvethylene envelope tends to change, as the
oalloon ascends through the various layers of the atmo-
sphere, from a pliable amorphous plastic to a brittle crystal-
line structure susceptible to rupture.

However, various means of reinforcement are available.
J. A. Winker, president of Raven Industries and one of
America’s major balloon makers, has investigated tech-
niques of local envelope reinforcement such as the “Vista-
Dome.” The research balloon has a capped top whose radi-
us roughly equals that of the initial-inflation bubble. During
inflation and early flight, the polyethvlene film ““hangs”
from this sinall top. Later, at service altitude and fully in-
flated to a spectacular and almost spherical shape, the ves-
sel takes on the appearance of an ordinary zero-pressure
balloon—except for the small dome on top which resembles
the observation deck of the “Vista-Dome" railroad car.

The Winzen Research Corporation, another major bal-
loon maker, has introduced new balloon materials which
have passed the cold-brittleness tests at -80°C and -84°C.
Thus, the temperature gradients of the atmosphere in gen-
eral and the balloon-killing capacity of the tropopause in
particular, have lost much of their costly sting.

Electronics for Tracking

Fig. 1 shows a typical flight train, while Fig. 2 depicts
representative instrumentation systems. Principal compo-
nents include the balloon, a load-coupling arrangement, the
recovery parachute and the scientific payload connected to
it, support equipment, and crush pads. Some vessels fre-
quently are provided with a rip panel to permit quick gas
release upon flight termination.

The determination of balloon trajectories, including over-
all balloon performance at the service altitude, is of great
importance in scientific ballooning. First, if we look at the
balloon itself, we find it to be a rather efficient (if undesir-
ably so) thermal machine. Solar heating causes the balloon
to rise above a given reference float level, while cooling at
sunset causes it to drop below the level. Some control can
be exercised by allowing excess lifting gas to escape
through an appendix duct or use so-called “dribbling” of
ballast to make the vessel level off when over-all system
density equals the density of the ambient atmosphere.

Radar can track a balloon within a radius of 50 miles.
Using S-band equipment, tracking uses only the natural re-
flectance of the balloon because balloon-carried radar tran-
sponders are not generally employed. The balloon’s natural
reflectance is increased by the use of a passive corner re-
flector target—basically a shaped sheet of metal—that has
been carried aloft. Signal reflectance may also be improved
by placing metalized filim on the load tapes or seams.

As for telemetry, the F'M/FM type is the most straightfor-
ward approach and has found wide acceptance in many
other areas of space research. Data transmitted to ground
stations is generally in the form of a varying d.c. voltage,
usually ranging between 0 to 5 volts. These analog voltages,
provided by transducing systems in the scientific payloads,
normally frequency-modulate a voltage-controlled oscilla-
tor (v.c.0.) or, if a number of data sources are involved, se-
quencing is accomplished by fairly traditional commutators
and final transimission systems. Frequencies of the various
v.c.0.’s conform to specs established by the Inter-Range In-
strumentation Group (IRIC).

Ground range and slant range to the balloon can be cal-
December, 1971

The instrumentation balloon has just been launched, after
launch spool has been released by explosive bolt. The elec-
tronics payload is off the photograph at the extreme right.
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Fig. 2. Balloon instrumentation systems. Not only is the pay-
toad electronic but elactronics is also used for the ground-
based tracking and telemetry which keeps tabs on the flight.

culated by trigonometric methods if the altitude is known.
Here the RAWIN set AN/GMD-1, a portable radio-direc-
tion finder which was designed primarily for automatic
tracking of balloon-carried radiosonde transmitters, is put
to use. The radiosondes operate at 1.68 GHz and transmit
meteorological data in the form of amplitude or frequency
modulation. On the ground. the AN/GMD-1 receiver uses a
highly directional parabolic antenna, employing a spinning
dipole and servo system for direction finding. Elevation
and azimuth angles are measured from the antenna to the
balloon with an accuracy of about +0.05°.

Altogether, balloon-type electronics are not overly com-
plex and tend to follow design principles found in tradition-
al industrial telemetering equipment. As many as twelve or
more tones may be available for command functions and/or
special coding may be used to ensure privacy. A
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This optical communicator, which transmits and receives voice or
digital information, is designed for “secure’” point-to-point work.

Optical
Communications
with
Semiconductor
Light Sources

By DAVID L. HEISERMAN

With the r.f. spectrum so overcrowded, engineers are looking to
light portion of the band to handle short-range optical communications links.

HE demand for additional broadband communications

links is growing at an ever-increasing rate, and there
seems to be no end ir sight. The problem of overcrowded
r.f. communications bands reached a critical point years
ago; but, until very recently, the FCC and the communica-
tions industry have been at a loss for a truly satisfactory
solution.

Development of the laser in the early 1960’s gave com-
munications technology the breakthrough it needed to per-
fect the old idea of light-beam communications. Unlike or-
dinary light, laser light can be multiplexed, heterodyned,
beamed, demodulated. discriminated, and otherwise treat-
ed in ways quite analogous to microwave r.f. energy. But,
unlike r.f. communications systems, optical communica-
tions links (OCL’s) cannot interfere with one another under
ordinary circumstances, and they are totally immune to
both man-made and natural r.f. interference. What’s more,
OCL’s cannot interfere with existing r.f. communications
links.

The extraordinarily high frequency of a laser-beam “car-
rier” lends itself quite naturally to high-capacity broadband
communications. A single laser beam carrier, for instance,
can handle several conventional TV channels, three or four

Fig. 1. Block diagram of an experimental LED optical trans-
ceiver. Devices such as tkis promise to become quite pop-

ular among electronics and science experimenters in future.
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streams of high-speed digital data, some Picturephone sig-
nals, and hundreds of voice-grade channels—all with room
to spare. Even the relatively incoherent infrared light from
inexpensive light-emitting diodes (LED’s) can carry several
channels of TV information and computer data on a single
bear:.

Optical communications, then, seems to be the ideal solu-
tion to the problem of r.f. communications overcrowding.
However, optical communications is still in its infancy and
few companies can boast of an inventory of finished OC
instruments. Dozens of companies have developmental or
prototype models in operation and information from the
R&D labs indicates that OCL’s will be taking over a signifi-
cant portion of the r.f. communications overload by the
mid-1970s.

At the present time, developmental work in optical cor-
munications falls into two distinct categories: (1) versatile
short-range systems using laser diodes or LED’s as light
sources, and (2) long-range, high-performance systems us-
ing conventional gas or solid-state laser sources. Devices in
the first category will eventually take over jobs now han-
dled by radio transceivers and short-haul cables and r.f.
links. The bigger communicators will handle long-haul,
high-capacity tasks now performed by a wide variety of
commercial, private, military, and government communi-
cations systems.

Single-Channel LED Communicators

An LED emits light energy whenever current flows in a
forward direction through its p-n junction and the amount
of light output is roughly proportional to the amount of
forward-biasing current. Most LED’s, those made from sili-
con-doped gallium-arsenide, emit a peak of 100 milliwatts
of light energy in the infrared portion of the light spec-
trum. Although LED light lacks the coherence of laser
light, it is quite pure compared to ordinary incandescent
light—a typical infrared-emitting LED has a spectral band-
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width of only 200 angstroms between half-power points. A
fast response time, on the order of 10 nanoseconds, also
helps make LED’s ideal sources of light for short-range, in-
tensity-modulated voice and data communicators.

LED modulator circuits are so simple and reliable that
electronics buffs are beginning to have a field day design-
ing and building short-range LED voice communicators.
Used with a set of 1-inch lenses or small telescopes, a LED
transceiver can operate over a range of about 250 feet in
broad daylight and ten times that far on a clear night. Not
counting the optics, the parts for an experimenter’s intensi-
ty-modulated LED transceiver runs between $15 and $25.

Fig. 1 is a block diagram of an experimenter’s LED trans-
ceiver. Low-level audio signals from the microphone go
through a current amplifier circuit that serves as a LED
driver. Since the amount of light energy from the LED is
very nearly proportional to the amount of forward-biasing
current flowing through it, audio signals from the driver
intensity-modulate the output light energy. A lens follow-
ing the LED focuses the light into a narrow beam, thus
increasing the effective transmission range.

Closing S1 completes a positive feedback loop around the
LED driver amplifier. The feedback-adjust circuit contains
RC components that let the amplifier oscillate at some fixed
audio frequency—generally around 1 kHz. These oscilla-
tions modulate the LED output and provide a convenient
audio signal for aligning the transmitter with a remote re-
ceiver unit. Once the operators make the initial alignment,
opening S1 stops the alignment tone.

A clever circuit designer will bias the LED and driver
amplifier just a bit below cut-off. Although this trick intro-
duces some audio distortion, it buys the user two advan-
tages: (1) the transmitter, in effect, will be voice activated
and (2) it makes it possible to increase the LED’s peak out-
put power. When there is no signal from the microphone
the LED and driver amplifier consume virtually no power,
making it practical to leave the transmitter in a standby
mode at all times. Class-B current pulses from the LED
driver also allow the user to operate the LED in it pulse
mode and thus increase the peak output power.

The lens in the receiver section gathers in light signals
from a remote transmitter and focuses the energy onto a
photodiode. The incoming light signals modulate the pho-
todiode’s current, and a current amplifier boosts the signal
level to drive an earphone or loudspeaker. Slight cut-off
bias on the photodiode and amplifier can also make the
receiver into a signal-activated device.

By using the infrared portion of the light spectrum, LED
communicators are relatively insensitive to most kinds of
ambient light. Sunlight, unfortunately, contains a great deal
of infrared energy that tends to saturate the photodiode.
An external sensitivity control lets the operator adjust the
cut-off bias on the photodiode and thus cancel out the ef-
fects of stray infrared energy when operating the system in
broad daylight.

Isolating the receiver circuit from the transmitter circuits
eliminates the need for a send/receive switch. Optical isola-
tion is much easier to achieve than r.f. circuit isolation—the
designer merely takes reasonable care to make sure no light
from the LED can reach the nearby photodiode.

One of the essential features of the simple LED trans-
ceiver just described is that it modulates the light source
directly and does not rely upon some separate modulation
device such as a vibrating mirror or voltage-sensitive opti-
cal filter. Directly modulated light sources, in fact, repre-
sent one of the greatest advantages semiconductor light
sources have over conventional gas or solid-state laser
sources.

In principle at least, just about every feature of the exper-
imenter’s transceiver carries over to high-performance
LED optical communicators. The high-performance com-
municators might use better optical systems, higher quality
December, 1971
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Laser diode and LED specs related to optical communications.

LED’s and photodiodes, some schemes to get more power
out of the source, and extra circuitry such as a.g.c. and noise
controls; but the basic principles are the same for a hobby
LED transceiver as for a six-mile LED data link. Even the
process of multiplexing a number of wideband channels
onto an LED beam is often more a matter of adding out-
board electronics than making any significant changes in
the basic modulator and detector schemes.

Muitiplexed LED Communicators

The real advantages of optical communications come into
play only when users take advantage of the extraordinarily
high information capacity of coherent or near-coherent
light. Although short-range, single-channel voice or data
LED communicators may become quite popular within the
next few years, the real R&D efforts are going into high-
quality, multi-channel versions. Right now, three kinds of
multiplexing schemes are getting the attention of leading
R&D labs: frequency, time-division, and spatial multiplex-
ing.

The most promising frequency-multiplexing scheme uses
purely electronic techniques to generate and modulate an
electrical subcarrier for each information channel. The sub-
carrier modulation may be AM, FM, or a combination of
the two. See Fig. 2. An electronic multiplexer circuit brings
all the channels together while a set of electronic filters
minimizes any subcarrier crosstalk. Only after going
through all the multiplexing and filtering processes do the
signals go to a broadband LED driver and to the LED itself.

In theory, the only factors that limit the information-han-
dling capacity of this frequency-multiplexed LED commu-
nications system are the bandwidths of the individual chan-
nels and the purity of the light source. In practice, howev-
er, the limitations are due more to a lack of electronic de-
vices and know-how needed to take full advantage of a
30,000-GHz carrier.

These frequency-multiplexed LED communicators are
among the most popular OC devices in use today. A group
of researchers at the University of Colorado, for example,
has developed a frequency-multiplexed LED communica-
tor now used by a CATV firm to carry TV signals from a
mountain-top microwave antenna to a city in the valley be-
low. The system has a range of six miles and it completely
eliminates the need for stringing cables down the rugged
mountainside. This particular system, by the way, has
worked 99.9% of the time (the 0.1% loss of communica-
tions was due to an exceptionally heavy snowstorm).
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A second kind of LED frequency-multiplexing scheme,
often called color multiplexing, uses a separate LED for
each channel of information. By using a selection of LED’s
that have slightly different spectral outputs, it is possible to
intensity-modulate each LED and combine the outputs into
a single, multi-color beam. A set of photodiodes, each spec-
trally matched to one of the LED’s, separates the channels
at the receiver end of the communications link.

Color multiplexing eliminates the need for elaborate
electronic frequency-multiplexing circuitry, but the
scheme suffers from one big disadvantage: LED’s using sili-
con or gallium-arsenide have a preference for operating in
the 9000-angstrom range. LED’s doped to operate in the
8000 to 6000-angstrom (visible red and yellow) range have
substantially lower outputs than the typical infrared ver-
sion. Future LED developments may solve this problem;
but until that time arrives, color multiplexing will be re-
stricted to very-short-range optical coupling applications—
sending 6 or 8 channels of computer data across a room, for
example.

With a typical digital capacity of 50 megabits per second,
LED communicators show great promise in time-division
multiplexing. Since time-multiplexed LED communicators
can handle hundreds of computer data channels simulta-
neously, all the major computer firms hope to begin supply-
ing LED links for local time-sharing traffic. Compared to
the voice-grade telephone lines that carry most time-shar-
ing traffic today, the data capacity of a single LED link is
virtually limitless. LED links will not only make it easier to
connect more teletypewriter terminals to a computer facili-
ty, but will make high-capacity operations, such as interac-
tive graphics, more feasible than they are at present.

Right now, spatial multiplexing is the least versatile of
the three LED multiplexing schemes. Spatially multiplexed
LED communicators use one LED for each data channel;
but unlike the color multiplexing operation, LED’s in the
spatial scheme may have the same output wavelengths.
The trick is to keep the light beams separated from one
another so that they fall onto an array of receiver photo-
diodes in a one-for-one pattern. This is no small trick, con-
sidering LED light is only quasi-coherent and thus has a
tendency to “smear” as it moves through space.

One way to keep the beams from becoming hopelessly
scrambled in transit is to run them through sets of collimat-
ing lenses spaced at regular intervals along the transmission
path. A more effective technique is to couple each LED to
the proper photodiode through fiber optics. Since the fre-
quency and time-division multiplexing schemes do not re-
quire any kind of optical manipulation along the transmis-
sion path, spatially multiplexed LED communicators are
pretty much out of the running in most OCL applications.
Their only real promise appears to be in across-the-room
types of applications.

Laser diodes, or injection lasers, produce coherent light
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when forward biased with a current that exceeds a lasing
threshold of about 2 amperes. Laser diodes can also pro-
duce up to 4 watts of output power with efficiencies on the
order of 40%. Unfortunately, the optimum operating tem-
perarure for laser diodes is about 77°K (room temperature is
300°K). Operating a laser diode at room temperature de-
grades its performance to a point where it can barely com-
pete with an inexpensive LED.

Laser diodes must be operated in a pulse mode at room
temperature. State-of-the-art laser diodes have minimum
pulse response times in the neighborhood of 0.1 microse-
cond and duty factors of less than 1%. Thus, the peak oper-
ating frequency is around 100 kHz. It is possible to achieve
higher pulse repetition rates, but the duty factor then limits
the power output to a fraction of a watt.

The only feasible kinds of direct modulation for a laser-
diode communicator are those that use pulse-modulation
techniques—pulse-frequency or pulse-displacement modu-
lation. for example. Even then, the extremely low repeti-
tion rates limit the information capacity to one or two
voice-grade channels or a single 50-kilobit-per-second data
channel.

In spite of these severe limitations upon their informa-
tion capacity, single-channel laser-diode communicators
manage to hold their own in the industrial and military
marketplace. The real advantage of laser-diode communi-
cators is that the coherence and high power outputs make
it possible to reach ranges on the order of 10 miles without
resorting to large-aperture optics. The signal-to-noise ratio
for laser-diode communicators is much greater than that
possible with LED versions.

The Santa Barbara Research Center, a subsidiary of
Hughes Aircraft, now markets a laser-diode transceiver de-
signed to carry a single channel of PFM voice or digital
data. The transmitter drives the laser diode with 100-ns
pulses “hat are frequency-modulated around a 6-kHz carri-
er. Using only l-inch lenses and constructed in a binccular
arrangement, the system’s peak power output of 2 watts
gives these communicators an operating range of 6 miles.

Compared to conventional gas or solid-state laser sources,
semiconductor light sources are more rugged, smaller,
cheaper, and easier to modulate and require much lower
operating voltages. These features make semiconductor
OCL equipment especially suited as portable communica-
tors or short-haul optical links that require little routine
maintenance.

On the negative side of the ledger, the semiconductor
sources have much lower output capabilities than conven-
tional lasers. In outer space where the line-of-sight range is
limitless, OCL’s using high-power conventional laser
sources can have operating ranges measured in thousands
of miles. Although OCL’s established around conventional
laser sources are elaborate and expensive affairs, their long-
haul capability justifies their existence. A
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The use of a unijunction transistor with a
v.t.v.m. or scope permits accurate
visualization of the circuit time constant.

By RICHARD M CARTOSCELLI

FTEN it is very difficult to learn the correlation be-

tween RC time constants and sawtooth waveforms.

The advent of the unijunction transistor (UJT) has changed

this entirely. The UJT will permit visualization of an ex-

tremely slow time constant with a v.t.v.m. (or solid-state
v.0.m.), or a very rapid one with the oscilloscope.

A conventional circuit which has been used as a sawtooth
wave generator is shown in Fig. 1A. by making either R or
C larger or smaller, the charge time of the capacitor can be
increased or decreased, respectively. What results is a rapid
or slow blinking interval of the NE-2 neon lamp. The opera-
tion of the circuit is quite simple. The capacitor charges
exponentionally until the firing voltage of the NE-2 is
reached. Once the NE-2 hus come on, it appears as a short
circuit across the capacitor, thus discharging it instanta-
neously. The charging again repeats itself. Either a scope or
v.t.v.m. can be placed across the capacitor to monitor the
exponential voltage rise or sawtooth waveform.

The main drawback to the circuit of Fig. 1A is the high
d.c. voltage required. The NI-2 has a firing potential of
nearly 90 volts d.c. Additionally, the circuit does not lend
itself to many experimental uses. On the other hand, the
UJT circuit to be described and depicted in Fig. 1B permits
several sophisticated techniques which can be integrated as
a part of mathematical time-constant computations.

The operation of the circuit in Fig. 1B is as follows: Capa-
citor C charges exponentially through resistor R until the
peak firing potential of the UJT is reached. At this point the
base-1 resistance of the UJT approaches zero and C dis-
charges nearly instantaneously through the UJT and Ry,.
Once C has discharged, the UJT’s peak firing potential is no
longer present and the UJT’s base-1 resistance returns to its
normal value. Thus what exists across capacitor C is an ex-
ponential sawtooth waveform. The values of C and R in Fig.
1B permit either a “slow sawtooth,” capable of being ob-
served with a v.t.v.m,, or a high-frequency sawtooth which
can be monitored with an oscilloscope.

To initially orient readers to the exponential properties of
chargine time, a “slow sawtooth™ is used. Values of R and C
in the UJT circuit are 270 k ohms and 20 uF. Monitoring
the voltage-rise acorss C with a v.t.v.m. reveals in initial fast
movement of the meter’s needle followed by a constantly
reducing movement speed. This continues until the UJT’s
V,is reached, whereupon the meter’s needle drops instana-
neously toward zero. However, the capacitor discharge
time is so rapid that the initial part of the next sawtooth
zppears again, and the mechanical travel time of the me-
ter’s needle is not capable of keeping pace. What virtually
results is the meter’s needle returning to approximately
half-way between zero and the V, that was reached.

FFor a “fast sawtooth,” values of C and R in the UJT circuit
are reduced to 0.2 uF and 10k ohms, respectively. If a com-
mon 5 or 10 percent tolerance resistor is used, a careful
measurement of its value should be made and recorded.
The same is true for the value of capacitor C.

Once the circuit is set up into operation, a careful mea-
surement of the time for one sawtooth is taken with an
oscilloscope and recorded. Next the instantaneous voltage
across C is calculated by the exponential formula:

e=E .. (1-*RCS)
where: E, . ..= Vgg, 10 volts; t=time of one sawtooth, sec-
onds; R=uactual value of R, ohms; and C=actual value of C,

December, 1971

RC Time Constants
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farads. A careful check should be made to determine if the
Vg 1S set as closely as possible to 10.0 volts.

The actual intrinsic standoff ratio (x) of the particular UJT
being used must be determined. This can easily be done
with the experimental circuit shown in Fig. 2 and the pro-
cedure that follows. The Cal button is depressed and R3 is
adjusted to make the meter read full-scale. The Cal button
is then released and the value of 7 is read directly from the
meter (1.0 full scale). The n for the recommended 2N4891
UJT will be somewhere between 0.55 and 0.82.

The next calculation involves the peak firing potential of
the UJT. The formula used is:

Vo=Vapn + Vi
where: Vg=10.0 volts; n=intrinsic standoff ratio of partic-
ular UJT being used; and Vi= .56 volt at 25°C.

FFollowing these calculations, the peak potential of the
sawtooth wave is measured. The measurement is then com-
pared with the two calculations. If the Vi has been accu-
rately set to 10.0 volts and the UJT’s n was precise]y mea-
sured, the calculation involved to find V, can stand as a
point of reference. If both calculations and the measured
value of the sawtooth check within 0.2 volt, the oscilloscope
can be considered accurately calibrated on both horizontal
and vertical inputs. In the event the measured the calculat-
ed values do not check, further calculations can be made to
determine which scope axis is in need of calibration.

The time of one sawtooth is calculated by the following
formula where t is solved for:

e=E . (1-«<FC)
where: e=V,, in volts (V,= Vggn + Vi&); En..=10.0 volts;
R =actual value of R, ohms; and C=uactual value of C, far-
ads. The time derived should agree with the measured time
of one sawtooth. If the V,, measured does not agree with the
value calculated by V,= Vuapn + Vp, the vertical calibration
is not correct. A

l B2
=

gy O Vpp 10-15V
90-100V NE-2 Bl
_/\_ —= 2N4891
S I 2i0-15
(Aa) (8)
Fig. 1. (A) Neon-lamp and (B} UJT sawtooth generators.
Fig. 2. Test circuit for UJT intrinsic standoff ratio.
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The"Pipe”
Speaker
Syst

Designed for use with electronic organs
and similar instruments, this system
is low in cost and easy to assemble.

By CAPT. J. ROY SMITH, USNR/Director of Eng.
Defense Electronics Supply Center, Daytcn, Ohio

The "pipe” speaker system installed in
corner behind author’'s Schober organ.

HIS pipe-speaker system is one designed specifically for

electronic organs and similar musical instruments. In
appearance its array of vertical pipes resembles a section of
a pipe organ. The sound it produces is unique and the
somewhat “hollow” nature (reverberation) of the tones it
produces in the mid- and upper ranges is ideal for music
but not speech.

The system is easy to build and requires no acoustic tun-
ing to match the speaker. Anyone with fair mechanical
skill, a sabre saw, framing square, screwdriver, and glue pot
can build it. The only lumber needed is a single 4' x 8 sheet
of 3" AD plywood. Three-inch i.d. plastic downspout can
be used for the pipes. The only absolute requirement is that
the speaker selected must be one designed for use with
musical instruments. Although plentiful and inexpensive,
hi-fi speakers cannot be used in this application.

The cost is reasonable too. At typical prices, the system
will range from $36 to $52, depending on the speaker.

Design Theory

The enclosure is a combination of an infinite baffle, or
closed box, and a horn consisting of a matrix of tuned pipes.

Fig. 1. Ideal arrangement of pipe cluster over speaker opening.
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There is no back-of-the-cone radiation, so that the air in
back of the cone compresses and acts as a spring on the
cone. Ordinary infinite baffles reproduce bass tones poorly
due to rapid low-frequency-response roll-off. This system,
because of its low resonant frequency, has superior bass.

The twelve open-ended 3-inch i.d. pipes forming the up-
per half of the enclosure are resonant to the octave just
below middle-C. What gives this enclosure its unique supe-
riority is the fact that the effective cross-sectional area of all
twelve pipes, and their mean length, are equivalent to a
single large pipe which resonates with the cavity of the box
at the frequency of the lowest pedal tone (32.9 Hz) of the
electronic organ.

Of course, a properly tuned bass-reflex speaker system
will produce a prominent boost at low-frequency reso-
nance, but this system is almost as good at the pedal tones
and has definite advantages at all other frequencies. [t adds
special character to the usual organ left-hand accompani-
ment voices, enhances all other tones, presents a distribut-
ed nature to all organ sounds, and has greater efficiency
(probably resulting from the musical instrument speaker).

The Speaker

The speaker must be one made specifically for musical
instruments. A 15-inch, 100-watt speaker with a magnet of
at least 2% pounds (such as Allied Radio Shack catalogue
No. 40-1315, $29.95) is recommended. With a powerful,
heavy-duty music speaker, there is no perceptible intermo-
dulation of tones. You don’t hear the pedal tones czuse a
fluttering of other tones. However, you can use a 12-inch
musical-instrument speaker with reasonable results, put it
requires an additional speaker mounting panel. On the oth-
er hand, the 15-inch speaker is well worth its additional $16
cost.

The brand name of the speaker is not important; in fact it
must not be an expensive hi-fi type. What is important is
that the free-air cone resonance be as low in frequency as
possible. The 15-inch speaker used resonated at 48 Hz in
free air and the 12 inch at 57 Hz, although they were listed
at 45 and 50 Hz, respectively.

ELECTRONICS WORLD



Do not use a speaker intended for bass-reflex enclosures.
At first, a 12-inch woofer with a 30-Hz free-air cone reso-
nance was used. The results were so disappointing that this
project was almost abandoned until it was discovered that
the speaker’s impedance at resonance, in the enclosure,
was so high that almost no acoustic power could be devel-
ored at the lower pedal frequencies. Even excessive sound-
absorbing packing in the enclosure would not lower the
impedance enough to fully develop the low tones. Only
when the woofer was actually installed in a matched bass-
reflex enclosure did it produce the excellent pedal tones
that we were looking for.

If the tone character of your organ has frequency compo-
nents above 10,000 Hz, the addition of a horn tweeter is
recommended. The Schober Theater Organ produces over-
tones above 14,000 Hz, generating realistic reed and string
tones. An Allied Radio Shack horn tweeter (Catalogue No.
4C-1228) with its own crossover network will work well.
The horn may be placed either within the enclosure or ex-
ternally (it needs no baffle).

The Enclosure

The most important consideration in the design of the
enclosure is its volume, specifically 5.7 cubic feet. Although
some designers may argue the point, shape is not at all crit-
ical. For example, one box using the 1:1.4:2 ratio yielded no
better results than a corner or diagonally cut cube. The
corner box was best for the author’s installation because its
triangular shape fitted neatly in the corner of the room, just
behind the organ. Placing the speaker in the corner has the
advantage of coupling the sound to the room, thus distrib-
uting sound from a larger area.

Before determining the dimensions of your enclosure,
acd to the 5.7-cu ft volume the space taken by the magnet
assembly and metal parts of the speaker, plus any special
bracing and tweeter (if placed within the enclosure). For
the speakers used in this enclosure, 0.12 cubic foot was add-
ec, making the total volume 5.82 cubic feet.

Once you have decided on the shape and dimensions of
your enclosure, be certain that you can cut all the pieces
from a single 4'X 8’ sheet of %4-inch AD plywood. You may
need to change some dimensions to do this. As long as you
maintain the desired volume, the dimensions may be
changed to fit the sheet of plywood. After sawing, the cut
surfaces should be sanded to ensure a snug joint. Good glue-
ing of mating surfaces is important and wood screws should
be placed about 6 to 7 inches apart. Screws should be #10
flut head, 1% or 1%, inches in length. Holes should be
drilled large enough to pass the body of the screw and
should then be countersunk for the screw heads. Special
drill bits are available that will do this in a single operation.
Do not glue on the top panel as you will need to remove it
many times.

The interior surfaces should be lined with sound-absorb-

Fig. 2. Impedance vs frequency for 15" speaker.
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NOTE PITCH PIPE LENGTH
(Hz) (in)
Cq (middle-C)l 2616
B3 246.9 267/s
Aj 233.1 28 /s
Az 220.0 30
G3 207.7 313/a
G3 196.0 34
F3 185.0 36
F3 174.6 38
E3 164.8 40 /e
D3 155.6 423/a
D3 1468 45
c3 138.6 48
C 130.8 50 °/s

Table 1. Lengths of the “pipes” cut from plastic downspouting.

ing material to reduce resonances. Polyfoam or fiberglass
are excellent for this purpose.

If you install a tweeter within the box be sure to seal its
egress with a gasket and cement so there is no loss of com-
pression from the big speaker. Also, the tweeter must be
acoustically isolated from the box cavity. A horn tweeter is
effectively isolated by its case but a cone tweeter would
need an isolation box behind it.

Install furniture glides on the bottom of the enclosure to
keep it from scratching the floor. The enclosure is heavy.

When completed, the enclosure may be painted or an-
tiqued or covered with Contact paper or prefinished thin
plywood glued to the exterior surfaces.

Pipe Assembly

The pipes are cut from four 10-foot lengths of 3-inch i.d.
plastic downspout, ¥s-inch wall thickness. This pipe is avail-
able in many hobby shops and through mail-order houses
such as Montgomery Ward. Cut the pipes to the lengths
indicated in Table 1. The placement of a pipe for one note
in relation to another is not critical; the arrangement need
only be aesthetically pleasing.

The pipes are mounted in the enclosure’s top panel and
should be clustered to cover the smallest possible area. Fig.
1 shows the recommended pattern; any other pattern
would increase the difficulty in coupling to the speaker.

Fig. 3. Impedance vs frequency for 12" speaker.
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Close-up view of sys-
tem showing how
pipes are installed.
The slot at right is
for tweeter. Plywood
escutcheon at bot-
tom of cluster of
pipes may be omit-
ted if desired. Refer

to article.

Mark the top panel around the pipes with pencil. Cut the
outlined hole just inside the mark to make a slightly smaller
hole for a snug fit. The holes may be enlarged later, if nec-
essary, by means of a wood rasp or coarse sandpaper. The
outer pipes of the cluster should be secured to the panel by
means of Y%-inch wood or sheet-metal screws.

With the outer pipes held by screws, use a framing
square to align the pipes perpendicularly. The three inner
pipes can be secured to the outer pipes with sheet-metal
screws, placed out of sight, about an inch below the top. All
pipes may ke secured to each other in a like manner. When
the pipes are in place and perpendicular to the top panel,
any large gaps between the plywood panel and the pipes
should be filled with plastic wood. A fillet of Duco house-
hold cement should be placed around the pipes at the en-
closure top panel. A fillet of cement between the pipes at
the top end will make the assembly more rigid.

When the plastic woad and cement have hardened, turn
the pipe assembly on its side and fill the triangular void
between the pipes only at the panel end. One technique is
to push a wad of cotton into the void leaving about a quar-
ter inch from the panel end. Then coat the cotton with
cement. When it has hardened, fill the remaining void with
plastic wood flush with the panel. There should be no air
leaks between the panel and pipes as these may generate
whistling sounds. There should be no projections below the
bottom surface of the panel. This surface must be flat to
avoid interference with the movement of the speaker cone.

If vour speaker is 15 inches in diameter, it should be at-

Fig. 4. Speaker switching circuits to enable use of the organ’s
internal speaker (s), “pipe” speaker system, or both together.

I
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26

tached to the bottom of the top panel, centered over the
lower pipe ends. If you are using a 12-inch speaker you will
need a separate plywood adapter panel. Make certain that
the panel is large enough to cover all pipes and has a 10Y.-
inch diameter opening for the 12-inch speaker.

Frequency Response

The frequency response is excellent from the lowest ped-
al tone up into the highest organ notes. There is a slight
boost in response at 32 Hz and at each of the fundamental
tones of the tuned pipes. Open pipes (both ends open) have
the characteristic of enhancing (and not attenuating) all
harmonics throughout the audible range.

For most electronic organs the single bass speaker will
reproduce all tones generated without a high-frequency
speaker. However, if you have a hi-fi organ like the Scho-
ber, then you will want to add a tweeter to reproduce the
crispness of those authentic pipe-like tones.

Plots of relative voice-coil impedance vs frequency for
free-air cone resonance and for the speaker installed in the
enclosure for the 15-inch and 12-inch speakers used are
shown in Figs. 2 and 3. The plotted data was obtained using
commercial laboratory instruments. Suitable instruments
for measuring the sound-level response were not available
to the author.

A few points should be made about the power amplifier
that drives the speaker. The amplifier should have a low
output impedance, which is accomplished by a high level of
negative feedback. If the source impedance to the speaker
is relatively high, some loss of acoustic power may be ob-
served at the system resonances. This is similar to the prob-
lem (but much less severe) described when using the bass-
reflex-type woofer. Should you encounter this problem and
it is too difficult to increase the amplifier’s negative feed-
back, you might try paralleling the speaker with any other
speakers in your instrument. As a last resort, you could low-
er the combined impedance by paralleling the voice coil
with a 10-ohm resistor. This is least desirable because it
wastes audio power.

Where and how the pipe-speaker system is connected de-
pends on whether the organ has a single power amplifier or
several. It should be used on the main amplifier instead of
the main speaker or in conjunction with it. Obviously, one
would not use this speaker in place of a Leslie or doppler
speaker.

To prevent accidental unloading of the amplifier, it is
desirable to use a switching eircuit for the pipe speaker and
for the organ’s internal speaker, as shown in Fig. 4. This
allows the organist to choose either speaker, or both. Fur-
thermore, the pipe-speaker could be located at the oppo-
site end of the room, which is more desirable. Placing speak-
ers as far as possible from the organ enhances the sound.

If your organ has a separate amplifier and speaker for the
pedal circuit alone, it would be foolish to waste the high-
frequency capability of this pipe-speaker on the pedal chan-
nel only. If you wanted to use an external speaker strictly
for pedals, a properly tuned bass-reflex enclosure would be
the choice.

The pipe-speaker is a worthy addition to any organ sys-
tem. It adds a new enjovment to playing the organ; even at
full blast, it will handle all the power the instrument can
generate.

Try this system, using your most dynamic recorded organ
music. If you have a good record player and an equally
good high-fidelity amplifier, those deep pedal tones will re-
ally shake your bones. Furthermore, those crisp highs will
please you.

The idea for this speaker came from Keith E. Geren and
the dimensions of the pipes from John Mathy (both of San
Diego, Calif.). They built several speakers using paper mail-
ing tubes for pipes with a smaller, different type of enclo-
sure. A
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Animal Guidance Systems

By L. GEORGE LAWRENCE

CAGE FLOOR

Training cats to pilot air-to-air missiles? This is no “sci-fi"”’ dream
but is under active investigation as a means of delivering nuclear
weapons via a jam-proof system which is almost impossible to detect.

December, 1971

N a relatively short period of time,
electronics-based weapons and their
delivery systems have assumned a formi-

dable role in the defense apparatus of
the great powers. Now Rand Corpora-

tion’s “Soviet Cybernetics Review” has
reported an odd variation: Russian
technologists, says Rand, are studying
the feasibility of training cats to pilot
air-to-air missiles right to their targets!

Although such possibilities are ac-
knowledged both here and abroad,

their application to armed conflict is.

startling. Provided that suitable instru-
ments, including support electronics,
are available, small animals can be
trained to execute near-perfect control
of production equipment and non-
jammable guidance of weapons. But
such duties, alien as they are, also pose
the ethical question of our right to con-
vert a lower creature into an ill-paid
laborer or unwitting hero. Unfortu-
nately, in times to come, the question
of human survival might preclude

a more compassionate alternative.

Skinner Methods

Almost any sentient creature can be
trained in the Skinner box, diag-
rammed in Fig. 1. A typical unit con-
sists of two chambers, one of which
constitutes the actual training area (for
a pigeon, in this case) and the other
containing the various control, cue,
and feed mechanisms for reinforcing
the animal’s “lecture.” This arrange-
ment was developed by behavorial
psychologist Dr. B. F. Skirner, an out-
standing authority on human and ani-
mal learning processes.

To make our living example, the pi-
geon, suitable for training, it is first fed
a minimal diet until its weight is re-
duced by 20 percent. It is then put into
the training box where an ample sup-
ply of water is always available.

Training begins by flashing one of
the two key lights behind the key aper-
ture. Now, after a time, the pigeon will
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Fig. 2. Training station using TV-type display methods. Op-
tical images are picked up and superimposed by TV camera
which scans prepared pictures and cues: then bird reacts.

peck the key (a Microswitch), thereby activating the sole-
noid which pulls up the food tray to the simultaneously
lighted food aperture. Thus, the animal learns to associate
light of a given color with pecking and a consequent re-
ward—food.

Once these initial steps have been learned, the Skinner
box can be programmed—either manually or by comput-
er—for the execution of more complex tasks. For example,
the pigeon can be taught to peck only when the light is red
or to expect to be fed only after it has made two or more
bodily turns in the cage, etc.

As the training situaticn becomes more complex, the ani-
mal becomes aware of incidental cues—such as the ticking
of clocks, external noises, and the like. Here, the internal
volume of the Skinner box can be acoustically neutralized
by radiating into it white noise at low dB levels. Also, if the
pigeon makes errors in, say, tasks involving pattern recog-

nition, it is “punished” by suddenly turning off a white
shock light inside the chamber.

Fig. 2 shows a television-type training arrangement con-
fronting a “postgraduate” bird. Developed by the author
for demonstration purposes, the display shows stationary
and/or moving objects which contain a set of visual cues
and superimposed images. The reinforced reward situation
is maintained and expanded when the animal makes its
peck at the control key (thereby receiving food).

It is on the basis of these and similar techniques that a
massive set of skills can be taught to a pigeon—here assum-
ing the form of an organic computer of enormous reliabili-
ty, yet costing $1.50 or less.

Control and Guidance Performance

In 1964, Drs. R. J. Herrenstein and D. H. Loveland per-
formed experiments to determine complex visual concepts
in the pigeon. (These birds are superb all-around subjects—
thus their selection.) The test series showed clearly that pi-
zeons had the unicue ability to look for and react to the
images of people. The birds were allowed to look at projec-
tion slides in which human beings were obscured by cars,
trees, window frames, and the like. This fascinating experi-
ment, which also involved tasks of categorizing and com-
plex rules for sorting out pictorial elements, produced evi-
dence of animalistic conceptualization. But this experiment
does not stand alone. Even in the study of instinctive be-
havior with creatures low in the phyletic scale, there is
overwhelming evidence of discrete sorting and generaliz-
ing.

Visual conceptualization and the motor activity triggered
by it is one of the most sought-after goals of computer de-
signers. Unfortunately, at present, this type of artificial
electronic intelliger.ce has eluded designers and remains an
innate capacity of living organisms.

Dr. T. Verhave’s experiments are a good case in point.

Fig. 3. Proposed animal-guidance system for ICBM. Initial target data is acquirec by photore-
connaissance satellite. System operates with superimposed images and can’t be jammed.
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o q CORTICAL BIOELECTRIC RESPONSES DF STIMULATED CAT BRAIN
Working for a large pharmaceutical

company as a psycho-pharmacologist, s
he conceived the idea of using pigeons PROJECTED STIMULUS /"LAL
as quality-control inspectors. The com- R ASEI AT

pany made gelatin drug capsules—
about 20 million units per day—and
sorting out “‘skags’ or defective cap-
sules was an involved and costly proc-
ess.

The drug capsules were brought into
the bird’s view by means of a moving
belt and, through inspection windows,
examined for defects. Skags made up
about 10 percent of all the capsules on
the belt. Reinforcement (feeding) was
applied only when the bird made an
appropriate number of pecks on the
window-key. Wrong pecks, either miss-
es or false alarms, were not rewarded
and caused a 30-second blackout inside
the pigeon’s work box. However, al-
though results were excellent, Ver-
have’s concept was not adopted. Fears
of adverse publicity and similar inter-

Fig. 4. The cortical bioelectric responses of a cat’s brain. The task
remains of eliciting the electronic analog profiles which correspond
to the specific stimulus patterns appearing on the target matrix.

ferences kept it from being used on a

routine basis. The problem, it seems, is that the average
layman thinks of inspecting birds as animals scratching with
their feet in a pile of drug capsules, picking one up now and
then—and, worse yet—forgetting their bathroom manners
every so often.

Some 30 years ago, one of the strongest scientific objec-
tions raised against animal-equipped missile-guidance sys-
tems was that of adequate feedback control. Further, it was
thought that in an actual combat situation, an animal-type
weapons pilot would become irritated (perhaps get airsick)
and, thus, doomn the mission.

Most of these objections have now been overcome.
Toward the end of World War II, Skinner and his assistants
initiated a research program called **Project Pigeon.” It had
a peacetime counterpart at the Naval Research Laborator-
ies as "Orcon”—an acronym of the words “organic control.”
Both of these programs have now been declassified.

Skinner’s was a kind of majority-vote bombardiering sys-
tem directed against ships. The missile, a simple airborne
vehicle named “Pelican,” was designed to use three har-
nessed pigeons trained by his methods. Three animals were
to be used on the theory that at least two would peck cor-
rectly on the left or right of a target screen. Again, in spite
of excellent results, the system was never put into opera-
tion. The Manhattan Project and its atomic bomb came
along, which eliminated—as it seemed at that time—the
need for pinpoint bombing. However, the fact remains that
animal-guided weapons systems cannot be jammed, either
electronically or by other conventional means. Once
trained, as Skinner implies in his reports, a given animal
tends to retain its “data” so well that it can be recalled at
will even if the creature has been freed from its laboratory
environment and is allowed to go on free flight again.
There is no “obsolescence.”

It is for these and other reasons that dynamic combat
schemes, such as that shown in Fig. 3, have emerged.

This weapons systemn is best understood by considering it
as a composite. [ts principal components are (1) a photo-re-
connaissance satellite, (2) a radar system, and (3) an animal-
guided ICBM.

The elements of target data are generated in peacetime
and, more narrowly, in times of war. During overflights of
enemy territory, the satellite uses infrared and other photo-
graphic methods to produce film of ground targets at a se-
lected focal length. Then, by using Skinnerian conditioning
techniques, the animal weapons pilot learns to recognize
specific target features which are presented to him, togeth-
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er with moving-ground images, by means of superimposi-
tion in an optical display system. Thus, during actual target
runs, the pilot will peck (in the case of a pigeon) the appro-
priate guidance keys until the vehicle makes suitable ver-
nier maneuvers to achieve perfect image superimposition
or “target zero.” As the target grows in optical magnitude,
the superimpositions are kept in plane and, finally, a ballis-
tic is selected which ensures a bulls-eye target run. At that
time barometry takes over and senses the proximity of the
target by evaluating the outside air pressure. Simultaneous-
ly, the chemical detonators are activated and, on command
from the barometer sensor, initiate fission of the nuclear
warhead.

As shown in Fig. 3, a weapon of this type is vulnerable to
enemy countermeasures only as long as it receives initial
guidance in the radar’s guidance slot. Once the missile
leaves the electronic horizon and enters the geodetic hori-
zon under animal control, effective defense against it is no
longer possible—at least not with the crude anti-missile
weaponry available today. Indeed, it is one of the most for-
midable war machines the human mind can conceive—for
better or worse.

Biodynamic Guidance Systems

We mentioned the cat-guided missile scheme at the be-
ginning of this article. It might appear, at first glance, to be
(Continued on page 50)

Fig. 5. Neuron and electronic analogy. At (A) the neuron cell
receives inputs via dendrites. At (B) functions may be simu-
lated artificially by electronic neuron cell. Refer to article.
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This tiny Channeltron, with its funnel opening, was used to de-
tect charged particles in Apollo lunar environmental experiment.

T has always been difficult to detect low-energy photons

and charged particles (electrons and protons) because
these particles are so easily absorbed by matter only frac-
tions of a micron thick. A new device, the channel electron
multiplier (CEM), now makes this instrumentation task eas-
ier. The device was developed by the Bendix Research Lab-
oratories, Southfield, Michigan. Called Channeltron, these
patented units are capable of increusing the flow of elec-
trons more than a million times so that charged particles
received at the input can be measured by conventional
electronic counter circuits.

The CEM is adaptable to most low-level radiation mea-
surements in the 1500- to 2-ungstrom region of the spec-
trum, the ultraviolet and soft x-ray region. They have been
used extensively in space exploration. IFor example, one cir-
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Fig. 1. (A) Operation of the photomultiplier tube. (B) By removing
photoemission cathode, tube amplifies external charged particles.

Fig. 2. Simplified diagram of channel electron multiplier. The
CEM is electrostatic device with a continuous dynode surface.
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Operation of a new, highly sensitive
radiation detector for low-energy
protons and electrons that is

being used in space exploration.

cular model slightly larger than a quarter was designed for
rocket-probe investigations of auroral plasma. Another
model, coiled like a spring with funnel-shaped input, was
the principal active element of the charged particle lunar
2nvironment experiment carried to the Moon by Apollo as-
tronauts.

Similar to Photomultiplier Tube

Since operation of the channel electron multiplier tube is
based on the same general principles as the photomultiplier
tube, it is a good idea to first review its operation. The pho-
tomultiplier tube is an amplifying photoelectric cell having
a number of electrodes called “dynodes.” Each of the dy-
nodes is maintained at a positive potential higner than the
ight-emissive cathcde. Also, each dynode is maintained at a
higher positive potential than the preceding dynode. See
Fig. 1A.

The photosensitive cathode of the photomultiplier tube
=mits electrons when light strikes its surface. These emitted
electrons are attracted to the first dynode where they cause
secondary emission as they strike the surface of the dynode.
The electrons emitted by secondary emission, greater in
number than the original group leaving the cathcde, are
attracted to the higher positive potential of the second dy-
node. Here, again, they cause secondary emission as they
strike the surface of the dynode. The growing number of
electrons are swept away to the next dynode until they are
finally collected by the anode. By repeating this process of
current amplification ten or more times, an anode current
greatly amplified from the original current at the cathode is
obtained.

If the photomultiplier tube is to be operated in the high
vacuum of space, an evacuated tube would not be neces-
sary. The cathode could be exposed directly to bembard-
ment by photons and charged particles or the first dynode
could be given a special coating and exposed directly to
bombardment by photons and charged particles arriving at
the tube. See Fig. 1B. Electrons emitted by the dynode as it
is bombarded are swept away to the second dynode to start
the amplification process.

Such a photcmultiplier tube would be designated a win-
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dowless radiation detector. The windowless detector is
more efficient than the window type. The window-type de-
tector must dissipate the energy of the particle in a medi-
um capable of producing ionized atoms, free electrons, or
emitted light quanta proportional to the energy of the par-
ticle. The result is often a feeble electrical signal of the
same magnitude as the preamplifier noise.

Something Better Was Needed

Something better was needed to detect single electron
events: the channel electron multiplier was the answer. Be-
ing windowless, the sensitive input of the CEM is accessible
to all particles irrespective of type and energy and is espe-
cially adaptable to detecting single electron events with a
very low count rate (one count in 100 seconds). The upper
count rate limit is a few thousand counts per second before
current saturation occurs.

Unlike conventional electron multipliers having a series
of discrete dynodes, the CEM is an electrostatic device with
a continuous dynode surface. Actually, the CEM is a small
glass tube with an inner surface coating of high-resistance
semiconductor material which serves as the dynode. See
Fig. 2. A high voltage is applied across the length of the
tube so that an electrostatic field exists within the narrow
(one millimeter) channel of the tube. A charged particle or
photon entering the tube opening will be accelerated along
the channel until it strikes the dynode surface.

When this happens, secondary electrons are emitted
from the semiconductor material. They are swept along at
an accelerating rate by the electrostatic field until they also
strike the dynode surface, creating an avalanche of elec-
trons in the tiny channel. The gain in electron flow, caused
by the avalanche effect, is limited to about 100,000 if the
tube is straight. The limiting factor is the ion feedback re-
sulting from a loss of electrons in the semiconductor materi-
al. Bendix scientists discovered, however, that bending the
tube prevents this feedback and allows typical gains up to
108 electrons per input event.

These high-gain CEM’s are often bent into helixes or
“C”-shaped structures to eliminate ion feedback and to sat-
isfy packaging constraints. As shown in Fig. 3, typical elec-
trical connections of the CEM may take one of two busic
configurations: separate collector or cap collector. If the
separate collector is used, it will be spaced about one milli-
meter from the end of the channel and have a collector
voltage of 200 to 300 volts. The cap-collector configuration
does not require an additional power supply, but develops
the pulse signal across a load resistor R,. The cap collector
can be metal foil bonded to the CEM with conductive ad-
hesive. The h.v. power-supply voltage can range from 2000
to a maximum of 4000 for the model illustrated. Fig. 4
shows the gain curve for this unit, operated in the separate-
collector configuration, with different levels of high voltage
and a collector voltage of 220 volts. As shown, the gain does
not increase as rapidly with voltages above 2600 volts.

Spiraling the Channels

[t was also found that ion feedback in the CEM could be
suppressed by spiraling several channels around a central
core. See Fig. 5A. This provided for more flexible configu-
rations of these spiral CEM’s, called Spiraltrons (SEM’s) by
Bendix. The straight cylindrical geometry of the Spiraltron
allows it to be stacked into large matrices. In addition to
being able to count single electron events, such matrices
can also provide spatial information about the radiation
source.

The Model 5205X Spiraltron bundle detector, for exam-
ple, is a matrix (0.18- by 0.18-inch square) of Spiraltron elec-
tron multipliers. It is an area-sensitive detector for charged
particles, energetic ultraviolet or soft x-radiation, or meta-
stable neutral particles. Each element of the matrix is capa-

(Continued on page 57)
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Spiraitron bundle detector can count electron events and
provide special information about the radiation source.
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EFORE one can design s voltage regulator, he must un-
derstand the characteristics of the regulating device, in
this case the zener diode. Zener diodes are also known as
avalanche or breakdown diodes. They are a special type of
silicon junction diode and have characteristics very similar
to those of ordinary silicon diodes. They conduct current
very well when they are forward-biased, but become very
poor conductors when reverse-biased.

When reverse-bias voltage across an ordinary silicon
diode exceeds the peak reverse voltage (p.r.v.) rating of the
diode, the diode will break down. When this happens to the
ordinary silicon diode, it conducts excessive reverse current
and the diode is usually destroyed. The zener diode, how-
ever, is designed to operate in this breakdown region.

The characteristics of a zener diode can be seen in Fig.1.
On the plot, negative voltages and currents represent re-
verse bias. From Fig. 1 it can be seen that the diode passes

Fig. 1. Example of a zener diode characteristic curve (1N3000).
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L ZENER

| DIODES
& Voltage-Regulator
Design

| Basic operation and specifications of these
- voltage-regulating diodes along with a simple
design technique for using them as shunt regulators.

very little current when it is reverse-biased below the
breakdown point. However, when the reverse-bias voltage
reaches the breakdown point, the diode starts to draw cur-
rent. Beyond this point, current will increase rapidly but
voltage will remain almost constant. The point where the
reverse current starts to increase rapidly is called the “zen-
er knee.” The zerer diode is useful as a voltage regulator
when it is operated between the zener knee and the maxi-
mum allowable reversz current.

The Zener Diode

Every zener dinde has a set of specifications which de-
scribe its electrical, physical, and thermal properties. These
specifications are available in manufacturers’ publications,
including catalogues, brochures, data sheets, application
notes, and handbooks. Obviously, the zener-diode specifica-
tions must be kncwn before a voltage-regulator circuit can
be designed. Refer to Glossary of Specifications.

Zener diodes come in many different sizes, shapes, and
cases. Fig. 2 shows some of the common shapes that zener
diodes take and the diode polarity. Small diodes with axial
leads usually have a ring on the cathode end. One- and
ten-watt diodes quite often have the schematic symbol
printed on the diode to indicate polarity. Ten-watt stud-
mounted zeners are available with standard anode-to-case
polarity, or can be ordered with reverse polarity (cathode
ta case). Fifty-wa't zener diodes are available in a TO-3 case
or in a stud configuration, both in standard (anode-to-case)
and reverse polarities.

The mounting of zener diodes is important not only to
secure the diode, but also to dissipate heat.

When mounting axial-lead zeners, one should keep lead
lengths as short as possible. This enables much of the heat
dissipated by the diode to flow out the leads, since metal
leads conduct heat much better than the surrcunding air.
Thermal resistance of a typical axial-lead zener diode is
three times greater with 7/4-in leads than with Ys-in leads.

The mounting of high-power zener diodes in TO-3 or
stud cases is even more important. These diodes must be
rmounted on a chassis or heat sink in order to dissipate the
heat properly.

Heat is best transferred from the zener diode case to the
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GLOSSARY OF SPECIFICATIONS

Zener Power Rating: This is the maximum power, in watts,
which the zener-diode junction is capable of dissipating. Some
common zener power ratings are Ya W, 2 W, 1 W, 10 W, and
50 W.

Zener Voltage: The reverse-bias voltage at which breakdown
occurs is called the zener voltage, the breakdown voltage, or
the nominal zener voltage. Zener diodes are available with zen-
er voltages ranging from several volts to several hundred
volts.

Zener Tolerance: The tolerance of a zener diode is a tolerance
on the rated zener voltage. Common tolerances are +20%,
+10%, and 5% although closer tolerances are available.

Maximum D.C. Zener Current: This is the maximum continu-
ous or direct current which the diode can safely handle for
thermal reasons. Currents in excess of the maximum d.c. zen-
er current can be handled for short periods of time, or periodi-
cally, but not continuously. The maximum d.c. zener current is
less than the maximum allowable zener current, which can be
obtained by dividing the zener power rating by the zener volt-
age.

Zener Knee Current: This is the reverse current which flows
through the zener diode at the breakdown point or zener knee.
Knee currents range from 0.25 mA to 5 mA

Maximum Junction Temperature: To remain reliable, the
junction of any solid-state device cannot exceed a given tem-
perature in storage or in use. Maximum zener-d