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‘Talk about electronic

OVER

800

POPULAR, NEW |

CALECTRO
PRODUCTS

for every
household use!

TEST EQUIPMENT — TOOLS

EXPERIMENTERS & LAB SUPPLIES

ELECTRONIC ACCESSORIES

MIKES — PHONO & TAPE ACCESSORIES
SPEAKERS & AUOIO ACCESSORIES

RESISTORS & CONTROLS = CAPACITORS
METERS — COILS — RELAYS — TRANSFORMERS
SWITCHES — LAMPS w WIRE — CABLES
ANTENNA HARDWARE

Automatic limer
On-0ff Switch

Convenient rembdte
control unit far any
appliance, timer conirol
sets for any in-erval

up to 60 mi- utes,
Beautiful gree and

o white case, extre-lcng PLUGS — JACKS — BATTERY HOLDERS
12 foot card.
. Instalied in seconds.
| plugs ino eny
\ wall outbet. Now at each location, hundreds and

Ask for Czta og hundreds of items for everyone . . .

= No. N4.Q05 ) _
- - $595 hobbyist. enthusiast. amateur, executive.
L e D nami‘ Micro hone home-owner, executive, do-it-yourselfer.
Tebphone Amphfler Yth ‘_t h p See the SELF-SERVICE G-C CALECTRO
fo- Group Listing ;’__" ?V;' fd n g it display at your CALECTRO ELECTRONIC
Perfect for family calls at home, conference W?)I;'dglga'ld'rr?l.jls)ilc.reBcl.?il;t-li[l;gO(r)l- SUPERMARKET TODAY!
calls at the office, or ‘‘hends-free’ operation off switch. Folding desk top
when takirg orders or instiuctiors by phone. stand. Cual plug for most tape
Sucticn cup pickup a-taches to outside recorder inputs.
of phone, brings in conversaticrs loud and Ask for Catalog No. Q4-186
clear. Built-in volumre cont-ol governs $395
A k'?uc_gf?s" Baﬁter)&id'n lkdt3 Frequency Response: 80-8000 cps
Sk Tor L.&1alog io. 5 impedan:e: 200 ohm. Sensitivity: —56DE
$985
P all over the country
ELECTRONICS and Canada .
This “‘G-C CALECTRO 4OBBYIST See your electronic parts distributor
HANDBOO<" is avai zble at G-C 2>

and SAVE!

CALECTRO ELECTRINIC SUPER-
MARKETS. WRITE TODAY and we |l c ALECTRO
give yoL the nam2 of your nearsst
GC ELECTRONICS

Division o Hydrometals, Inc.

400 SO. WYMAN ST.
ROCKFORD, ILLINOIS 61101

CIRCLE NO. 125 ON READER SERVICE CARD

In the Yeliow Pages under ‘‘Electronics™
and call your Calectro source.
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Eﬁcial introductory offer to new members of the

For trial
membership take

Values up
to $12.50

Choose bonus from
Library Group A

#A850 MATHEMATICS FOR ELECTRONICS WITH APPLI-
CATIONS by H. M. Nodelman and F. W. Smith.
Pub. price, $8.00. Club price, $6.80

#A896 BASIC PULSE CIRCUITS by R. Blitzer. Pub.
price, $8.50. Club price, $7.25

#A530 PROJECT ENGINEERING by V. Hajek. Pub.
price, $9.75. Ciub price, $8.30

#£A355 FIELD-EFFECT TRANSISTORS by L. J. Sevin.
Pub. price, $10.00. Club price, $8.50

1fA475 MOSFET IN CIRCUIT DESIGN by R. H. Craw-
ford. Pub. price, $10.00. Club price, $8.50

#£A142 TUNNEL-DIODE AND SEMI-CONDUCTOR CIRCUITS
by J. M. Carroll. Pub. price, $11.00. Club price,
$9.35

#AS09 MATHEMATICS MANUAL by F. S. Merritt. Pub.
price, $11.95. Club price, $10.15

#A955 ELECTRONIC TESTING by L. L. Farkas. Pub.
price, $12.00. Ciub price, $10.25

#A144 DESIGN MANUAL FOR TRANSISTOR CIRCUITS
by J. M. Carroll. Pub. price, $12.50. Club price,

$10.65

YOUR BONUS BOOK comes with your first selection
YOUR FIRST CLUB SELECTION availahile from any Library Group ahove

ERE i.s a professional book club designed to meet day-to-day
engineering needs by providing practical books in your field
on a regular basis at below publisher prices.

How the club operates: Basic to the Club’s service is its publica-

which brings you news of books in your field. Sent to members

FE L/
s U W

For trial
membership take

Values up
to $16.50

Choose bonus from
Library Group B

7B978 TRANSFORMERS FOR ELECTRONIC CIRCUITS
by N. R. Grossner. Pub. price, $14.00. Club
price, $11.90

#B905 INTRODUCTION TO RADAR SYSTEMS by M. f.
Skolnik. Pub. price, $14.50. Club price $12.35

#B677 DATA TRANSMISSION by W. R. Bennett.
Pub. price, $14.50. Ciub price $12.35

#B270 MICROWAVE MEASUREMENTS by E. L.
Ginzton. Pub. price, $15.50. Club price $13.25

#B310 AUTOMATIC FEEDBACK CONTROL SYSTEMS by
J. G. Truxal. Pub. price, $15.50. Club price.
$13.25

B690 MODERN OPTICAL ENGINEERING by W. J.
Smith. Pub. price, $16.00. Club price, $13.60

737 TRANSISTOR CIRCUIT DESIGN by Texas Instru-
ments, Inc. Staff. Pub. price, $16.50. Club price.
$14.05

#B981 DIGITAL COMPUTER AND CONTROL ENGINEER-

ING by R. S. Ledley. Pub. price, $16.50. Club
price, $14.05

ELECTRONICS AND CONTROL
ENGINEERS’ BOOK CLUB

You can save time and money by using this coupon to join today

NEVER A MEMBERSHIP FEE —— —~—

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus book at the special Library Group price and
my first selection at the special Club price. These books are to be
shipped on approval, and I may return them both without cost or
further obligation. If I decide to keep the books, I agree to pur-
chase as few as four additional books during the next two vears at
special Club prices guaranteed to be about 15¢% under publisher

For trial
membership take

ANY ONE
for 00

Values up
to $37.50

Choose bonus from
Library Group C

#C509 ELECTRONIC AND RADIO ENGINEERING by
F. E. Terman. Publisher's price, $17.50. Ciub
price, $14.95

€861 FLUID AMPLIFIERS by J. M. Kirshner. Pub.
price, $17.75. Club price $15.10

#£381 PULSE, DIGITAL, AND SWITCHING WAVEFORMS
by J. Millman and H. Taub. Pub. price, $18.00.
Club price, $15.30

#C360 ELECTRONIC ANALOG AND HYBRID COMPUTERS
by G. A. Korn and T. M. Korn. Pub. price, $18.75.
Club price, $15.95

72C085 DIGITAL AND SAMPLED-DATA CONTROL SYS-
TEMS by J. T. Tou. Pub. price, $19.75. Club price,
$16.75

€304 HANDBOOK OF SEMICONDUCTOR ELECTRONICS
2/e by L. P. Hunter. Pub. price, $22.50. Club
price, $19.10

#C€290 ANTENNA ENGINEERING HANDBOOK by H.
Jasik. Pub. price, $27.75. Club price, $23.60

€371 SYSTEM ENGINEERING HANDBOOK edited by
R. E. Machol. Pub. price, $29.50. Club price,
$25.00

€503 AMPLIFIER HANDBOOK by R. F. Shea. Pub.
price, $37.50. Club price, $29.50

without cost, it presents in detail the featured book of the month

as well as many alternate selections also available at special

members’ prices.

When you want to examine the Club's
featured book, you do nothing. It will
be mailed as a regular part of your
Club service. If you prefer one of the

alternate selections—or if you want four that you would want to own

no book at all for that month—you let
us know by returning the convenient
card enclosed with each PBulletin.
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anyway. By joining the Club, you
save both money and the trouble of

searching for the best books.
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prices.
Write Code No. of Write Code No. of
bonus book tirst selection
here here

Name_ = — -
As a member, you agrec only to take
four books in two years. Considering Address._ _
the many essential books published in
your field, there will surely be at least City . —

State Zip.
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TETTrd Tins for Technicians /||, -

Versatile Sonalert Signal
makes a great ingenuity tester

o

Fig. 4—High Output Electronic System

Crank up your inventive powers and put them to work
with Sonalert®, the low-drain, solid-state tone signal that
gives a big sound with just a few milliamp drive. More
than likely you can come up with some great ideas for
your shop, home or car. Ideas for fun, safety—and,
perhaps, profit.

Just to give you a few clues, let’s take a look at the way
would-be Edisons turned Sonalerts into interesting ideas.
We've picked four ways in which others have used this
new signaller for one application: liquid level alarm.

One of the simplest is a compact system that requires no
trigger circuits or complex mechanical devices. All you
have to do is install a glass or plastic tube on the unit’s
nose cone, and hook the Sonalert to a power source. (See
figure 1.) Insert the tube into the liquid to the level re-
quired for alarm. Since the tube is immersed, no sound
can escape. Once the fluid falls below the critical level,
out comes a loud, clear, unmistakable signal. Here’s an
ideal system for use In explosive atmospheres; Sonalert
produces no ares or sparks.

Figure 2 shows a mechanically actuated system—float
and switch. It’s made up by mounting a float ball on a
lever arm that actuates a plunger switch in series with
the Sonalert and power source. Reliability might be a
problem because of mechanical failures.

For greater reliability, the simple electronic system
(figure 3) is hard to beat. Fluid acts as the switch to close
the circuit between Sonalert and the source. Just one
problem presents itself. The sound level from Sonalert is
proportional to current flow. If the liquid is not a
good conductor, current flow may be too low.

To overcome this limitation, a high output electronic
signal system was developed (refer to figure 4). Here
transistor Q1 acts as a low resistance switch; and current
flow to the Sonalert is maximum as long as there is
enough base current flowing through the fluid to hold
Q1 ON.

Here are four variations on one theme. Bet you can come
up with some great ideas on your own. Try. If you ean’t,
we’ve got more tips for you in booklet No. 9-406 that’s
yours for the asking at your Mallory Distributor’s. It's
choek-full of information: how Sonalert works, ratings,
specs, mounting instructions and more tips. You can
write for a copy, if you prefer. Mallory Distributor
Products Company, a division of P. R. Mallory & Co.
Ine., Indianapolis, Indiana 46206.

DON'T FORGET TO ASK 'EM— 2Whal else weeds fiving 7

CIRCLE NO. 100 ON READER SERVICE CARD

ELECTRONICS WORLD
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25 Loudspeakers—Can We Measure What We Hear?  Victor Brociner

Speaker designers measure their products in completely dead as well as
in reverberant rooms. Here is how the measurements are maqe_ and how
they are used to predict how the speaker will sound in your living room.

THIS MONTH'S COVER
is related to our lead story 30 Recent Developments in Electronics
“‘Loudspeakers—Can We
Measure What we Hear?”’

The response measurement 32 Using Controls to Troubleshoot TV  Don Motsudo

in the foreground shows Many color and black-and-white TV troubles can be diagnosed quickly

(lower curve) the perform- by noting the effect of the various controls on the picture-tube pattern.
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When certain irradiated materials are heated, they produce light that d_epends
on the amount of their radiation. This provides a powerful tool fO( solld-st_ate
research, nuclear safety, medical dosimetry, and in archeological dating.
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Earn Your

DEGREE

in Electronics!

The Grantham Electronics Degree Program
(available mostly by correspondence) is divided
into two main courses—(1) Electronics Engineer-
ing Technology, which leads to the Associate
Degree. and (2) Electronics Engineering, which
Icads to the Bachelor Degree. The second course
is an extension of (or addition to) the first course,
both courses together making up the entire de-
gree curriculum,

The Associate Degree Course

The course in Electronics Engineering Tech-
nology. leading to the Associate Degree. con-
sists of siv semesters (or sections) and a final two-
week class of review and examination, All sec-
tions of this curriculum except for #3 are offered
hy correspondence. Section #3 may be taken in
residence, or credit for it may be given for at
least one year of fulltime cxperience as an elec-
tronics technician. Thus, if you are an clectronics
technician, you may earn your Associate Degree
m Electronics without any resident attendance
cexcept for a final two-week period of review and
examination.

The Bachelor Degree Course

The curriculum in Electronics Enginecring (lead-
ing to the Bachelor of Science Degree) includes
all of the Associate Degree course and, in addi-
tion to that, includes 210 lessons in advanced
mathematics and advanced engineering — and
also includes credits in English, Business, ctc.,
which are to be earned in other colleges and
transferred to Grantham.

The Grantham cducational program in clec-
1ronics places heavy stress on fundamental con-
cepts of logic und mathematics rather than on
superficial manipulative skills. Since these fun-
damental ideas are largely unfamiliar to many
electronics technicians, it is necessary to develop
them in a systematic manner, before real ad-
vancement is possible,

Accreditation and G.1. Bill Approval

Grantham School of Electronics is accredited by
the Accrediting Commission of the National
Home Study Council, is approved under the G.1.
Bill, and is authorized under the laws of the State
of California to grant academic degrees.

Grantham School of Electronics
¢ Established in 1951 o

1505 N, Western Ave. 818 18th Street, N.W.

Hollywood, Calif. 90027 Washington, D.C. 20006

Telephone: Telephone:
(213) 469-7878 (202) 298-7460

Mail the coupon below for our free Bulletin.

= e e e e e 2 et e e 8 e e e e R, e e e e 4
: Grantham School of Electronics EW.3.69 :
1505 N. Western Ave., Hollywood, Calif. 90027 ]
Please muil me vour free Bulletin, which explains how |
the Grantham educational program can prepare me for
my Associate in Science Degree. and my Bachelor of Sci-
ence Degree in Electronics Engineering.
Name ___Age
Addre: -
City __State Zip
_________ ———— e e e e et e e ]
4

COMING
NEXT MONTH

—————

SPECIAL ISSUE:
FILTERS

Take a random signal and pass it through a special network to restore some of its original shape.
Then hand it to a feedthrough device which removes more noise. Finally, give it to a special
circuit which combs out the frequencies of interest. Filters do all of these things and maore. In
next month's Special Section experts from Microlab/FXR, Collins Radio, ESC Electronics, Daman
Engineering, Clevite, and Sprague give us a succinct explanation of the operation, characteristics,
and applications of varous types of filter units. In addition, we will find out what makes a
mechanical unit a good filter for sophisticated communications sets and why crystal filters are
best for certain applications. We will also be shown how transistors and RC elements can provide
filtering without the need for inductors, and how to eliminate RFI/EMI problems.

&

IONOSPHERIC-

PROPAGATION PREDICTIONS

Frequency, temperature, radiation an-
gle, and solar activity such as sunspots
or flures can improve the ability of the
ionosphere 1o bend and reflect radio
waves back to earth. High solar activity
can also make long-distance communica-
tions noisy and unreliable.

STEREO VERSUS

THE CONCERT HALL

Stereo, like any other high-fidelity ve-
production process, has ils limitations.
But, by knowing what these are, an as-
tute listener can make his home music
system sound almost like a 56-picce or-
chestra in a concert hall. Stereo balunce
and phasing are also covered.

All these and many more interesting and informative articles will be yours
in the April issue of ELECTRONICS WORLD on sale March 18th.
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By FOREST H. BELT /Contributing Editor n ew s

Pay-TV Makes It

By its Fourth Report and Order, the Federal Communications Commission authorized nationwide suh-

scription television. known best as pay-TV or STV. The plan is for on-air telecasting, but wired-TV pay
svstems aren’t prohibited.

Home-electronics leader in STV is Zenith. who supplied its “Phonevision” equipment for the lengthy
Hartford. Conn. experiment. STV wasn’t notably successful in Hartford by most standards; only a few
hundred subscribers bought. But when compared with the mere hundreds it takes to make a CATV system
profitable, Hartford may have proved STV has a market. Zenith thinks so, and is pushing to have encod-
ing and decoding equipment ready by June 12, when the Order goes into effect. The new equipment can
handle color.

One expressed hope is that STV will save u.h.f. stations. It might. But it looks hetter for wired-TV op-
erators, although they have disavowed any intent to scramble some of their programs and charge the extra
fee for unserambling. If they don’t, they’ll be ignoring a lucrative source of extra income.

The expressed purpose of STV is to provide “much improved™ cultural and entertainment television, un-
interrupted by commercials. If the public pays for STV directly, STV operators should be held to their
promises; no commercials should be permitted.

Picking on Servicers

“Sec you in the funny papers™ may be a fair greeting for service technicians. Within three days awhile
back, three different comic strips—all from the same syndicate—lampooned service people. Two of them
suggested improper charges. In the third, a TV technician was cast as a sweat-shirted. sleepy-eyed, and
slouchy individual, with cigarette dangling, who talked the housewife out of getling her set fixed.

1{ that’s what the public thinks of service people, then the image is badly in need of repair. If that comie
strip comes even close to deseribing any service technician. then that technician should seriously examine
his own pride, his ability, and his reasons for heing in this husiness. There are lots of other jobs where ap-
pearance doesn’t count for much and where ahility and willingness to fix things aren’t needed.

Two CB’s in Every Garage

We reported last month that Citizens Band sales might be picking up. Since that was written, a spokes-
man for the Electronic Industries Association has added another note. EIA would like to get CB radios into
the majority of cars in the U. S. Talk is, the Automobile Manufacturers Association may revive its pro-
posal to the FCC that two CB channels be set aside for automobile use exclusively. The FCC hasn’t said
whether it will act this time or not. With industry effort to convince “CB-playboys" that the band is a use-
ful tool for convenience and safety, rather than a toy to annoy legilimate users with, EIA’s goal could be
reached (if FCC doesn’t wipe out the idea). Many accounts of CB’s usefulness to highway safety have been
reported; collected and publicized, they might persuade an uninterested FCC or Congress.

Field-Effect Transistors Boom

In case you hadn’t noticed. the FET is making a mark now on home-entertainment electronies. They're
still outnumbered by tubes and bipolar transistors, but they vie with integrated circuits for top billing in
new consumer gear. More than twice as many FET's are being sold than at this time last year, and volume
soon may triple. Prices keep coming down, which helps penetrate the OEM market.

FET’s are great for test equipment, for hi-fi preamps, and in any spot that needs a high-impedance,
efficient amplifier. They’ve been introduced into TV tuners. and are popular in FM tuners. Their r.f. per-
formance is greatly improved over earlier versions. Biggest drawbacks now are power (they can’t handle
much) and delicacy (they can’t he handled much).

Keep Buyers Happy?

A true story: December 11th, Mrs. Brown (not her true name) hought a stereo record player—a well-
known and widely advertised make. With guests coming Christmas Day, she wanted music. The player was
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delivered the 20th, with a stack of new Christmas records. It didn’t play at all, so it was taken back for
repair. Brought hack again that afternoon, it played with some wow, but the dealer talked her into accept-
ing it that way until after the holiday. Next morning, it wouldn’t play at all. The dealer came on Monday,
the 23rd, and again took it in. Brought it back, and the turntable wouldn’t turn. He fiddled with it awhile,
then took il away, promising to have il hack by noon on the 24th. Christmas morning dawned-—no player.
no music. Guests and family were disappointed.

New Year's Day. still no music. Repeated calls to the store Janunary 2nd drew—cventually—a curt an-
swer: she could “take it like it is or leave it until (dealer) gets time to work on it.” Phone calls 1o the dis-
tributor and finally the manufacturer merely disclosed that it was “the dealer’s responsibility.”

Alter two more weeks, it was delivered. Still had wow, sounded bad, and dealer said that’s all he could
do with it. He told Mrs. Brown it was “her baby,” that she couldn’t expect much else from under-$100
models, they were just made that way. Better Business Burcau suggested it was too bad she’d paid cash.

It took a good technician barely 40 minutes to find and fix four troubles in the player. Only one of them
was original; the others were caused by inept servicing. The moral? Manulacturers should examine the
servicing ability of dealers. Dealers who can’t sell are cancelled; why not those who can’t service?

Another Color-TV IC

Zenith has a new integrated-cirenit color demodulator in its spring line of color-TV sets. The new 1€
comprises 19 transistors, 2 diodes, and 24 resistors on a ceramic base, all sealed in epoxy. Best news to
servicers is that it plugs into a socket instead of being soldered to a circuit board. And, to our surprise, it’s
an ordinary 9-pin tube socket. Other 1C’s for consumer products have 11 closely spaced leads of thin wire;
soldering is about the only way to use them.

Toward Better Hi-Fi Listening

As we predicted, expeet more emphasis on music this year. One contribution is a course called “Enjoy
Music More,” planned and offered to students by /1. /1. Scoti. The goal of the course is to deepen percep-
tion of the hasic elements ol music. It has instruction material and four long-play records. Students learn
about all kinds of musie, from earlicst musical sounds through modern electronic music.

Distribution of the complete course, including material for 30 students, is being handled by Project

Publications, Inc.. New York, N Y.

Quality in Tape Machines

Cassette players have held the news limelight lately. but there’s no abandonment of reel-to-reel types.
Serious listeners still seem to prefer the quality of recl machines. In [act, the medium- and upper-priced
reel units appear with more features to attract buyers. As an example, a number of models offer four
playing speeds (from 15/16 to 7% in/s); two- and four-track modes; echo and reverberation built in;
sound-on-sound recording on a single track ; edit facilities; and amplifiers which can be used alone for p.a.
sound reinforcement. All these leatures are “extras” that push cost up but are available only on reel-to-
reel machines. Add to that the fidelity advantage of reel players and they compete very successfully with
less expensive and less versatile cassette players.

Stereo cassetles ave offering more competition than ordinary cassettes. Some well-known names in hi-fi
now supply cassette equipment. Ampex, Fisher, larman-Kardon, and I1. H. Scott are examples. In some
ol these, special narrow-gap heads are said 1o extend frequency response beyond 12 kHz—that’s pretty

good for such slow tape speed.

Flashes in the Big Picture

A dozen Japanese companies have divided up chore of designing I'M-stereo receiver on single 1C chip;
thick-film hybrid technique will be used, with several chips on one substrate. . . . National Commission on
Product Safety had funds cut; hearings go on anyway, though curtailed; consumer electronics can still
expect close look. . .. Neilsen (TV ratings firm) says people with color sets watch more than 10 etxra
hours of TV each week. . . . National Electronics Associations is alerting set owners that Certified Elec-
tronic Technicians are identified by small triangular lapel pin and 1D card; expects program will assure
public of technically competent services. . . . Multiplex sound being considered for Japanese TV not for
stereo, but for language dubbing (listen to language you prefer). . . . Watch shortly for announcement
of cartridge-type tape plaver that accepts all three tvpes of cartridges (not cassettes), . . . McGraw-Ifill
acquired Vational Radio Institutes. well-known electronics correspondence school. A
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Radar Sentry Alarm
supervises security from every angle.

Radar Sentry Alarm covers every angle.

It works on the same principle used by
the U.S. government to protect our bor-
ders. Microwaves beamed by an installa-
tion of modular units are foolproof.

Any human movement, even the slight-
est gesture, sets off the alarm. And what
an alarm! An ear-splitting blast that
would frighten anything. You can’t
beat it.

And there’s no way to escape detection
...whether the intruder comes in from
the wall, window, door or ceiling. Even
if he shuts off the power, the alarm
sounds.

This is the newest and completely
proven system that everyone’s talking
about.

Take any of the set-ups pictured here.

The smallest is our model 301: its re-
mote detector unit covers up to 5,000
square feet. Can set off an alarm that’s
heard half a mile away. Add up 1o 3
antennas for a coverage of up to 15,000
square feet. Model 5006 modular unit
is 6 units in one. It will cover up to
90,000 square feet. The big one on the
right, 5010, will give customized cover-
age of up to 150,000 square feet.

Take any of these solid state numbers,
add Dialtronic automatic telephone
dialer, programmed to phone the police
or direct-hook-up or, in case of fire, the
fire department. Or add the special
Radar Sentry Alarm holdup and prowl-
er alarm. It can be used in combina-
tion with any of these set-ups, plus the
telephone alarm, without the thief’s
knowledge.

There’s no hiding place. These units are
considered the best burglar traps in the
world. Solid state circuitry gives effec-
tive performance, means a minimum of
false alarms and reliable operation. And
the heart of the electronic system is
printed on one single printed circuit
module. To replace, just pull out the old
one, plug in the new one, no lapse in
security.

Design your own inviolable customized
system with Radar Sentry Alarm and
accessories. You won’t be able to find
a more versatile, more adaptable sys-
tem...nor one that is more tamper-
proof against burglars.

Get the full story on Radar Sentry
Alarms. Write now for our new booklet
covering all the facts.

RADAR DEVICES MFG. CORP. AR
22003 Harper Avenue
St. Clair Shores, Michigan 48080

[J Send me the alarming details.

[J Also send me booklet outlining available
dealerships.

Name

CIRCLE NO. 81 ON READPER SERVICE CARD
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NRI “hands-on” training
in communications

can give you as much as
2 years of on-the-job
experience.

-t i A F Y

EARN YOUR FCC LICENSE — OR YOUR MONEY BACK

NRI Communications training programs will qualify you for a First Class Commercial
Radiotelephone Lieense issued by the FCC. If you fail to pass the FCC examinations
for this license after successfully completing an NRI Communications course we will,
on request, refund in full the tuition you have paid. This agreement is valid for the
period of your active student membership and for six months after completion of your
training. No school offers a more liberal FCC License agreement.

3 ELECTROMICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

Experience is still your best teacher

NRI Achiévément it dt

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and
personalized for you and your training okjective. It has one

purpose — to get you started quickly and easily.

“BIfE'Slze 7 TEXtS average an eastly-digested

40 pages of well-illustrated, scientifically prepared subject
matter in the course of your chotce. Questions in each book
are carefully hand-graded and returned o you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

£
i
o
T
¥
.

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
catiorns course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby

kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.

March, 1969

... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you’ll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech-
niques that will make you employable in Electronics.

Train with the leader— NR/

NRI lab equipment is designed from chassis up for
effective, fascinating training — not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. It’s suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. or use the coupon below. No obligation. No
salesman will call on you NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW Gi BILL

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

MAIL THIS COUPON IF CARD IS GONE

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

2-039

Please send me your new NRI Catalog. | understand
no salesman will call and there is no obligation.

I = i
. i

|

i |
i |
I Name Age I
| i
: Address :
| i
| City State Zip i
I [1 Check for facts on new G! Bill |
L ACCREDITED MEMBER NATIONAL HOME STUDY COLINCIL _!
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A message

from the heads
of Ampex.

Listen.

The message is about
stereo sound. Listen to Ampex

tell it like it is.

As you know,
in order to obtain

outstanding frequency
response from tape
heads, it’s necessary

The heads are

‘ unquestionably the
F. most important
part of any stereo
tape recorder.

We invite you to listen to
four of the Ampex sterco tape
recorders featured during the
‘‘Ampex Sterco Hear-In"’ at
participating Ampex

dealers now.

Listen to
the Ampex 755
Stereo Tape
Deck. It adds
professional tape
capabilities to
your existing
system, and gives
you sound-with-
sound. sound-on-
seises sound and echo.
Plus direct tape
monitoring, three Ampex heads and
pause coatrol. it mounts in your present cabinet
or in its own handsome walnut base (optional).

to maintain an extremely narrow gap

between their poles. Most quality tape
heads look like the one pictured here. 1455 Automatic

But as the head

begins to wear down, the pole gap with-sound. tape
: . monitor and pause
widens, causing frequency response to control. Plus two-
1 i 1 o1 second automatic
decline. To maintain original frequency iroading. silent
response, heads may need replacement electronic automatic

after as little as 500 to 1000 hours deep-gap heads.

Listen to the Ampex
Reverse Stereo Tape

Deck. Get professional
features like sound-

reverse, and four

of normal playing.

Ampex exclusive
deep-gap heads consist of
two parallel poles. Thus Listen to the Ampex 761 Portable Stereo

Tape System. It has sound-on-sound,

the gap remains constant sound-with-sound, echo, direct tape

nonitoring. three exclusive Ampex deep-

after years of use. gap heads, dual capstan drive,

And so does your frequency response.

two dynamic stereo microphones and
acoustic suspension cube speakers.

Ampex heads have been known to last (You must hear these speakers to believe
the sound.)

well over 12 years, based on an average
of two hours use per night, every night.

12

Listen to the 2161, -
the Ultra-Automatic Portable Stereo
Tape System featuring two-second
automatic threading, silent electronic
signal automatic reverse, new
bi-directional recording and a two
speaker system with a 6” woofer and
32" tweeter in each. Plus built-in
mixer and two omnidirectional
dynamic microphones.

AMPBPEX

Hear them all durihg
the **Ampex Stereo Hear-In"
at participating Ampex dealers.
Learn how you can save over 50%
on an Ampex Stereo Tape Library.

Pick up your free 36 page booklet,

“*Head Start to Better Tape
Recording,” just for listening.

AMPEX CORPORATION, CONSUMER EQUIPMENT DIVISION. DEPT, 591, ELK GROVE, ILL. 60007

CIRCLE NO. 123 ON READER SERVICE CARD
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Electronic Devices...

continne to make it more and more dificult for certain elements to escape the law. On the other
hand, however, crime is making some electronics manufacturers prosperous. According to Solomon I.
Baker, Chairman and President of Baker Industries, of whom the Wells-Fargo Protective Agency is a
division:

“Criminals are knowledgeable. They’re sophisticated, and they work and plan their operations in great
detail, The scary thing is that they're well aware of the progress that is being made in electronic detection
and surveillance devices and techniques.”

This means that old methods are out; and that heavier reliance will be put on super-sophisticated elec-
tronic protection equipment. In fact, some indusiry analysts expect that the private security market will
reach $2 billion in sales by next year.

Low-cost home protection alarm systems should really get moving this year. Accordingly, a spokesman
for Walter Kidde Inc., a company which makes a variety of industrial protection devices, says his company
will market a residential protective device that costs under $100. Supposedly, the syslem uses magnetic
contacts on all doors and windows and sounds an alarm and, il desired, it can contact the local police pre-
cinct. It is estimated that there are about 5000 companies in the United States which sell some sort of burg-
lar or fire alarm equipment. All, no matier how big or small, are utilizing new electronics, especially in-
tegrated circuits, to develop new protective devices.

Leasing Lasers ...

has become such a big business for the industrial equipment division ol Westinghouse Electric Corp.
that they’ve opened a new laboratory in Sykesville, Md. According to John Barnyak, Manager of Laser
Products a1 the Maryland lab, many industrial operations can be performed cheaper with a laser, and some
operations can only be done with this device. The net result is many manufacturers have found laser leas-
ing to be a practical way of determining the usefulness of laser systems ([or their purposes) without the
bother of a big purchase.

The cost will, of course, depend on the time involved but, typically, it costs about 8350 to lease a laser.
For this, the manufacturer gets the use of the laser—complete with engineering staff. He also gets a com-
plete engineering report on the operation, including a material analysis by a metallurgist and an economic
report which shows how industrial laser techniques compare in cost and ease of operation with other pro-
cessing methods.

Three systems are available for lease: A neodymium-glass solid-state pulsed laser (about 100 joules en-
ergy) for microwelding and drilling of metallic material. A CO. system with a 100-watt and a 200+ -watt
laser. This c.w. or pulsed system can be used for slitling, cutting, or perforating non-metallic materials.
The third system is a continuous-output solid-state YAG (yttrium-garnet) device which can be used for
trimming resistors, punching holes in light metallic material, or welding. This system can also be used in
a c.w. or pulsed mode. If a manufacturer were to install any of these three systems in his plant, it would cost

him from $12,000 to $23,000.

Pulses Move Faster...

March, 1969

all the time. Now there is a subpicosecond pulse, or so it’s claimed. The ultra-fast optical pulse was dis-
covered by scientists at the United Aircrajt Research Laboratories in East Hartford, Conn. They used a
mode-locked neodymium-doped glass laser oscillating at 1.06 microns wavelength to generate the ultra-
short pulses which were compressed to the theoretical limit of 4 x 107 second.

It scems that scientists knew that a necodymium-doped glass laser had sufficient bandwidth to gencrate
pulses about % of a picosecond in length, but there was always a discrepancy between the measured—
1 to 10 picoseconds—and theoretical length. Some at the research lab thought this was caused by the pres-
ence of an amplitude or carrier wave modulation in the picosecond pulses. They Ttherefore assumed that
the pulses could he compressed to a length approaching the reciprocal of the bandwidth by passing them
through a dispersive system which had a lincar relationship between time delay and length. The system
they used consisted of a pair of glazed diffraction gratings (1200 lines per millimeter) arranged with their

13
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faces and rulings running parallel. Light diffracting between the two gratings is an increasing function
of wavelength and, it turns out, the output beam is almost as well collimated as the input.

Anyway, this is how they eet these short, short pulses. What has all this to do with living ? The scientists
say this helps in the understanding of the reaction of laser light with matter.

An Underwater Mapping System ...

developed by CBS Laboratories combines holography and sonar techniques to produce images of ohjects
or underwater terrain. The experimental sonography system was developed for the Office of Naval Re-
scarch (ONR).

Apparently, system operation is based upon a special laser tube. Complete details of the tube were not
available at press time, but it is known that the tube consists of an electron gun and a thermoplastic filn.
Basically, the system works like this. An array ol up to 1000 harium titanate (BaTiO3) hydrophones in a
three-square-foot hank monitors acoustic waves (interference pattern) reflected from the underwater ob-
jecl. The electon gun scans the sonic information and a stereophonic image pair is projected by the laser
on the thermoplastic film at the ratc of one or two times per second.

Semiconductor Selection ...

has become as much a thorn in the side of equipment designers, purchasing men, and technicians as
tubes. Over the past few years the number of so-called standard devices rcached over 65,000. Not only
has “choice” hecome difficult, hut wrong selections meant higher equipment costs and resulted in the avail-
ability problems typical of specialized devices. Texas Instruments claims to have done something about this
problem in its new approach to discrete semiconductor selection.

What they have done is use a computer to analyze demand-analysis curves and specifications and to se-
lect, out of 15,000 standard and special discrete devices, the components which satisfy the majority of
semiconductor requirements. To [all within the “preferred” group, the product had to be in wide use and
known by the majority of design engineers; it had to be in volume production; it must be readily available
from distributors and factory; and the device must he recommended by engineers for either present or
future designs.

A special catalogue listing the preferred semiconductors—germanium and silicon small-signal and pow-
er transistors, diodes, thyristors, rectifiers, regulators, light sensors. and resistors—is now available from
TI when requested on company letterhead. Each preferred component is stocked in depth.

Airport Congestion ...

has leen one of the top topics for months among concerned individuals. And many alternatives have
becn proposed as a solution to the problem. Chicf among the many solutions offered are electronics sys-
tems and how they can aid in relieving some of the difliculties.

Many people are unaware of the scope of electronics in the modern aircraft industry. On military air-
cralt, clectronics may account for almost one-third the total cost of the plane. On commercial planes, elec-
tronics can represent as high as 209% of the cost. Future aircraft, such as the supersonic transport, the
Boeing 717, and other airbus types, could conceivably raise the price of aircraft electronics systems even
higher.

When one considers the needs of a rapidly growing aircraft industry for electronics, the results can be
overwhelming. Some manufacturers are alrcady finding it hard to keep up with orders for communica-
tions systems, distance measuring equipment, or instrument landing systems, etc. Add to this the prob-
abilities for new airborne navigation devices and ground-control systems which could help the airport
congestion problem and the possibilitics are tremendous.

Some Thoughts . ..

14

about things going on. The two U.S. destroyers which cruised the Black Sea last December were packed
full of electronic gear. They made some important anti-submarine warfare measurements as well as
snooped on Russian coastal radar and radio stations. The {requencies and operating characteristics of
these stations could prove invaluable in the event of difficulty between the U. S. and Russia. . . . Russians
are now trying to close the space gap and may decide to land a man on the moon instead of merely orbit-
ing our natural satellite. Apollo’s success may mean some space spending cuts may be held off. . . . Jet
Propulsion Lab did so well on the recent space shots that NASA has given Cal Tech “all systems are go” for
the next three years, . . . Electronic Industries Association wants to help the FCC write the rules for inter-
connecting to AT&T lines. Is this self protection? A
ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

Solve 95% of all
your solid state replacement problems

with this little box.

Take 24 of the most likely to be
replaced solid state parts. Diodes, tran-

sistors, color focus rectifier, boost recti-
fier and the like.

Put them in a box. A little box. (That
will fit casily into your big box.)

Add a cross reference guide that
shows the Sylvania equivalent of a non-
Sylvania component.

Put them all together and what do you
have? Sylvania’s Solid State Replace-
ment Kit. It can replace more than
10,000 JEDEC types and set manufac-
turers’ part numbers.

Andit’s alot neater.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

For more information about the ECG-303 contact your Sylvania
distributor or write Sylvania, CADD, 1100 Main Street, Buffalo,
New York 14209.

CIRCLE NO. 88 ON READER SERVICE CARD
March, 1969
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FIRST AND ONLY

Compact
sriln

screwdriver seis

Increasing use of Scrulox square recess screws
in appliances, radios, TV sets, electronic instru-
ments...even the control tower at Cape
Kennedy ... has created a need. A need for
compact, versatile driver sets. Small enough
to tuck in a pocket. Complete enough to be
practical on shop bench or assembly line.

Now, here they are ... from Xcelite, of course.

COMPACT
CONVERTIBLE SET
Five color coded midget Scrulox drivers—#00
thru #3

One midget nutdriver — 14" hex

“Piggyback’ torque amplifier handle increases
reach and driving power

See-thru plastic case doubles as bench stand

99sL
INTERCHANGEABLE
BLADE KIT

Five Scrulox blades — #00 thru #3
Shockproof, breakproof, Service Master handle
Durable, see-thru plastic case

®

CIRCLE NO. 83 ON READER SERVICE CARD
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RFI DUE TO C-D IGNITION
To the Editors:

In the December, 1968 “Letters’
column, Tom Lamb asks about RFI
from C-D ignition systems.

I have a 1964 Rambler V-8 with a
Sydmur Compac C-D system. Siuce the
coil is at the back of the engine and
the C-D unit is mounted ahead of the
radiator  for sufficient cooling, the
leads are very long. No shielding is
used and the high-tension wiring is
stainless steel—not resistance wire. The
broadcast-band receiver picks up igni-
tion noise when the radio is receiving
no signal or when the car is in a steel
building. However, when tuned to a
skation, the interference is completely
drowned out and is no problem.

I also had a company-owned Plym-
outh V-8 with a broadcast-band receiv-
er and a two-way business radio
operating on approximately 46 Mz
A transistor ignition system was in-
stalled and the standard-resistance
high-tension ignition wiring retained.
With no additional shielding or filtering
there was absolutely no ignition noise
in either radio.

I have heard that the ignition coil
metal case, if not properly grounded,
can cause RFI since it is floating in the
magnetic field. However, I have always
checked to be sure a good ground was
established and have had no trouble.

R. N. Sevrrribce
Glendive, Mont.

>

To the Editors:

A Sydmur C-D ignition was assem-
bled and installed in a 1967 Jecp
Wagoneer. The RFI to amateur, citi-
zen, and FM services was intolerable.
However, it should be noted that the
Jeep is very noisy, electrically, even
without the C-D ignition. Incidental-
ly, the gain from the ignition was no-
ticed in the improved gas mileage.

Coaxial cable was installed between
the ignition system and the coil and
distributor, and a ground strap was
added to the metal enclosure of the
coil. This reduced the noise by one-
half. The remainder was silenced with
a Hallett shielding system.

WiLLagp L. Graves, Ji,
Computation Consulting Service
Baltimore, Md.

wWwWWwW. americanradiohistorv.com

To the Editors:

I'm using a capacitive-discharge tvpe
circuit and have noticed no added ig-
nition noise in either AM or FM auto
radios. I have found, however, that the
high-pitched sing of the inverter cir-
cuit in the ignition system feeds through
the FM radio. Operation of the AM
radio remains unaftected.

P. KALTENBORN
Dunellen, N. 7.
#* +* %

MAINTAINING TAPE RECORDERS
To the Editors:

I read with interest the article in Oc-
tober’s Erectronics WonLn by Mr.
Leonard Kubiak, telling all about main-
taining tape equipment (page 67).

To me, it read as though Mr. Kubiak
had just discovered an Ampex standard
alignment tape and wanted to tell the
world about it. In the “Tests and Ad-
justments” paragraphs on page 68 we
are told to adjust the playback level on
the 700-Hz tonc “to any convenient
level.” Additionally we are told to ad-
just the record level so as to play back
at the same level (“since all of the tones
are recorded at the same level”). We
are told, also, to adjust the bias level for
a maximum output reading on the me-
ter. I assume that he is talking about the
playback output.

To set this thing straight so that a lot
of persons don’t end up ruining the
fidelity of their tape equipment: First,
there is a normal maximum level re-
corded on the alignment tape. The play-
back gain must be set for a “0-vu” indi-
cation on the meter. The playback gain
must not be adjusted for the rest of the
tests. The other tones will play back at
between —12 to —20 vu with —15 vu
being the originally recorded level.

After the playback-equalization con-
trols are adjusted for the best compro-
mise, the record adjustments can be set.
First, the amplitude of the oscillator
signal (at 700 Hz) is set so that, with
the gain control in the center of its
range, the playback level is “0 vu.”

The bias control is then adjusted for
very slightly less than maximum play-
back level—this being on the side of the
peak requiring the least bias. Peak-re-
cording bias will result in partial era-
sure of high frequencies if the head is
even slightly worn.

ELECTRONICS WORLD
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The amplitude of the audio oscillator
signal is then reduced until the play-
back level is — 15 on the vu meter. This
is very important. If equalization is at-
tempted at a higher level, the tape will
go into saturation at high frequencies
and the meter indications will be er-
roneous.

Additionally, the author’s insistence
upon intensive demagnetization is food
for thought. Head demags cause more
damage than the trouble they are sup-
posed to correct.

I have never seen a tape head that
required demagnetization. Every ma-
chine that I ever maintained was so de-
signed that no large d.c. signals ever got
to the head. Also the materials used in
the construction of the heads are care-
fully selected so as not to retain magne-
tization. If this were not the case, it
would be impossible to record anything
but the very low frequencies.

And I have never seen a tape-guide
made of magnetic material. What I
have seen is a lot of scratched heads,
resulting from misuse of a head demag-
netizing device.

Now it is true that head demagneti-
zation can lower the apparent noisc by
several dB, but I kind of doubt that
the increase in listenability is worth the
chance of ruining a head. After all, the
car cannot hear the difference between
a —30 dB and a —52 dB S/N ratio, no
matter how loud you play the equip-
ment. The major cause of noise on

NEW DELTA DESIGN!

MODEL 3000 FET VOM

A unique
and efficient
instrument
bridging the gap
between a
multimeter and a
digital voltmeter!

Delta, pioneer of the famous Mark Ten® CD System,
now offers a compact, versatile, and extremely
sensitive VOM which combines FETs and ICs for

extreme accuracy. Compact (6%2” Wx 8~ Hx 312"
tapes (that is, noise that you can hear)

D), portable, wt. 3%
Ibs. In full production 95
at only
ppd.
is an improperly made recording. The

major cause of noise on pre-recorded 7 .
tapes is the foul way in which most are ‘ Wo”Id yau belleve'
duplicated. Mirror scale 200~ A D’Arsonval meter
Integrated circuit (IC) operational amplifier for extreme accuracy
FET input stage with current regulator

Two stage transistor current regulator and Zener diode on OHMS for
Perhaps Author Kubiak should have absolute stability and accuracy

Riciarp B. Jouxsox
Chief Engineer, WERI
Westerly, R. L.

N =

gO';e into al Ii”li n[Loz‘-c; (lc}mi/]og /,h[u 5. Voltage clippers for protection of input stage
techniques described. We thank Read- i
PR % TN R ol i 6. Fully temperature compensate-d for low |E)W zero drift
tion. On the matter of head demagneti- 7. Ten turns ZERC and OHMS adjust potentiometers
zation, engincers al many professional 8. Epoxy glass circuit hoards and metal case
recording studios and tape-duplicating 9. Enclosed switches
plands make it a practice 1o do this i . )
every morning as a matter of routine. It 10. Uses readily available type AA cells ‘ o
is done carefully, however, and as one 11. Uses standard test leads for maximum flexibility and ease of
engineer told us recently, “it may not measurement
have too much effect, but we want to 12. 10 Megohms input impedance
squeeze ecerything we can out of our )
tapes.”—Editors A e
E o g Available in Kit form: | DELTA PRODUCTS INc
HEATH COLOR-TV & SCOTT RECEIVER Feedback network with | . ’ :
. leere was an (mu"s.s'ion in zthe Heath pre-selected compo- | P.0. Box 1147, Grand Junction, Colofado 81501
listing of 1969 color.-I‘V chassis on page nents to eliminate all : lenclose $_____ . Please send postpaid:
2(?1101‘ t]JIurtllam(lgzlt{'y);sn;ue;,Th]e company final calibration. Ready | Model 3000 FET VOMs @ $74.95 assembled
sl sells the GR-295; it's the same as tc use when assem- i
the GR-681 listed but without a.f.t. bled! : Wiic] SOOU'EEY H0MS (@i 9SS INILIONE
and potoered channel selection. i Name
On p. 32 of our Feb. issue, reference Kit: I
to a new Scott Model 33 receiver in the $5995 [ Eidieg
photo caption is incorrect. Our printer Only ppd. | City/State Zip.
failed to delete “Model 33.”—Editors A | Dpr8:7
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Two more examples of how
RCA Institutes provides
up-to-the-minute Home Training
in all phases of electronics:

NEW CATV
LESSONS

The demand is heavy for technicians
in the booming field of CATV
(Community Antenna Television
Systems).

CATV was initially used to make it

possible for large numbers of o e
television receiver users to get good s

reception in remote areas through 'f - iy
the use of a common antenna. It now & - s
brings to more people more programs | £
than are available from local stations. i ey
It also improves reception where o
multipath signal transmission exists. 2 ey

RCA Institutes includes two /
comprehensive lessons, covering the i
practical phases of CATV systems o
and servicing in Television Servicing
and Communications courses and ay g
programs at no additional total .
tuition cost. Get in on the ground
floor of this rewarding and expanding
field. Send for full information today!

Prepare yourself " wr——

for a career ——
in the expanding
field of CATV. === S

valuable new Color TV Kit!

NEW
COLOR TV KIT

To make coutses even more practical and
to better prepare you for a more rewarding
future, RCA Institutes now includes an
exciting Color TV Kit in both the
beginner’'s program and the advanced
course in color TV servicing. The cost

of the kit is included in the tuition—
nothing extra to pay. You also get five
construction/experiment manuals plus

a comprehensive service manual.

You'll receive all the materials and
components to perform over 50
information-packed experiments. When
you finish you’ll have constructed an
18" (measured diagonally) high quality,
color TV set, complete with rich

cabinet in wood grain design.

Get all the details on RCA Institutes’

; color TV set you'll
Z 4 construct, complete

with rich cabinet
~vood grain design.

18 ELECTRONICS WORLD
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Learn electronics at home faster, easier,

almost automatically—with RCA AUTOTEXT

Are you just a beginner with an interest
in the exciting field of electronics?

Or, are you already earning a living in
electronics and want to brush-up or
expand your knowledge in a more
rewarding field of electronics? In either
case, AUTOTEXT, RCA Institutes’ own
method of Home Training will help you
learn electronics more quickly and with
less effort, even if you’ve had trouble
with conventional [earning methods

in the past.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED
IN ELECTRONICS!

Thousands of well paid jobs in
electronics go unfilled every year
because not enough men have taken
the opportunity to train themselves for
these openings. RCA Institutes has done
something positive to help men with

an aptitude and interest in electronics
to qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES

To help fill the “manpower gap’’ in the
electronics field, RCA Institutes has
developed a broad scope of Home
Training courses, all designed to lead
to a well paying career in electronics

in the least possible time. You also have
the opportunity to enroll in an RCA
“Career Program” exclusively created
to train you quickly for the job you
want! Each “Career Program” starts with
the amazing AUTOTEXT Programmed
Instruction Method. And, all along the
way, your program is supervised by
RCA Institutes experts who become
personally involved in your training

and help you over any “‘rough spots"’
that may develop.

VARIETY OF KiTS ARE YOURS TO KEEP

To give practical application to your
studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless
experiments, including building a
working signal generator, multimeter,
and a fully transistorized
superheterodyne AM receiver.

March, 1969

ONLY FROM RCA INSTITUTES—
TRANSISTORIZED TV KIT—
VALUABLE OSCILLOSCOPE

All students receive a valuable
oscilloscope. Those enrolled in the
Television program receive the all-new
transistorized TV Kit. Both at no extra
cost and only from RCA Institutes.

CHOOSE THE “CAREER PROGRAM”
THAT APPEALS MOST TO YOU

Start today on the electronics career of
your choice. Pick the one that suits you
best and mark it off on the attached card.

B Television Servicing
Telecommunications
FCC License Preparation
Automation Electronics
Automatic Controls
Digital Techniques
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

ADVANCED TRAINING

For those already working in electronics,
RCA Institutes offers advanced

courses. You can start on a higher level
without wasting time on work you
already know.

2 CONVENIENT PAYMENT PLANS

RCA Institutes offers a unique tuition
plan that lets you progress at your own
pace. You only pay for lessons as you
order them. You don't sign a contract
obligating you to continue the course.

There's no large down-payment to lose
if you decide not to continue.

However, if you desire, RCA Institutes
also offers a convenient monthly
payment plan.

CLASSROOM TRAINING ALSO
AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one

of the largest of its kind in New York
City. Coeducational classroom and
laboratory training, day and evening
sessions, start four times a year. Simply
check “Classroom Training” on the
attached card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like 1BM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID
CARD TODAY. FREE DESCRIPTIVE
BOOK YOURS WITHOUT OBLIGATION.
NO SALESMAN WILL CALL.

All RCA Institutes courses and
programs are approved for veter-
ans under the new G.I. Bill.

Accredited Member
National Home Study Council

-t
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r
| IF REPLY CARD IS DETACHED—SEND THIS COUPON TODAY
| RCA INSTITUTES, Inc., Dept. EW-39
| 320 west 31st Street, N.Y., N.Y. 10001
| Please rush me FREE illustrated catalog. | understand that | am under no obligation,
: and that no salesman will call.
| Name Age
| (please print)
| Address
| .
City
|
: State Zip.
| .
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HI-FI PRODUCT

REPORT

TESTED BY HIRSCH-HOUCK LABS

Kenwood KA-6000 Stereo Amplifier
Ampex AG-600-2 Tape Deck

Kenwood KA-6000 Stereo Amplifier

For copy of manufacturer’s brochure, circle No. 23 on Reader Service Card.

O supplement its line of stereo re-

ceivers, Kenwood has introduced a
pair of deluxe components—an FM-
stereo tuner and an integrated ampli-
fier. The Model KA-6000 amplifier,
which we tested for this report, features
high power (very conservatively rated
at 43 watts per channel) with low dis-
tortion, considerable control flexibility,
and handsome stvling.

The dominant feature of the KA-
6000 front panel is the large volume-
control knob, with a concentric outer
ring for channel balancing. The switch-
type bass and treble tone controls pro-
vide five 2-dB steps of cut or boost at
100 and 10,000 Hz, respectively. A
“Tone Mode” switch can bypass both
tone controls or activate either bass or
treble controls alone.

The input sclector offers a choice of
high-level auxiliary and tuner inputs,
two magnetic phono-cartridge inputs, a

100

tape-head input, and unequalized mi-
crophone inputs. The selected program
source is shown by one of a row of six
blue indicator lights on the panel. A
single control selects operating mode or
tape-monitoring functions. In three of
its positions, it provides normal stereo,
reversed-channel  stereo, or mixed
(mono) operation. It has three more
positions, for monitoring from a three-
head tape recorder (or simply plaving
back previously recorded tapes from
any tape recorder) and for playing back
either channel through both speakers.
These last two positions are particularly
useful with four-track mono recordings.

The speaker-output selector, which
also controls the a.c. power to the am-
plifier, connects either or both of two
pairs of speakers, or silences all speak-
ers for headphone listening wvia the
front-panel headphone jack. The remain-
ing front-panel controls are a row of

KENWOOD Ka-6000

five “piano-key” switches. One reduces
the volume by about 20 dB, a con-
venience when one’s listening is inter-
rupted by a phone call or a visitor.
Another switch is the loudness com-
pensation, which affects both low and
high frequencies and is sufficiently mild
in ecffect to- be quite listenable. Two
low-frequency filter switches introduce
cut-ofls below 40 or 80 Hz, and a high-
cut filter operates above 8000 Hz. All
filters are rated for 12-dB-per-octave
slopes.

At the rear of the KA-6000, in addi-
tion to all the inputs and outputs, is a
center-channel mixed output suitable
for driving a separate mono power
amplifier and speaker. The tape-record-
er input and output jacks are duplicated
in a DIN (European type) five-pin
connector, simplifying direct connec-
tion to tape recorders that are similarly
equipped.

The signal path is interrupted be-
tween the preanplifier outputs and the
power-amplifier inputs, with jumper
plugs normally installed across the jacks
in the rear. This feature permits elec-
tronic crossovers, reverberation units,
and similar signal-processing accessories
to be connected into the system.

One of the two phono inputs has ad-
justable sensitivity, accomplished by
means of a three-position switch located
near the input connectors. Nominal sen-
sitivity is 2 millivolts for full output
with a 100,000-ohm input impedance.
The other sensitivities are 0.5 and 0.05

(Continued on page 65)
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THE SHURE UNIDYNE IV is the newest and premier member of the
famed Unidyne family of frue cardioid dynamic microphones which have
pickup symmetrical about microphone axis at all frequencies . . . in all planes.
The Unidyne IV is so rugged that it can withstand a Karate chop. Reinforced,
cushionad cartridge withstancs severe impacts and vibrations . . . the dia-
phragm can take the full force of a leather-lunged Karate yell! Trouble-free
Cannon-type connector. Exceptionally easy to service in the field. The strongest,

most durable Unidyne yet! Send for all the facts: Shure Brothers, Inc., 222
Hartrey Ave., Evanston, lll. 60204,

Available in two models: Model 543 (hand-held), at $100.00 list; Model 5485 (with On-Off switch and
swive!l connector for stand use), at $105.CC list.

CIRCLE NO. 93 ON READER SERVICE CARD

D 1968 SHURE BROTHERS, INC.
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MODEL 850
ELECTRONIC
VOLT-OHMMETER

MODEL 850 $93.00

"FACTS MAKE FEATURES:

Long 7” easy-to-read scale, i e s

High Input Impedance (11 MEGOHMS) and wide Frequency Ranges give this extremely
versatile Electronic Volt-Ohmmeter considerable advantage in the measurement of
DC voltages, AC RMS and Peak-to-Peak voltages. It measures directly the Peak-to-
Peak values of high-frequency complex wave forms and RMS values of sine waves on
separate scales. Exclusive Triplett BAR-RING instrument is fully self-shielded; high
flux magnet and spring-backed jewels for ruggedness. Wired circuit,

ADDED PROTECTION. Meter is shorted out in OFF position for greater damping,
meter safety during transit, electrically protected against accidental overload. ZERO
CENTER mark for FM discriminator alignment, plus other galvanometer measurements.

New pencil thin test probe used for all functions: DC, AC, and ohms. No need to
change cables. Beautifully styled case for professional appearance and functional
utility, 7%” x 676" x 3%".

Carrying handle can be used as a tester stand to place the tester at 25° angle for ease
in reading.

Frequencies to 250 mHz may be measured with auxiliary Diode. Probe $9.00 extra. DC voltages to
be measured with auxiliary High Voltage Probe, $25.20 extra.

TRIPLETT "ELECTRICAL INSTRUMENT COMPANY. BLUFETON, OHIO

8 DC VOLTS

VOLTS RANGES
PR —————

HIGH STABILITY.
Meter connected in cathode

range for transistor circuits. circuit of 12 AU7.

CARRYING CASE
Case 859—OP-Black leather
Padded Carrying Case. $23.10 Net.

0-.5-1.5-5-15-50-150-500-1500

RANGES

7 AC RMS VOLTS
RANGES 0-1.5-5-15-50-150-500-1500

Y FEAGCUHAES 0-4-14-40-140-400-1400-4000

7 RESISTANCE 0-1000-10,000-100,000 OHMS:
RANGES 1-10-100-1000 MEGOHMS.

I FREQUENCY RANGE 15 15 CPS to 3MC

MCQC-
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LOUDSPEAKERS—
Can we measure

what we hear?®?

By VICTOR BROCINER /Assistant to the President, H. H. Scott, Inc.

Is it really possible to malke meaningful speaker measurements? Here’s
a reverberant-room iechnique that gives valid, objective measurements
that are useful in predicting hoiw a lowdspeaker will sound in the home.

O the novice, measurement of

the frequency response ol a loud-

speaker system appears to pre-
sent no more problems than the meu-
surement of an amplifier. Considerable
irritation is sometimes expressed at the
aura of mystery and the atmosphere of
controversy which surround loudspeak-
er measurements. There is often a feel-
ing that the “experts” wre coing out of
their way to make matters unnecessari-
lv complicated. Is this criticism justified?
Is the subject really so complicated? Or is it possible to
make relatively straightforward measurements that convev
meaningful information? This article will attempt to shed
some light on these (nestions.

Let us begin by sidestepping temporarily the question of
the relationship between the measurement and what a speak-
er sounds like. Al we want to know at this point is the fre-
quency response of the loudspeaker. \WWe immediately en-
counter the difficulty that the loudspeaker, unlike an ampli-
fier, has no output terminals to which we can conveniently
attach a measuring instrument, because the output that we
want to measure is not electrical in nature, but acoustical.
Consequently, we have to use a microphone to make the
measurements. This in itselt presents no particular problem;
there are microphones available that have extremely wide
range, flat response, und can be obtained accurately cali-
brated. When such a microphone is connected lo a suitable
amplifier and indicating voltmeter or recording instrument,
we have a suitable system for measuring the acoustic
output of the loudspeaker.

The difficulties begin when we attempt to use this mea-
suring system. I[n what kind of environment shall we operate
the loudspeaker and where shall we place the micro-
phone? Tuking up the second question first, we know of
course that the output from a loudspeaker varies with the
distance, so we have to decide upon a distance at which to
make our measurement. At first glance this presents no
particular problem because, remembering our elementary
physics, we know from the inverse square law ot sound prop-
agation that it is always possible to relate the sound inten-
sity at any given point to that at any other distance from the
source. We are not quite so likely to remember that this
applies only to a point source, but if we do, we conclude
that it is merely necessary to make the measurement at a
location sufficiently far from the loudspeaker to insure that
it behaves like a point source.

“«—CIRCLE NO. 87 ON READER SERVICE CARD
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It loudspeakers radiated sound equally well in all direc-
tions at all frequencies, there would be no problem involved
in deciding whether to place the measuring microphone on-
axis or al some point ofl the axis of the loudspeaker. But
practical loudspeakers do depart from perfect omnidirec-
tionality to a considerable extent; consequently, some kind
of a decision has to be made. In the days of monophonic
sound reproduction it was often argued that practically all
listening was done on or near the axis ol the loudspeaker,
and that consequently the most significant measurement
was the one made on the axis. There may have been a little
difficulty in defining the axis exactly (except tor a perfectly
svmmetrical loudspeaker) as for example in the case of
a two-way svstem, but the problem could be nrinimized
by making the measurement at a sufficiently great distance
from the loudspeaker so that it did not make very much dif-
ference. This line of reasoning does not apply to today’s
use of loudspeakers for stereophenic reproduction. Obvi-
ously, if the listener is positioned midway between the left
and right speakers, he is not on the axis of either one of
them.

Although we started out with the assumption that we
would not allow subjective considerations to influence onr

Fig. 1. Response measurements taken in an anechoic room
on loudspeaker axis (0°) and at various angles off the axis.
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[Fig. 2. With reflecting surface placed immediately behind
the speaker, the results are as shown in this illustration.

jndgment, we suddenly find ourselves entangled in a discus-
sion of where the listener is positioned with respect to the
loudspeakers. The listener sneaked in while we were not
looking and there does not seem to be any way of getting
rid of him.

The Acoustic Environment

Perhaps it would be the better part of valor to retreat to
a consideration of the other topic that we started with—
the acoustic environment. The previous discussion has as-
sumed that all the sound received by the measuring micro-
phone comes directly from the loudspeaker. This would
hold true in a space free of reflecting surfaces, such as a
wide-open space well removed from the ground or, more
practically, an anechoic chamber. It must be obvious to
the reader that we are now heading towards a repetition of
the old statement, “but a loudspeaker is not listened to in
open space, nor in an anechoic chamber.” This is inconsis-
tent with owr starting premise that the subjective aspect
was going to be disregarded. \We had stated that we were
interested only in the frequency response of the loud-
speaker. Why don’t we decide that the measurement is
going to be made in an anechoic chamber, or its equivalent,
and let it go at that? Matters become considerably simpli-
fied if this decision is made, except for the fact that we
arc then driven to a reconsideration of the question of
where to place the measuring microphone.

The cutire problem can be solved by means of a bold
step: measurements will be muade at muny points, both
on-uxis and off-axis, and the results presented as a series
of curves showing frequeney response on-axis and at vari-

Fig. 3. When reflecting surface is much less than half a
wavelength behind speaker, pressure of the sound at dis-
tant point approaches twice that of the loudspeaker alone.
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ous angles off-axis (Fig. 1). This is a perfectly logical
scheme and there is no question but that it completely
defines the frequency response of a loudspeaker in an
anechoic environment. The question is: of what use is
this information to the user of the loudspeaker and to the
loudspeaker designer?

The response curves obtained in the manner outlined
provide full information regarding the smoothness of re-
sponse of the loudspeaker and are useful in comparing
one loudspeaker with another. This is strictly true only
in the case of single loudspeaker units. With multi-speaker
systems it is usually not practicable to make measurements
at a distance sufficiently great to avoid errors caused by
the measuring microphone’s being on the axis of one loud-
speaker and off the axis of another, or somewhere in be-
tween. In the regions of crossover between speakers, such
as between the woofer and a midrange speaker, there is
considerable interference hetween the two speakers in the
frequency range where their outputs overlap. This can re-
sult in peaks or valleys in the response curve. This may
occur on-axis and not at some angles off the axis, or vice
versa. The designer is often confronted with the dilemma
that while he can design for smooth response on-axis at the
expense of rough response off-axis, or the reverse, he has
no way of telling which is the preferred condition. In multi-
speaker systems the off-axis responses tend to become quite
irregular because of the finite size and spacing of the
radiating elements, which cause interference ellects. These
are also extremely difficult for the designer to evaluate.

When the user examines these curves he is apt to be
rather surprised to find that all loudspeaker systems, even
the very best, show a progressive decrease in response as the
frequency goes down below several hundred hertz. Is it
really true that all loudspeakers are deficient in bass re-
sponse? Yes, it is—in an anechoic environment; however,
when operated in rooms, as they are in practice, the bass
response is considerably better. It is possible, but not par-
ticularly easy, to determine the bass response of a loud-
speaker when operated in a room by calculation, starting
with the frequency response curves mude in an anechoic
chamber. This is certainly beyond the scope of the average
hi-fi fan. It would be useful to have a method of measure-
ment which would provide this information directly.

Effcct of Reflecting Surfaces on Bass

Since it appears to be impossible to avoid considering the
effects of the listening room, an outline of the way it alfects
the performance of a loudspeaker might lead to some con-
clusions regarding a suitable method of measurement. Con-
sider what happens when making a measurement in free
space, if a large, perfectly reflecting surface is placed imme-
diately behind the loudspeaker. To simplify the discussion,
assume that the loudspeaker is perfectly omnidirectional.

The sound from the rear of the loudspeaker is reflected
by the surface so that the sound direction is reversed and it
reaches the measuring microphone in addition to the sound
arriving directly from the loudspeaker. Instead of one sound
wave reaching the microphone, two identical waves fall
upon it. The sound pressure at the microphone is doubled,
or increased by 6 dB. Since intensity, or acoustic power
per unit area, is proportional to the square of the sound
pressure, the intensity is multiplied by four.

Note that the area into which the speuker radiates has
been reduced by a factor of two by the surface that has heen
introduced. The power output of the speaker itself is equal
to the intensity (power per unit arca) times the arew; this
must be doubled when a reflecting surface is immediately
behind the speaker. This can be visualized by considering
that the diaphragm must move twice as fast in a smaller vol-
ume, i.c., in a half-sphere rather than a full sphere.

It is necessary to define what is meant by “immediately
behind the speaker.” If the reflecting surface is spaced from

ELECTRONICS WORLD
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the radiating element by a very small fraction of a wave-
length, the reflected sound travels from the radiating ele-
ment to the surface and then back out again so that it is
only slightly delaved with respect to the direct sound. It is
convenient to think of the reflected sound as originating
from an image, spaced behind the reflecting surface as
shown in Fig. 2.

If the source and image are very close together, their
outputs add up to only slightly less than double their origi-
nal values. As the distance from source to surface is in-
creased, one wave becomes displaced in space with respect
to the other, and they reinforce each other to a lesser and
lesser extent until finally, when the displaicement is equal
to one-half wavelength. thev cancel each other, so that
their sum is equal to zero. (See Fig. 3A.) When the dis-
tance is still further increased, the waves begin to rein-
force each other again, with the sum reaching a maximum
when the distance is one wavelength, and again decreasing
to zero when it is one and a half wavelengths. The pattern
is repeated endlessly. By the way, it is assumed that the
distance to the observation point is so much greater than
the distance from the source to the wall that the direct and
reflected waves have essentiallv equal amplitudes. If the
reflected wave has less amplitude than the direct wave, the
resultant is as shown in Fig. 3.

Fig. 3A shows that for a distance less than half a wave-
length from source to reflecting surface, the sound pres-
sure at a given point is ahvays increased, but that for
greater distances it varies from double its original value
to zero. Consequently, the term “immediately behind the
speaker” means that the distance must be a small fraction
of a wavelength. This is generally the case at low frequen-
cies.

For a given distance from source to reflector, the frequen-
cy response at a point on axis looks like Fig. 4. Responses
off-axis look similar. The directivity patterns are shown in
Fig. 5, in which the horizontal line at the botton1 of the il-
lustration represents the axis through the source and its
image. The total power is obtained by integrating the
values for all the lobes. For frequencies equal to and above
those corresponding to Distance (between source und im-
age) = A/2, the directivity index (D.1.) for the axis of anv
lobe is 3 dB. (The directivity index is equal to 10 times
the logarithm of the ratio of the intensity to the intensity
that would exist if the source were omnidirectional and
radiating the same total power as the directional source.)
Since all the lobes have maxima that are equal in strength
to the response obtained under omnidirectional conditions
(distance equal to a small fraction of a wavelength), it fol-
lows from the value of the directivity index that their total
power must be 3 dB below the power obtained when the
wavelength is large.

We have already pointed out that at low frequencies the
sound intensity increases by 6 dB. At higher frequencies it
is 3 dB less. The net result is a boost of 3 dB at low
frequencics.

A second reflecting surface at right angles to the first
provides a net gain in intensity of 6 dB. If a third reflecting
surface is added, the intensity is increased by 9 dB. In
Fig. 6 these conditions correspond to a loudspeaker in free
space, a loudspeaker on the floor in the center of a room,
one placed on the floor against the wall, and finally a loud-
speaker in the corner of a room.

Fig. 7 shows the results of measurements on a mid-range
loudspeaker in the different positions indicated. The in-
crease in sound pressure level at the lower frequencies ac-
cords with the theory, and the curves illustrate how the
effect decreases as the frequency is increased. It is also
apparent, when the shapes of these curves are compared to
anechoic-chamber measurements of the same speaker, the
latter do not correctly depict the low-frequency performance
of loudspeakers when they are used in rooms.
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Fig. 4. Relative frequency response at a point on the loud-
speaker axis for a given distance from source to reflector.

Multiple Reflections

Let us now consider the effect on loudspeaker perfor-
mance of multiple reflections in rooms. Fig. 8 shows a plan
view of a room containing a loudspeaker at S, and a listen-
er at O. The sound traveling directly from the speaker to
the listener is shown by the double line marked D, for di-
rect sound. Sound also reaches the listener after one or
more reflections from the walls.

The diagrams at the right show how the energy reaching
the listener is built up following the direct sound, by suc-
cessive reflections. Curve A shows the effect of several
rays of sound that reach the listener after one reflection
from the walls of the room. The intensity of this reflected
sound is somewhat lower than that of the direct sound be-
cause there is some loss upou reflection, and also due to
the longer paths traversed. At B, the build-up of sound is
shown for two reflections from the walls. The reflections
become progressively weaker; consequently the curve show-
ing the build-up begins to bend over as shown.

It should be kept in mind that the situation is depicted in
two dimensions only for the sake of simplicity. Actually,
sound is reflected from the floor and ceiling as well. As
time goes on, the various sound paths fill the room, criss-
crossing in a rather random manner, and the curve levels
off to a steady-state condition when all of the sound emitted
by the source is absorbed at the walls and through transmis-
sion losses in the air. The total reflected sound is referred
to as reverberation.

Just as the reverberation of a room causes a gradual
build-up of a given sound, it also causes a gradual decay
when the sound stops. The rate of build-up and decay is de-
termined by the volume and the total absorption of the room.
The length of time required for the sound to decrease from

Fig. 5. Directivity patterns for speaker near wall. Vertical axes in
polar charts (response in ratios) correspond to on-axis line below.
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Fig. 6. As the speaker is moved from free space, to a floor
in the center of a room (one reflecting surface), to the floor
and against a wall (two reflecting surfaces), and finally to
the corner of a room f(three reflecting surfaces), the sound
intensity produced increases proportionally as shown here.

its steady-state value, after the source has been turned off,
to a level 60 dB below this value, is called the reverberation
time of the room. The relationship among the reverbera-
tion time, the room volume, and the total absorption, is
expressed by the following approximate formula:
T = .049 V/Sa seconds

where V = room volume in cubic feet, S = total surface area
in square feet, and « = sound-absorption coefficient.

Some interesting conclusions can be obtained by calcula-
ting the intensity of the reverberant sound in a typical living
room under normal listening conditions, and comparing it
to the dircet sound. The intensity of the reverberant
sound is:

Ip = 800 WT/V watts per square meter, where W =
acoustic power produced by the source.

The direct sound is spread over the surface of a sphere
with radius equal to the distance from the measuring point
to the source. Assuming this to be d in mcters, then
Ip =W / 4=d".

Comparing the values for I, and Iy for a typical living
roonm, one obtains the rather surprising result that at a
distance of upproximately two feet from an omnidirectional

Fig. 7. Measured response of mid-range speaker in various
locations in room. Note 9-dB rise in low-frequency output.
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source, the reverberant sound has an intensity approximate-
ly equal to that of the direct sound. At greater distances,
the direct sound decreases, but the reverant intensity re-
mains coustant. The greater part of what one hears at
normal listening distances is the reverberant sound.

When a source is directional, more of the sound is con-
centrated in the direction of the listener and less of it
reaches the room surfaces to become reverberant sound.
With practical loudspeakers located as they normally are
in living rooms, the speaker is made more directional by
its usual position at the junction of a wall and floor, and of
course at the higher frequencies, practical loudspeakers
tend to become more directional anyway. As a result, the
critical distance (at which the direct and reverberant sound
intensities are equal) is more likely to be something over
five feet.

What We Hear

While the mathematics of the previous section is con-
vincing, one tends to reject the conclusion. If the reverberant
sound predominates—and, of course, this comes from all
directions—how 1is it that we can tell where the sound is
coming from? We can do this because of loudness differ-
ences and the precedence effect. 1f one listens to mono-
phonic program material on a stereo reproducing system
while sitting on the axis of one of the loudspeakers, all of
the sound seems to be coming from that loudspeaker. In
fact, it is necessary to move near the axis of the other
loudspeaker to convince oneself that it is operating at all.
What distinguishes the sound of the on-axis loudspeaker
is that it arrives earlier and is somewhat louder than the
sound from the other loudspeaker. If one sits on the
axis between the two loudspeakers, as one would when
listening to stereo, the sound appears to come from a point
midway between the speakers. Adjusting the balance con-
trol moves the virtual sound source nearer one of the
speakers, as the level of one speaker is raised with respect
to the other, If the difference in level is made great enough,
all of the sound appears lo come from one loudspeaker.
From these experiments, one can conclude that if one is
equidistant from two loudspeakers and varies their relative
loudness, then beyond a certain point all of the sound ap-
pears to come from the louder one.

An interesting experiment is to introduce time delays.
Suppose we delay the sound coming from one loudspeak-
er, either by using a tape loop or some similar delay device
or by placing the speaker further away so that the time
taken for the sound to arrive at the listening point is in-
creased. An effect analogous to the results obtained with
varying intensities is oblained. For very small time delays
the sound source appears to move awayv from the delaved
speuker toward the undelayed speaker. The time differences
involved for this effect are somewhere between 0.6 and 1.0
millisecond (or about the time required for sound to travel
1 foot). For longer time delays, all of the sound seems to
come from the undelayed speaker.

A fuscinating aspect of this precedence effect is that it
is possible to use increased loudness to compensate for de-
lay. If we listen to sounds of equal intensity from two loud-
speakers, one of which is delayed by a few milliseconds,
and we increase the output of the delayed loudspeaker, there
is a point beyond which the sound no longer appears to come
from the undelayed loudspeaker. Nore delay requires more
level difference for compensation. Strangely enough, this
only holds true up to a maximum, in the neighborhood of 15
milliseconds, where it takes something less than 11 dB to
make up for the difference. Beyond this point, that is for
longer delays, it takes less level increase to make up the
difference. As the delay is increased beyond 50 millisec-
onds or so, the delayed speaker begins to be heard as an
echo,

The precedence effect greatly influences what one hears
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in the presence of both direct and reverberant sound. in
generual, the reverberant sound is somewhat attenuated in
level and is delayed with respect to the source of direct
sound as the apparent source. The reverberant sound con-
tributes to the loudness and to our sense of aumbience or
sensation of being immersed in sound, but it does not con-
fuse us as to where the original sound is coming from.

One might well conclude that the reverberant sound has
no significance after all. However, this is not really the
case. The reverberant sound contributes to a sense of am-
bience (which is definitely present in a concert hall) and
also to the loudness. Does it also allect one’s conclusions
about the tonal balance, that is, the frequency response of
the loudspeaker? This is a rather ticklish question. Some
people maintain that the direct sound is the determining
factor, others that the total energy represented by the di-
rect plus reverberant sound is the criterion, and there are
views in between. But before attempting to come to our own
conclusions, it would be well to decide for ourselves whether
the tonal character of the reverberant sound is different
from that of the direct sound. If it is not, there is nothing
to argue about.

With an omnidirectional source operating in a room whose
surfaces reflect sounds without {requency discrimination,
the reflected sound reaching the listener has exactlv the
same tonal balance as the direct sound. For example, if the
reflecting surfaces discriminate against the higher {requen-
cies, the reverberant sound lacks high [requencies and
the tonal balance is different from that of the dircet sound.
In rooms that are good acoustically, this is not a very seri-
ous consideration. If a source is directional and its direc-
tionality increases as the frequency goes up, the reverberant
sound contains less and less of the high-frequency range
as the frequency increases, so that the tonal balance of the
reverberant sound is quite different from that of the direct
sound. If one thinks of the sum of the direct and reverber-
ant sound as the acoustical output of the system comprising
the loudspeaker and the room, the system response can be
considerably different from the on-uxis speaker response
alone. Counsequently we do have to be concerned whether
the ear takes the reverberant sound into account when
judging tonal balance.

It is probable that in making this judgment the car
sums the direct sound and that part of the reverberant
sound produced by the early reflections. This is based partly
on the precedence effect and on the fact that the ear
tends to listen to varying sounds as if it were a detector
with an integrating time of the order of 1/20 second.
The sound path corresponding to 1/20 second is ap-
proximately 53 feet, which gives some idea of the number
of reflections included in the “early sound” in an averuge
living room.

To sum up, the car follows the precedence effect in estab-
lishing the apparent source of a sound und tends to judge
its intensity during its integrating time so that the system
frequency response referred to above involves summing the
direct sound and the early part of the reverberant sound.

When one considers that for stereo listening the direct
sound referred to above is not the on-axis sound produced
by the speaker and that the degree to which the listener
is off-axis is apt to vary cousiderably from one listening
setup to another, it is difficult to conceive of & measuring
system for frequency response that would take all these
factors into account. It does seem quite clear, however,
that the on-axis frequency response is not the sole determin-
ing factor and that some method of summing the output of
the speaker in all directions would be more meaningful.

Reverberation Chamber

A reverberation chamber is essentially a large room
with highly reflecting surfaces in which the level of the
reverberant sound is so great that a measuring micro-
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Fig. 8. What we hear in a normal listening room is largely
made up of sound that has been reflected one or more times.

phone, if not placed too close to the loudspeaker, mea-
sures the reverberant sound alone. Since the latter is com-
posed of reflections originating as the sound emitted by
the speaker in all directions, it is proportional to the total
acoustic power output of the loudspeaker. This is essentially
what we wish to measure. Originally reverberant chambers
were used primarily to measure the total power output of
loudspeakers in order to relate it to the electrical input
and thereby determine the efliciency. What we are interested
in, however, is finding out how the total power output of
the loudspeaker varies with frequency. For this purpose, a
frequency-swept signal is applied to the loudspeaker and
the amplified output of the measuring microphone is fed to
a sound level recorder which plots the power frequency
response of the loudspeaker automatically. The instrumenta-
tion is essentially similar to that used for frequency-response
meuasurements in an anechoic chamber. However, the prob-
lems involved in obtaining a meaningful measurement are
quite difterent.

The description previously given of the manner in which
a sound field is built up in a room due to multiple reflec-
tions assumed a more or less random set of paths for the
reflected waves. Tu actual rooms, however, which possess
a certain degree of regularity and symmetry in shape,
it frequently happens that the paths of a pair of outgoing
and incoming waves are identical. The result is the forma-
tionn of a standing wave similar to that formed in an organ
pipe. In the simplest tvpe of standing wave the pressure
is maximum at two opposite parallel walls of the room and
zero at the center. 1f this is plotted in terms of pressure
vs distunce, the shape of the curve is half a sine wave.

Again, as in an organ pipe, therc are mulliples of the
frequency of the lowest mode just described. Since this oc-
curs between each pair of parallel surfaces, there are three
sets of these axiul modes {(or room resonances) i a rec-
tangular room. Standing waves can also be formed along
diagonals of a room paralle! to the plane of each bounding
surface and to diagonals hetween opposite corners not in
the same bounding surface. The stunding waves in a room
are comparatively spurse in a given bandwidth at low fre-
quencies and become more closely spaced as the frequency
increases. Fig. 9 shows a typical distribution.

Suppose the source is emitting sound of a frequency
corresponding to the lowest mode (Continued on page 74)

Fig. 9. Characteristic frequencies below 100 Hz for a rec-
tangular listening room measuring 15 by 20 by 10 feet high.
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§ RECENT
m DEVELOPMENTS
IN ELECTRONICS

Rechargeable Heart Pacer. (Top left) A heart pacer is a sur-
gically implanted pulse generator whose output leads are con-
nected directly to the heart muscle in order to keep the heart
beating regularly. Most such pacers use five or six mercury
batteries as power source. When these batteries run down,
surgery is required to temporarily remove the pacer to replace
the batteries. The new heart pacer shown here uses a minia-
ture rechargeable nickel-cadmium battery which is not only
lighter than the group of mercury batteries but can be re-
charged without removing it from the patient’s body. An induc-
tion coil, along with related microelectronic circuitry, make
up the charging circuit. The arrangement is fairly similar to
the induction charger used in some electric toothbrushes. The
external charger coil can be installed in a vest worn by the
patient. Transmission of the signal to the pacer’s receiving
coil recharges the battery overnight. The pacer is then ready
for another month’'s operation. The new pacer weighs only 69
grams rather than 100 to 150 grams for other pacers. It has
not yet been implanted in humans but it has been tested in ani-
mals. Manufacturer is ESB (formerly Electric Storage Battery).

Gated-Laser Viewer Sees in Fog, Darkness. (Center) This
new viewer permits the user to see 300 feet in fog, heavy rain,
blizzards, sandstorms, or in complete darkness. The device
uses pulsed gallium arsenide lasers as its infrared light
source along with an image-converter tube that makes the in-
visible light visible to the viewer. The lasers are pulsed to
produce brief bursts of infrared light that travel to a distant
object. The converter tube is kept off until the leading edge of
the reflected pulse occurs. As a result, all backscatter is elim-
inated so that there is an improvement in contrast when the de-
vice is used in adverse atmospheric conditions. The new viewer
has been designed by Laser Diode Laboratories for use in
ground vehicles, boats, helicopters, or on foot. The gated-laser
unit weighs 15 Ibs and costs in the neighborhood of $3000.

1000 Holograms in One Crystal. (Bottom left) A lithium
niobate crystal, smaller than a sugar lump, can store as many
as 1000 different laser holograms. In a Bell Labs experiment
the crystal was used to record the complex interference pat-
terns of laser light forming the hologram. The laser beam
produces changes in the refractive index of the crystal due to
the internal electric field that is set up by the intense light.
The crystal can then be rotated just a fraction of a degree, and
another hologram can be stored in the same manner. The inter-
ference pattern that is recorded can be removed simply by heat-
ing the crystal to a temperature of 170 degrees C. In this way,
the same crystal can be used again and again for storing new
holograms. Such a device can be used as an optional memory
from which desired information could be retrieved or erased.
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Thick-Film IC Voltage Regulator. {Top right) This new solid-
state regulator at the right takes the place of the conventional
relay regulator used to keep the output voltage of an auto
alternator constant. Using thick-film microcircuitry, the new
regulator is built right into the alternator and replaces the
conventional external unit at the left. Advantages of the new
device are absence of moving parts, greater reliability and
accuracy, and elimination of servicing. Developed by Delco, the
new regulator is standard on Oldsmobile 442, Pontiac Fire-
bird, Chevrolet Corvette, and on certain Chevrolet trucks.

Laser Color-TV Display. (Center) The picture on the screen
in the background is in bright color and measures 48-in wide
by 31-in high. It was produced by a new laboratory laser-dis-
play system which works off a standard home color-TV set. An
argon laser produces blue and green beams while a krypton
laser produces a red beam which are all combined to make up
the display. The beams are made to scan by means of rotating
and vibrating mirrors to generate the TV-like raster. Long be-
fore the experimental GT&E Laboratories system will find use
in the home, it will probably find applications in the areas of
military, industrial, commercial, and educational-type displays.

Computer-Predicted Ramp-Jump. (Below left) The upper
drawing is part of an animated cartoon made by a high-speed
computer at Cornell Aeronautical Lab. It predicts and depicts
the motions of a catapulting car as it jumped 70 feet from one
ramp to another at high speed as shown in the photo. This com-
puter-simulation technique is being used in a program aimed
to provide a greater understanding of auto crashes. The com-
puter creates a series of line drawings on a CRT. The tube is
then exposed to a motion-picture film and by advancing the film
between drawings, the cartoon is produced, frame by frame. The
Lab has recently been awarded a $113,000 contract extension
by the U.S. Bureau of Public Roads to continue this program.

Electronic-Hydraulic Artificial Arm. (Below right) The arm-
less 15-year old youngster shown here learned to write her
name with ease using a new artificial arm with less than an
hour's practice. The arm uses combined electric and mechani-
cal controls to operate four separate power functions. Myo-
electric (muscle-generated voltages) or manual devices can also
be used. A nickel-cadmium battery supplies 12 volts to operate
the arm for one day; the battery can be recharged overnight.
The arm weighs but 214 Ibs and is capable of lifting up to 20
Ibs. The prostheticarm was developed by Northern Electric Com-
pany Limited (Canada) which is making complete details and
drawings available to any recognized organization in the field.

SEC. 1.600
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TROUBLESHOOT
TV

By DON MATSUDA

A quick preliminary diagnosis of
TV troubles can often be made just
by observing what effect the various
controls have on the television
picture. Here is what to look for.

Editor’s Note: Our author, who is currently living and
working in Honolulu, has been in the servicing field for
18 years. About half of this time twas spent as an inde-
pendent, and five years were spent with G-E in Los An-
geles. During these five years he received a top award for
excellent performance in TV servicing.

\WELL-organized test bench with all tools, parts, and
probes within easy reach is essential for rapid and
profitable TV servicing. These are times, however,

when quick, preliminary diagnoses will have to be made.
For example, an accurate estimate is required in the home or
over the phone. Or a customer walks in with a portable TV
and wants to know immediately whether the set can be
fixed right away.

For extracting preliminary information, the experienced
TV technician uses various controls on the set itself. Just
about every circuit in the set modifies or generates a sig-

Fig. 1. The dashed curves represent the heterodyne out-
put of the TV set converter stage. The heavy solid curves
represent the set's i.f. bandpass response. (A) shows con-
ditions with the fine-tuning control set ot the proper posi-
tion. Note that the video carrier is halfway down the slope
of the i.f. response as required for proper equalization of
the vestigial sideband transmission. In many cases, the color
subcarrier is positioned halfway down the other side of the
i.f. curve, rather as shown. In such a case, equalization is
accomplished in the chroma section of the receiver. As the
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nal that can be regulated by these controls. The effect of
these controls can often be observed on the picture-tube
screen and sometimes even heard in the speaker. It’s al-
most like having a scope and signal tracer built right into
the television set.

On/Off Switch

Let’s start with first things first: turn the set on. If it’s
dead, check the switch. Listen and feel for the click. A spongy
feel indicates a defective push-pull type switch. We assume
that you have made the other simple checks, such as wiggling
the a.c. plug, line and interlock, and looking in back to see if
the tubes are lighted.

Watch for abnormal warm-up symptoms. A lot of things
happen during warm-up that happen at no other time, not
until you have cooled off the set thoroughly, perhaps even
for a day or two.

The sound should come on first. If you get noise only, but

converter output is shifted to the left (B} by adjusting the
fine-tuning control, the sound, color, and higher video fre-
quencies are all lost, while the lower frequencies and sync
are accentuated. When the fine-tuning control is adjusted
to shift the output of the converter stage to the right (C),
the low video frequencies and sync are greatly attenuated
so that sync is unstable or lost altogether. Color becomes
saturated and sound enters the picture in the form of a
beat poattern. Correct fine tuning is achieved by adjusting
for this condition, and then backing off a bit to condition (A},

COLOR

SUBCARRIER
VIDEO SOUND VIDEO
CARRIER CARRIER CARRIER
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you can vary it with the volume control, the audio is prob-
ably okay. If vou can’t—the trouble is in the audio section.
If you get buzz during warm-up, suspect slow-warming a.g.c.
components or intermittent filter capacitors. Vertical buzz
will vary in tone if you adjust the vertical hold control.

The picture should come in locked. If it doesn’t, notice
whether it is rolling up or down. Note whether the sync
bars are slanting uphill or downhill from left to right. These
symptoms will be discussed later. As for now, remember that
troubles due to open parts and connections are more likely
to occur when the set is cold—before expansion closes con-
tacts or breaks down oxidized coating; and that troubles due
to leaky capacitors and increased resistances are more
likely to occur when the set is hot. Also remember that
the customer adjusted the controls when the set was hot, so
look for the opposite trouble when you first turn the set on.

There are several checks you can make by quickly turning
the set off and on. If the picture recovers immediately, the
over-all stability is good. If you leave the set off for more
than a few seconds, the horizontal frequency may take a
while longer to recover; this may be normal. If you have no
raster, you may catch a glimpse of one by turning the set
off and on. You might also hear the horizontal frequency
taking off, providing you have good ears. In color sets you
might hear high voltage make its presence known by the
characteristic crackling sounds.

Volume Control

If you have no sound, rock the volume control back
and forth. A scratchy noise in the output indicates a dirty
control—and good audio as well.

We have already mentioned that no change in hum or
noise level as you turn the volume control indicates trouble
in the audio section. Distortion at high level also indicates
trouble in the audio section, possibly a leaky coupling ca-
pacitor or high resistance in the grid circuit. Distortion or
loss of sound at low level could be caused by a sticking voice
coil in the loudspeaker. Sudden changes of volume as you
operate the control could be caused by a defect in the
control itself.

Channel Selector

By simply turning the channel-selector knob, you can un-
lock a treasure chest of information. First of all, there
should be no play in the shaft. If there is, check the detent
or the shaft fitting itself. If you can get the station by turn-
ing it in one direction only, check for a lose contact or rotor
fitting in the oscillator section of wafer tuners.

A dirty tuner will show the same symptoms, but it will
also produce characteristic streaks in the picture. Inciden-
tally, these streaks can serve as a test for if. and video
amplification. No tuner contact is perfectly clean. A dirty
tuner is also a very common cause of intermittent color.

Check for receptionn on all channels. In a turret tuner,
loss of a single channel is due to a defect in the correspond-
ing channel strip. It can also be caused by a.g.c. overload.
Confirm this by turning to a weaker station and checking
for other a.g.c. symptoms, such as high contrast, unstable
and negative picture.

Loss of reception on the higher channels can result from
oscillator failure. The higher channels are also more sus-
ceptible to regeneration—streaks in the picture accompanied
by loud screeches in the sound.

The low channels will be lost if the oscillator coils in wa-
fer tuners have been spread out teo far. They have a natural
tendency to unwind. Also remember that in wafer tuners,
if one channel fails, all lower channels will be aftected.

You can check picture stability by changing channels;
the picture should recover immediately. Changing channels
will also show up mechanical intermittents elsewhere in the
set. Also, remember that indiscriminate banging might clean
off the oxidized coating of an intermittent contact. A better
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Fig. 2. Vertical oscillator grid waveform showing sync pulse.

method of finding an intermittent is by careful wiggling of
individual parts and wires in the section causing the trouble.

Fine-Tuning Control

By observing the various parts of the picture and tuning
the fine-tuning control, the experienced technician can al-
most visualize the shape of the over-all response of the set.
This control shifts the entire heterodyned signal from one
side of the i.f. passband to the other (Fig. 1).

As you tune from the low frequency to the high, the wide
areas in the picture (including the sync bars) should grad-
ually lose contrast until only thc edges and fine detail re-
main at the point where the picture loses sync and breaks
up. At the same time, the edges and fine details should come
in gradually and reach a peak at break up. The sound should
clear up in the same way and enter the picture at break up.
You will see streaks across the picture that will move
around with the sound. Color should come in smoothly, al-
though not as broadly as the sound.

Any unevenness and sharp changes in the output as you
turn the fine-tuning control would indicate a defect in the
over-all response. Remember that in color sets there are
chroma bandpass circuits besides r.f. and i.f. circuits.

Sound responds well to this test because of its narrow
bandwidth. Sound should be clearest near the picture break-
up point. If sound peaks at more than one point, check the
alignment.

The sync bars, which lie in the low-frequency vestigial
sideband also respond well to this test. If the vestigial side-
band is not attenuated properly, the effect on the bars would
be greatly exaggerated as you shift the signal. If sync is
weakest at the point of lowest contrast in the wide areas
or sync bars, the bandpass is at fault. If it is weakest at the
point of greatest contrast, check for overloading.

If poor frequency response is evident in the picture, as
shown by smears and ringing, and if this is not affected by
turning the fine-tuning control, the fault is in the video sec-
tion. Look for trouble in the peaking coils first.

Fig. 3. Appearance of normal vertical blanking bar that has
been rolled down into view by means of vertical hold control.

EQUALIZING PULSES VERT. SYNC
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Fig. 4. Components to check in locating height problems,

Contrast Control

If vou have no picture, rock or wiggle the contrast con-
trol. If streaks appear, vour video is probably okav—but
vou have a dirty or defective control. Few controls are per-
fectly clean. If vou have a picture and the contrast control
has no eflect on it, suspect the control itself or the asso-
ciated network; there is possibly a shorted bypass capacitor.
If the brightness changes as vou turn the contrast control,
check for a shorted coupling capacitor to the grid of the
video stage. If you have pcor sync at high contrast levels,
check for defective filters which permit video to enter the syne
circuits, On some older sets that take their sync after the
video, overload could cause the same trouble. In color sets,
proper setup procedure may be all that is needed for good
contrast and stability,

Brightne~s Control

The Drightness control is useful in testing the over-all
performance of the set. Blooming (loss of focus and increased
picture size) as vou turn up the brightness indicates trouble
in the high-voltage circuit.

If vou have no raster, vou might see one by shading the
picture-tube fuce and rapidly varyving the brightness con-
trol. Observe whether the picture is in sync, folded, narrow,
or blooming. If it is far off horizontal frequency, check the
horizontal oscillator and af.c. 1f it is folded, check the
damper circuit. If it is narrow, but can be synchronized,
check the horizontal-output circuit. If it blooms, check the
high-voltage circuit. If it shows no other trouble but dark-
ness, check the picture tube and its bias voltages.

Turn down the brightness part way if you suspect hum or
filtering troubles. A single dark bar across the screen in-
dicates 60 Ilz in the video; two such bars indicate 120-Hz
power-supply hum; vertical shading on the side of the ras-
ter indicates 15,750-Hz horizontal voltage in the video.

In color sets, the picture should remain stable at all
brightness levels. Focus should be maintained, except pos-
sibly at the extremes. Although picture tubes vary greatly
in performance, proper setup should take care of most trou-
bles related to brightness.

Vertical Hold Control

Let’s consider vertical roll problems next. The picture
rolls down when the vertical oscillutor runs fast and the pic-

Fig. 5. If the out-of-sync lines slant downhill, as shown
at the left, then the horizontal oscillator is running fast.
If lines slant uphill, as at right, oscillator is running slow.

ture rolls up when the oscillator runs slow. Remember:
downhill fast; uphill, slow,

The most likely reason for a fast-running vertical oscilla-
tor would be a leaky capucitor feeding positive voltage to
the oscillator grid. This shortens the time it takes for the
negative voltage to discharge to the point where the tube
begins to conduct for the next cvcle. An increased resistance
in the cathode circuit would cause the same thing. In both
cases the linearity would be affected, and the height would
decrease. Occasionally the grid resistor decreases in value,
thus reducing the time constant and the discharge time.

Sometimes the picture rolls so fast, it is not easy to de-
termine whether it’s rolling down or up. If the height de-
creases as you turn the control, the picture is rolling down.

The most likely reason for a slow-running oscillator would
be an increased value of grid resistor.

The vertical sync can be checked by rolling the picture
up with the vertical hold control. The picture should lock
in so solidly you will not be able to roll it up slowly. Only
by advancing it to a point where it rolls fast should you be
able to break sync.

Another method of checking sync is to roll the picture
down slowly with the vertical hold control. The picture
should roll down smoothly, without hesitations, and flip out
of sight at a point that is about one-fourth of the way from
the bottom. This is the point where the sync pulse, which
is riding on the grid voltage, kicks the tube into conduction.
It shows the actual height of the pulse in relation to the grid
voltage—usually about one fourth (Fig. 2). If the bar flips
out of sight at a point lower than that, the sync is weaker
than normal.

If the picture does not roll down smoothly al the top por-
tion of the picture, or if it can Dhe made to lock in
with the blanking bar showing, the integrated vertical sync
pulse is distorted or extraneous signal is entering the
vertical circuit,

The condition of the sync pulse at tle take-off point can
be seen by looking at the vertical sync bar. The outer bar,
indicating the blanking level, should be darker or just as
dark as the darkest part of the video. The inner bar, the
vertical sync and equalizing pulses, should be much darker
than the blanking level (Fig. 3). If not, vertical svnc is being
compressed before the take-ofl point. If this display looks
okay and there is vertical trouble, there mayv be problems
in the syuc circuits or the integrator.

Vertical Height and Linearity Controls

Vertical sync, linearity, and height are interdependent,
and it is difficult to isolate a fault within the receiver sec-
tion affecting these characteristics. If you can obtain good
linearity with the hold control well within range, the height
control circuit itself may be defective. Loss of height is
often caused by an increased value resistor in series with
the height control. In general, look for trouble that would
not have significant effect on linearity or frequency. Check
for defects in the vertical-output circuit, screen supply, or
{or an open cathode bypass capacitor (Fig. 4).

If linearity is off, but the frequency is okay, the wave-
shaping network is defective.

Poor linearity, which is usually accompanied by a change
in frequency, can be analyzed by checking for the frequen-
¢y defect, by noting first whether the pattern is rolling
up or down.

Another method is to see whether both the top and the
bottom can be stretched and compressed by operating the
linearity control and whether the picture as a whole can
be shifted up or down. If only the top can be compressed,
look for defects that would put excess negative bias on the
grid, and just the opposite if only the bottom can be com-
pressed. A word of caution: part values in these circuits
are critical and interdependent. Don’t try to compensate
for defects by changing part values. (Continued on page 83)
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By JOSEPH TUSINSKI/ Chief Technical Instructor, Old Dominion College

It appears litle is known about what constitutes a strain gage and how it
works. This article discusses some heretofore hidden characteristics
of the device and tells technical men how they can get the most out of it.

F vou should see a group of technicians hovering around
a giant Boeing 707 cargo carrier checking instrument
dials and flicking switches. chances are they're using
strain gages to find the aircraft’s center of gravity or to
measure stress caused by cargo loading, The strain gage
has been available for more than two decades, but only
now are technical men beginning to use them effectively.
The motivation®>—technological advances in electronics.
What is a strain gage? An electrical strain gage is an
instrument that measures the change in resistance of a con-
ductor as it is stretched or compressed. This principle is
utilized in a number of devices where displacement takes
place as the result of force.

Linear Stress

Linear deformation or strain occenrs when an external
force (stress) is applied to the body of a material. that is,
it changes its dimensions. Hooke’s Law, which relates small
deformations of elastic bodies to the applied stress, does
not recognize limits or the point where elongation is not
proportional to applied force. Ilowever, this important
non-conformity, which is called the proportional limit,
nutkes deformation or strain a dependent variable and re-
lated to the amount of force exerted. The force, which is
normally referred to as stress, is measured in pounds per
square inch. A typical stress-strain curve of a metal is
shown in Fig. 1. Unfortimately, strain which is graphed as
the independent variable, can lead to some misconceptions,

Note that a new term. Young’s modulus, has been inject-
ed in Fig. 1. This is defined as the ratio of stress to strain.
Strain is deformation and hence it has units of length.
[owever, it can also be defined as the ratio of a change in
length to the original length, that is, inches-per-inch (at
times called a unit strain as opposed to total strain). Thns
¢ = AL/L (inches/inch). Since strain measuring instru-
ments are calibrated in microinches/inch, it is becoming
popular to use the term “microstrain” in lieu of micro-
inches/inch. Thus, one microstrain equals one-millionth of
an inch per inch of material. This, of course, shortens the
description of the unit, but it loses meaning.

There is another important physical concept in strain
measurement analysis. The resistance of a wire varies ac-
cording to the type of material (specific resistivity) and its
length, and is inversely proportional to the cross-sectional
area. Thus, if a piece of wire is stretched. it will get longer
and R will increase. However, its cross-sectional area also
decreases, so R increases further. What is important is that
R does not increase proportionally. A little known fact is
responsible for this relationship, i.e., the volume of un elas-
tic body decreases as opposed to a plastic (putty-like
material) body, whose volume remains the same when
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stretched. Wire is an elastic body when it is stretched below
its proportional limit.

If the ratio of the change in diameter to the change in
length is considered for metals, this ratio will vary between
0.25 to 0.35 but will be 0.5 for plastic materials. The ratio
of a change in diameter to a change in length is called
Poisson’s ratio. What does all this mean? Well, the most
significant fact is that the specific resistivity of the wire
changes. Thus the change in resistance cannot be predicted
simply by physical relationships alone.

The above relationship is accounted for by a unit called
the gage-factor (G.F.), and is used in the equation: AR/R
= G.F. (AL/L).

Thus the guge factor is defined as: G.F. =
(AL/L) or AR/Re, where ¢ = AL L = strain.

Gage-factors vary considerably, depending on the type
of material used for the gage. lFor exumple, nichrome has
a factor of 2. platinum 4.8, and nickel —12.1, and some
of the semiconductor gages have factors of several hun-
dred. However, most wire and etched-foil gages have
identical characteristics when compressed as compared to
elongation (tension). The resistunce of the gage decreases
in most cases when under compression and increases under
tension. Some gages, like nickel, work in reverse.

Suppose that we apply some of these mechanical con-
cepts and then consider the electrical side of a problem.

Let us determine the struin exerted on a 10-inch piece
of a hypothetical metal which has a cross-sectional area
of two square inches. Under stress, the 10-in bar becomes

(AR/R)

Fig. 1. Typical stress curve for metal. E is Young's modulus
of elasticity, o is stress, and A ¢ is the change in the strain.
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Fig. 2. (A) Wheatstone bridges are used to measure resistance
changes. (B) Temperature compensation using dummy gage. (C)
Temperature sensitivity is enhanced by using two active gages.
(D) If a load on a cantilevered beam is down, then R2 and R4
(A) are under tension, and R1 and R3 are under compression.

10.01 inches long. AL = 10.1—10.0 = 0.1 inch. That is,
the bar changed 0.1 inch for the entire 10-inch length. The
strain is then, ¢ = AL/L = 0.17/10” = 0.01 in/in.
Suppose further, to achieve this strain, a total load of
10,000 pounds was used. The stress is then:
Force (lbs) 10,000 1bs

T Area (in®) 2 in- = 5000 lbs/in?

The modulus of elasticity can then be computed as:

o o _ 5000 1Ibs/in® | p
s = E = 001 w/in 500,000 (psi).

Analyvzing this relationship another way, suppose what
we want to know is how much a %” rod will elongate if
it has a total length of two feet and is subjected to a 10,000-
Ib load. From a table of physical constants of materials,
this grade of metal has a modulus of elasticity of 30 x 10¢
Ibs/in* (psi).

The stress in Ibs/in? is computed first. Thus, ¢ = F,
Ibs/A in* = 10,000 1bs/0.1964 in* = 50,916 Ibs/in?; where
area = =% = 3.1416 (0.25)% = 0.1964 in=.

The amount of strain is then:

o 50,916 lbs/in:
= N = A T = 1.697 a3l i
‘ E 30 x 10 psi 1.697 X 10—% in/in

or 1697 microstrains.

Then, from ¢ = AL/L, Le = AL and AL = 247 x 1.697
X 10—% = 0.04 inch or 40 mils. From these equations we
can see the measurement of strain can be incorporated into
load-cells which are capable of measuring hundreds or
even thousands of pounds of load.

Fig. 3. These are examples of etched-foil and wire strain gages.
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Now let us attach a wire strain gage to a ¥” rod. Let
us further use a gage that has a length of one inch and a
resistance of 120 ohms (120 ohms is a popular value for a
strain gage). The gage manufacturer has specified a G.F.
ol 2. Calculate the change of resistance that would take
place when the 10,000-pound load is impressed. Since
# = (AR/R)/G.F. = (G.F.) eR = AR, where ¢ = 1.697 X
10 (from the previous example), R = 120 ohms, and
C.F. = 2, then, AR = 2 X 1697 X 10-3 x 120 = 0.4073
ohm.

To measure a change of 0.4073 ohm in a total resistance
of 120.4073 ohms, an instrument such as a Wheatstone
bridge must be used.

One of the advantages of a resistance gage is that it is a
biluteral device, hence a bridge mayv be excited with a.c.
or d.c. As shown in Fig. 24, the gage is represented by
Rl1, thus B4 may be made variable to restore balance to
the bridge. This method has advantages for measuring cer-
tain static types of loading. It is also possible to calibrate
R4 directly in microinches/in (or units of strain).

Temperature Effects

Temperature aflects the resistance of a gage; and tem-
peruture changes (ambient or self-heating) cause false
indications of strain. Thus, most strain gage applications
employ a minimum of two gages. For example, if R4 is
made a compensating gage and is positioned so that a 90°
angle is formed with respect to the axis of stress, then the
bridge will be sclf-compensating (Fig. 2B). Then sensi-
tivity may be enhanced by making both gages active, as
shown in Fig. 2C. Note that even though both gages are
aclive, temperature effects will still cancel. This same pro-
cedure may be extended to muke all of the bridge arms
active, Increasing sensitivity and  improving temperature
compensation. An arrangement showing all gages in an
active mode is shown in Fig. 2D.

Bonded versus Unbonded Gages

The bonded gage was developed simultaneously on both
coasts of the United States. Simmons of California Institute
of Technology and Ruge of MIT developed the principles
in 1938. These gages were given the designation of SR-4
(using the initials of the co-inventors), a trademark of the
Baldwin-Lima-Hamilton Corp.

Extremely fine wires, supported by various materials,
were used to fabricate the gages. The materials dictate
where and how the gage is used. Paper is used extensively
and Bakelite is also used to a large degree.

Etched-foil gages hurther improved gage instrumentation.
For it was this development that resulted in an almost ideal
gage. That is, they could be made so that the effective
gage length was infinitesimal (individual conductors could
not be seen with the unaided eye). Another characteristic
wus that the conductors could be made large at the loop
ends so that transverse response was reduced to a mini-
mum. Still another ideal characteristic was that the gage
wire was flat, hence it had a more intimate physical con-
tact than round wire and could conduct self-generated
(I*Rt) heat away more elliciently. Finally, the gage could
attain virtually any configuration, and was only limited by
the capabilities of the draftsiman. Some of the configura-
tions are shown in Ilig. 3.

Plastic, thennosetting plastic, epoxies for high-tempera-
ture work, and special ceramic cements are used to bond
the gage to a test member. Again, the type of adhesive is
determined by the type of measurement, environment (tem-
perature, humidity, etc.), and the type of stressed member.

Unbonded gages, as the name implies, are not supported
by an adhesive, but the wire is sclf-supported by insulated
posts or other structure. One type of patented fixture uses
ruby support posts, as shown in Iig. 4.

Note that a force moving support #1 to the right causes
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Fig. 4. Unbonded gages are supported by insulated posts.

R1 and R3 to increase, whereas R2 and R4 decrcase. As
can be seen in the diagram, this will cause four times the
unbalance of a single gage (refer to Fig. 1). Secondly, any
change in temperature-influenced resistance will affect all
gages equally, thus the bridge will be temperature-com-
pensated. Initially the wire is placed on the posts in a
stressed condition, so stress may be increased further or
decreased to measure plus or minus forces.

Semiconductor Gages

Semiconductor strain gages are characterized by ex-
tremely high gage factors, which can be positive or nega-
tive. Early gages were plagued by high temperature co-
efficients. Thus, users were wary of their measurements.

A significant achieverment was attained when it was dis-
covered that high radiation fields could reduce the tem-
perature coefficient to almost zero. This hardening process
opened up new vistas for the high-sensitivity semiconduc-
tor gage. The author experimented with some of the radi-
ated gages and found that resistance would not change
even when the gage was subjected to a match flame.

Recently, a new type of semiconductor strain gage,
manufactured by the Kulite Semiconductor Products Cor-
poration, has made inroads in the field of miniature in-
strumentation. The manufacturer is using integrated-circuit
techniques to some extent. One of these gages is shown in
Fig. BA. These gages have nominal gage factors of aboul
50. This is considerably greater than the wire or foil gage;
however, it does not surpass the bulk semiconductor gage.
These devices may be used in temperatures ranging from
—400°F to +1200°F. Gage lengths are measured in thou-
sandths of an inch, hence they are approaching the ideal
guge.

Recently, another type of transistor gage, manufactured
by Stow Laboratories, hus been marketed. This gage has
been designated “Pitran” and is an n-p-n planar transistor
with provisions for a mechanical pressure coupling. There-
fore, it can be operated as a standard transistor, with the
mechanical coupling modulating the collector current. The
device is capuble of measuring displacement; however the
author feels that it is difficult to use to measure strain. The
point is that u strain gage must be capable of measuring
a change in length in the given length of the material.
Thus all displacement gages cannot truly be classed as
strain gages. This gage, however, is capable of measuring
extremely low pressures and, if coupled to a stifl dia-
phragm, may be calibrated to measure high pressures.

Thin-film technology cannot be left out of the strain-
gage picture. Statham Instruments, Inc. of Los Angeles has
produced a thin-film gage having factors comparable to
conventional gages. The advantages of attaching a depos-
ited gage to a diaphragm is that no organic material is
used as the adhesive, that is, adhesion is the result of
semi-molecular adhesion. Thus creep and long-time sta-
bility are enhanced.

Some Applications
A typical commercial arrangement may utilize an amphi-
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Fig. 5. Miniature diffused semiconductor gages have gage fac-
tors of 50. Commercial gage (B) uses amplifier to raise sensi-
tivity of system. A is the amplifier; DET, the phase-sensitive
detector; R1, gage-factor correction; R4, slide-wire balancer;
and G1 and G2, active gages. The bridge network is a.c.-excited.

fier to enhance the sensitivity of the system, as shown in
FFig. 5B. Other arrangements use self-balancing bridges.
FFor example, a four-arm bridge gage can be used to meas-
ure the force exerted on a %-inch test beam when a coin
is placed on one end and the other end is fixed.

Care must be exercised in analyzing the effects of gage
placement. For example, if tension is to be measured on a
round rod, then some unpredictable results may be ob-
tained Suppose that bending or twisting takes place when
it was assumed only tension existed. Fig. 6 demonstrates
the problem.

This problem is rectificd by placing gages in series. Thus
the average change in R will indicate true tension and the
bending result is cancelled.

It is possible to dwell on a great number of problems
and applications. However, it is the intent of this article
onlv to acquaint the reader with an important innovation in
the field of instrumentation. This is, of course, the strain
gage and the vast number of jobs it is being called upon
to perform. Secondly, more needs to be known about the
device because only then can the technician and engineer
start to use the strain gage knowledgeably in existing or
future techniques. A

Fig. 6. If the test member is not loaded correctly {through
its geomatrical center), a bending moment can cause errors.
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By LEE R. BISHOP/U.s. Air Force

Noise-figure measurements are easy to make; it's an efficient

stmple, and accurate method of

URING the past decade, low-noise receivers have

become practical devices and are widely used in

commercial and military  communications svstems,
However, the literature which describes their performance
continues to confuse many engineers and technicians. In
this article, two of the most meaningful receiver sensitivity
terms—"noise figure” and “effective noise temperature”
(ENT)—have been related and the problems involved in
gauging the actual sensitivity of a receiver rated with a
“negutive” noise figure shown. The hot/cold body standard
technique, a testing procedure specifically designed to
measure the noise figure or ENT of low-noise receivers, is
also discussed.

Both noise figure and ENT ure currently used by en-
gineers to indicate the performance of low-noise radio-
frequency amplifiers. Most engineers prefer to use ENT for
the extremely low noise devices and noise figure for con-
ventional receivers (for example, those with noise fignres
greater than 6 decibels).

Noise Figure

The noise figure of a receiver represents a comparison
between an actual receiver and its theoretically perfect coun-
terpart. The term “noise figure” was first used in 1940 by
radar engineers making receiver sensitivity measurements.
They found that a receiver’s bandwidth had a disturbing
effect on sensitivity readings: the narrower the bandwidth,
the better the reading. But when sensitivity was measured
using gas or thermal noise generators, the bandwidth did
not affect the readings; low receiver gain showed up as an
abnormal noise figure.

The noise figure of a network is defined by the IEEE as
the ratio of the total noise power available at the output
port when the input termination is at 290° Kelvin to that
portion of the total available noise power produced by the

Fig. 1. Thermally agitated electrons cause noise in receiver
input circuits. Johnson noise reduces signal intelligibility.

POWER
kTB IN| DEAL four 1 \prpp
INPUT 3R —> RECEIVER |—»

NETWORK GAINZG (kBTG

WATTS)
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determining receiver performance.

input termination and delivered to the output by the pri-
mary signal channel. It will become appuarent from the dis-
cussion clarifving this definition that noise figures below
zero decibels are automatically excluded. Therefore, the
“perfect” amplifier has a noise figure of 0 dB.

Fig. 1 illustrates the case of the perfect receiver with its
input network at a temperature of 290° K (63° F). The
resistance (R), which represents the impedance of the feed,
generates a noise voltage called Johnson noise. This noise
results from the random motion of thermally agitated free
clectrons. Although this noise voltage has an infinitely wide
bandwidth, we are only interested in the signals which fall
within the receiver’s bandwidth because only these noise
voltage signals pass through the amplifier and register on
the power meter. It is only this noise with which the in-
coming signals have to compete.

When a perfect receiver is matched to an input network,
the input noise power (in watts) can be expressed as:

noise power input = kBT (1)
where k is Boltzmann’s constant (1.38 X 10-3 joule/degree
Kelvin), B is noise bandwidth of the amplifier in Hz, and
T is 290° K.

The noise bandwidth of the network is not the same as
the half-power bandwidth normally given in performance
specifications; rather, it is somewhat wider and normalized
at the network’s center frequency. In some cases, it is quite
close to the 3-dB bandwidth, but sometimes it is as much
as 1.57 times the half-power figure. However, as long the
receiver is tested with very wide thermal or gas noise
sources, this difference is of no great concern.

A power meter hooked to the output of a perfect receiver
as shown in Fig. 1 would read a power N, equal to kBTG,
where G is the power gain of the receiver. However, a re-
ceiver contributes noise of its own (AN) so that an actual
receiver’s output (Ny) is kBTG 4 AN. Specifically, the term
noise figure (F) is a ratio that compares a receiver with its
ideal counterpart and is equal to the noise power output
from an actual receiver with its input network at 290° K,
divided by the noise power output from an ideal receiver
with its input network at 290° K. Or,

N, (kBTG + AN)

o (2)
N, kBTG
Expressed in decibels, the noise figure is:
f=10log;, F (3)

If the device under test were perfect, AN would be zero
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network increases and the output noise power rises to a
new value of N,. The ENT is the number of degrees that
the input network’s temperature had to be raised before
the receiver’s output reached the new value of N..

When the expression for N, in equation (2) is resolved
into thermal components, the equation has the following

form:
_kBG(T +T,) (4)
ol kBTG ’
Component T is the noise from the receiver’s input network
(at 290° K) and T, is the internally generated anplifier
noise or ENT.

If the receiver contributed no noise of its own, T, would
be zero and F would again be unitv or 0 dB. When the
kBG terms of equation (4) are cancelled, we are left with
a simple expression for noise figure in terms ol ENT:

T +T, oy

F=—p—t=14 (5)
ENT is an absolute quantity in degrees Kelvin defined by
the relationship T, == (F — 1)T. It is emphasized at this
point that ENT is not the phyvsical temperature ol the re-
ceiver’s input network; it is an appareut temperature that
is representative of an amplifier’s internally generated noise.
Fig. 2 is a graph for converting IINT ratings to noise figure
and vice versa.

Measuring Errors

We have excluded negative values from our definition of
noise figure and have, until now, assumed that all networks
behave as though they were at 290° K. Quite frequently,
however, a network acts as though it were at a lower tem-
perature. The vesult is an abnormal noise figure which, by
conventional measuring techniques, is difficult to distin-
guish from an acceptable noise figure measurement. If, for
example, the input circuit behaved as though it were at a
temperature lower than 290° K uand the amplifier itself con-
tributed little noise, the quantity of noise proportional to
kBTG 4 AN, which conventional techniques measure, is
small. On the other hand, the quantity KBTC, which con-
ventional techniques calculate, will be considerably greater
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L
- 0 + 5 10

; 20()° i
assumed 290° K is MEASURED NOISE FIGURE - 4B

large enough, the
calculated value
almost equals the
measured values.

The magnitude
of the measure-
ment error de-
pends upon the true noise figure. Measurement errors in-
crease rapidly as lower noise figure values are reached. Fig. 3
is a graph of the equation used to correct the values of noise
figures. In the example shown on the graph, the 5-dB noise
figure measurement was made while the input network be-
haved as though it were operating at 100° K. The correction
is +1 dB so that the true noise figure, referenced to 290° K,
is 6 dB.

Fig. 3. Measurement errors are greater
at the lower noise figure values. This
graph is used when the input network be-
haves as though it were operating at other
than 290° Kelvin. In the example, a 5-dB
measurement is corrected to read 6 db.

Hot/Cold Body Standards

Hot/cold body standards enable the previously described
measurement difficultics to be overcome. While not suitable
{or the amateur or small shop owner, they enable the manu-
facturer to test his products and assign them a proper noise
figure or ENT.

Hot/cold body standards use two resistive elements, one
immersed in liquid nitrogen at 77.3° K and the other in a
temperature-controlled oven at (Continued on page 64)

Fig. 4. Accurate noise figure measurements can be obtained
by switching a receiver between an input network immersed in
liquid nitrogen and a network in a temperaiure-controlled oven.

R AT T,
(77.3°K)
RECEIVER POWER
T, METER
AT T, .
Re 2 J Ry, Rz =RECEIVER INPUT IMPEDANCE
(373.1°K)
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A 50=-M.

By FRANK E. CODY

digital Counter

Precise hugh-frequency digital counters cost 2000 or more. Here is
a design more accurate than most at less than one-fifth the price.

IGITAL frequency counters with sufficient sensi-
tivity and accuracy to measure Citizens Band fre-
quencies to the 'CC requirement of = .005% usually

cost 52000 to $5000. This article discusses the design of a
unit which pushes the price down under $400.

Obviously this new low price in precision counter design
is possible because of advances in integrated circuit logic
and display components. These two developments also help
make a smaller, more reliable package.

As Ilig. 1 shows, the counter contains few individual
components. The 1C’s are mounted on printed-circuit boards
to reduce wiring errors and, since the decade counters are
straightforward, adjustment potentiometers are not neces-
sary as thev would be with a “staircase” counter.

An instrument of this kind has many uses. It can aid in
tuning transmitters, aligning receivers, calibrating dials on
audio and r.f. generators, checking crystals and other test
instruments; and, with a voltage-to-frequency converter,
be made to read a.c., d.c., and resistance.

Circuit Operation

The complete logic diagram of a 30-megahertz counter
is shown in Fig. 2. TFunctionally, the counter is divided
into five major sections: the frequency-counting decades
(Fig. 3); the time base oscillator and countdown decades
(Fig. 4); the signal conditioning, main gate, and control
cireuits (Fig. 5); and power supplies (Fig. 6).

As shown in Fig. 2. signals entering the input jack are
biased by the sensitivity control to a point just helow the
firing level of the Schmitt trigger. (By adjusting the bias
to this point, signals as low as 20 mV r.m.s. will fire the
trigger.) Irom here, the signal passes through the Schmitt
trigger, which consists of an or/nor gate and a bias driver.
At the output of the Schwmitt trigger, the signal being mea-
sured is converted to a series of pulses with extremely fast
rise time—one pulse for cach cycle of the input frequency.
This pulse train is fed to one input of the main gate (an
MC1004P) ; the other input is enabled by a precise 1-second
pulse from the I-megahertz crystal oscillator and count-
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down chain. As the main wvate is enabled, the Schmitt
trigger pulses pass through the gate (for precisely one sec-
ond) to the decade counters which totalize the count.
Binury information is decoded to decimal form in the Nixie
driver TC. At the end of the one second count period, the
main gate is disabled and the 170 V “B+” supply for the
Nixies is switched on, lighting the proper numbers.

The one-second time base is derived from a 1-MHz os-
cillator and seven-decade counters which provide count
periods of 1 us to 10 seconds. These timing periods are
selected by a ganged switch which also lights a decimal
point so that the display always reads MIHz. The time base
square wave s passed on lo a differentiating network
(Fig. 5), amplified, and applied to the trigger input of a
IK flip-flop. In the auto mode, the J and K inputs are floating

Fig. 1. Components categorized by function, mount on individual
printed-circuit boards which plug into a mother board assembly.

athars.
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and the flip-flop will toggle at the time

RTL RESET

base rate—in this case, every second.
When the “count” side of the flip-flop
is high, the reset gate is inhibited. Co-
incidentally, the “display” side is low.
This enables the main gate and allows
the decades to count. At the end of
1 second, the control F-F toggles, dis-
abling the main gate to stop the count
and enabling the reset gate. The con-
trol F-F also turns on the 170-V switch
which lights the Nixies. This switch is
turned off during the count mode to
eliminate false counts due to high-volt-
age switching transients. In the display
mode, the counter reads out the count

MECL RESET

LEVEL
CHANGER

S

until the next timing pulse arrives at
the control F-F. This pulse resets the
decades to 0 just before the main gate

: d
\ GATE GATE GATE

is opened and the cycle vepeated.

The first two decades in the count-
ing chain (Fig. 3) are Motorola emitter
coupled logic MC1013 P, which have a
maximum counting frequency of 85
MHz. MECL II logic is non-saturated
logic and permits tremendous toggling
speeds. (Selected units in Motorola laboratories have tog-
gled at 270 MHz.) However, MECL logic levels are ap-
proximately —1.5 V for “Q” (0) and =7 V for “Q” (1),
and this is not compatible with diode transistor logic (IDTL)
levels which are 0 V for “Q” and +1.5 V for “Q”. There-
fore, level translators are required wherever MECL und
DTL logic interface.

By the time the input signal has passed through the first
two decades, it has been divided bv 10 twice, so that an
inpnt frequency of 50 MHz has now been divided down to
0.5 Mz, That is, for every 10 pulses into the first decade,
one pulse will appear at its output, and so on, down the chain
of decades. This lower frequency is within the maximum
count rate of DTL logic and, from this point on, the logic
levels are those of the DTL. The final six stages of decade
counters are Fairchild Cul, 9958. This integrated circuit
is a complete decade counter in one dual-inline package,
mcluding four F-I’s and all the gating necessary to provide
binary coded decimal outputs. The Nixie drivers are Fair-
child CuL9960. These CuL devices were designed specifi-
cally to be used in counters and greatly simplify circuit
interconnections.

The remainder of the logic is Moiorola MRTL. This line
is the most cconomical per logic function on the market.
For example, the MC790P is a dual JK flip-flop priced at
$2.00 or $1.00 per flip-flop, which is (as far as the author
has been able to determine) the least expensive IC flip-flop
available.

On many counting instruments, a buffered test output is
provided on the front panel. This is the sclected time base
signal. By connecting a short lead to the panel jack and
setting the time base switch to 1 us, the counter will radi-
ale a signal. This signal can be picked up by anv commu-
nications receiver for zero beating with WIWV on 10 MHz.
By adjusting the trimmer in the 1-MHz oscillator circuit,
it is possible to beat with WWYV to within 1 Hz. For exam-
ple, if the receiver has an “S” meter, you can observe the
needle dip at a 1-Hz rate. The oscillator is now set to
1 MHz = 0.1 Hz, or .00001%. Meuasuring a frequency in
the Citizens Band to an accuracy of .00001% will give a
reading of 27,000,000 Hz = 2.7 Hz =+ the one count that
is inherent in all digital counters. The FCC = .005% toler-
ance allows approximately 1355-Hz error at midband.

In the “Auto” mode, the counter will count and display
for equal periods of time. With the time base switch set to
1 s, the readout will be extinguished for 1 second while
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Fig. 2. Functional diagram of a 50-MHz digital counter.

counting; then light for 1 second with the totalized count.
With the time base switch in the 0.1-second position, the
display will blink off and on 5 times per second. In the
0.01-sccond and subsequent positions, blinking is at a rate
faster than the eyc can detect and the reading will appear
continuous. Changes in frequency are immediately notice-
able. A 10-second position is available where an average
count over a 10-second period is desirable, or readings to
an accuracy of 0.1 Hz.

With the mode switch in the “Count” position, the counter

Fig. 3. (A} MECL and (B) DTL frequency counting decades.
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Fig. 4. Count periods of 1 us to 10 seconds are provided by
the time-base oscillator (A} and countdown decades (A and B).

will be extinguished and counting for as long as the switch
is in that position. This position is particularly useful for
counting widely spaced events, such as one event per hour,
per day, or per week. At the end of the desired count, the
mode switch may be switched to “Display” for readout of
the accumulated count. The readout will remain as long as
the switch is in the “Display” position. When meuasuring
transmitter {requencies, the transmitter is keved with the
mode swilch in the “Auto” position. As soon as the readout
appears the mode switch is set to the “Display” position and
the transmitter turned off; the readout remains displayed.

Construction

Of course, anyone constructing a counter such as this
will want to use printed-circuit cards, and there are a few
things which should be kept in mind. Cards vary in size,
but the largest card needed is 3%” X 5” so that it is possible
to make a verv compact unit. Mounting the cards is a
matter of individual taste but, in general, Nixie tubes
should be mounted on a separate phenolic board and placed
near the decade card outputs, so that interconnecting leads
are kept short. Separate 10,000-ohm resistors should be
used to connect the Nixie anodes to the = 170 V transistor
switch. Signal lines should be routed away from power
lines and Nixie wiring, and shielded if possible. The time-
base oscillator board should be placed next to one side of

] 2
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Fig. 5. Control circuits, signal conditioning, and main gate.
The Schmitt trigger is used to change the input signal to a pulse
train, one pulse for every cycle of the input frequency.

the case so that the trimmer capacitor can be adjusted
through u hole in the case. The time-base decade card, the
control card, the RTL decade cards, NIECL decade cards,
and the power-supply card should be mounted one next to
the other, in that order. The transformers and power tran-
sistors can be mounted on the right-hand frame next to the
power-supply card. .

The MECL counter board will have two “carry” outputs
labeled “carry first and second decades” or “Out 1 and 2.
The output of the first decade, i.c., the one immediately
after the Schmitt trigger—should be obtained from the “Out
2 decade” terminal. This, then, is fed to the input of the
second MECL decade. Therefore, the output of this decade
is taken from “Out 1.” This (Continued on page 61)

Fig. 6. Two 6.3-V, 3-A filament transformers and an isolation
transformer are used for the counter’'s three power supplies.

o—1e/\ ;0 IN4TI9
(4)
2N2148
=
3000 3
i 2 500
13 | $rax ki
! o+5v
b IN47I9
(4) iy
2N2148

<
00| +
»F
IN4003 .
{4)
= o APPROX,
: I +170V
i 20pF

ELECTRONICS WORLD

-

i

WwWWW. americanradiohistorv.com -


www.americanradiohistory.com

By DONALD E. LANCASTER

Certain materials, when heated, release light proportional to
previous radiation dosage. This provides a powerful, versatile
tool for solid-state research, nuclear safety, medical dosimetry,
geological age determination, and for archeological dating.

it at a constant rate to kitchen-stove temperatures

under laboratory conditions. It will probably emit
light, but only while the temperature is increasing. Cool
it back down again and repeat the process. Nothing happens.
This strange behavior is an example of thermoluminescence,
a new and valuable tool of use to the solid-state researcher,
the nuclear scientist, the medical doctor, the geologist, and
the archeologist.

Thermoluminescence is the release of light in a crystalline
material as it is heated at a constant rate. The light is pro-
portional to the previous nuclear radiation dosage the material
has received. Once the light is produced, the previous radia-
tion history of the material is “erased” as the thermal
cyveling performs a destructive readout of the sample’s past
history.

Had we measured the output light produced by the lime-
stone sample and made a few other measurements and
assumptions, we could find out either how old the limestone
is or else how long it has been since it had last been heat-
ed. Conversely, we could heat-cycle our piece of limestone
to erase all the old radiation history. Any measurement
made in the future on this sample would tell us how much
new radiation the limestone had been exposed to since we
last heat-cycled it.

Thermoluminescence is then a two-way street; # can
either tell us how long it has been since a substance was
last heated, if we make some assumptions about dosage
rate; or it can tell us how much radiation has been picked up
in a given time. The “how long?” is of value to geologists and
archeologists; the “how much?” is important to doctors using
radioactive treatment and to nuclear scientists and other
personnel exposed to possibly dangerous radiation levels.

Before looking further at this new field and its exciting ap-
plications, we must note that thermoluminescence is a very
specific effect. It should not be confused with incandescence
or luminescence, the ordinary light you get when you heat
something up red hot or hotter. The temperatures involved
in thermoluminescence are far lower. While the maximum
temperature involved is around 600°F, most of the light is
obtained at much lower temperatures. In fact, ice can be
made to thermoluminesce.

TAKE a chunk of limestone and crush it. Now heat

The Basic Mechanism

Crystals can suffer radiation damage just like people can,
and the damage is a camulative effect that can be picked up
in a single big blast of radiation, or over a very long time
at very low radiation levels. Consider a crystalline sub-
stance that is also an insulator or a semiconductor. Table
salt will do. Assume that it is initially a perfect crystal,
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without any impurities or mechanical problems. If we
looked down into the crystal, we’d see a crystal lattice, a
nice orderly arrangement of sodium and chlorine ions, one
after the other, alternating in all three directions. Strong
forces, called valence bonds, will try to hold all the ions in
perfect alignment. Should we heat the crystal, thermal agi-
tation will excite the individual ions. The higher the tem-
perature, the greater the ion energy level, and the more
likely the valence bonds will be broken. If we provide too
much lLeat, the bonds all break and the crystal melts.

Table 1. A listing of various thermoluminescent materials,

MATERIALS MINERALS CHEMICALS
Ancient pottery Alumina Barium titinate
Bone Anhydrite Barium fluoride
Boiling stones Anthracene PN

Calcium oxide

(prehistoric cookers) Calcium fluoride

Borate glass

Ceramics . Calcium sulfate™
Calcite Calcium sulfide
Firepits .
Fossil shell Clays Cesjum .bro'mlde (AH)
ossil shells Diamond Cesium iodide (AH)
Glass . Lithium borate*
e Dolomite Lithium bromide (AH)
Fluorite Lithium chloride (AH)
Meteors . Lithium fluoride (AH)*
Limestone Lithium phosphate
Moon .
botvethy Magnasite Magnesium oxide
olyethyl fane Obsidian Magnesium sulfide
Pottery kilns Quartz Potassium bromide (AH)
Roof tiles Potassium chloride (AH)
Sandstone Potassium fluoride (AH)
Salt . Potassium iodide (AH)
Sapphire Potassium sulfate®
Sand Sili
ilica Rhubidium bromide (AH)
Volcanoes Talc Rhubidium chloride (AH)
Rhubidium iodide (AH)
Silicon dioxide
Sodium bromide (AH)
Sodium chloride (AH)
Sodium fluoride (AH)
Sodium iodide (AH)
Thorium dioxide
Zinc oxide
Zinc sulfide
(AH) = alkali hallide; * = popular dosimetry material.
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Fig. 1. (A) Typical glow curve. (B) Typical dosage curve.

Things are fine with our crystal until some high-energy
particle comes along—the familiar alpha, beta, or gamma
particles we'd get in any nuclear reaction, or perhaps a par-
ticle from an ultraviolet laser. One of these particles can
“blast” one of the ions and literally knock an electron into
orbit. In the process, the electron gets its own energy level
raised so high that it cannot be recaptured by its own ion,
and thus is free to wander throughout the crystal lattice. If
more and more particles strike the crystal, more electrous
get knocked loose and are free to roam around the crystal;
they all have too much energy to get recaptured, and an elec-
tron cloud forms. The greater the radiation, or the longer
the radiation dosage lasts, the bigger the electrou cloud.

Electron clouds cannot thermoluminesce by themselves.
Il crystals were perfect, there would be no thermolumines-
cence. But crystals have imperfections. They can have im-
purities locked in their lattice structures, just like the n and
p impurity doping in semiconductors. They can have me-
chanical structure defects. At higher temperatures, they can
have “statistical” defects, caused by thermal agitation. Some
of these defects can capture a loose electron. These are called
traps. and once an electron gets trapped, it is stuck there, at
least for the time being.

A trap that has caught an electron is called a filled trap.
The greater the radiation dosage, the more electrons get
knocked loose, and the greater the number of filled traps.

Each trap can only supply so much holding energy to an
electron. If we heat the material, the electrons can achieve
enough additional thermal energy so that the trap releases
the electron. Certain types of traps will also cause the elec-
tron to release its own excess energy in the form of light
when the release temperature is reached. These traps pro-
duce thermoluminescence; they are also closely related to
the mechanisms that determine the color of the substance.

Once the electron has released its excess energy, it is free
to once again get captured by an ion with a missing elec-
tron, removing the eflect of the radiation dosage.

To summarize, energy from external radiation increases
the energy of some internal electrons and breaks them loose,
forming an electron cloud. Some of the electrons get trapped
by crystal imperfections. Heating the crystal at a later
time releases the extra kinetic energy stored in the trapped
electrons and, for certain traps, the excess energy is liber-

ated as light, thereby producing thermoluminescence.

Some traps can very tenaciously hold onto an electron,
while others can only retain one weakly. These are called
high-energy and low-energy traps. There are usually many
more low-energy traps. A slight temperature increase can
empty a low-energy trap, while a large temperature in-
crease is needed to empty a high-energy trap. When long,
uniform dosage rates are being used, the equilibrium temper-
ature is defined as that temperature at which thermal agita-
tion is emptying the traps just as fast as incident radiation is
filling them.

Glow Curves

If we take some crystalline substance with imperfections
and Dlast it at a fairly low temperature with nuclear radiation,
and then crush the sample and heat it at a constant rate, we
would get a light-ts-temperature curve called a glow curve.
One such curve appears in Fig. 1A. The glow curve has glow
peaks that correspond to different energy-level traps that
get progressively released us the increasing sample tem-
perature provides more aud more thermal energy.

The shape of the glow curve depends upon the material
selected, as does the position of the glow peaks and their
number. The total area under the glow curve, or the total
light produced, is proportional only to the received radiation
dosage and nothing else. While the heating rate will affect
the height of the glow peuaks, it does not affect the total
amount of light produced.

If we ran the glow curve over and over again for increas-
ing dosage rates, we would generate a dosage curee, such as
that shown in Fig. 1B. Dosage is normally expressed in
rads. One rad is equal to 100 ergs of absorbed energy per
gram of sample. As the figure shows, the total recovered
light is proportional to the radiation dosage. With snitable
calibration, we can find what the dosage was—simply by
measuring the total light produced when the glow curve was
generated.

An extreme dosage could fill up all the traps and saturate
the material. However, this is usually such an extreme
amount of radiation that almost all thermoluminescent mea-
surements are made well down on the dosage curve, retaining
a linear relation between dosage and light level.

The output light is shown in relative units. The actual
output depends upon how the material is prepared, the num-
ber of traps, the optics and photomultiplier in use, and the
electronic amplification. Calibration is necessary when a
substance is undergoing measurement. By exposing the ma-
terinl to a known radiation dosage, an output light level will
be obtained. This level can be compared to a measured out-
put to determine an unknown dosage by simple proportion.

How much light is produced depends upon the material
and the dosage. Some materials put out enough thermolumi-
nescence to read a newspaper by for several minutes; others
emit light so feebly that elaborate precautions are needed to
get meaningful results. Some materials do not thermolumi-
nesce at all.

Table 1 lists some of the more interesting materials, min-

Fig. 2. Glow curves produced {A) when material is irradiated at low temperature and thermoluminescent measurement made
immediately. (B) When material remains at “‘room*’ temperature for long time, and (C) when material is annealed at high temperature.
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erals. and chemicals that exhibit thermoluminescence.  All
we require is that a material have an ordered ervstalline strue-
ture, or at least a semi-ordered, glass-like structure. Tt can
be cither an insulator or a semiconductor. but must not he
a conductor. It has to have light-producing traps, so the
material requires either impuritics or imperfections in its
structure.  As the table shows, there are muany materials
that meet these requirements.

One group of chemical compounds that produces useful
thermoluminescence are the alkali halides, of which ordi-
nary table salt is a typical member. These have been widely
studied.  Several alkali lalides are used as dosimetry ma-
terials in quantitative applications of thermoluminescence,

One popular alkali halide is lithium fHuoride. 1t thermo-
luminesces brightly, is chemically stable. reasonably non-
toxic, and easy to form into bur, rod, disc, or powder. It
along with other dosimetry materials and instruments, is
available from companies such as Controls for Radiation,
Ine.. 130 Alewife Brook Purkway, Cambridge, Mass. 02140
or Harshaw Chentical Company. 1945 East 97th St.. Cleve-
lund, Ohio 44106, The cost s $8-520 per gram, but since
only a fraction of a gram is needed per measurenent. and
since many materials are reuscable, the price per measure-
ment is quite low,

Actually, verv pure lithium fluoride does not thermolumi-
nesce very well because there are not enough traps to pro-
duce a useful light output. To get around this problem, im-
purities are introduced purposely to increase substantially
the number of traps. These impurities are called acticators,
and are often trace gnantities of imagnesium, terbium, euro-
pium, or other rare-earth elements. By close control of the
amount and type of activator, sensitive, stable, and repro-
ducible dosimetry matevials are obtained.  Further refine-
ments, particularly in controlling which lithium isotopes get
into the final material, allow the material to discriminate
between different types of atomic radiation. Neutrons are
particularly eusy to identify with one conmercial dosimetry
powder.

Important Side Effcets

Before we look at how to make a useful thermolumines-
cence measurement, we have to consider several hportant
side eflects. Tlow long the material has remained at whal
temperature Is very important. If we are rescarching ma-
terials, we would purposely irradiate the substance at a low
temperature and then run the entire glow curve, possibly get-
ting a glow curve such us the one shown in Fig, 2A. If we
are dealing with an archeological ceramic or a Pre-Cambrian
rock, it has renwined at “room” temperature for many cen-
turies. This, combined with a low and constant dose rate,
will cause all the low-energy traps to be emptied eventually,
and a glow curve such as the one in Fig. 2B will usnally re-
sult. Note that all traps lower than “room” temperature have
been emptied. There is even u slight chance that traps above
this temperature have been slightly emptied. This problem
is avoided in geological and archeological dating by using
only the highest temperature glow peaks; these are far above
the equilibrium temperature and most likely have not been
disturbed.

To empty a material of all its previous vadiation history,
we anneal it by heating. For ellective annealing, the mate-
rial is first heated to a very high temperature for a relative-
Iy short time, and then to a moderate temperature for a rel-
atively long time. The two-step process favors emptying
both low- und high-energy traps, and a uo-light curve of
Fig. 2C results. We anneal a material whenever we want 1o
crase its entire dosage history up to the present time.

Asecond side effect is called spurious luminescence. Other
fuctors can make a aterial cmit light. These factors include
how it was ground, the pressures it has been subjected to.
organic combustion, und chemical activity., Spurious humni-
nescence 1s o particularly acute problem in archeological
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Fig. 3. Instrumentation used in thermoluminescent measure-
ment. Servo-controlled heater assures constant heating.

dating. This is because low dose rates for a relatively short
time on a relatively poorly thermoluminescing material re-
sult i very low light levels that are casily masked by the
spurious effects.

Most of the spurious luminescence is cansed by oxvgen in
the air. We can get rid of most ot it by making the measure-
ments in a nitrogen atmosphere. This is called nitrogen
guenching, and works only if the uvitrogen is very pure.
Spurions luminescence may be further reduced by a re-
ducing paint newr the sample. The reducing paint chemically
“grabs” any oxvgen remaining on the surfuce of the material
under test.

There are other side effects. Pressure—cither from grind-
ing or. in cons gone by, in geological activity—can aflect the
glow cuvves. The sample size and its preparation are crit-
ical for optimum results. The heating rate is also critical,
for heating too slowly does not produce enough instantaneous
light, and heating too fast skews the glow peaks and makes
them hard to interpret. Rates of 1° C/second to 25° G, sec-
ond are often used in routine dosimetry meusurements.

Instrumentation Employed

To make a thermoluminescence measurement. we have to
heat a sample at o constunt rute and observe the light pro-
duced. A system for doing this is shown in Fig. 3. The sam-
ple typically weighs around 30 milligrams and is sometimes
processed to forin a thin disce-shaped spot, perhaps half an
inch across. To get precise temperature control and a con-
stant rate of rise of temperature, servo feedback is used.
We start with a ramp generator that controls a proportional
power controller. usually using an SCR or a triuc. This
drives the sample heater. A teniperature sensor on the heat-
er produces a feedback voltage that is compared against the
ramp generator’s output; any differences alter the heating
power applied to linearize the results.

Fig. 4. Details of sample holder in commercial instrument.
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A photomultiplier observes the sample and produces an
output proportional to the thermoluminescence. The enclo-
sure surrounding the sample, heater, and photomultiplier
must be light-tight, and is normally flushed with nitrogen
from a tank supply o eliminate any spurious hnninescence.

The photomultiplier output is winplified and, together with
a signal from the temperature sensor, is fed to an X-Y re-
covder that generates the glow curve in graphic form. The
photomultiplier output also goes to a charge integrator that
calculates the total light produced, digitizes it, and presents
the total dosage on a digital readout.

A heater and photomultiplier assembly are shown in Fig,
4. 1t has several refinements over the basic measuring pro-
cess just described. The light path is bent to put the photo-
multiplier outside of any direct infrared radiation from the
sample heater. Lenses and a mirror bend the light suitably
but are largely opaque to the infrared radiation. An optical
filter also enhances the thermoluminescence signal at the
expense of spurious and infrared background. The photo-
multiplier is a very-low-noise type. It is shielded both mag-
netically and electrostatically to prevent internal light and
noise from being generated. The photomultiplier is cooled
with a thermoelectric cooler which keeps the background
noise low and uniform, regardless of whether the measure-
ment is at the high end or the low end of the glow curve; the
entire assembly is suitably insulated.

A complete instrument is shown i the photo. This is the
Harshatw Chemical Model 2000 thermoluminescence analyz-
er. The left unit contains the sample drawer, heater, and
photomultiplier, while the right one contains the integrator
and dosage readout. Other features include a calibration
light source, a sample vibrator and dispenser, and direct-
temperature readout, An additional X-Y plotter is needed if
a glow curve is to be obtained. If quenching is desired, an
eaternal connection must be made to a nitrogen tank.

Nuelear & Medical Applications

One application of thermoluminescence is in basic solid-
state rescarch,  Crvstals with slight impurities are the key-
stone of today’s solid-state materials. Basic thermolumines-
cence studies can add new knowledge to this all-important
ficld.

Thermoluminescence can he a much more sensitive radia-
tion indicator than either a Geiger or a scintillation counter,
as it responds to the total dosage through time instead of
making an instantaneous or short-term measurement.

FFor nuclear prospecting and for radiouactive deposit map-
ping, thermoluminescence can be a highly sensitive radiation
indicator. Rock samples near a suspected radioactive source
have dosage measurenients made on them; results of the
dosage measurements plot extent and value of the deposit.

To protect people working around a nuclear reactor or
other dangerous radioactive source, badges using lithium
fluoride are often worn. Special finger rings are also used
where people might expose only their hands to radiation
hazards. These badges and rings ure annealed before being
issued; the resultant thermoluminescence as a result of use
indicates the dosage the person wearing the badge has ab-
sorbed,  Personal dosage histories ure kept easily and ac-
curately this way. Compared to the film-badge technique,
thermoluminescence is more accurate and less dose-depend-
ent at low dosage rates.

A similar measurement was recently applied to roof tiles
recovered from iroshima, plotting the extent and strength
of the atomic-bomb radiation.

AMucelr of today’s cancer and tumor research is centered
around radiouctive treatment. Thermoluminescence pro-
vides an attractive method of measuring the actual dosage
absorbed. To do this, annealed lithium fluoride or another
one of the dosimetry materials is encased in inert Teflon in
cither a pill or a probe shape. The dosimeter built this way is
cither implanted or swallowed and later recovered after ir-

a6

A complete thermoluminescence analyzer. Unit at left con-
tains sample drawer, heater, and photomultiplier; the unit
at the right contains the integrator and the digital readout.

radiation or other radioactive treatment. The thermolumi-
nescence gives an accurate account of the total dosage.

Uses in Geology & Archeology

There are many geological uses for thermoluminescence.
By comparing the total thermoluminescence to date of two
different rocks, the relative age of one with respect to the
other can often be determined. By making certain assump-
tions as to what the dose rate was, an absolute dating scale
may also be obteined. To do this, the sources of radioactiv-
ity allecting the sample must be known, as must the sample’s
susceptance to thermoluminescent activity. Given these two
factors, the absolute age is readily determined.

Subtle changes in equilibrium temperature of a material
can give profound clues of past climatic activity. Thermo-
luminescence tests run in Antarctica have placed a bound
upon how long the area was cold.

The moon is one big thermoluminescence machine. For
fourteen days, the hot surface temperature anneals all the
surface materials. For fourteen more days, when the sur-
face is around on the dark side, high-energy particles from
the solar wind fill the traps on surface thermoluminescent
materials. As the surface comes around to the sunny side
again, it is heated at a fairly constant rate and provides
thermoluminescence for a few hours. Astrogeologists are
able to draw certain conclusions about meteors and surface
materials on the basis of this evidence.

The newest application of thermoluminescence is in ar-
cheology. It can provide absolute calendric dating of an-
cient pottery. When a pot is fired, it is also conveniently
anncaled, and its past radiation history is erased. [rom the
firing on, the slight thorium and uranium impurities in the
clay emit high-energy particles which fill the traps with
electrons. To find the age of the pot, a sample is crushed.
separated into optimum  size particles, and its thermo-
luminescence is measured. The wmount of new dosage is
found which produces the samc amount of thermolumines-
cence by annealing and the reradiating with a known dose.
Finally, the particle emanation caused by the uranium and
thorium impurities is measured. Knowing the dose rate and
total dosage, a simple division gives the age of the ceramic.

Today. this technique is just heginning to be put to use.
There are important advantages of thermoluminescence over
the popular carbon-14 dating technique in that the dating
is applied to the artifuct itself, the pottery is widely avail-
able for testing, and sample contamination and dosage uni-
formity are not as significant. Other archeological applica-
tions include the evaluation of pre-pottery stone boilers,
cave temperatures, firepits, and kiln temperatures. The
technique is also a powerful tool for identifying fake “an-
cient” pottery. A
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STOP-ACTION PHOTOS

By A. J. LOWE

Startling and interesting action pictures can be taken with any strobe

light.

UST one lTow-cost capacitor can open up @ whole new

field of photography—if vou are already a strobe-light
e owner.  Is casy to caplure fast-action events. For
example, the photographs of balloons bursting  (Fig, 1)
demonstrates what can be done.

Modern strobe units have a flash duration of  about
11000 second or longer. Tlowever, this is much too long
for "freezing” some motions. But il vou were to discomniect
the main In”h voltage capacitor of the strobe and replace
it with one of much smaller « ipacitunce. vou could pro-
duce stllt]mu and interesting [rozen-action pictures. It's as
simple as that! Of course, the smaller ¢ capacitor must have
the swme, or higher, voltage rating as the original. and
must be connected so that its polarity is correcr. I either
of these is disregarded. then the capacitor will he destroved.

A number of capacitor values can be used depending
upon the flush duration desired. The photos of the balloons
were taken with an ordinary radio-type 16-mnicrofarad elee-
trolytic capacilor, mserted into a 300-volt flash ¢un. This
gave a rating of only 2 watt-seconds and a {flush duration
of about 13000 second.

The flash duration may be calealated from an cinpirical
equation proposed by Carlton and Pritchard and noted
an authoritative text “Electronic Flash Photography” by
Aspden. The equation states that the effective Hash dura-
tion (i.e., until the light intensity is down to 13 of its peuk
value) is:

n.Goe
20 X \orges
where C is the capacitance in farads, and V the operaling
voltage. Using this formula and the stundard  equation
which states that watt-seconds = 14 CV?, the power rat-
ings and approximate flash durations for different capacitor
values can be derived.
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a balloon, (A)

(1 thar's required is the change of one inexpensive component.

Althongh the power rating is reduced by using a smaller
capacitor (down to 2 watt- su(m(ls in this example), this is
adequate. Most “stop-uction” pictures are of relatively small
subjects and the flash can be worked in pretty close. and a
reflector used, as well. With o 2 watt-second flash and 77i-X
film in the camera. a guide nimber of 23 is used. Up to
30% extra development time is needed because the extreme-
Iy short flush time canses asignificant Toss of film speed.

The balloon pictures were taken in a dark room with the
cunera shutter open. An electronic sound-triggering device
fired the flush and took the picture. Cireuits for this purpose
have been deseribed in the past.

The progressive sequence effect with the balloons was
achicved by Dursting a nnmber of balloons, one al a time.
A microphone located  at increased  distances  from  the
balloon as the series progressed. picked up  the bang.
This introduced a delay i the flash fiving so that the ac-
tion is scen at a number of different stages. I a sound-
triggering device s not readily availuble, then the flash
may be syuchronized with the action by other means, such
as light contacts, photocell devices, threads. and so on.
I's up to the reader to work out a snitable trigger for
his own particular photographic subject matter.

Some motions Tast sufficiently long so that no special
triggering is required and photos may be taken in the nor-
mal way by pressing the shutter release of the camera with
the flash connected. However, it’s important that room
lights be off, otherwise the ambient light would cause a
blurred image.

There are an infinite number of subjects availuble. The
experimenter might try splashes of milk, breaking crockery,
balls being kicked, or perhaps, bursting electric bulbs and
a cascade of coius falling into a tray. Any way, it adds up
to fun for the photographer and electronic innovator. A

Fig. 1. This photo sequence shows what happens when a dart hits
The balloon is penetrated. (B) The balloon has

collapsed. And (C) The dart's still in the air, but the rapidly
exploding balloon

is already a squiggly pile of rubber.
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Series-Pass Regulators

By G. V. FAY /Applications Engineering, Motorola Semiconductor Products Inc.

Design of a 11- to 32-volt. 700-m A power supply which
has good regulation and built-in overcurrent protection.

N ideal voltage-regulated power supply has zero out-

. . Overcurrer ‘roteeti
put impedance so that the output voltage remains vercurrent Protection

constant for any load current requirements. But, The circnit shown in Fig. 3 is a regulated power supply
zero output impedances cannot be achieved, although sup- with overcurrent protection and an output of 11 to 32 volts
plies with impedance levels of a milliohm can be construct- d.c. The maximum output current with the specified cir-
ed. And, too, semiconductor device characteristics place a cuit components is 700 mA. The diode bridge consisting of
limit on the current and voltage that can be supplied to a D1 through D+ provides full-wave rectification of the 25-
load. volt secondary of T1. Capacitor C1 is used to filter the
Two simple series-pass voltage regulators are shown in rectified current and keep a positive voltage on the collece-
Figs. 1 and 2. Transistor Q1 in each of these circuits con- tors of Q1 and Q2. Resistor R1 and capacitor C2 further
trols the output voltage; thus the collector-emitter voltage reduce the ripple to maintain a stable d.c. voltage as a col-
rating of Q1 determines the maximum input-to-output lector supply for Q3 and Q4. and for driving the base of
voltage. All the current delivered to the loud passes through Q1. Transistor Q2 is the series-pass device which regulates
0O1. Therefore, the power dissipated in Q1 is (Vy,-Viyo) the output voltage. The resistor divider, R4-R53-R6, forms
times Iy,,q. 1f high input voltages and low output voltages a sensing network. The voltage at the arnn of potentiometer
and/or large load currents are necessary, it is possible R5 is applied to the base of Q4, which compares the veli-
that Q1 will have to dissipate large amounts of power. Ob- age lo that of zener diode D3. (Continued on page 78)
viously, under these conditions the regulator efficiency is I 0aD
low and the power rating (for the particular heat sinking) NS
Iimits regulating capacity. For limited load variations, Q1 *? * a ?+
can be shunted by a resistor, thus shifting some power from o %9
Q1 1o the resistor. The output voltage of the circuit (Fig. i) UNR"ig:J_?TED REGULATED
is the zener voltage minus the base-emitter voltuge of (1. VOLTAGE b VOOULTTP:JE
R1 must provide enough current to the base of Q1 and to VIN Vo
D1 to keep the voltage of D1 above its knee at all times. =i
If the temperature characteristic of D1 is equal and oppo- - L Ji_
site that of the basc-emitter junction of Q1, the output :
voltage will remain constant with temperature. Fig. 1. In this simple series-pass fixed-voltage regulator
When variable output voltages wure required, w circuit transistor Q1 controls the regulated output voltage, V..
similar to that of Fig. 2 can be used. Here, the lowest pos- I, oAb
sible output voltage is the breakdown voltage of DL plus R . _ —
@ +

the base-emitter voltage of Q2.

Maximum output voliage is limited by the changes in R2
the unregulated input plus the drive requirements ol Q1.
R1 provides the Dius current for D1 whose voltage is com-

pared to that at the potentiometer arm. If the load increases SNEECOEANED REGULATED
and causes the ontput voltage to drop, Q2 conducts less and N R1 IS
and causes the ontput voltage to drop, Q2 conducts less and G E a2z VeI La /e TS
Q1 conducts more, restoring the voltage to the original level. Vin Vo

Basically, series-pass regulators are current, voltage, and
power limited; and the circuit’s control transistor must al-
ways be run in the safe operating area—the region where D1
there is no danger of secondary breakdown. However, se-
ries-pass regulators do provide extremely good regulation,
fast response time, low output impedunce, and low ripple.
tneir performance is almost indepen-
aent of input frequency fluctuations MDA842.3 or
and they have excellent dynamic re- 411Na002)

Fig. 2. In this variable-voltage series-pass regulator, tran-
sistor @2 and a potent.ometer are used to set voltage level.

sponse. They ulso provide variable out- o1
put voltages and are readily adaptable
to remote voltage sensing, remote pro-
g.amming, and current limiting  or W REGULATED
current regulating applications.  The o3 VoL TATE
cirenit output is virtually transient frec. STANCOR .

Fig. 3. This variable-voltage sup- 1N5240

ply has overcurrent protection. -
48 ELECTRONICS WORLD
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BANDWIDTH COMPRESSION
for efficient
DIGITAL COMMUNICATIONS

By JOHN W. STUMPE / Associate Principal Engineer, Radiation Inc.

Voice communication is not as reliable as digital and also lacks security. Digital
transmissions, however, require wider bandwidith but new com pression techniques
make such systems more efficient, thus cutting the cost of transmission lines.

N the past five vears, digital communications techniques

and facilities have doubled and tripled. and current

indications are that this growth will continue at the
sume rapid rate for vears to come. This article discusses
some of the reasons for this maturation. investigittes some
of the advantages and disadvantages of digital transmis-
sion. and discusses various bandwidth compression tech-
niques that can be used to overcome a great number of the
problems.

Solid-state circuitry and digital computer development
have contributed greatly to the current boom in digital com-
munications.  Now it’s possible to build complex high-
speed communications svstems that operate automatically
or under program control to speed the flow of message
traflic from user to user.

Actually, digital communications teclmiques have been
in use for hundreds of vears. The drums of the African
natives and smoke  signals used by the Indians can be
classified as crude forms of digital communications.  And
of course, pioneers in the West depended upon the tele-
graph to provide a rapid means of message transmission.
With the advent of radio transmission, however, Morse
code became the standard means of long-distance commu-
nication, until the teletypewriter replaced the telegrapher,
and now it's being used in almost every country of the
world, Today, vast networks such as Western Union use
digital techniques to move huge volumes of messages.

The techniques described in the preceding paragraph
are all characterized by the fact that the transmission is in
message formn, For voice transmission as well as {acsimile
and similar types of continous data, analog techniques have
been used. The analog processes generally are simpler,
require less complicated hardware. and use less baudwidth
for transmission. In fact, the digital transmission process
is relatively ineflicient.  lor example. consider a single
telephone channel using a nominal bandwidth of 4 kHz
which we want to convert to digital format. An analog-to-
digital converter will be required to represent the voice
signal as a  synchronous  pulse-code-modulated  (PCM)
bit stream. Six-bit quantizing at an 8-kllz rate, which is
typically used to provide reasonuble quality, results in
a 48 kilobit/second bit steam. At the receiver, svnchroni-
zation circuitry and a digital-to-analog converter with ap-
propriate filtering are required to reproduce the voice
waveform.

Why, then, use digital transmission if it requires more
complex equipment and more bandwidth? There are two
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reasons. The first and most important to the commercial
user is graphically illustrated in Fig. 1. The original wave-
form to be transmitted is shown in A. The waveform will
suffer some  degradation during transmission due to the
characteristics of the trunsmission medinm, as shown in
B. N transmission must be accomplished over significant
distances, the wuaveformi must normally be amplified at
periodic intervals. When using analog transmission, linear
amplification is required in order to preserve the wave-
shape.  Therefore, any noise or distortion that falls within

Fig. 1. During transmission, waveforms are degraded due to
characteristics of the transmission media, but in a digital
system, it's relatively easy to restore the original waveshape.

A. ORIGINAL WAVEFORM

B. WAVEFORM DEGRADED AFTER TRANSMISSION

C. ANALOG TRANSMISSION: WAVEFORM
STILL DEGRADED AFTER AMPLIFICATION

D. DIGITAL TRANSMISSION: WAVEFORM
RESTORED AFTER REGENERATION
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Fig. 2. Advanced communications
system may use satellites as
well as land lines and micro-
wave to transmit digital data.

RELAY SATELLITE

Because of the crowded spectrum and limited facilities, it
is necessary that we make maximum use of all available
bandwidths.

e Transmission Security. Security is of prime importance
to the militarv. To meet security requirements, digital
transmission is a must.

e Information Integrity. Unless data is transmitted proper-
lv, it is going to be of no value to the user. \We must insure
that the information gets to the user on time and in the
proper form. If there are errors in the
transmission, the data becomes mean-
ingless. Delays are caused because the

VoIcE information must be retransmitted or

YOICE
FACSIMILE FACSIMILE some alternate means found for passing
USER DATA COMMUNICATION [ COMMUNICATION ~eh USER the d ]
TERMINALS [ paEssacEs CENTER 2y CENTER iseAGTe ] TERMINALS ne data along.

o Vulnerability. This is also important,

p vOICE/DIGITAL NETWORK A

the passband of the signal is amplified right along with it,
as shown in C. The end result is a noisy signal that may
vary considerably in amplitude if fading is present in the
transmission channel.

When using digital transmission, however, the waveform
can be regenerated and retimed by simple repeater ampli-
fiers as shown in D. As long as amplitude variations and
noise are not sufficient to cause erroneous receiver bit
decisions, the digital signals will provide noise-free com-
munications of proper amplitude. The major trade-off here
is transmitted signal quality vs bandwidth and equipment
cost.

The second inmportant reason for employing digital
transmission is to allow the use of digital devices for secure
transmission. This condition is, of course, a military re-
quirement where the need for security is paramount.

Fig. 2 shows an advanced communications system. This
system is representative of digital systems processing voice,
facsimile, data, and message information through communi-
cations centers and digital transmission links or satellite
relays to other communications centers. Common factors
that must be considered in the design and operation of
these svstems are as follows:
® Bandwidth Ultilization. This is of primary importance.

Fig. 3. Evalution of digital data transmissian systems.

PAST

PRESENT

M
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not only to the military from the stand-
point of anti-jam capabilities, but to
the commercial user as well, when one
considers the problem of insensitivity to noise, interference
on telephone channels, and other similar effects.

Adaptive Systems

Adaptive data systems have characteristics which lend
themselves to solving the previously mentioned problems.
An adaptive data system is basically classified as a data
transmission system which selects and transmits only those
points in a data waveform which cannot be predicted
(within a given accuracy) at the receiver. This is the basis
for redundancy reduction techniques for bandwidth com-
pression which this article discusses. Data which does not
add significant value to the received information is consid-
ered to be redundant. Therefore, it is not necessary to
transmit this data if the values can be predicted at the re-
ceiver. Consequently, redundancy reduction techniques in-
volve looking at the information as it is being processed to
determine which data points must be transmitted; then only
significant data points are put into the transmission link.
This is the means by which the bandwidth compression is
accomplished.

Fig. 3 illustrates the application of these techniques.
The top figure shows an analog waveform which would
normally be transmitted (if it were voice) on a standard
telephone channel. If PCM techniques are to be used for
digital transmission, this waveform would be sampled at a
synchronous rate high enough to reproduce the frequencies
present in the waveform, converted to digital format. If
typical voice PCM requirements are met, the sampling rate
of a 3-kHz voice signal would be fixed at approximately 8
kHz. To maintain adequate quality, each of these samples
would be converted to a minimum of 6 bits of digital in-
formation. With 6-bit sampling at the 8-kHz rate, a 48
kilobit/second stream must be transmitted. This system
now requires the equivalent bandwidth of 12 telephone
channels in order to transmit the information. But, through
the application of reduction techniques, only significant
samples that provide specific information are selected for

Fig. 4. In the first-arder redundancy reductian methad, wave-
farm is repraduced by using straight-line appraximatians.
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Fig. 5. A data analyzer used to evaluate reduction techniques.

transmission, thereby accomplishing the required compres-
sion.

Fig. 4 illustrates actual compression operations. The
signal is effectively represented at the receiver as a straight-
line approximation of the input waveform (shown by the
solid line). The dotted lines show the interconnected
straight-line segments that are generated at the receiver
to represent the original input waveform. The points
which cannot be predicted at the receiver are represented
by the solid dots at the segment intersections. Note that
the 20 original samples required for PCM transmission
have now been reduced to only nine samples. thereby
providing significant savings in the over-all operation.

To enable the receiver to reconstruct the transmitted
waveform, some additional data is sent with each non-re-
dundant sample value. This data consists of the number
of sample intervals which have occurred between the
present sample and the last transmitted sample, and is called
the “time tag.” In Fig. 4, the value transmitted at sample
time 8 would carry a time tag of 3. With the amplitude
values occurring at sample times 3 and 8 and the proper
number of sample intervals between the two values, the
receiver circuitry can now compute values for the interme-
diate samples that were not transmitted, thus reconstructing
an approximation of the input waveform.

To use the results of the redundancy reduction for band-
width compression, it is necessary to place the non-
redundant samples that are occurring at non-svnchronous
intervals into a storage buffer. Then the data points can be
clocked at the lower svnchronous rate which is equal to the
average rate-of-occurrence of the non-redundant samples.

The system shown in Fig. 5 is called a Data Manage-
ment Analyzer. This is a laboratory tool which was de-
signed specifically for the purpose of evaluating effects of
various redundancy reduction tech-
niques on actual data. General-purpose

AMPLIFIER

various processing operations. The DMA processes volumes
of data in a very short period of time, at low cost, and
provides the flexibility which the operator needs to change
parameters and quickly evaluate different processing tech-
niques. This system has been used to evaluate telemetry
data, biomedical data, and facsimile data, and was the
svstem used to perform the feasibility studies for the digital
voice compression program described here.

Some of the studies of data compression techniques in-
volved various classes of pulse-code-modulated (PCM) te-
lemetry data. For example, three channels of rocket booster
data were studied to determine how much bandwidth re-
duction was possible using adaptive techniques. The three
channels included a flow measurement, a temperature mea-
surement, and an ignition pressure measurement. The mea-
surement period studied was 220 seconds and included
first-stage cut-off. Using the Fan method (this will be ex-
plained in greater detail later), a reduction of 161 to 1 is
possible without any loss of data. Originally, the total PCM
svstem was made up of 216 ten-bit channels, each sampled
12 times per second. This required a transmission band-
width of approximately 13 kHz. If all the channels could
be reduced like the three studied, the total bandwidth
could be reduced to approximately 80 Hz.

Weather pictures (facsimile) like those taken by a cam-
era in the Nimbus satellite are usually reproduced on the
ground by analog techniques. But if the picture is repro-
duced by converting the analog signal to synchronous PCM
at a high enough sample rate, a good quality picture is ob-
tained. Through adaptive techniques, bandwidth compres-
sion of more than 9 to 1 over synchronous PCM is possible
and essential details in the picture are still apparent and
usable. Now here is the important result of all this. If a sys-
tem such us this is applied to a spacecraft requirement,
thousands of dollars can be saved, because by reducing the
bandwidth, the power required for transmission in the ve-
hicle is reduced and a reduction in vehicle power means a
reduction in weight. A reduction of the pavload’s weight is
multiplied many fold in the total booster weight and the
power requirements for the booster. The net effect is a sig-
nificant cost saving in the total vehicle system.

NASA’s Marshall Space Flight Center, Huntsville, Ala-
bama used a system called the Telemetry Redundancy
Analyzer Svstem to study telemetry data. This particular
system was capable of handling up to 32 channels of input
fnformation and implemented five different compression
algorithms.

Document Transmission® Bandwidth Compression studies
have also been made. These programs were aimed at re-
ducing bandwidth requirements for high-speed document
transmission systems. Today, typical systems require trans-
mission bandwidths of about 240 kHz for a document
transmission rate of six pages per minute. These circuits are
of limited availability and very expensive. If a compression
ratio of 3 to 1 can be obtained, the documents can be
transmitted at the same page rate, with no degradation in
quality, over a 48-kHz channel. The cost saving in trans-
mission lines alone is 7 to 1. When line lengths are long,
this saving can amount to millions of dollars within a year’s
time. The study proved conclusively that an average com-

computers could have been used for

evaluation purposes; however, two ALTER [ 0/A [—] RECONSTRUCTOR
high-speed units would have been
needed to accomplish the operations LI surrer s/
performed by this equipment. In addi- TELEPHONE N e e MODEM
tion, the computers would require ex- CONTROL _; BUFFER v/s INTERFACE
tensive programming support for the l
AMPLIFIER

Fig. 6. Block diagram of RACE FLTER [ w0 ¥ REDUCER

adaptive compression system,
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FULL SCALE 108

(B)

ZERO SCALE

Fig. 7. (A} Typical voice pattern. (B} An a.g.c. circuit limits the input signal swing and assures maximum signal level.

pression ratio of 3.8 to 1 can be obtained on the type of
documents which were processed. These programs are now
continuning with the evaluation of other compression tech-
niques to determine whether it’s possible to attain higher
compression ratios with additional cost savings.

More recently, studies have been conducted in digital
voice-compression techniques. The Vocoder is probabhy the
most widely known device for reducing voice bandwidth
requirements. Vocoder systems provide significant improve-
ments i transmission efficiency with typical transmission
rates of 2400 to 9600 bits/second. However, they produce
a voice commensurate with their bhit rates, ic., the lower
the rate, the lower the quality. Even at 9600 bits per sec-
ond, the quality is still not as good as a 48-kilobit PC)I
signal because the voice is produced by a frequency syn-
thesis process rather than by waveform reproduction. While
intelligibility may be excellent when using such devices, the
“natural” quality of the voice is destroved.

In an effort to improve digital voice transmission, the
Defense Communications Agency (DCA) has sponsored
several research and development study programs in digital
voice transmission. The goal of one of the study programs
was to determine the feasibility of providing high-quality
digital voice commumications at bit rates of 9600 bits per
second or less through the use of selected redundancy re-
duction techniques. Again, the DNA was used to process
the input voice after digitizing, to simulate the transmission
of the compressed digital data, and to reconstruct the orig-
mal waveform at the receiving end. To provide data for
quality evaluation, tape recordings of hoth the input and
the reconstructed output waveforms were made simul-
taneously on a dual-track recorder. Although quality evalu-
ations were madc by listening to the test tapes, numerical
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data was also recorded to indicate the compression ratio
attainable on cach test sample. These tests were performed
using two redundancy reduction algorithms known as the
LExtended Step Method and the Fan Method, The Ex-
tended Step Method is a zero-order process whose useful-
ness lies chiefly in the simplicity of the hardware required
for implementation. The Fan Method, which is a first-order
process. requires additional hardware, but provides better
over-all quality and compression performance.

Listening comparison tests indicated that quality equiv-
alent Lo that produced by a 48-kilobit PCN system was
feasible using the redundancy reduction techniques de-
scribed in the previous paragraphs. Based on these test
results, a prototvpe svstem was built,

The prototype system is called Radiation Adaptive Coii-
pression Equipment (RACE). A detailed block diagram of
a single full-duplex RACE terminal is shown in Fig, 6.
Input signals from a stundard desk telephone are applied
to an a.g.c. amplifier to provide gain adjustment for various
speaker levels. After filtering to (Continued on page 76)

Fig. 8. This is an example of the digitizing process. Here
a spec fic signal amplitude is converted to a six-bit word.
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KENWOOD TK-140x

Triple Threat Receiver

e NEW FEATURES...

Brilliant “‘Luminous Dial’’ that glows
blue when set is ‘‘on''...disappears
to an opague panel when set is “off".
Also, new Tuning Meter with FM
Stereo Light Indicator

200 watts (4 ohrs) music pcwer plus
special circuits and heavy-duty
silicon transistors both in driver and
main amplifier

® NEW PERFORMANCE...

High-gain Integrated Circuits (IC) in
all four IF Amplifiers to provide a
mere 1 dB difference to capture one
station and reject another on the
same frequency

e NEW VALUES...

Visit your nearest KENWOOD dealer
and compare the TK-140x point for
point with more expensive receivers.
Check the features. Listen critically
to the sound. Then compare the
price. Hard to believe, but it is
true. It's only $349.95 and even
includes the cabinet!

4-gang Tuning Condenser super-sen-
sitfive FM Fromt End with 3 FETs
provides an exueptionally eutstand-
ing 1.7 uV sensitivity.

“‘Feather-Touch Con‘rol™ to regulate
Muting, Loudness {hass, trebie
boost at low listening fevels],
Tape Recorde  Modes and Low
and High Filters

Exclusive Electronic Protection Cir-
cuit (U. S. Pat.) guards against blow-
up of power transistor. Another
example of KENWODD's quality and
dependability.

the sound approach to quality

3700 S. Broadway Pl., Los Angeles, Calif. 90007

69-41 Calamus Ave., Woodside, N. Y. 11377
Exclusive Canadian Distr. — Perfect Mfg. & Supplies Corp. Ltd.
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A widening gulf between men of science and men of
literature poses a threat to the future of mankind.

THE SPIRIT OF LEONARDO

T was coffee-break time at Mac’s Service Shop. Matilda,
the office girl. was sharing a leisurely cup of coflee in
the service depuartment with her emplover and with

Barney, the technician. “Say,” she said, cradling her cup in
both her hands, “I’d like the opinion of vou two self-ad-
mitted geniuses on something 1 was reading last night.”

“1 dunno, Mae,” Barney said cautiously. “Do vou think
she can afford us?”

“Aw, why not?” Mac replied. “She does make a good cup
of C()ﬂee, and we both have bl ains we haveu’t even used
vet. Let’s give her our opinion.”

“That’s what I like: modest men!” Matilda said. “Any-
way 1 took home a copy of Western Electric’s house organ
“The Engineer’ to read the editorial—which is about the
only thing in that magazine 1 can understand. The editor,
Tlmoth\ C. N. Mann, was discussing a ‘Lecture on l\vo
Cultures” delivered by C. P Snow in 1959.”

“I remember that,” Mac said.

“So do 1,” Barney chimed in.

“Good! Then you'll both remember Mr. Snow said mod-
ern culture has become polarized into two separate cul-
tures, the literary and the scientific, and that these two
cultures have less und less to do with one another. Do you
think this is true?”

“I'm afraid it is,” Mac replied thoughtfully. “Non-scien-
tific people all too often stubbornly refuse to become inter-
ested in modern scientific achievement. They retreat into
their ivory towers and sneer at people with ‘slide rules for
souls.” They are blind to the effect such achievement has
on the grave problems afflicting mankind.”

“And the other side of the coin,” Barney broke in, “is
that members of the growing scientific community defend
their deep ignorance of things literary by saying that liter-
ature has nothing to contribute to the problems they are
solving. They even suggest an interest in literary matters
is a waste of brain power and that literary culture is actu-
ally dyving.”

“Mr. Mann believes this separation results more from
what he calls ‘intellectual fear’ than from any rational con-
viction on either side,” Matilda said. “The literary person
who ordinarily deals with subjective concepts and inter-
prets them in the light of his convictions and personal
experience has little interest in impersonal ideas. To him,
ouly the living world of men rather than the dead world
of things is worthy of deep thought. To him technology
threatens the loss of his precious selfhood. He wants to be
a4 man, not a number.

“By the same token the scientist who deals only with
clearly defined objective concepts, which he discusses in
rigorous terms of logic, instinctively distrusts all subjective
ideas. 1le considers these, at best, a waste of time and, at
worst, a serious danger to his precise and well-ordered
world. To him the ‘human factor’ is something to be
guarded against, not courted; and le fears the vagaries of
his own nature.

“Editor Mann believes that, because fear can be sur-
mounted, an explanation of the dichotomy between the two
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cultures in terms of fear provides a basis for hope they can
be united—at least for a significant number of individuals.
For this to happen, though, the members of each culture
nmust be shown why they should admit alien ideas into their
ordered world.

“For members of the literary culture, the question is
simply one of relevance. They must understand the tech-
nology that frees man from toil also shapes society. They
must be aware of the growing interaction between men
and the machinzs they invent. The telephone, television,
airplane, automobile, and atomic bomb all have profound
effect on our lives; and now our space travel machines are
swinging open the door to the universe. Modern man can-

like Thoreau, retreat to Walden Pond and grow in
wisdom by ignoring the rest of the world. The world of
today is a technological world, and you cannot understand
it or the people in it without making some sort of peace
with technology.

“For scientists and engineers, the question is one of com-
ing of age. When scientists were eccentrics and engineers
were artisans, it was perhaps just as well that they pursued
their lonely and misunderstood interests apart from the
ignorant judgments of mankind. Science revealed its own
inner logic, and when knowledge was pursued in the light
of this logic, undiluted by prevailing superstition, under-
standing resulted. The new scientists never doubted this
understanding would prove beneficial to mankind. They
reasoned: knowledge is power; power means progress;
progress results in the perfection of mankind.

“Science today is having second thoughts. Internal con-
tradictions, such as contained in the duality of the nature
of light, prove complete understanding is not yet and may
never be possible. Social inventions such as mass propa-
ganda and the totalitarian state have made possible more
nearly perfect dictatorships. Machines have become fan-
tastically  efficient—including, wnfortunately, the death-
dealing ones. Finally, better living through technology has
shown that perhaps the affluent society is a disintegrating
society.

“But at the sume time scientists and engineers have been
raised to positions of greater freedom and power within
modern society. Since only they understand and are able to
control the Machine that feeds and protects and provides
comforts for the modern man, money, social status, and
attention are showered on them, and vast amounts of pub-
lic funds und private investiment are placed at their dis-
posal.

“Mann thinks these twin developments—gathering doubt
as to man’s inevitable improvement through technology and
the rise of scientists and engineers to power—have folced
members of the scientific culture to take another look a
their accomplishments and goals in the light of lmman
reality. Power carries with it responsibility, and as technol-
ogy ‘comes of age” members of the scientific culture must
accept that responsibility and examine themselves and their
roles in society with the same objectivity they use on their
techmical problems. To accomplish this inaccustomed task,

ELECTRONICS WORLD
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they must get help irom the literary
culture, which has largely concerned
itsell with man’s coutinuing attempt to
cope with his own nature.”

“Whew!” Barney exclaimed. “That’s
pretty heavy stull to be throwing at a
couple of lowly solder-slingers. What
you seem 1o be saving is that we need
more men who are at home in both
the scientific and the literary cultures.
Do vou honestly think there ever will
be such a critter?”

“There have been in the past,” Mac
offered. “How about Leonardo da
Vinci? He not only painted the Mona
Lisa and The Last Supper, but he was
also a sculptor, an architect, a military
engineer, and un inventor. We know
from his sketches that if he had only
had a fuel such as gasoline at his dis-
posal, he very likelv would have been
the first mun to fly.”

“Well, how about our own Thomas
Jefferson?” Matilda asked. “He wrote
the Declaration of Independence and
wus an excellent musician, but he was
also an inventor, an agrarian scientist,
and a fine mathematician. Certainly
he understood both people and ma-
chines.”

“Yeah, and come to think of it Ben
Franklin was no slouch in either cul-
ture,” Barney added thoughtfully,
“When he wasn’t writing some of the
clearest prose in the English language
or helping lay the foundations of this
country, he was experimenting with
electricity, inventing the lightning rod,
or explaining The Cause and Cure of
Smoky Chimneys. Both literary people
and men of science mourned his pass-
ing.”

“This whole discussion reminds me
of something I read the other evening,”
Mac said. “It was written by John Wil-
liam Gardner in his essay Excellence:
Can We Be Equal and Excellent, Too?
He said: ‘The society which scorns ex-
cellence in plumbing because plumb-
ing is a humble activity and tolerates
shoddiness in philosophy because it is
an exalted activity will have neither
good plumbing nor good philosophy.
Neither its pipes nor its theories will
hold water.””

“T like that,” Matilda said with a
smile. “It hits the nail precisely on the
head. Maybe it will take a while for
each culture to understand the other;
but if they will only respect one an-
other, that will be a good beginning.”

“I believe a beginning is actually
being made,” Mac offered. “The other
day 1 read an advertisement from one
ol our great technological companies
in which it was stated that every ten
to fifteen vears our store of techmical
knowledge doubles. At the same time
acknowledgnent was made of some of
the pressing human problems. The ad-
vertisement went on to say, “The real
solution is putting this knowledge to
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work at the right time, in the 1'ight‘
direction, against the right problem.”,
That sounds to me like a mature and,
responsible  scientific  culture t;llking."‘

“Probably the reason this subject is
so interesting to me right now is be-
cause of the discussions T am constant- |
Iv hearing abont our spaece endeavors,”
Matilda  explained. “While evervone
was thrilled by the brilliant success of |
Apollo VIIL, there is by no means al
consensus regarding the real value of |
this feat. Over and over T hear people |
say, ‘It was a wonderful scientific ac--
complishment and a source of tremen-
dous satisfaction to the men who
planned and executed it, but actually |
how much better off is mankind as a
result of this round-trip to the moon?
What if those three-hundred million
dollars and all that brain power had
been focussed on conquering cancer or
strokes, on the growing twin threat of
over-population and famine, on water
pollution, or on the smouldering unrest
in the ghettos? \Would not the solution
of any one of these problems be of in-
finitely more benefit to mankind than
the exploration of the moon?” ”

“Is that the way you feel?”
asked curiously.

“T really don’t know,” Matilda an-
swered. “Sometimes 1 think one way
and sometimes the other. But the im-
portunt thing is that mauny people are
becoming less and less enchanted with
technology for its own sake. We Amer- |
icans have been accused of worship-,
ping our machines. If so, we are
beginning to see our gods have feet of
clay and that they are not omnipotent
—at least when it comes to solving our,
social problems. If the scientific culture
wishes to continue to bask in public
favor, it must establish a rapport with
the literary culture aud convinee the
people it is a friend, not a Franken-
stein. It should really think big and
infuse itself with the warm human
spirit of Leonardo da Vinci!” A

Mac

|
r

““Hurry up—erase that connection
before you start a fire!’
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Electronics Technicians

COMSAT

LABORATORIES
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COMMUNICATIONS SATELLITE
CORPORATION, the unique privately
owned company that provides communi-
cations satellite services, has immediate
openings for electronic technicians in its
rapidly expanding COMSAT laboratories.

Presently located in downtown
Washington, D.C., the laboratories will
move soon to their new facility now under
construction in nearby Maryland.

Immediate openings are now available
for candidates experienced in construc-
tion and testing:

@ SATELLITE COMMAND AND
TELEMETRY SYSTEMS

HIGH SPEED DIGITAL
SUBSYSTEMS AND CIRCUITS
RF RECEIVERS AND
TRANSMITTERS
MODULATOR AND
DEMODULATORS
MICROWAVE COMPONENTS,
ANTENNAS AND FILTERS
SPACE BORN MICROWAVE
AMPLIFIERS AND
OSCILLATORS

COMSAT Laboratories offers excel-
lent salaries, outstanding education,
insurance, retirement and hospitalization
benefits.

RELOCATION TO THE WASHINGTON
AREA WILL BE PAID

If you are interested please direct

your resume and salary requirements to:
J. K. Milligan

C&MSAT
SR
@

COMMUNICATIONS
SATELLITE CORPORATION
1835 K Street, N.W.
Washington, D.C. 20006

An Equal Opportunity Employer
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A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

F YOURE OUT TO BAG A BETTER JOB in Electronics.
I you'd better have a Government FCC License.
For you'll need it to track down the choicest. best-
paying jobs that this booming field has to offer.

Right now there are 80,000 new openings every
year for electronics specialists—jobs paying up to $5,
£6, even $7 an hour...$200, $225. $250. a week ...
$10.000. $12.000, and up a year! You don’t need a
college education to make this kind of money in
Electronics, or even a high school diploma.

But vou do need knowledge, knowledge of clec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge ... the licensing program of the FCC (Federal
Communications Commission ).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engincer. or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios. microwave relay links, radar,
etc. And even when it's not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting. the acrospace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good job in
FElectronics get an FCC License and start cleaningup?

The answer: it’s not that simple. The govern-
ment's licensing exam js tough. In fact. an average
of two out of every threc men who take the FCC
exam fail.

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

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That's why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you'll get your money back!

They got their licenses and went on to better jobs

The value of CIF training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING . ..
now includes Video Systems. NMonitors, FM Sterco
Multiplex. Color Transmitter Operation and CATV.

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

Ed Dulancy. Scottsbluff, Nebraska, for example,
passed his Ist Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. "Now 1 manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
1 wus promoted to manager of Bell Telephone at
L.a Moure. N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he's an inspec-
tor of major clectronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, "and earning $228 a month more.”
Send for FREE book
If you'd like to succeed like these men, send for
our FREE 24-page book "How To Get A Commercial
FCC License.” It tells you all about the FCC License
...requirements for getting one...types of licenses
available ... how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card Is missing, just mail the
coupon below.

ENROLL UNDER NEW G.1. BILL. All CIE
courses are availuble under the new G.1. Bill, 1f
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.
c Cleveland Institute
of Electronics

1776 EA7th St., Cleveland, Ohio 44114

|

[~ Lul

Accredited Member Nuational Home Study Council
A Leader in Electronics Truinings. .. Since 1934
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Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obligation:

Your 44 -page book ‘‘How to Succeed In Elec-
tronics” describing job opportunities in Electronics
today, and how your courses can prepare me for
them.

Your book on ‘‘How To Get A Commercial FCC
License.”
| am especially interested in:

|

|

I

I

|

I

I

I

I I] Etectronics Technology [I Electronic Communications
I D Broadcast Engineering D Industrial Electronics

| [ First Class FCC License | | Electronics Engineering
|
|
|
I
|
I
I
I

Name S R
IFLEACE PRINT)
Address -
City . -
State Zip . Age
[ ] Check here for G.I. Bill information EW-39
- -
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"ON THE COLOR TV SERVICE BEMCH" by Jay F. Shane. Pub-
lished by Tab Books, Blue Ridge Summit, Pa. 17214, 190
pages. Price $6.95; $4.95 soft cover.

This is a quidebook for the professional service technician
—one who is kuniliar with black-and-white television servie-
g and just veads o Litde Lelp in tracking down cireuit
fndts i color sels.

The book details specifiec problems and then tells how (o
hundle them easily, swiftly, and profitably. There are step-
by-step aligcnment instructions and useful information on
alisnment equipment and oither test gear.

The textis divided o 14 clearly segregated chapters.
cach dealing with a specific section of the receiver und its
tronbles. The book is illnstrated by partial schematics, scope
traces performance graphs. and other pertinent material.
“REFERENCE DATA FOR RADIO ENGINEERS”. Published by
Howard W. Sams & Co., Ine., Indiunapolis, Ind. 46268, 1150
pages. Price $20.00.

I'his is the Fifth Edition of the handbook that engineers
have been consulting since 1942. It represents five vears’
revision and compilation work by groups of practicing
engineers, professors, and industry and government experts
under the direction of H.P. Westman, editor, and the ITT
stafl.

In 45 chapters the contributors liuve nit only presented
data on all of the basic phases of rudio and electronics but
new material on microminiature eleclronics. space com-
munications, navigation aids. relinbility and life testing,
mternational telecommunications, switching networks and
traffic concepts, and quantum electronics. Over half of the
material presented is new. There ure lindreds of charts,
nomograms, diagrams, curves, tables, and illustrations which
add turther to the storehouse of useful information that is
contained in this reference manual.

To make it eusv for the engineer to find exuctlv the data
he is secking, there is a comprehensive 40-page index for
fugertip reference.

Any engineer who has ever used “Reference Data” in the
past will welcome this new edition with enthusiasm. For
those not familiar with this “hible”, this is u chance to ac-
quire a complete reference “library” between two covers.
"WORLD WHO'S WHO IN SCIENCE” compiled and published
by Marquis-Who's Who, 200 East Ohio Street, Chicago,
Hlinois 60611. 1855 pages.

This is the First Edition of the familiar “\Who's Wha”
but devoted to scientists from antiquity to the present
time. Under the editorship of Allen G. Debus of the Univer-
sity ot Chicugo. this volume retains the familiur “Who's
Who” format with porsovs listed in alohabetical order and
their achievements detailed in telegraphic form.

Company libraries, general and technical libraries, col-
leges and universities. as well as writers and editors dealing
with scientific material will find this volume an authorita-
tive reference source.

* L4 #
“TRANSISTOR AUDIO AMPLIFIERS” by Dwight V. Jones &
Richard F. Shea. Published bv John Wiley & Sons, Inc., New
York. 259 pages. Price $9.95.

This is a completely revised and updated version of Mr,
Shea’s 1955 book. The emphasis has been shifted from theory

AS LOW AS ¥

SEE YOUR LOCAL DISTRIBUTOR TODAY!

NEW LOW PRICEX

\\‘n “

FOR SOLDERING AND DESOLDERING

unilime mark vit
SOLDER AND DESOLDER WITH ONE TOOL!

The Uniline Mark VIl is a dual purpose pencil soldering-desolder-
ing tool. This truly revolutionary system allows you to solder
and desolder any joint with finger tip ease and control. Simply
press the button to desolder. How about that!

The tool is composed of three basic components that give it
unprecedented versatility. You can select what you need from:
FOUR DIFFERENT COLORS OF HANDLES, FOUR INTERCHANGE-
ABLE HEAT CARTRIDGES (20-30-40 & 50 WATTS), DOZENS OF
DIFFERENT TIPS IN MANY DIFFERENT STYLES AND SHAPES.

How's that for a combination tool? Exciting, isn't it! If you are
interested in saving time and money you need one right now.
See your local distributor today, and tomorrow start enjoying
cost reduction you never thought possible.

W/ VANGUARO,.........

ELECTRONIC TOOLS INC, [NEWTON. KANSAS
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to practical circuits and their application and thus the book
shonld he more useful to engineers and designers.

The text is divided into thirteen chapters covering transis-
tor fundamentals. small-signal characteristics,  large-signal
characteristics and Dbiasing, the terminated equivalent cir-
cuit, conpled stages, feedback in transistor anmplifiers. pre-
amplifiers, class-A power amplifiers, class-B and -AB push-
pull amplifiers, power supplies. stereo svstes, tape record
and  plavback svstems, and monolithic integrated  audio
amplifiers.

The treatment is mathematical and the text is Tavishly illus-
trated with graphs, line drawings, tables, and schematics.
For those with the regnisite backgronnd in transistor engi-
neering, this little volume should be of immediate and prac-
tical assistance.

“FREQUENCY MODULATION RECEIVERS' By A. B. Cook &
A. AL Lift. Published by Prentice-Hall, inc., Englewood Clilfs,
N. J. 519 pages. Price $15.00.

This is the most comprehensive treatment of FA receivers
we have seen and one that should be welcomed by . engi-
neers, broadeast and comnumications engineers. and especial-
v by service technicians. With only w backgronmd in basic
clectronic theory, fundamental algebri, and basic trigonom-
ctry, the student should have no trouble grasping the material.

An introductory chapter provides pertinent information on
various items regarding ANM and FN transmission and re-
ception. The halance of the hook deals with specifics: inter-
ference, noise, v.ht. effects, rf. amplifiers. frequency
changers, i.f. amplifiers, Hmiters, slope-tvpe FN detectors,
phase-shift detectors, quadrature-tvpe detectors for TV
sound, FM tuning indicators, stereo broadcasting, and mis-
cellaneous circuitry. Each chapter carries a snmunary. o list
of references, and an appendix. The teat is lavishlv illustrated,
the writing is clear and concise, and the presentation is
logical and progressive. A

A 50-MHz Digital Counter

(Continued from page 42)

output is at DTL levels and used to feed the next decade
in line. Table 1 provides wiring information for those who
desire to build the instrument. It shows the proper correla-
tion among the display numerals, the Nixie tube-pin num-
bers, and two popular integrated-circuit Nixie drivers—the

DTL and Cypl, 9960. A

Table 1. Nixie/IC driver wiring data and bottom views.

NUMERAL
0

NIXIE PINS DRIVER PINS

L4
5
10
4
n
3
12
2
13
1
Connect to
decimal wafer sw.
Through 10k res.
to hi-volt sw.

-—
N

W= VOOV HEWN -~

1
2
3
4
5
6
7
8
9
D

-—

ecimal Point

Anode 7

14 | 16 |
13 2 15 2
12 3 14 N3
" 4 13 Da
10 5 12 ns
9 6 " Ne
e I NIXIE 1o g7

DTL 9 D8

Cul 9960
ONLY
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Are you switching with a
costly solid-state device or
lumbering mechanical
device, instead of with a
reed switch that could do
the job better at less cost?
Unless you know about the
types of reed switches
available and how to select
the best switch for your
application, you may be
guilty.

Find out if you are by
sending for your FREE
22-page booklet Reed
Switch Application Notes.
In addition to such selection
criteria as reed size, gap
location, power factors,
operate and release points
and contact materials;
information is given on lead
cutting and bending,
encapsulation, bounce,
dynamic noise, temperature
effects, and insulation
resistance.

‘Should you
be using a
reed switch?

REED SWITCH
APPLICATIDN NOTES

Everyone interested in

reed switches should own

this booklet. Send for your GOX co..a...m..

free copy NOW. 250 Glemwood Ave.  Bloomfield, N.J. 07003

"7 CIRCLE NO. 109 ON READER SERVICE CARD
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GIANT 1969
RADIO-TV
ELECTRONICS

| CATALOG
(%\)% I 228 GIANT VALUE-
|| ANNUAL I|:|| . PA.CAED PAGES

CATALOG
N we

ReiEIN ATV REE
ﬂnB“"‘ !

YOUR BUYING GUIDE FOR . . .
TV's, Radios, Recorders, Phonos,
Amateur and CB equipment, elec-
tronic parts, tubes and test equip-
ment . . . plus featuring B-A's
famous bargain packed section!

In\

WRITE FOR YOUR FREE CATALOG TODAY!
T NN NS T BN DN S e
, BURSTEIN-APPLEBEE CO., DEPT. EW-C
3199 MERCIER ST., KANSAS CITY. MO. 64111
I Name. |
Address
I City. I

‘ State Zip Caode J
| ] | |
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“Performance-Plus” Kits For Shop And

NEW R
kit 1G-18

$6750

wired IGW-18

$9950

kit IM-18

$2850

wired IMW-18

$4795

BRI

kit IM-13  wired IMW-28

$5695

.

o | 5360

kit 1M-38

$3950

wired IMW-38 g

$5495

kit 1P-18

$1995

$2495

kit IM-17

kit 1G-57

$13500

wired IGW-57

199"

kit 10-18

$8495

wired 1OW-18

1399

62

HEATHKIT 1G-18 Solid-State Sine-Square Wave Generator

A precision source of sine or square waves at a low Kit price . . . that’s the new solid-
state [G-18 from Heath. Delivers 59 accuracy thru the wide range of 1 Hz to 100 kHz.
The sine wave section features Iess than 0.1 9] distortion thru the audio range, 8 out-
put voltage ranges from 0.003 to 10V, switch-sclected internal 600 ohm load or ex-
ternal load and metered output of both voltage & dB. The square wave section has a
50 nS rise time and three output voltage ranges from 0.1 to 10 V P-P. Both sine &
square waves are available simultaneously and the frequency is switch-selected for con-
stant repeatability and fast operation. Circuit board construction makes the new
1G-18 casy to build . . . new Heathkit styling and engincering excellence make it easy
to use. Put the new 1G-18 on your bench now. 10 Ibs.

HEATHKIT IM-18 VTVM

The new Heathkit IM-18 continues the features that made the IM-11 famous . . . 7
AC and 7 DC voltage ranges that measure from 0-1500 volts full scale . . . 7 ohms
ranges for measurements from 0.1 ohm to 1000 megohms . . . the convenience of a
single probe . .. 11 megohm inputimpedance ... + 1 dB 25Hz to | MHz response . . .
precision 17, resistors . . . DC polarity reversing position on the function switch . ..
RMS & P-P AC voltage and dB measurement capability . . . precision 447, 200 uA
meter for extra sensitivity. In addition, the new IM-18 has 120 V. or 240 V. AC wiring
options, new Heathkit styling and a 3-wire line cord for safety. 5 1bs.

HEATHKIT IM-13 “Service Bench” VIVM

The Heathkit IM-13 has the same performance specifications as the new IM-18
above, but it also incorporates other features that put it in a class by itself, such as
a large, casy-to-read 6” meter ... extra 1.5 and 5 volt AC ranges for additional ac-
curacy ... convenient gimbal mounting that allows attachment to your most con-
venient surface ... “Set and Forget™ calibration — all controls are adjustable from
the front panel with a screwdriver ... smooth ten-turn vernier control of Zero and
Ohms adjust for greater accuracy and casier setting . . . clean, open parts layout and
a readily accessible “ohms’ battery. Assembly is casy, thanks to the famous Heathkit
manual, and operating convenience and versatility are tops. For maximum value in
a general service VIVM, yvou just can’t beat the Heathkit IM-13. 7 1bs.

HEATHKIT IM-38 Lahoratory AC VTVM
For all around general service work, audio design or laboratory analysis, there isn't
a better value than the new Heathkit IM-38 AC VTVM. Here's why — 10 voltage
ranges measure from 0.01 to 300 volts RMS full scule . . . extended frequency response
of 10 Hz to SO0 kHz at - I dB ... 10 megohm input on all ranges for higher accuracy
Lwide —52 1o + 52 dB range . . . VU-type ballistic meter damping . . . very low
AC noise ... 120 or 240 VAC wiring options and new Heathkit styling in sharp beige
& brown with an casy-to-grasp, casy-to-read knob. 5 lbs.

HEATHKIT IP-18 1-15 VDC Power Supply

If you work with transistors, this is the power supply for you. All solid-state circuitry
provides 1-15 VDC at up to 500 mA continuous. Features adjustable current limiting,
voltage regulation, floating output for either + or — ground, AC or DC programming,
circuit board construction, and small, compact size. 110 or 220 VAC. 5 lbs.

HEATHKIT IT-18 In-Circuit Transistor Tester

In-Circuit transistor testers don’t have to be expensive, and the IT-18 is proof of that

. tests DC Beta 2-1000, in or out-of-circuit . . . lecakage Icbo and Iceo current 0-5000
uA out-of-circuit . . . identifies NPN or PNP devices . . . tests diodes in or out-of-circuit
for opens & shorts . . . identifics unknown diode leads . . . matches PNP & NPN
transistors. The IT-18 is completely portable — runs on just one “D™ cell. Easy to
use too . . . rugged polypropylene case, attached 37 test leads, big 42”7 200 uA meter,
all front panel controls, 10-turn calibrate control. 4 Ibs.

HEATHKIT IM-17 Solid-State Volt-Ohm Meter

Another very popular volt-ohmmeter from Heathkit engineering and it’s casy to see
why all solid-state circuitry . . . high impedance FET input, 11 megohms on DC,
I megohm on AC .. . 4 AC voltage ranges . . . 4 DC voltage ranges . . . 4 ohm ranges
4147 200 uA meter . . . 3 built-in test leads . . . DC polarity reversing switch . ..
zero-adjust & ohms-adjust controls . . . continuous 12-position function switch., And
that's not all — the IM -17 is battery powered for complete portability and conmies in a
rugged polypropylene case with built-in handle. Simple circuit board assembly. 4 Ibs.

HEATHKIT 1G-57 Solid-State Post Marker/Sweep Generator

The new I1G-57 plus a ‘scope is all you need . . . no external sweep gencrator re-
quired. Switch sclection of any of 15 crystal-controlled marker frequencies (you can
view up to six different frequencies on one ‘scope trace). Select the sweep range and
you are ready to instantly see the results of any changes you make. Four markers
for setting color bandpass, one for TV sound, cight at IF frequencies between 39.75
& 47.25 MHz plus picture and sound carrier markers for channels 4 & 10. Three
sweep oscillators produce the § most-used ranges . . . color bandpass, FM IF, color
& B&W IF and VHF channels 4 & 10. Save hundreds of dollars and put full align-
ment facilitics in your shop too — order your 1G-57 now. 14 Ibs. Kit 1G-14, same
as 1G-57 w/o the sweep, 11 lbs. $99.95.

HEATHKIT 10-18 Wide-Band 5" ‘Scope

The New Heathkit 10-18 is destined to be the world’s most popular ‘scope, just as
its predecessor, the 10-12 was. Features S MHz bandwidth, the famous Heath patented
sweep circuit — 10 Hz to 500 kHz in § ranges, two extra sweep positions which can
be preset to often-used rates, frequency compensated vertical attenuation, built-in
P-P calibration reference, Z-axis input, retrace blanking, wiring options for 120 or
240 VAC operation and new Heathkit styling in beige and brown. 24 lbs,

ELECTRONICS WORLD
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Now There are 4 Heathkit Color TV's ...
All With 2-Year Picture Tube Warranty

NEW Deluxe “681 Color TV With Automatic Fine Tuning

The new Heathkit GR-681 is the most advanced color TV on the market. A strong
claim, but casy to prove. Compare the “681" against every other TV — there
isn't one available for any price that has all these features. Automatic Fine Tuning
on all 83 channels . . . just push a button and the factory assembled solid-state
circuit takes over to automatically tune the best color picture in the industry.
Push another front-panel button and the VHF channel selector rotates until you
reach the desired station, automatically. Built-in cable-type remote control that
allows you to turn the “681" on and ofl and change VHF channcls without
moving from your chair. Or add the optional GRA-681-6 Wircless Remote
Control described below. A bridge-type low voltage power supply for superior
regulation; high & low AC taps are provided to insurc that the picture trans-
mitted exactly fits the “681" screen. Automatic degaussing, 2-speed transistor
UHF tuner, hi-fi sound output, two VHF antenna inputs . . . plus the built-in
self-servicing aids that are standard on all Heathkit color TV's but can’t be
bought on any other sct for any price . .. plus all the features of the famous 295"
below. Compare the 6817 against the others . . . and be convinced.
GRA-295-4, Mediterranean cabinetshown.................... $119.50
Other cabinets from $62.95

Deluxe “295" Color TV... Model GR-295

Big, Bold, Beautiful . . . and packed with features. Top quality American brand
color tube with 295 sq. in. viewing arca . . . new improved phosphors and low
voltage supply with boosted B + for brighter, livelier color . . . automatic de-
gaussing . . . exclusive Heath Magna-Shield . . . Automatic Color Control &
Automatic Gain Control for color purity, and flutter-free pictures under all
conditions . . . preassembled IF strip with 3 stages instead of the usual two . ..
deluse VHF tuner with “memory™ fine tuning . . . three-way installation — wall,
custom or any of the beautiful Heath factory dssunblul cabinets. Add to that
the unique Heathkit self-servicing features like the built-in dot gencrator and
full color photos in the comprehensive manual that et you set-up, converge and
maintain the best color picture at all times, and can save you up to $200 over the
life of your set in service calls. For the best color picture around, order your
©2957 now.

GRA-295-1, Walnutcabinet ShOWRn . ..ottt i e e $62.95
Other cabinets from $99.95

Deluxe “227" Color TV... Model GR-227

Has same high performance features and built-in servicing facilities as the
GR-295, except for 227 sq. inch viewing arca. The vertical swing-out chassis
makes for fast, casy servicing and installation. The dynamic convergence control
board can be placed so that it is casily accessible anytime you wish to “touch-up”
the picture.

GRA-227-1, Walnut cabinetshown........... ... oo iiin.. $59.95
Mediterranean style also available at $99.50

Deluxe “180” Color TV... Model GR-180

Same high performance features and exclusive self-servicing facilities as the
GR-295 except for 180 sq. inch viewing arca. Feature for feature the Heathkit
180" is your best buy in deluxe color TV viewing . . . tubes alone list for over
$245. For cxtra savings, extra beauty and convenience, add the table model
cabinet and mobile cart.

GRS-180-5, table modelcabinetandcart. ...................... $39.95
Other cabinets from $24.95

Now, Wireless Remote Control For Heathkit Color TV's

Control your Hcathkit Color TV {rom your cusy chair, turn it on and off,
change VHF channcls, volunie, color and tint, all by sonic remote control. No
ables cluttering the room . . . the handheld transmitter is all electronic, powered
by a small 9 v. battery, housed in a small. smartly styled beige plastic case. The
receiver contains an integrated circuit and a meter for adjustment case. Installa-
tion is casy cven i older Heathkit color TV's thanks to circuit board wiring
harness construction. For greater TV enjoyment, order yours now.

kit GRA-681-6, 7 Ibs., for Heathkit GR-681 Color TV's.......... $59.95
kit GRA-295-6, 9 Ibs., for Heathkit GR-295 & GR-25 TV's...... $69.95
kit GRA-227-6, 9 Ibs., for Heathkit GR-227 & GR-180 TV's...... $69.95

HEATH CDMPANY, Dept.

NEW
FREE 1969 CATALOG!

In Canada, Daystrom Ltd.
[ Enclosed is §

Benton Harbor, Michigan 49022

kit GR-681

4999

i cabinet)

kit GR-295
now only

049

(less cabinet)

kit GR-227
now only

539995

(less cabinet)

kit GR-180
now only

349"

{less cabiner)

NMew Wireless.
TV Remote Control
FchRéSS GR-227

$6995

Mew Wireless
TV Remote Control
For GR-681

$5995

plus shipping.

Now with more kits, more color. Please send model (s)

Fully describes these along with

color TV, electronic organs, elec-

(O Please send FREE Heathkit Cataloy.

|
|
i
|
over 300 kits for stereo/hi-fi, { O Please send Credit Application.
|
|
|

tric_ guitar & amplifier. amateur Name
radio, marine, educational, CB,
home & hobby. Mail coupon of Address
write Heath Company, Benton . :
Harbor, Michigan 43022, City State Zip
S IS YATE e o T Tec ol cTan Sl s = A== I
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YOU ALWAYS GET THROUGH...

INDOORS, OUTDOORS,
More performance and features than much higher
priced_units. Engineered with space age technigues
and military type components for high reliability.

SONARCOM

FOR FIRE, POLICE, SECURITY, BUSINESS
AND INDUSTRIAL APPLICATIONS

 SONAR VHF-FM TRANSCEIVER

(132-174 MH2)
IN STEEL BUILDINGS

® Provides instant voice contact with base
stations, mobile units and other portable transceivers

o Compatible with all VHF narrow band systems

® Full frequency range for all public safety, industrial and
land transportation services

® Exclusive “Push-to-Talk’* microphone for easy to use action
® Electronic mode switching, no relays
® Receiver and transmitter can be operated on independent

® External connections for antenna, earphone and battery charger

® Sensitive, noise immune squelch

® Single or split channel operation
® 1.6 watt output

375"

%

OPERATES ANYWHERE!

with 1 pair of crystals
and penlite batteries

Sonar Radio COrporatlon
73 Wortman Avenue, Brookiyn, N.Y. 11207

Please send information on Model 2301--the SONARCOM.

g 5 Dept. 929
£ for parts 89,91,93 Firm Name Title
F:ggf}zzﬁ and part 21 Address. Phone
. telephone use city State Zip

CIRCLE NO. 91 ON READER SERVICE CARD

Your subscription to ELECTRONICS WORLD
is maintained on one of the world’s most
modern efficient computer systems, and
if you re like 99% of our subscribers,
you'll never have any reason to complam
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middietown, Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending

you two copies of ELECTRONICS WORLD each
month. Other exampies of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

"——ABOUT YOUR SUBSCRIPTION  ———

FOREDOM MINIATURE POWER TOOLS

for the Professional Technician

Drill, grind, debur, polish, sand, cut,
drive screws and nuts, No other tools
can perform the range of intricate,
precision operations you can do with
FOREDOM,

SEND FOR ./ ,;;L;“
COMPLETE
MINIATURE
POWER TOOL
CATALOG 3w250.

THE FOREDOM ELECTRIC COMPANY
Bethel, Connecticut 06801

v
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Noise Measurements
(Continued from page 39)

373.1° K. The noise power (in watts)
from either resistor equals kBT, where
T is the temperature of the particular
resistor in degrees Kelvin and k and B
are the quantities described in equation
(1). The testing procedure is illustrated
in Fig. 4.

(T2/Ty—=1)=Y(T,/T,—1)
(Y-1)

where T, is 290° K, T, is 77.3° K,
T. is 373.1° K, and Y is N./N,. By
measuring N, when the receiver’s input
network is ut a known temperature (1)
and measuring N, when it is terminated
at T., the corrected noise figure can be
calenlated directly by equation (6).

F= (6)

Other Errors

Although  hot/cold body standards
were specifically developed to clear up
the problems that arose when low-noise
amplifiers were tested by conventional
methods, they have, unfortunately, also
been used as a means to further im-
prove noise figure specifications. In ex-
amining the literature, one can find
examples of noise figures specified as
the ratio of ENT to the nitrogen bath
temperature. Such ratings are usually
presented as negative noise figures. An-
other practice, even more misleading
because it yields a positive noise figure,
is that of specifying noise figure as the
ratio of the nitrogen bath temperature
plus ENT to the bath temperature.

A further difficulty, not necessarily
associated with the hot/cold body stan-
dards, is the tendency of some experi-
menters to specity noise figures based
on reference temperatures other than
290° K.

Noise figure and ENT are equivalent
ways of describing low-noise receiver
performance. For absolute comparisons
to be made between devices, however,
both terms must be referenced to the
standard temperature of 290° K. A

“Nothing like keeping in shape for when
TV quits at the GoGo Club.”’
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EW Lab Tested

(Continued from page 22)

millivolt, with a 200-ohm input im-
pedance. These permit the use of low-
output moving-coil cartridges, such as
the Ortofon SL-15T or Grado Model A,
without the step-up transformers usu-
ally required with these cartridges. In-
cidentally, the phono-sensitivity, switch
tends to pick up hum so it is necessary
to keep the a.c. line cord well away
from it during use. In keeping with
current good practice, output transistors
are electronically protected against
damage from speaker-line short circuits
or from overdriving. Additional protec-
tion is provided by a 5-ampere fuse in
each speaker line.

Our lab measurements showed the
amplifier to be most conservatively
rated. At 1000 Hz, it delivered more
than G0 watts per channel, with both
channels driven into 8-ohm loads. Into
4-ohm loads, its output was about 72
watts per channel, and into 16 ohms it
was about 37 walts. The 1000-Hz har-
monic distortion was under 0.1 percent
from 1.5 to 20 walts output, increasing
to a mere 0.2 percent at 0.3 watt and
60 watts. IM distortion was under 0.5
percent from 0.2 watt to 33 watts, in-
creasing to 1 percent at about 45 watts.

At the rated 45-watts-per-channel
output, the harmonic distortion was
about 0.16 percent over most of the

audible frequency range, rising to 0.3
percent at 25 and 20,000 Hz. At half
power or less, the distortion was under
0.2 percent from 20 to 13,000 Iz, and
under 0.1 percent over most of that
range. Hum and noise were extremely
low, 64 dB below 10 watts on phono
inputs and 80 dB below 10 watts on
high-level inputs. At the “normal”
phono sensitivity, only 0.83 millivolt
was nceded to develop a 10-watt out-
put, vet overload did not occur until
the signal reached 64 millivolts. The
KA-G000 obviously offers a remarkable
combination of extremely high gain,
low noise, and wide dynamic range on
its pliono inputs.

The filters and tone controls were
highly effective in performing their in-
tended functions. The RIAA equaliza-
tion error was within +2, —0 dB and
the NAB tape-head equalization was
within +3.5, —2 dB over its frequency
range.

The controls operate with a smooth-
ness and positive “feel” that testify to
their careful construction. Amplifier
sound is as good as the test results imply
which is to say that it has no sound of
its own at all. This is, after all, the char-
acteristic of an ideal amplifier.

The Kenwood KA-6000 is supplied
complete in a metal cabinet with wal-
nut end panels. 1t is a handsomely
styled, conservatively rated, and highly
flexible unit, and an altogether excellent
value at its price of $249.95. A

Ampex AG-600-2 Tape Deck

For copy of manufacturer's brochure, circle No. 24 on Reader Sercice Card.

HE Ampex AG-600-2 is a portable

two-track (half-track) stereo tupe
deck (transport plus preamps) which is
directly descended from the company’s
popular 600-series of a few years ago.
The original unit was often used by
audiophiles who wanted the best per-
formance then obtainable from a light,
portable machine while broadcasters
adopted it for remote recording appli-
cations for the sume reasons.

The AG-600 series is frankly intend-
ed for professional users, although su-
perficially the wunits resemble many
home recorders. Output of the unit is
for 600-ohm loads. The tape transport
uses a single synchronous motor, with
belt drive to the capstan flywheel and
reel turntables. Friction brakes on the
latter supply the necessary tape tension
and braking action. The AG-600 is a
two speed (3% and 7% in/s) deck,
capable of handling reels up to 7 inches
in diameter.

In this latest version, the prior 600-
series transport mechanism has been
modified to include a three-digit push-
button reset index counter, improved
cooling, and a redesigned clutch assem-
bly. Speed change is by moving a knob
in or out, which shifts the capstan drive

March, 1969
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belt on a stepped pullcy. All transport
operations are controlled mechanically,
unlike the solenoid-operated AG-500
recorder (see ELEcTRONICS WORLD,
June 1968), so that remote control of
the AG-600 is not possible. One knob
selects either fast-forward or rewind
operation. Another has “Off”, “Play”,
or “Rec” positions, with a push-button
safety which must be pressed to engage
the record mode. The two transport
controls are mechanically interlocked so
that improper operation is impossible.

Tape threading is very easy and
could even be done in total darkness—a
decided advantage in a recorder which

wWww.americanradiohistorv.com
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Jensen

Hang it fast
and easy
then forget it!

The new Jensen VH-100 Series
horn speakers were designed for
fast installation and a lower in-
stalled cost. Their new and ex-
clusive features let you install
three VH-100's for the labor pen-
alty previously charged for two.

KWIKON® connectors, an easily
detached base, universal angle
adjustment, accessible power
control and an optional pre-inte-
grated transformer are but a few
of the many advantages of these
rugged new weatherproof 32 watt
speakers.

Our new brochure telis all.

Write Jensen Manufacturing
Division, The Muter Company,
5655 West 73rd Street, Chicago,
lllinois. 60638.

Jensen
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For

RELIABLE
PERFORMANCE

R X i
Our control of quality through-
out precision manufacturing
gives you crystals produced for
your operating requirements
that assure exact frequency

control.

Commercia l%fj
/ﬁltlzen Band\—\\\

Whatever Your Application
Tell Us Your Needs

C LRYSTER

TEXAS CRYSTALS DIVISION
of Whitehall Electronics Corp.
1000 Crystal Drive
Fort Myers, Florida 33901
Telephone Area 813 - WE 6-2100
Plants in Fort Myers and Los Angeles

/K
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may be used i the field under less-  unbalanced input.  Optional  plug-in
than-ideal conditions. As a matter of  transformers can be installed for a 20,-

fuct, we are quite certain that this ma-
chine could be loaded casily and oper-
ated successfully by a blind person,
which can be said for few tape record-
ers we have seen.

The AG-600 Tacks a couple of minor
conveniences found on its more expen-
sive relative, the AG-500, and on many
of the better home recorders. It has no
automatic shut-ofl in case of tape bhreak-
age or run out. However, since the sup-
ply reel stops turning under this condi-
tion, the only effect is a rapidly spinning
take-up reel. Second, there are no tape
lifters and the tape contacts the heads
in high-speed operation. This requires
the user to turn down the volume con-
trols on the playback amplifier, to pre-
vent annoyving noises.

Several head configurations are avail-
able, including full-track or half-track
mono and hal-track or quarter-track
stereo. On domestic models (117 volts
at 60 Hz) equalization is provided for
the 120-ps (3% in, s) characteristic and
Y2 ingss charac-
teristic. Export models can also operate
on 230 volts and wre available with
50-I1z motors. In these, the 7% inyss
equalization can be had with the Euro-
pean CCIR characteristic.

The clectronics of the Ampex AG-
600-2 are completely separate from the
tape transport, except for the interlock-
ing of the recording function with the

“Rec” mode selector. The AG-600-2 has
two identical — preamplifier, oscillator
units installed  below  the  transport.

Each is an all solid-state unit, with its
own power supply, recording and play-
back preamps, bias oscillator, und illu-
minated vu meter. In the stereo version,
the power switch on the upper ampli-
fier serves as a master switch for the
entire recorder.

Each recording preamplifier has two
inputs, with individual mixing-type
level controls. In its basic form, the AG-
600-2 has dummy plugs installed in its
input accessory sockets  (accessible
through removable covers at the rear
of the case), providing a 100,000-olin
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000-ohm balanced bridging input, or a
600-ohm balanced line input. Plug-in
transistorized amplifiers permit opera-
tion from low-impedance microphones
or magnetic phono cartridges, with
RIAA  equalization. The inputs are
through professional three-pin locking
type commectors.

The plavback preamplifiers may he
switched to reproduce cither the input
signal or the signal from the playvhack
lieads. The vu meters, at the output of
the playback preamplifiers, alwayvs read
the selected signal source. No plavback
level control is provided, hut a O-vu
recording level (ubout 18 millivolts at
maximum gain) results in a playback
output of approximately 1 to 1.3 volts,
across the floating 600-ohm output, A
bridging headphone jack for 600-ohin
phones, across the hine output, permits
monitoring the output of each chanmel
individually. The line-output conmector
is a standard three-circuit phone jack.

The bias oscillators operate at 100
kllz. Each clectronic unit has a “Safe
Ready”™  switch  which must Dhe in
“Ready” to energize the bias oscillator
(the transport must also be in “Rec”).
A red light for each channel indicates
that it is recording. Each preamp also
has its own “Slow, Fast” equalization
switch.

In our laboratory measurements, the
Ampex AG-600-2 delivered an impres-
sive performance. For all practical pur-
poses it behaved just like its higher-
priced relative, the AG-300. The 712
in/s  record/playvback  frequency  re-
sponse was =4 dB from 20 to 19.000
Hz. At 3% in s, the response was =4
dB from 25 to 10,500 Hz. The 7% in/s
plavback response from the Ampex
31321-04 test tape was +1.5, —4 dB
from 30 to 13,000 Hz. The signal-to-
noise ratio, referred to O-vu recording
level, was 43.7 dB at 3% in/s and 48
dB at 7% inys. However, the distortion
was only about 1% at that level and an
input of +12 vu was needed to gen-
erate 2 to 3% distortion. Referred to
that level, the signal-to-noise ratio was
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56.5 dB at 3% in’/s and 38.3 dB at
7% in/s. All measurements were made
using Ampex 631 tape.

Wow and flutter were, respectively,
0.02% and 0.07% at 7% in/s and
0.03% and 0.10% at 3% in/s. These
excellent figures were comparable o
those we measured on the AG-500 re-
corder. Tape speeds appeared to be
exact and at fast speeds 1200 feet of
tape was handled in 95 seconds.

When recording FAL programs off
the air, virtually no diflerence could be
heard between incoming and outgoing
signals at 7% in/s, and only a very
slight loss of extreme highs at 3% in's.
Tape hiss was not audible at normal
listening levels. In its sound quality and
case of use, the AG-600-2 left nothing
to be desired. Some users might criti-
cize the lack of interlocking between
the tape-speed selector and the equali-
zation switches, bhut we did not find that
this presented any problems. With its
rugged construction, proven reliability,
and freedom from troublesome gadget-
ry, it is casy lo understand the appeal
of the AG-600-2 to broadcast engineers.
Its compact dimensions and reasonable
weight (42 1hs) add further to its over-
all utility.

The Ampex AG-600-2, in its portable
case, sclls for $1010. The quarter-track
version, the AG-600-4, iy the same
price, while unmounted units are some-
what less expensive. The lowest-priced
full- or half-track mono version, intend-
ed for rack mounting, is $660. Separate
single-channel 20-watt portable ampli-
fier-speaker systems, Model AA-G20, are
available at $239. A

LOW-RATE
PULSE GENERATOR

By FRANK H. TOOKER

THIS pulse generator has a repetition

rate of one evele every 4 seconds, vet
it uses no clectrolytic capacitors and no
unusually large value timing components.
Timing resistor Rl is 20 megohms, tim-
ing capacitor Cl is only (.22 uF.

UJT Q1 operates as o relaxation oscil-
lator with a repetition rate of one eyvele
every 2 seconds, The positive-going pulse,
which appears at base-1 of Q1 c¢ach time
the UJT fires, is fed via capacitors C2 and
C3 10 1he silicon controlled switeh Q2.
The SCS in this circuit is operated in the
manner of a bistable multivibrator. Thus,
one positive pulse from Q1 turns the
SCS on at its cathode gate: the next one
turns it off’ a1 the anode gate. The signal
across load resistor RO is, therefore, of
rectangular waveform and has a repeti-
tion rate of one eyvele every | seconds. A
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BESTSELLING SAMS BOOKS

for every electronics interest

NEWLY PUBLISHED AND IMPORTANT !

NEW 12TH EDITION OF THE FAMOUS
TUBE SUBSTITUTION HANDBOOK

Lists over 12,000 direct substitutions. A com-
plete guide to substitutions for receiving, pic-
ture tube, miniature, industrial, and communi-
cations types; includes foreign tubes, Tells how
and when to make proper substitutions.

Order 20701, Twin-Pak (regular size for bench
use; pocket-size for caddy) both for only..$2.25

Order 20700, shop edition, only.......... $1.75

Color-TV Servicing Guide
Shows how to apply fast troubleshooting pro-
cedures, based on analysis of trouble symp-
toms. Includes full-color picture tube photos
showing various operating troubles; clearly ex-
plains how to diagnose trouble causes; gives
repair procedures. Order 20358, only..... $4.25

Transistor-TV Servicing Guide. 2nd Ed.

Updated to provide full information on latest
circuitry and many additional new test proce-
dures. Covers general transistor circuitry and
servicing techniques; then proceeds through the
receiver, section by section, describing various
picture and/or sound trouble symptoms.

Order 20696, only.............ccovunnn $3.95

Closed Circuit TV for Engineers & Technicians

An invaluable textbook and reference for any-
one who designs, operates, and maintains cctv
systems. Data is also useful to those involved
in the technical aspects of television broadcast-
ing and educational TV. This volume presents a

practical discussion of circuits and applica-
tions, as opposed to a book on theory.
Order 20606, onfy.........ooiiuiint. $8.50

Ham Antenna Construction Projects. 2nd Ed.
All antennas covered are either homemade or
represent major modifications of manufactured
antennas. All the designs presented are practi-
cal and proved, including new improved versions
of Marconi, Yagi, and 8JK antennas, primarily
for 10-500 watt PEP class rigs.

Order 20654, O0nly. . ..o, $3.95

49 Easy Entertainment &

Science Projects 2 Vols.
Shows how to build unusual and instructive
electronic circuits. Some are for practical use
around the house; others are for science fair
projects, toys, weird effects, and general enter-

tainment. With full parts lists, diagrams, and
instructions for each project.

Vol. 1. Order 20703, only........... ...\ $2.50
Vol. 2. Order 20704, only................ $2.50

RECENT AND TIMELY BESTSELLERS

Amateur Radio SSB Guide

Essential for anyone owning or planning to build
or buy ssb equipment. Covers basic principles,
purpose of ssb transmission; detatled analysis
of the balanced modulator circust and its appli-
cation in a typical transmitter. Includes sche-
matic diagrams for those interested in building
or troubleshooting ssb transmitters and re-
ceivers, along with circuit analysis.

Order 20629, only...................... $3.95

101 Questions & Answers
About CATV and MATV

Describes the growing applications of catv
{community antenna television) and matv {(master
antenna television) in the fields of home enter-
tainment. schools, public safety. and industry.
Fully covers equipment and system designs and
installations, and the future for this field.

Order 20655, ONly. ... oo ivvne vt $2

101 Questions & Answers About
Fixed Radiocommunications

.50

A valuable reference for all who work with mi-
crowave and other fixed radio systems. Covers
long distance. high-frequency voice and tele-
type communications, short range vhf and uht
links, low-density and high-density microwave
multi-channel transmission of telephone, tele-
graph, data, tv, and other intelligence. Essen-
tial for anyone who designs, operates. or main-
tains fixed radic communications systems. In-
cludes examples of specifications of microwave
and other types of fixed radio systems.

Order 20584, only

Short-Wave Listener's Guide— 3rd Ed.

Lists all short-wave stations by country, city,
call letters, frequency, power, and transmission
time. Includes Voice of America and Radio Free
Europe stations and a listing of stations operat-
ing behind the Iron Curtain. With conversion
chart and handy log. Order 20695, only...$2.25

Order from any Electronic Parts Distributor, or

Semiconductor Handbook

Here. in one comprehensive heavily illustrated
volume, is the most complete, modern source-
book for industriai semiconductor data. Covers
latest circuitry in a wide variety of applications;
provides full data on industrial semiconductors,
including grown-junction. alloyed-junction, drift,
MADT, mesa, planar, and epitaxial mesa types.
Order 20620, 0nfy. . . ..o oviiina. .. $5.75

NEW 5TH EDITION OF THE WORLD-FAMOUS
Reference Data for Radio Engineers

Now contains 50% more data to cover the
developments 6t the past 12 years. Prepared
by outstanding engineers, professors, and
experts, under the direction of the Interna-
tional Telephone and Telegraph Corporation
staff. Provides comprehensive data on all
basic phases of electronics, including
tables, formulas, standards. and circuit in-
formation—PLUS —all-new data on micro-
miniature electronics, navigation aids,
reliability and life testing, international tele-
communication recommendations, switching
networks and traffic concepts, and quantum
electronics. Over 1350 illustrations 1138
pages. Order 20678, onfy........... $20.00

Using & Understanding
Miniature Neon'Lamps

Describes the neon lamp in detail: electrode
size. gases used, firing, extinction voltages, ag-
ing charactenstics, and maintenance, Explains
its uses as an indicator, voltage regulator and
voltage reference. oscillator, pulse generator,
flasher, and applications in computers. Includes
fascinating, easy-to-build circuits for the ex-
perimenter. Also includes the characteristics of
most avaslable neon lamps.

Order 20698, onfy.........c.oiviniinnn $2.95

e HOWARD W. SAMS & €O., INC.— — — — — — ——

mail to Howard W. Sams & Co., Inc., Dept. EW-3

4300 W. 62nd St., Indianapolis, Ind. 46268

Send books checked at right. $ enclose

[J Send FREE 1969 Sams Book Catalog

Name

PLE2SE PRINT

Address

0 20701 [J 20629
0] 20700 [J 20655
d. 0] 20358 [ 20584
[J 2069 [ 20695
O] 20606 [ 20620
[ o20es4  [J 20678
0 20703 [J 20698
0 20704
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“Invent’ awhole new sound
system ...fast 'n easy ...
with new BELL P/A
MODULAR AMPS

Bell P/A’s “stacking" principle
gives you unusual design
flexibility. Place up to 8 input
modules in different positions

. get thousands of possible
input configurations.

FET's are located up front
for true Hi Z input (or bal. lo Z
with trans.). Units have 20, 45, 90
or 200-watt output (RMS ratings)!
All silicon solid state design.

Exclusive, fully automatic
output circuit protection
(with signal light) saves time,
labor, components . ..
eliminates guesswork. See your
local electronics distributor,
or send for full specs.

BEL =

professional appeal

BELL P/A PRODUCTS CORPORATION
1209 North Fifth St., Columbus, Ohio 4320t
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TEST
EQUIPMENT

PRODUCT REPORT

RCA Models WP-700A, WP-702A Power Supplies

IFor copy of manufacturer’s brochure, circle 25 on Reader Service Card.

PAIR of wversatile, bench-type,
regulated d.c. power supplies has
recently been introduced by RCA. The
supplies are solid-state, constant-voltage
devices which are suitable for use in
solid-state circuit design, servicing, and
in industrial and educational applica-
tions.

Both supplies furnish continuously
adjustable outputs from 0 to 20 volts at
currents up to 200 mA. The Model
WP-700A has a single output, while the
Model WP-702A  (shown in photo)
consists essentially of two 700A’s in the
same housing but with a common pow-
er transformer. All other components
are duplicated and the two outputs are
completely isolated from one another.

The circuit automatically limits the
overload current to prevent damage to
the power supply. Even it the load is

completely shorted, no damage will re-
sult. Overload-indicator lamps on the
front panel begin to glow when the
output currents approach 200 mA, and
glow brightly if the current exceeds
this value. Dual-function (current and
voltage) meters are used to monitor the
outputs of the supply.

All transistors and diodes used in the
units are silicon types. A negative-feed-
back regulator circuit maintains con-
stant output voltage with low ripple
regardless of varving line voltage or
load resistance (see circuit diagram).
There will be less than 30-mV change
in output voltage with a power-line
variation of 105 to 135 V a.c., and less
than a 50-mV voltage change for a
200-mA load change. Ripple is under
500 microvolts r.m.s.

Both units are compact and light-
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weight, with attractively designed funce-
tional front pantels. The WP-T00A mea-
sures 47 x 6197 x 37 and weighs only
3 Ibs; the WP-702A measures 67 x 127
x 37 and weighs 3 1h. 10 oz, Both sup-

plies have rugged metal cases, finished
in blue-gray hammertone enamel. The
single-output it is priced at S48
while the dual-output supply is priced
al S87. A

Delta Products Model 3000 FET V.0.M.

For copy of manufacturer’s hrochure, circle No. 26 on Reader Serviee Card.

ELTA Products, long known as a

manufacturer of C-D ignition sys-
tems, as well as dwell meters and tach-
ometers for autos. has come out with
its first general-purpose instrument for
servicing and laboratory use. The Mod-
el 3000 FET v.o.m. is not just another
meter with a field-effect transistor front-
end to give it high impedance. The in-
strument has a number of interesting
and unique featnres.

The first diflerence one sees is right
at the {ront pancl. The zero and ohms-
adjustiment pots use w vernier planctary
drive, similaor to those on some FM
tuners, to permit a very fine adjustment
to be made. Also, in addition to the
usual  a.c. and d.e. voltage ranges
(down to as low as 0.3 V full-scale and
up to 1000 V) and resistance scales,
there are cight d.c. current ranges all
the way down from a mere 0.03 zA
full-scule up to 300 mA.

I's when vou get inside the unit that
vou note some other differences. For
example, an integrated-circuit opera-
tional amplifier forms a part of the
melering circuit. This should avoid er-
rors on a.c. due to non-lincarity of the
signal rectifiers. Another uniqgue feature
is the use of a current regulator for re-
sistance measurements. This regulator
provides a maximum voltage of 0.3 V

=

and a maximum current of 30 wA to the
external circuit so that scwvsitive semi-!
conductors will not be damaged while |
they are heing checked. Two FET’s are |
used in the input circuitry {one serves,
as the constant-current source for the |
other) in order to produce the high 10-'
megohm input impedance which is then |
converted down Lo a low impedance for
the metering circuit. Other transistors,
operated as back-to-hack diodes, serve
to protect the circuitry against damage
due to overload.

The meter is powered by stundard
penlight cells and has a 2% full-seale
accuracy on doe. It is available in kit
form at $59.95 or factory-assembled at
874,95, A

Jackson Model CRO-4 Oscilloscope

For copy of manufacturer's hrochure, circle No. 27 on Reader Sercice Card.

e Gl &
= s B
sne: o0
erIHS new, strikingly  stvled  3-in
scope Trom  Jackson Electrical In-
strument Co. has been designed  to

make it as simple as possible for the
technician to take voltage readings as
well as to observe waveforms. By using
a readily removable graticule with two
sets of calibrations just like a meter
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scale, the user can read off peak-to-peak
voltage values just as casily as on a
v.o.m. This special scale is used in con-
junction  with the calibrated, direct-
reading vertical input attenuator which
is used just like a meter range switch.

The Model CRO-4 has a vertical
amplifier with response out to 3.8 NHz
so that color-burst signals can be read-
ily observed.  Sensitivity is 5.8 mV
(rams.) /em and rise time is 0.06 micro-
second.  Horizontal  sweep-requency
range is from 5 Hz to 500 kHz.

When the vertical-attenuator switch
is placed inits last position, the scope is
ready for use as a vectorscope for color-
TV servicing, In this function, the re-
ceiver’'s (R-Y) signal is applied directly
to the vertical-deflection plates of the
scope'’s CRT, while the (B-Y) signal is
pluigged into the scope via a front-
panel jack to the horizontal-deflection
plates. With a color-bar generator con-
nected to the receiver, the resull is the
circular flower-petal vector display pat-
tern on the scope screen.

Model CRO-4 is priced at $249.95. A
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MAKE
YOUR
OWN

TUNER TEST!

{f you're iike most professional TV tech-
nicians, you clean the tuner of every chassis you
service.

But how careful are you in choosing your tuner
spray? The wrong spray can cost you a lot In
aggravation and callbacks.

That's why we ask you to
MAKE THIS TEST YOURSELF

1. Tune in 2 good cofor picture on any color set.

2.Spray the tuner with anything but a Chem-
tronics Spray.

3. You wiil see the color fade and disappear al.
most Immediately, due to the changes of
capacitance in tuned circuits caused by the
spray.

COLOR
CARRIER

A coLor
CARRIER

RESPONSE DETUNED

NORMAL RESPONSE BY SPRAY

4. Wait about 10 minutes for the spray to dr{.
Unfortunately, the color will not come back.

5. Spray the tuner with Chemtronics TUN-0-WASH.

6. Wait about two minutes and color will be re-
stored.

WHAT THIS TEST MEANS TO YOU

Most tuner sprays leave a residue of slow dry-
ing, petroleum base lubricant. This saturates the
coils and other components causing a shift in
response as shown in illustration.

To compensate for this shift, you often adjust
oscillator slugs. Then, when the set has played
in your customer's house for a week or two, the
residue dries out, shifting the oscillator back
toward its original frequency. |f the customer
can't compensate for this drift with the fine
tuner, you have a callback on your hands. Even
if the drift is not too severe, the remaining resi-
due picks up dirt and eventually ‘‘gunks up'’
the tuner.

TUN-O-WASH IS LIKE NO OTHER
SPRAY ON THE MARKET

TUN-O-WASH is a powerful, high pressure spray
designed to do just one job superlatively well.
It melts away grease, oil, dirt and corrosion
quickly and completely, It leaves absolutely no
residue behind. Tests show that TUN-O-WASH is
at least 10 times as effective as any other tuner
spray in degreasing gunked up tuners.

Use TUN-O-WASH as your first step in repair-
ing any tuner, It gives you a clean start in much
the same way as the ultrasonic bath used by
tuner specialists — but without harmful vibra-
tion. You'll be surprised at how
many tuners you can repair the
TUN-O-WASH way.

Then, once the tuner is restored
to good working condition, you can
lubricate it with a Ii%ht spray of
Chemtronics famous COLOR-LUBE,
guaranteed not to detune, attack
plastic parts or *‘gunk up.’”” COLOR
LUBE uses a unique synthetic lu-
bricating formula developed spe-
cifically for color TV tuners,

"m" Glant 24 oz, can

only $3.25 dealer net.
1260 RALPH AVENUE ¢ BROOKLYN, N.Y. 11236
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“He’s a. good worker.
I'd promote him

right now if he had

more education
1n electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn't easy for a man with a

70
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full-time job and family obligations. But CREI Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CREI Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.

ELECTRONICS WORLD
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Expanded
coverage of
solid state
electronics
including
integrated
circuts! @

CREI, Home Study Division

r
| |

| McGraw-Hill Book Company I

| Dept.1103H,3224 Sixteenth Street, N.W. |

| washington, D.C. 20010 |

! Please send me FREE book describing CREI Programs. | I

: am employed in electronics and have a high school education. :

L. N . . | NAME AGE i

You're eligible for a CREI Program if you work in elec- | |
tronics and have a high school education. Qur FREE | SERRESS |
book gives complete information. Mail pOS’(pald card | oy STATE. ZIP CODE i
for your copy. If card is detached, use coupon at right | i
or write: CREI, Dept.1103H,3224 16th St., N.W., Wash | EMPLOYEDEY |
ington, D.C. 20010. | TYPEOF PRESENT WORK OG.LBILL |
Founded 1927 : { am interested in OO Electronic Engineering Technology l

l O Space Electronics [ Nuclear Engineering Technology |

| O NEW! Digital Communications |

e e e e e e e S e e e P Jd

Accrediiod Nembes of the Nationa! Home Study Council
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One of a series of brief discussions
by Electro-Voice engineers

ON
FLATTENING

FEED BACK

WILLIAM
Field Er

Much has recently been written about the
sonic problems of typical auditoriums and the
effect of poor room acoustics on sound system
dexign. In an effort to better understand the
extent of this problem. a series of luboratory
tests of room response was condneted in a vari-
ety of community and university auditoriums.

Using a “pink noise” generator and a 1/10-
octave band pass filter. plus calibrated trans.
ducers. cach anditorium was curved from 20
to 20.000 Hz tobtaining usable information
from 60 to 18.000 I1z). Composite or average
curves were computed from 30 separate loca-
tions in each room. These curves were remark-
ably similar and distinguished by a lack of
sharp peaks and dips. In short, the rooms
studied were relatively flat. withh no pro-
nounced deviations in response.

Techniques for narrow-band hltering to com-
pensate for hoth room and sound system re-
sponse variations have gained prominence
lately. and for good reason. In many installa-
tions <uch methods provide markedly higher
gain before feedback, permitting installation
of a ~uceessful system in environments that
wonld otherwise he notably deficient.

But <uch elaborations are expensive and com-
plex. demanding considerable experience and
knowledge to install correetly.  Our studies
have convinced us that the use of truly flat
transducers can achieve virtnally equal results
in the majority of auditoriums at greatly re-
duced eost while retaining simplicity and
reliability.

Unfortunately. many highly-regarded sound
reiiforcement transducers are far from flat,
and may themselves introduce serious flaws in
system response. Faulty placement of speakers
can also create response problems and liinder
zood coverage. The addition of narrow-band
filtering to =uch a system may achieve the de-
sived final result. but at the expens<e of greatly
increased cost compared to flat, wnhltered,
peak-free components.

In any event. if flat response is the desired
goal, it seems logical to begin with (lat trans-
ducers. adding hltering only as needed 1o com-
plement the characteristics of the room. Fx-
perimental results so far conhrm the value of
this approach in terms of both audible per-
formance and ultimate cost.

For reprints of other discussions in this series,
or technical data on any E-VY product, write:
ELECTRO-YOICE, INC., Dept. 393N
629 Cecil St., Buchanan, Michigan 49107

ElellhoYores

A SUBSIDIARY OF GULTOM INDUSTRIES, IMC.
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Loudspeaker Measurements
(Continued from page 29)

for a given pair of opposite parallel
surfaces of the room. If a measuring
microphone is moved from one wall
across the room to the opposite wall,
the sound level at the microphone will
vary from a maximum, through nearly
zero, and then back to a maximum. At
double this frequency the pressure will
go through two minima and one maxi-
mum, the maximum being at the center
of the room. At higher frequencies the
number of maxima and minima will in-
crease correspondingly, Finally a point
will be reached beyond which the
spacing between maxima and minima
is of the order of magnitude of the di-
mensions of the microphone, which
will consequently average these, and
show a more uniform output as it tra-
verses the room.

In this discussion, the effect of other
types of modes has been neglected so
that in fact the variations in intensity
measured by the microphone as its po-
sition is changed from one wall to the
opposite wall will be extremely irregu-
lar. It is rather easy to see that much
the same thing will happen if the micro-
phone position is fixed and the frequen-
cy is varied. In place of the extreme
variations in recorded sound pressure
occurring as the microphone is moved
across the room, similar extreme varia-
tions will be found as the frequency
is varied.

Since this irregularity is predicated
on a completely uniform output from
the sound source, any variations in fre-
quency response of an actual loudspeak-
er will tend to be obliterated by the
extremely irregular response of the
room. A frequency response curve ob-
tained in this manner tums out to be
a frequency response curve of the
room rather than the loudspeaker, ex-
cept for very Dbroad variations in the
speaker frequency response. For exam-
ple, if the speaker response decreases
with increasing frequency, the average
of the recorded response curve will
reveal this. However, sharp variations
in speaker frequency response, in which
we are definitely interested, will not be
discernible.

The reference to averaging in the
previous paragraph gives a hint of the
approach which makes speaker frequen-

cy response measurements feasible. A
warbled frequency might be used so
that at any given point in its sweep the
recorded trace registers the average of
a narrow band of frequencies. Similarly,
a narrow band of noise could be swept
from one end of the spectrum to the
other. The bandwidth must be sufficient-
ly great to obtain a reasonably good
average of the room response without
making it so broad as to obscure minor
variations in the speaker response.

Additional improvement is obtained
by space averaging as well as frequency
averaging. The microphone or the loud-
speaker, or both, can be moved con-
tinuously while recording the frequency
response. If the speaker is moved, this
changes the pattern of the standing
waves. If the microphone is moved, it
rapidly samples the sound pressure
along its path and averages it, Each
element may be swung back and forth
or rotated. Still further smoothing can
be obtained by rotating or swinging
large reflecting surfaces within the
room. These procedures are effective
but rather clumsy mechanically. An al-
ternative is to use a number of micro-
phones placed in random positions in
the room and sum their output. This
is the system that was adopted for use
in the reverberation chamber at H. H.
Scott, Inc. (It is also the procedure
used by Hirsch-Ilouck Labs for check-
ing speaker response, but in a normal
listening room.—Editors)

When the outputs of a reasonable
number of microphones, say six, are
added, some smoothing takes place, but
the system is less elfective than might
be expected. The reason is that the
sound pressures at the different mi-
crophones vary not only in amplitude
but in phase as well. At a given point,
the sound pressure might be identical at
two microphones but opposite in phase,
as a result of which their output sum
would be zero. The effect of phase can
be eliminated by rectifying the output
of each microphone and adding the
resulting d.c. outputs. This was tried
experimentally, but difficulties were en-
countered due to nonlinearities of the
rectifiers. Incidentally, the ideal system
would be to add the power outputs of
the microphories. This could be done
by squaring the voltage and then add-
ing; however, squaring circuits having
wide dynamic and frequency range are
not simple.
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It was finally decided to sample the
microphone outputs one at a time in
order to obtain an effective average.
This can be done by means of a com-
mutator but again it was felt desira-
ble to stay away from mechanical de-
vices and to use an electronic commu-
tator. This consists of twelve field-
effect transistors used as switches. The
gates of the FET’s are driven by 60-Hz
sine-wave signals shifted in phase by
multiples of 60° for successive FETs.
The commutated signal for each chan-
nel has a rectangular envelope, being
on for 1/360 second and off for 5/360
second. The choice of six microphones
was rather arbitrary. Since smoothness
is improved in proportion to the
square root of the number of micro-
phones, the law of diminishing returns
is involved. For example, the use of
twelve microphones would have resulted
in 30% better smoothness, but only at
high frequencies because of residual
roomn irregularities at lower frequencies.

The II. II. Scott, Inc. reverberation
chamber was constructed with a height:
width:length ratio of 1:1.6:2.5, which
is a set of proportions traditionally rec-
ommended for the best distribution of
modes. Inside dimensions are approxi-
mately 23 x 15 x 9 feet. The walls and
floor at two diagonally opposite corners
are perpendicular to each other to per-
mit testing of corner speaker systems.
Three of the surfaces were made non-
parallel, with a slope of approximately
5% to improve the diffusion. The room
is substantially constructed, the walls
being of eight-inch cement block filled
with dry sand. The construction pro-
vides very stiff walls and ceiling; the
sound transmitted through the walls is
reduced by approximately 40 dB. Back-
ground noise in the room, measured on
the C-scale of a sound-level meter is
below 40 dB at all times, The rever-
beration time varies from 4 seconds
near 100 Hz to 1.5 seconds near 10
kilz. The frequency response of the
room decreases at the higher frequen-
cies due to decreased reflectivity of the
room surfaces and losses through trans-
mission in the air itself. The frequency
characteristic was measured and cor-
rected for large-scale variations in fre-
quency response by means of an equaliz-
ing network. The room is not usable
at low frequencies but this is no prob-
lem because, due to the omnidirectional-
ity of loudspeakers in this range, an on-
axis frequency response measurement
is adequate.

The measuring system produces a
graph which is a composite of the ir-
regularities of the loudspeaker response
and irregularities of the room response.
Over the frequency range involved, the
speaker response will, in general, be
smoother than the room response be-
cause of the large number of room
modes in a given band of frequencies
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and because the sharpness of resonance
of these modes is considerablv greater
than that of the speaker resonances.
For recorder pen and chart speeds of
values that permit accurate tracing of
the irregularities in speaker response,
the modes of the room, some of which
are increasing, some at maximum, and
some decaying at a given instant, do
not have a chance to build up to very
high intensities.

Fig. 10 shows measured curves on
a developmental speaker system. Below
300 Hz or so, the room irregularities are
extremely great; consequently the low-
frequency response of this speaker sys-
tem is shown as a pressure neasure-
ment taken with the microphone close
to the speaker in a partially absorbing
room. The rather sharp drop at 9 kHz
is due to the response of the micro-
phones used in the reverberation cham-
ber. A single microphone measurement
on-axis, using a Brulil and Kjaer 4133
capacitor microphone, is superimposed
on the graph. Siuce this microphone is
flat to 20 kHz, the curve represents
the response of the speaker system at
high frequencies more accurately. In
this range the room modes are so close-
ly spaced that the use of only one
microphone is acceptable. The high-fre-
quency response of the speuaker system
has a downward slope, which is to be
expected for anything but a perfectly
omnidirectional speaker. In other words,
the power response drops much faster
than the on-axis frequency response.

The reverberation chamber has been
found to be particularly useful in the
measurement of the frequency response
of speaker systems emploving several
speakers and crossover networks, and
radio-phonograph consoles. Because of
the short time required for measurement
as opposed to taking a complete set of
on-axis and off-axis curves in an ane-
choic chamber, it is practical to muke
numerous measurements to determine
the influences of baffle sizes und shapes,
locations of speakers on the haffle, effect
of grille cloth. metallic, wood and
molded grilles, frames, and other deco-
rative treatiment. As an example of the
sensitivity of such tests, it is possible
to distinguish the effect of a shift in
tweeter location relative to the mid-
frequency speaker of only % inch.

Experience with the reverberation
chamber has shown that it is an ex-
cellent means of detecting lack of
smoothness in the frequency response
of a speaker system. Listening tests
have indicated that irregularities in the
curve obtained in the reverberation
room are heard as annoying resonances
and roughness. While it cannot be
claimed that a speaker system having
a smooth response in a reverberation
room will necessarilv sound good the

technique is extremely useful in detect- | §
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ing design defects.
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ics, Electronics and other publications!

Now discover for yourself the dramatic im-
provement in performance of your car,
camper, jeep, truck, boat — any vehicle!
Delta's remarkable electronic achievement
saves on gas, promotes better acceleration,
gives your car that zip you've always wanted.
Find out why even Detroit has finally come
around, In four years of proven reliability,
Delta’s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on
literally any type of gasoline engine.

Why settle for less when you can buy the
original DELTA Mark Ten, never excelled and
so unique that a U.S, Patent has been
granted.

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage Increase (saves gas)
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NEW CONAR

Wll-Channel

COLOR TV KIT
$366.00

Model 600UK
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e Easier to build because
it’s designed for learning

e Complete with cabinet—
nothing else to buy!

Tops for quality, simplicity of
design, ease of building, the new
CONAR 600 gives you the latest
advances in the art of color TV
receiver construction. In addition
to 21 tubes, this all-channel re-
ceiver incorporates a transistor
UHF tuner, transistor noise can-
cellation circuit and 16 solid-
state diodes. Separate gun killer
switches and a cross hatch gen-
erator are built in. All hardware
is engineered for accessibility.
Attractive bronze-tone steel cab-
inet with durable wood-grained
vinyl covering.

For information write Dept. CBIC

CONAR instruments

DIVISION OF NATIONAL RADIO INSTITUTE
3939 Wisconsin Ave., Washington, D.C. 20016

WRITE FOR FREE & 8&
CONAR CATALOG W;‘

wo ELECTRONICS

V.T.I. training leads toO succcss
as technicians, field engineers.
specialists in communications.
guided missiles. computers. ra-
dar and automation. Basic &
advanced couiscs in theory &
laboratory. Electronic Engi-
necring Technology and Elec-
tronic  Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in all
branches of elecironics with
major companies. Start Febru-
ary, September. Dorms, cam-
pus. High school graduate or
equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana 46383
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Bandwidth Compression
(Continued from page 52)

eliminale extraneous noise, the signals
are converted to a digital format and
fed into the Dbandwidth compression
[ circuitry and the storage buffer. From
the buffer, parallel words are converted
to a seriul bit stream and fed to a data
modem for transmission. On the re-
| ceive side, the serial bit stream is con-
verted back to paralle]l format and
placed in the bufler. Data flows from
the buffer into a reconstructor where
the original waveform is regenerated in
digital form. The signal then passes
through a digital-to-analog converter
and output filter o smooth the wave-
form, and through the amplifier to the
| receiver.

| Fig. 7A shows what a typical input
' voice signal looks like. This is one of
the test sentences Irom a test tape
used in the feasibility studyv. Notice
that there are verv large wvariations
from word to word. This is typical of
individual speakers. In addition, there
are significant differences in the dy-
namic range ol various speakers. Thus,
to attain the most efficient performance
with the compression processes, the in-
put must be normalized. This is ac-
complished by the a.g.c. circuit which
limits the swing of the input signal, as
shown in Fig. 7B. Note that in some
instances small portions of the wave-
form peaks have heen clipped. This can
be done without significantly affecting
the quulity ol the voice signal and in-
sures that the system will operate at a
reasonably constant amplitude level, no
matter who is using it.

in the analog-to-digital converter. Al
each of the sumple points, the actual
amplitude value (in this example, the
value is 50) is converted to a six-bit
digital word as shown in Fig. 8.

After the compression process is
complete, the information will have a
standard digital format that looks just
like tvpical computer data as far as
the transmission facilities are con-
cerned. The standard data  format
shown in Iig. 9 has sync words to
establish  frame synchronization and
data words containing specific infor-
mation on each data point transmitted.
Therelore, the system can interface
with a common digital data net for
transiission.  As far as the transmis-
sion facilities are concerned, they
couldn’t care less whether the infor-
mation is voice, data, or teletvpewriter
traffic. They all share a common for-
mat which permits the use of a single
common, inexpeusive system operating
in a narrow-band mode.

At the receiver, information is con-
verted back to the straight-line approxi-
mation through the process shown in
Fig. 10. Two transmitted points are
shown. In order to reconstruct this
straight-line segment, it is only neces-
sary to know the respective amplitudes
of the two end points and the time
duration between the two points. By
calculating the slope of this line, the
value of cach of the intermediate points
can be computed by the reconstructor.
Note that this computational process is
accomplished at a rate which is twice
the original sample rate. This provides
additional gains in quality by making
the output filters much more effective
during the smoothing process and giv-

The input information is sampled ing a pleasing output waveform. A
200 WORDS
N\
7 N
DATA DATA | DATA
| NG relis [wcm l j £ wORD_| wORD | SYNC WOROD
22 BITS 11BITS
UNIQUE Fig. 9. Standard digital
CODE format has special words
for frame synchronization
/ —~
[ AMPLITUDE ' TIME ]
6 BITS 58ITS
D/A QUTPUT Fig. 10. At the re-
ceiver, information
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Announcing the NEW STANDARD in Stereo Testing!

Get the All-New Model SR12 STEREQ TEST RECORD

The most complete...most so

Who Needs the
New Model SR12?

If you've read this far,
you do. Whether you're
an avid audiophile
who'il settle for nothing
bui peak performance
from his stereo com-
ponents . . . a casual
listenerwho'’d like more
insight into the chal-
lenging world of stereo
reproduction , .. or a
professional technician
who needs precise
standards for lab test-
ing...the new MODEL
SR12 will be the most
important disc in your
entire collection.

A HIGH!
EVALUATH

You'll make these important stereo checks BY
EAR...(no test instruments of any kind required)

Frequency response—a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz, which
will pinpoint any frequency response defects in your system.

Separation—an ingenious test which indicates whether you have
adequate separation for good stereo.

Cartridge tracking—the most soptisticated tests ever devised
tor checking the performance ot your cartridge, stylus and
tone arm.

Channel balance—two broad-band, random-noise signals which
permit you to eliminate any imbalances originating in cartridge,
amplifier, speakers or room acoustics.

Hum and rumble—foolproof tests that help you evaluate the
actual audible levels of rumble and hum in your system.

Flutter—a sensitive "musical” test to check whether your turn-
table’s flutter is low, moderate, or high.

PLUS.’ ® Cartridge and Speaker Phasing @ Anti-
Skating Adjustment @ "“Gun Shot Test” for Stereo Spread @
Multi-purpose Musician’s “A” @® Equal-tempered Chromatic
Octave @ Guitar-tuning Tones.

VVV vVVvw

Don’t waste another minute on less-than-perfect
stereo—Order Your Model SR12 Stereo Test
Record NOW!

Consider the hundreds—even thousands—you've spent on your set-
up and you'll agree $4.98 is a small price to pay for the most valuable
performance tool ever made. So to be sure your order is promptly
filled from the supply available, mail the coupon at right with your
remittance . . . today!

: ™ MODEL SR12
FGR HOME AND LAB

LY EFFECTM': AND
FOR SETTING | UP A0 SYSTEMS

ACKGURATE TOOL
JUSTING. AND

histicated...most versatile

Like its predecessor Model 211,
MODEL SR12 has been pro-
duced by Stereo Review Maga-
zine (formerly HiFi/Stereo Re-
view) as a labor of love — by
music lovers . . . for music lovers
who want immediate answers to
questions about the perform-
ance of their stereo systems and
how to get the best possible
sound reproduction.

Now greatly expanded and up-
dated with the most modern
engineering techniques, MODEL
SR12 is the most complete test
record of its kind — containing
the widest range of checks ever
included on one test disc. An
ear-opener for every serious
listener!

RATORY USE

AND, for the ultimate in stereo
testing, 7 critical TEST EQUIPMENT checks . . .

Attention professionals: Stereo Review's new Mode! SR12 Stereo Test
Record is also designed to be used as a highly efficient design and
measurement tool. In the following tests, recorded levels, frequencies,
etc. have been controlled to laboratory tolerances—affording accurate
numerical evaluation when used with oscilloscope, chart recorder, out-
put meter, intermodulation-distortion meter and flutter meter.

e 1,000-Hz square waves to test transient and high-frequency 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 res+
onances in tone arm and cartridge.

e 1,000-Hz reference tones to determine groove velocity.

o 3,000-Hz tone for flutter and speed tests.

Sample waveforms—lllustratmg both accurate and faulty responses are
provlded in the Instruction Manual for comparison with the patterns
appearing on your own oscilloscope screen.

FREE Instruction Manual Includes Detailed
Instructions, Charts, Tables and Diagrams.

Nothing is left to chance . . . or misinterpretation. Every segment of
every band is fully, clearly, graphically explained. You'll know exactly
what responses to listen for in each test. Which'sounds and patterns
indicate accurate performance . . . which ones spell trouble . . . as well
as the cause of trouble and precise corrective measures to follow
and help you pinpoint, analyze and cure your stereo headaches!

e o0 0

E

| Stereo Test Record + P. O. Box 3110 W3 1
i Church St. Station, New York, N.Y. 10008 |
l Please send test records at $4.98 each, postpaid. [
I My check (or money order) for $ is enclosed. l
I (Outside U.S.A. please send $7.00 per record ordered.) N. Y, State resi- ]

ents please add local sales tax.

dents pl dd | | sales t I
i Print Name
| |
§ Address [ |
] City |
] ; |
i State Zip I
B wm om wm me PAYMENT MUST BE ENCLOSED WITH ORDER mm um um um [ ]
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This probe
lights up
when a pulse
goes by.

Even a pulse as short as 30 ns—posi-
tive or negative—will cause this logic
indicator to flash a signal.You can trace
pulses, or test the logic state of TTL
or DTL integrated circuits, without
taking your eyes off your work. In
effect, the probes act like a second
oscilloscope at your fingertips.

No adjustments of trigger level, slope
or polarity are needed. A lamp in the
tip will flash on 0.1 second for a posi-
tive pulse, momentarily extinguish for
a negative pulse, come on low for a
pulse train, burn brightly for a high
logic state, and turn off for a low logic
state.

The logic probe—with all circuits built
into the handpiece—is rugged. Over-
load protection: —50 to 4200 V con-
tinuous; 120 V ac for 10 s. Input im-
pedance: 10 k. Price of HP 10525A
Logic Probe: $95, quantity discounts
available.

Ask your HP field engineer how you
could put this new tool to work in logic
circuit design or troubleshooting. Or
write Hewlett-Packard, Palo Alto, Calif.
94304, Europe: 54 Route des Acacias,
Geneva.

02825A

HEWLETT @ PACKARD

Series-Pass Regulators
(Continued from page 48)

iTl]c diiference between the two volt-
rages determines how much Q4 con-
| ducts. If the output voltage increases,
the buse voltage of Q4 increases and
pushes it farther into the conduction
|rogion. This reduces the base current
of Q1, which in turn reduces the cur-
[rent through Q2, lowering the output
| voltage. 11 the output voltage drops,
04 moves toward cut oft and Q1 and
Q2 turn on. This increases the output
voltage. In essence, the circuit is a
feedback amplifier which tries to main-
‘tain the output voltage at a constant
level independent of load condition.

l The output voltage is determined by
the potentiometer setting according to
| the following equation:

(Vs + Vissad) (R4 R5 + R6)
out R6 + R3 (selting)
If R5 is set at the low end (A), the
output is maximum and is given by:
v _(10.7) (24.2 kohms)

out (max) =89 Lohms

Wz

=31.7V

The minimum output voltage (11.2
| V) occurs when the arm of R5 is set to
the high side (13).

The regulation is a function of the
| potentiometer setting since this deter-
niines the amownt of feedback. The
’closor the base of Q4 is to the positive
| output the greater the feedbuck.
| Overcwirent protection is provided
by R2 and Q3. Since R2 is in series
with the output, the voltage across it is
proportional to the output current. This
voltage is used to drive Q3 so that the

more Q3 conducts. When Q3 is turned
on, the base drive is removed from Q1
and this turns off power regulator Q2,
thus limiting the output current. In this
example, component values were chosen
to limit the maximum current to ap-
proximately 700 mA. Fig. 4 shows the
effectiveness of the current limiter.

Load regulation at several output
voltage levels is shown in Fig. 5. The
overcurrent actually degrades the per-
formance of the regulator circuit, par-
ticularly at the higher current levels,
since it decreases the hase drive of Q1.

The power stage transistors, Q1 and
Q2, were selected for high gain at
—55°C. This maximizes the voltage
and current regulator’s control. At max-
imum output voltage and at low tem-
peratures, 01 requires a base current
of ubout 1 mA. R1 was selected to de-
liver approximately 2.3 mA. This sets
the minimum voltage regulator current
in Q4 (MPS6531) at 1.5 mA, when the
current regulator is not working. When
the current regulator Q3 (2N4921)
comes on, it must handle this current.
For the opposite condition at high tem-
peratures and low output voltages, R1
provides about 25 mA maximum cur-
rent. The drive requirement for the
power slage is not critical here, but Q3
and Q4 must be able to handle this
current for eflective control.

The maximum temperature at which
the circuit will operate is set by the
heat sinking of Q1 and Q2. If these
transistors are mounted directly to a
heat sink and a good silicone grease is
used, then the worst-case temperature
rise above the temperature of the heat
sink for Q2 is 25°C, while that for Q1
is about 20°C. Since the maximum
operaling temperature of Q1 is 150°C,
this means the heat-sink temperature

larger the output current becomes, the  must be kept less than 130°C. A
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- .../ Now, all 8 areas of consumer
L electronics servicing—all the
el tricks of the trade—in one

- === complete, up-to-date guide!

INSTALLATION & SERVICING Whether you are an established electronics service-

HANDBOOK1969 : man, just learning the business, or an avld do-it-
! n=s

ourselfer, the
sﬂ'ﬁ\“\' BUYER'S GUIDE FOR g

e s 1969 ELECTRONICS INSTALLATION
ELECTYRONIC IGNITION SYSTEMS « TEST EQUIPMENT = CB EQUIPNE ~NT
o — AND SERVICING HANDBOOK

NEW COLOR-TV SETS | F . e
o ) B . is one guide you’ll want to keep within arm’s reach,

| MORE SPEAKERS TO YOUR
HH-R SYSTEM

CIRCINT DIAGRAMS OF
1909 COLOR-TY RECEIVERS

COVERS ALL EIGHT AREAS

This is the industry’s “how-to” book for installing and servicing con-

WHAT ABOUT = ™[ 3 sumer electronics equipment. From the basic tools and test equip-
AUTOMOTIVE ELECTRONIC : 2 ' ment to the not-so-basic techniques. Color and B&W TV—am/fm
IGNITION SYSTEMS? E _— radio—TV/fm antennas—stereo/hifi and tape—CB—automotive gear
HOW T0 GET BEST COLOR d " : —intercoms and P.A. systems. All in clear, concise and compre-
DM YOUR TV SET € hensive detail.
How To Adjust <
A oot ‘ Y GIVES YOU VITAL TIPS
TUNE UP YOUR CAR : . .
'WATH ELECTROMIC TESTERS : With the 1969 ELECTRONICS INSTALLATION AND SERVICING
'jP ac S : HANDBOOK, you'll learn how to recognize the causes of mal-
L el ; s functions. You’'ll learn how to select exactly the right piece of test

equipment. How to save valuable time on a job. The shortcuts.
How to avoid common problems.

BENEFIT FROM THE EXPERIENCE
OF OTHERS

You'il be advised on what you can—and cannot—handle based on
the experience of experts. You'il have hundreds of charts, circuit
diagrams and tables at your fingertips—all designed to help you do
a better job in the least amount of time. You’ll become both a better
serviceman and a better businessman.

So don’t delay. Start doing more, earning more—use the coupon
below to order your copy of the 1969 ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK today. Just $1.35.

CFILL IN, CLIP & MAIL THIS FORM TODAY!

ZIFF-DAVIS SERVICE DIVISION e DEPT. IS
589 BROADWAY e NEW YORK, N.Y. 10012

YES! Send me a copy of the 1969 ELECTRONICS INSTALLATION
& SERVICING HANDBOOK, as checked below:

]
I
|
I
[J $1.35 enclosed, plus 25¢ for shipping and handling. Send me the |
regular edition. ($2.00 for orders outside the U.S.A.) I
[0 $3.50 enclosed. Send me the DeLuxe Leatherflex-bound edition, [
postpaid. ($4.50 for orders outside the U.S.A.) Allow three additional |
i
{ ]
[
1
|
]
-

GET THE EXQUISITE
LEATHERFLEX-BOUND
EDITION

for just $3.50 POSTPAID!

The 1969 ELECTRONICS |
INSTALLATION & SERVIC-

ING HANDBOOK is also
available in an attractive,
gold-embossed, teatherflex-
bound edition—a superb addition to your
library of permanent reference books. This
deluxe volume will be mailed to your home,
postpaid, for just $3.50, when you check
the appropriate box on the order form.

weeks for delivery.

Name

please print N
Address Ew-39

City State Zip Code

PAYMENT MUST BE ENCLOSED WITH ORDER .
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SYMMETRY

&

Front-panel view of the scope and meter calibrator.

LOW-COST
PRECISION
SCOPE & V.T.V.M.
CALIBRATOR

By GARY H. LEHMANN/ Sylvania Electronic Systems

Measuring voltage amplitudes, especially at low levels, is becoming more
important with transistor equipment. This calibrator checks scope and
meter by use of four switch-selected voliages, accurate to within 2%.

NYBODY seriously involved in the service business or
who does design work will agree that properlv main-
tained and calibrated test equipment is a “must.”

The progressive technician knows that measuring ampli-
tudes can often provide him with more important hints for
the proper diagnosis of a maltunction than observation of
the waveform alone. The much-neglected lowest range of
the v.t.v.m. has gained new importance when servicing tran-
sistorized equipment and here, as well as when using the
oscilloscope, the techniciun wants to be sure that the read-
ings obtained are reasonably uccurate. The calibrator de-
scribed here provides four switch-selected voltages which
are accurate to within == 2% and maintain this accuracy for
a reasonable lime.
Electrical Design

The basic calibrator circuit, shown in Fig. 1, consists of a
series-string voltage divider using 1% precision resistors. A

Fig. 1. Basic calibrator consists of 1% precision divider.

>—’VV\'—‘ ce (sat)

4.7K 200 mV
|
1000 mV & {
R10 !

1% < goq 800 mV Bl
= 5.6V
200 mV e
R7 R | BAT
47K 1% 10Q 100 mV
1, scope

S

(OUTPUT)

5Q

50 mV
R13 !

1% e 50 mV

!

100 mV # o
528

1%%‘]2 S0mv g
OFF

12
PROBE =

Egg - €y - Eg...Ey = 0
5.6-3.9-0.5-0.2-0.8-0.1-0.05-0.05 -0
80

mercury battery (B1), consisting of four individual 1.4-volt
cells, provides 10 mA of bleeder current for the voltage
divider. A switching transistor (Q3) serves to convert the
d.c. voltages to a pulse train that mav be observed on an os-
cilloscope. The source impedance of the divider is 100 ohms
(resistive) at the 1-volt tap and calibrator accuracy is == 1%,
provided that the external load (a scope or v.t.v.m.) is no
less than 20,000 ohims.

Articles published on the chemical and electrical perfor-
mance of mercury cells attest to their long shelf life (mea-
sured in years) and to the stabilitv of their terminal voltage,
especiallv with low discharge rates.The cells recommended
for this upplication have a current capacity of over 2000
mA/hr. A calibrator is not likely to be used for anv ex-
tended period of time and the current drain is quite low for
this type of cell. Therefore, terminal voltage is considered
adequately stable for the intended purpose.

The voltage divider shown in Fig. 1 provides outputs ot
50, 100, 200, and 1000 mV. If other calibrating voltages are
desired, the required resistor values can be calculated easily.
For the given bleeder cirrent of 10 mA, the voltage drop
across one ohm is 10 mV. The difference hetween the bat-
tery terminal voltage and the calibrator voltage is dropped
by the collector resistor of O3 (RS) and by the trimmer
R9, which is used to adjust the output voltage to exactly
1000 mV, with S2 in the corresponding position.

Switch S2B serves to switch the various taps ol the voltage
divider to the “Scope” coinmector. In the “Off” position, S2B
bvpasses the calibrator altogether and provides « direct con-
nection to the scope probe. In this manner, the calibrator can
be left permanently connected between the vertical input
terminals of the scope and the scope probe. The scope can
even Dbe calibrated with the probe applied to a circuit
under test. In the “Bat” position, S253 byvpuasses the switching
transistor and makes the terminal voltage of Bl available for
checking the condition of the battery.

One of the major problems in designing solid-state circuits
is their inherent sensitivity to variations in temperature. This
difficulty has been largely circumvented in the calibrator
circuit by the use of silicon transistors working in the satu-
rated mode. With Q3 heavily forward-biased by a positive-
going square wave, the saturated collector-to-emitter voltage
(Veresany) is approximately 200 mV. This voltage has a posi-
tive temperature characteristic increasing at a rate of 0.086
mV/°C. For a normal temperature range in the electronics
shop ranging from about 60°F (15°C) to 90° F (32° C) or

ELECTRONICS WORLD
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- R1, R5—1000 ohm, V5 W’ res.
i T S2A R2—27,000 ohm, Y2 W res.
| g o R3—50,000 ohm, V4 W linear-taper pot
FHK ? £ oFr R4, R7—47,000 ohm V2 W res.
[ & | o—en R6—4700 ohm, /5 W res.
| L R8—390 ohm, V2 W res.
1 o RE & "-'-.i_ 2 R9—200 ohm, !4 W linear-taper pot
1.0K % 200Q %] H R10—80 ohm res. =17,
| — : ] e R11—-10 ohm res. =14%
| | 5.6V I R12, R13—5 ohm res. =177
§ : | C1, C2—-0.01 #F ceramic disc capacitor
4 S2B 1 J S1—D.p.d.t. switch
| ————=5——{ (QUTPUT)  S2—D.p. 6-pos. rotary switch
! | - . SCOPE B1—Four 1.4-V mercury cells (Mallory ZM9)
Nosooea |2 11, J2—Connectors (Amphenol 73PCM1)
S b, PROBE Q1, Q2—2N2923 transistor
50 mV | Q3—-2N706 transisior
al o | 1—Chassis box 514" x 3” x 2V”.
2m2323 ,‘;? 100 mV
1 fal
(CHOPPED §47K R10 RTI R Fig. 2. Complete schematic and parts list.
;09 IO*Q A free-running multivibrator (Q1 and Q2)
1% 1% drives the voltage-divider stage of unit.

AT of 17° C, V. would change 17 X 0.086 — 1.46 mV.
This is less than 1% of the total saturation voltage. Even at
a range of 60 to 170 degrees I (AT of 60° C), to which
the circuit might be exposed if built into an existing tube-
operated scope, Vir.., would change only 516 mV or
less than 3%. If we consider that V..., represents only
3.6% of the total battery voltage across the circuit, it can
be seen that changes in Vi, due to temperature (3%
of 3.6%) may be neglected.

It is interesting to note that the semiconductors present
1no serious problem while the temperature coefficient of the
resistors in the voltage divider comes into play if a tempera-
ture rise of 60° C is to be tolerated without sacrificing
accuracy.

Fig. 2 is the complete circuit of the calibrator. Transistors
Q1 and Q2 form a saturating, free-running multivibrator
designed to run at approximately 1500 Hz.

Resistors R1 and R5 were selected for a reasonably fast
rise time of the output wavetform and to provide a source
impedance suitable to furnish sufficient drive current to Q3.
Resistor R3 is used to adjust for a symmetrical waveform.
When Q2 is turned off, the voltage at its collector rises
toward the battery voltage. Resistor R6 limits the amount
of base drive for Q3 while offering some isolation between
the multivibrator and the switching transistor. As mentioned
before, the base current for Q3 is selected to drive (O3 into
deep saturation, which largely eliminates the effects of tem-
perature variations on the accuracy of the calibrator. \WWhen
Q2 is turned on, its collector voltage falls to Virian or
approximately 200 millivolts, which is insufficient to keep
@3 in conduction. Since a minimum of 600 mV is required
at the base of Q3 to cause this transistor to conduct,
Virwen of Q2 may vary as much as 100% without af-
fecting the switching action of Q3.

If the calibrator is to be used with a d.c. oscilloscope or
to calibrate a v.t.v.m., it might be desirable to have cali-
brated d.c. levels available at the output terminal. This
capability is provided by S1. When this switch is closed, Q1
and Q2 are cut off and Q3 goes into full saturation. To keep
the terminal voltage of Bl us nearly constant as possible
without changing from the square-wave output to the d.c.
level output, the average d.c. load to the battery should re-
main the same. With a symmetrical square wave, the volt-
age divider runs at a 50% duty factor or 5 mA average d.c.
current. When in the d.c. mode, this load increases to 10
mA. The multivibrator is designed for an average current
consumption of approximately 5 mA. With S1 closed, the
multivibrator is turned off except for the negligible bleeder
current through R2, R3, and R4. It can he seen that the total
load for B1 remains at 10 mA which was the original design
objective.

Mechanical Construction
The lead photo shows the finished calibrator and identifies

March, 1969

Back cover has been removed to show construction.

the locution of controls and the input and output connectors.
The second probe connector (not shown on the schematic
diagram) was provided to accommodate a commercial oseil-
loscope probe which requires a BNC-type plug. Both con-
nectors are electrically in parallel. The above photo shows the
calibrator with the back cover removed. The subassembly
carries most of the transistor circuits and the battery and is
mounted on one half of the enclosure, using 2-inch-long,
6-32 machine screws.

The various components are wired together on the per-
forated phenolic hoard using brass evelets for solder junc-
tions. Lead dressing is uncritical with the exception of the
wire between the “Scope” connector, $2B, and the “Probe”
connector, which should be as short as possible and as far
away from the metal case to keep capacitance to ground at
a minimum. The front panel carries S1, S2, R9, and the
connectors. The voltage divider resistors R10-R13 are wired
directly to the terminals of S2. To facilitate access to the
switches and connectors, all leads from the perforated board
to the front punel are combined into a cable tree about four
inches long. The battery holder is tied to the board by two
loops of wire.

Adjustments and Calibration

Thoroughly check all wiring against Fig. 2 before insert-
ing the batteries. Watch for proper polarity. Connect a scope
to the “Scope” connector, set S1 to “Chopped”, and S2 to
“1000 mV”. Adjust the scope for a stable display about two
inches high. If necessary, adjust the “Symmetry” (R3) con-
trol to obtain a waveform of equally spaced negative and
positive portions. Set §1 to “D.C.” and verify that the square
wave changes to a horizontal line.

The calibration procedure depends on what other test
equipment or standards are available. The following proce-
dure will give results that are usually accurate to *=1%
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Delta Launches the

COMPUTACH

K An exclusive computer-

tachometer for precise RPM
measurement in easy-to-
build Kit form!

Delta, pioneers in CD ignition who pro-
duced the fabulous MARK TEN®, now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
in RPM readings due to the advanced,
solid-state electronic matched components
used in the computer, coupled with the
finest precision meter in the world. Works
on all 2, 3, 4, and 6 cylinder 2 cycle and
with 4-6-8 cylinder— 4 cycle 12 volt engines.

A (-8000 RPM range

Perfect linearity — zero paralax
Adjustable set pointer

Wide angle needle sweep
Translucent illuminated dial
Chrome plated die-cast housing
All-angle ball & socket mounting
Use it with ANY ignition system
Meter: 3" dia. X 3%" deep

Calibration kit included, no test eqpt.
needed. e

[ N 2

Orders shipped promptly.

Satisfaction guaranteed. ye

. w U

| opg-2 |

| DELTA PRODUCTS

| s INC.

| Send check today!

| P.0. Box 1147 EW / Grand Junction, Colo. 81501

| E?é:lggegeéz $__ [JShip ppd. O] Ship C.0.D, |
a :

| [ COMPUTACH® Kits @ $29.95 ppd |

| O . I

| Sold in Kit Form ONLY! |

| Name. ]

| Address___ |

_' City/State_ _Zip J

CIRCLE NO. 114 ON READER SERVICE CARD

| previous calibration point). Gentle tap-

using & v.itv.m. or v.o.m. and a fresh
flashlight or mercury cell.

To provide an even temperature,
carry the cell in your pocket for a few
hours. Then measure the terminal volt-
age with a voltmeter of at least =1% |
accuracy and at least 20,000 ohms/volt
input impedance. The terminal volt- |
age will be between 1.3 and 1.6 volts. |
Record the voltage to the nearest hun-
dredth of a volt. Carry vour “standard”
cell in vour pocket while returning to
vour shop and calibrate the 1.5-volt
range of vour v.t.v.m. or v.o.m. using this
cell. You now have one point on the
v.t.v.m. scale that corresponds to the cell
voltage which is fairlv close to a value
of 1.0 volt.

On your calibrator set S1 to “D.C.”
and §2 to “1000 mV”. Connect the
v.tv.m. to the “Scope” connector and
adjust R9 until the v.tvan. reads ex-
actly 1.00 volt (taking into account the

ping of the v.tv.m. meter movement
is often useftul in overcoming the small
amount of friction in the meter bear-
ings.

Using Calibrator

Application of the calibrator is self- |
evident. Connect the “Scope” jack to |
the vertical input of vour oscilloscope
using a short piece of low-cupacitance’
coax with suitable plugs. Square waves

LIKE MUSIC
WITHOUT COMMERCIALS?

The SCA-2B Sub-Carrier Adapter makes it possible
for you to enjoy the background music transmitted
on a 67KHz sub-carrier on many FM stations.
(These programs cannot be heard on a FM set
without an adapter) In the US there are approxi-
mately 400 FM stations authorized by the FCC to
transmit the 67KHz programs. If vou are within 50
miles of a city of 100,000 or more, it is probable

| that you are within the satisfactory reception range

of one or more of these stations. If in doubt write
for a list of such stations in vour area.

L 4

o
&7 K1 F18
SUB CARRIER ADAPTER
MOL#L 2CA-28

e 13

TOR Z IO RIS

Patent Pending

Sub-Carrier Adapter, Model SCA-2B with two 36"
shiclded cables. Price $39.93.
117 Volt AC Operated Power Supply, PS-9, Price

$4.95.
SCA-2B FEATURES
SIZE: 4” x 2%" x 1583”. * Simple plug-in connec-
tions to your FM tuner/amplifier. (If your FM
tuner does not have a multiplex output jack, we
supply hook-up information). s No installation
adjustments e All silicon transistors ¢ Operates
from our PS-9 Power Supply or 6 to 12 volts D.C.
One Year Factory Guarantee
For Custom Installations: Completely Wired SCA-2
PC card (size: 2%%” x 3” x %”) with installation
instructions for $34.95. Also available SCA-2
installed in AC operated Panasonic 7-Transistor
AM-FM Radio Model R-E6137 $61.95.

Write for Dealer Quantity Discounts.
Conumercial use of these units is not advised, unless
the consent of the originating station is obtained.

Send order to KENZAC CO.
P.O. Box 177, Stamford, Conn. 06904
ENZAC

or K 0.
P.O. Box 66251, Honston, Tex. 77006

of 50, 100, 200, and 1000 mV peak-to- |CIRCLE NO. 103 ON READER SERVICE CARD

Electronics World

peak may be switched to the “Scope” |
jack and displaved on vour oscilloscope.

It is not necessary to set the scope
time base to obtain a square-wave dis-
play. At higher sweep rates, two lines
will be visible on the scope screen; the |
distance between them will represent |
the peak-to-peak amplitude of the
square wave. If you own a d.c. oscillo-
scope, you can calibrate its d.c. ranges
with S1 set to “D.C.”. With S2 set to
“Off”, the calibrator is turned off and |
bypassed and the probe is connected to |
the oscilloscope.

Parts Substitutions

Fig. 2 lists the parts used in the con-
struction of the calibrator. A word of
caution to those who would like to use |
parts already on hand: Don’t try to use
inexpensive germanium transistors in |
this circuit, especially for Q3. The two
2N2923’s and the 2N706 cost less than
$2.00 total. The precision resistors
(R10-R13) are needed to obtain the
specified calibrator accuracy. If the cal-
ibrator is to be built into an existing|
scope, R8 must also be a precision,

|| low-temperature-coefficient resistor and |

i
I

| need to replace Bl by a temperature-

R9 a high-quality trimmer if the speci- |
fied accuracy of the calibrator is to be
maintained. This requirement and the

compensated, electronically regulatedI
power supply will increase the parts |
cost considerably. A |
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SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

CHANGE OF ADDRESS: w7 AFFIXLABEL—,
Please let us know you e T 'l
are moving at least g o) g 3 =
four to six weeks in |® 3| s |
advance. Affix maga- % =
zine address label in | 2 l
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Using Controls
(Continued from page 34)

Check the picture and the range of all
the controls if vou do, and vou will find
that at least one of the controls is off.

The vertical stability in color sets can
often be improved by proper adjust-
ment of the height and linearity. The
dynamic convergence can also be im-
proved by this adjustment. In many
cases, this is all that is needed to put
a set into better convergence.

Horizontal Hold Control

The picture should hold through
nearly the entire range of the horizon-
tal hold control. In some models, the
picture will hold throughout the range.
If you cannot sync the picture at the
center of the control range, note
which way the lines are slanting. If
they slant downhill from left to right,
the oscillator is running fast. If they
slant uphill from left to right, the
oscillator is running slow (Fig. 5).

If the oscillator is running fast, look
for decreased resistances or capacitance
in the time-constant networks, or an un-
balanced condition in the a.f.c. circuit
that would feed a positive voltage to
the oscillator grid. If the oscillator is
running  slow, look for the opposite
trouble in the same circuits.

Phasing trouble, as evidenced by a
filmy foldover of the picture (not to be
confused with raster foldover), can
be caused by the same defects.

Bending at the top of the picture
should straighten out over a wide range
of the control. If hending persists, look
for sync trouble. Check the vertical
sync bar and the vertical sync too. Make
sure the stabilizing coil is aligned. The
oscillator should be ou frequency with
the coil and the a.f.c. shorted out.

We have dealt here primarily with
preliminary diagnoses, in most cases
with the back cover still on the set.
The technician will undoubtedly find a
good many more uses {or the controls in
conjunction with tube substitution and
with the indispensable test equipment

on his bench. A

- : o M-’._ﬁ%

iy
Toun{END
“Harvey! How dare you come in at this

hour and in that condition! My mother
warned me against marrying you.”
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LOOK! A NEW
ELECTRONICS
SLIDE RULE

with complete
instruction program

Here’s a great new way to solve electronic
problems accurately, easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule is the only
rule designed specificallv for the exacting
requirements of electronics computation. It
comes complete with an illustrated Instruc-
tion Course. You get four AUTO-PRO-
GRAMMED" lessons . . . each with a short
quiz you can send in for grading and con-
sultation by CIE’s expert instructors.

See for yourself. Learn how towhip through

today—p

[

| GET BOTH FREE!

ko

I

F,

3

l. NAME
Ig ADDRESS__
[ coupon

| CITY.
I

Cleveland lnstltute,

1775 E. 17th St.,

all kinds of reactance, resonance, inductance,
AC and DC circuitry problems in seconds . . .
become a whiz at conventional computations
too!

This all-metal 10" rule is made to our rigid
specs by Pickett, Inc. ... comes complete with
top grain leather carrying case and Instruction
Course. A $50 value for less than $25. Send
coupon for FREE illustrated booklet and
FREE Pocket Electronics Data Guide, with-
out obligation. Cleveland Institute of Elec-
tronics, 1776 E. 17th St., Dept. EW-161,
Cleveland, Ohio 44114, *TRADEMARK

of Electronics I

Dept. EW-161, Cleveland, Ohio 44114

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail
promptly and get FREE Pocket Electronics Data Guide too!

(Pleane Prints

__COUNTY

A leader in Electronics Training..

CIRCLE NO. 117 ON READER SERVICE CARD

_STATE zip

.since 1934

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speukers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi’'s, and thousands

of other Electronic Values. Credit plan

available.
NAME
ADDRESS
CITY

GIVE ZIP CODE

If you have a friend interested in electronics
send his name ond address for a FREE sub-
scription also

OLSON ELECTRONICS

STATE

341 S, Forge Street Akron, Ohio 44308

CIRCLE NO. 97 ON READER SERVICE CARD
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WORLD'S
FINEST

ERSIN

MULTICORE

oNY 69¢

BUY IT AT RADIO-TV PARTS STORES
MULTICORE SALES CORP., WESTBURY, N.Y. 11530

CIRCLE NO. 99 ON READER SERVICE CARD
83


www.americanradiohistory.com

ABOUT YOUR
SUBSCRIPTION

Your subscription toELECTRONICSWORLD
is maintained on one of the world's most
modern, efficient computer systems, and
if you're like 99% of our subscribers,
you'll never have any reason to complain
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under "‘William Jones, Cedar Lane,
Middletown, Arizona,” and you were to
renew it as "‘Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending
you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

Multi-Band Coverage will
MAKE YOU MONEY!

LOW BAND
BUSINESS
AIRCRAFT

MARINE

CITIZENS
BAND

NO EXTRA CRYSTALS

_—

METAL

BOXES

BUILT TO SIZE

By ROBERT E. BROCK / Ampex Corp.

Often an experimenter finds he cannot get component boxes
in the size he needs. Here’s how he can design his own.

OONER or Ilater, everyone who

builds electronic equipment finds
that a ready-made box of the size or
proportions needed is not available. His
alternatives are to use an oversize box
or build one himself. If he tries the
latter, he may encounter serious diffi-
culties in bending the pieces for lack
of box forming facilities.

The situation just described led to
the design of an equal-halves box which

{may be tailored to needed dimensions

and formed in any workshop equipped
with a vise. As its name implies, the
equal-halves box is composed of two
identical halves except that each is
the mirror image of the other.

To make the box, it is necessary to
lay out only one of the halves to the re-
quired inside dimensions. For construc-

| tion purposes, the basic pattern for box
[ half T may be drawn full size on vellum

or any “see through” paper. A word of
caution, remember that the sheet-inetal
thickness must be included in the
dimensions.

After the pattem of box-half 1 is
drawn on the vellum, a metal scribe or
awl and a piece of carbon paper can be
used to transcribe the design onto the
sheet metal. Next, the pattern is turned
over (for box half 1I) and traced egain
through carbon paper onto another area
of the shect metal. Saw out the areas
just traced in solid lines. Now notch
the junction formed by the cutouts in

i the aluminum sheet (this mukes the

Lampkin Frequency Meter Type 105-B
GUARANTEED ACCURACY .001%,

Range: 100 KHz-175 MHz.  $295.00

You can buy separate frequency meters |
for mobile-radio transmitters in the sep- |
arate bands — BUT — when you need
just ONE channel outside that band, you
are money ahead with the LAMPKIN.

Dial readings for virtually EVERY mobile-
radio channel (printed by computer) now
availoble at less than 3¢ per channel.

For complete specifications MAIL

COUPON TODAY!

Use this coupon for FREE booklet ‘‘How
To Make Money in Mobile-Radio Main-
tenance’’ and information on Lampkin
meters, |
Name
Address
City
LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

State
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bending process eusier); then label the

sheet as follows: A long side, B main
box cover, C short side, and X flap.
Next draw a series of dashed lines be-
tween A and B; B and C; and C and X.
These lines are used as a forming guide.
Form the box halves by bending A, X,
and C (in that order) upward exactly
90 degrees. Fit and clamp the box halves.
Either self-tapping sheet metal screws
or regular machine serews can be used
to hold the box together. If machine
screws are desired, select a tap drill
for the screw size to be used in holding
the box halves together. For example,
for 6-32 screws use a 0.106-inch diam-
eter tap drill. Drill through surface X
(of one box half) and B (of the oppo-
site half) at the center of their over-
fap. Then tap through both drilled
holes to produce a 6-32 female thread.
Remove the clamp and separate the
box halves. Using a clearance size
drill (5/32-inch diameter in our pre-
vious example), enlarge the tapped
hole through surface X (the flap) on
both box halves. Re-assemble the box,
and fit the screws in place to check on
the closure and final fit of the box.
Either box half provides three sur-
faces thut may be used for inputs, out-
puts, and controls. Many times all of
the electronics can be installed in one
of the box halves, leaving the mating
half to serve only as a closure.
Incidentally, sheet aluminum 0.036-
inch thick is best for forming these
boxes. Youll find it inexpensive and
simple to muke boxes of any size. A

Examples of typical boxes made to the exact size required by equipment.

www.americanradiohistorv.com
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NEW PRODUCTS
& LITERATURE

COMPONENTS ® TOOLS e TEST EQUIPMENT @ HI-FI ® AUDIO ® CB ® HAM ® COMMUNICATIONS

PC-TYPE CHASSIS CONNECTORS
A line of four miniature unshielded chassis
sockets, designed specifically for printed-circuit
board and solderless wrap terminations, is now

available. Included are a three-contact miniature
unit with solderless wrap or PC contacts, a four-
contact with solderless wrap or PC contacts, a
five-contact with PC contacts, and a six-contact
with PC contacts. All sockets mount easily with-
out screws or rivets in 0.6250-in diameter round
or “D”-shaped holes. Standard dielectric mate-
rial is black phenolic, but mica-filled phenolic
or other thermosetting plastics can also be speci-
fied. Amphenol Industrial
Circle No. 126 on Reader Service Card

HIGH-FREQUENCY INDUCTORS

A new line of hermetically sealed, continuous-
ly variable high-frequency inductors has been
introduced. Reduced in size, the new inductors
have very high “Q” with a large inductance
variation range. They are said to he free from
any residual d.c. effect. Variable “Hi-Q” tapped
reactors and two-winding transformers can be
supplied in the same size (package). Available
for PC-mounting, these components are ='42"
diameter by “j;” high. Weight is 12 ounce.

The line features a “Q” of 500. Types VHI-1
through 10 have an inductance range of 1 mH
to 50 mH and a frequency range of 50,000 to
500,000 Hz. Types VHI-11 through 22 have an
inductance range of 9 uH to 600 «H and a
frequency range of 100,000 Hz to 10 MHz.
Freed Transformer

Circle No. 127 on Reader Service Card

DIPPED MICA CAPACITOR
Capacitance up to 1500 pF and dimensions
as small as 0.310” wide x 0.230" high are being
offered in a miniature dipped mica capacitor,
the D-7.
This highly stable unit features high perfor-
mance in a space-saving design, according to the

B
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company. It is possible to place up te 40,000 pF
in one square inch of board space. Complete de-
tails are availahle on request. Sangamo

Circle No. 128 on Reader Service Card

RANDOM-ACCESS MEMORY

A 64-bit random-access read/write memory
is now being offered as an off-the-shelf item,
the TTuL 9035. The new high-speed unit has
a 285-gate complexity organized in a 16-word
by 4-bit format.

The 9035 features a read access time of 35 ns
and a 25 ns write time. It is designed primarily
for scratch pad memories and other applications
where rapid access temporary storage is required.
Additional uses for this circuit can be found in
operational storage, main memory relocation
control, “look ahead” programming, memory
protection, and input/output data transfer buf-
fering. Fairchild Semiconductor

Circle No. 129 on Reader Service Card

V.H.F. CRYSTAL OSCILLATOR

The CO-233 crystal oscillator provides a stahle
fixed-frequency output in the 25-125 MHz fre-
quency range at a level exceeding 0.5 V r.m.s.
into 50 ohms. This 1Y2” x 1V2” x %" module
is designed for printed-circuit board mounting.
It operates from any specified voltage in the
15-30 V d.c. range, with a current drain of less
than I5 mA.

Stability is better than =0.0003% over the

range of 20 to 30° C and =*0.0025% over the
range 0 to 70° C. While the oscillator is factory
set to within 0.001% of the specified frequency,
a frequency adjustment for setting to within
0.0001% is optionally available. Vectron

Circle No. 130 on Reader Service Card

LINEAR IC DESIGN KIT

A new “all-in-one” linear integrated-circuit
design kit is now available. The kit offers de-
signers two each of twelve different circuit types,
covering nearly all linear applications. In addi-
tion, the kit also provides a complete technical
library on everything in the firm’s linear IC line.

The twenty-four linear devices included in
the kit are contained in safe-keeping trays for
easy accessihility. The carrying case is of sturdy
leatherette. The design lihrary inciiaes all data
shects, application notes, selection information,
and detailed specs on 70 standard linear types.
Motorola Semiconductor

Circle No. 131 on Reader Service Card

DIGITAL DISPLAY HEADS
A new generation of microminiature digital
display heads has been introduced as the “Midgi-
Lite” M scries. The new units permit direct
viewing of seven incandescent filaments as light
bars. Use of filaments allows voltage controlla-

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

bility for varying brightness according to ambient
light conditions. The range of readability spans
aircraft cockpit displays from night carrier op-
erations to direct sunlight at high altitudes.

The package measures only %16” from front
to back. Six of the medium-size display heads
can be stacked in less than one square inch. Two
standard character heights are currently avail-
able, with alphanumeric and decimal points due
shortly. Pinlites

Circle No. 132 on Reader Service Card

MINIATURE TRANSFORMERS
A new series of input, output, interstage trans-
formers, and audio chokes is now available in
tiny 0.31” x 041”7 x 0.465” package sizes for
PC board applications.
These new units can be used as incoming

signal transformers, i.f. transformers, and output
transformers with a wide variety of input im-
pedances to match circuit requirements. Most of
the series have both center-tapped input and
output windings. Included in the convenient size
are several audio chokes with inductances from
0.1 H to 6 H. A Mu-Metal shield case is offered
as an optional slip-on cover for protecting the
transformer from stray magnetic fields.

For PC board applications the leads are on
0.1” grid layout with 0.020” gold-plated leads
34" long as standard. The transformers are en-
capsulated in epoxy cases for environmental
protection. Useful operating range is 100 to
100,000 Hz.

For complete information on available units,
including electrical and mechanical characteris-
tics, a free data sheet is available. Nytronics

Circle No. 133 on Reader Service Card

FULL-WAVE BRIDGES

Two new silicon-rectifier full-wave bridges
(Series F903-standard and FS903-fast switch-
ing) are now available. These molded assem-
blies are designed for PC board insertion. The
standard type has a normal switching speed of
approximately 2 microseconds and the fast-
switching model has a speed of approximately
75 nanoseconds. The bridges are availahle in 1,
2, and 4 amp versions. The p.i.v. ratings range
from 50 to 1200.

Three case styles are available: Standard mea-
suring ¥4 x ¥ x “1y inch with terminals in cor-
ners of square; Style A measuring ¥4 x 0.300 x

85
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V4 inch with terminals in a diamond conhigura-

tion; and Style B measuring %4 x 0.300 x Y%

inch with all terminals in line. Solitron Devices
1 Circle No. 134 on Reader Service Card

“/CUSTOM’’ PRECISION RESISTORS

An inexpensive and simple-to-use installation,
for manufacturing high-stability. precision re-
| sistors for prototype and production use. is now
\ available. The package permits users to “custom™
make resistors for prototype and short produc-
tion run needs.

The package nceds only seventeen basic re-
sistor elements to cover the cntire range from
10 ohms to 30,000 ohms. When the actual re-
sistor value is determined, the proper clement
(chip) is adjusted simply. using a null detector,
1:1 bridge. decade box, binocular microscope,
jig, and scribe. The adjusted resistor is then
coated and encapsulated and ready for usc in
less than two days. Many companies already
own most of the equipment required. thus re-
ducing the initial cost of the package.

Resistors can be made with tolerance to
0.005%, shelf stability to 25 ppm/yr. response
of 1 ns, and non-measurable noise. Vishay

Circle No. 135 on Reader Service Card

SET-POINT CONTROLLER

The Model 1050 digital sct-point controller,
| designed to be used with the company’s DMS
digital measuring system. can start and/or stop
the operation of any peripheral function at pre-
determined measurement values, as sclected by
the operator. According to the company. set-
points are absolute, assuring start or stop func-
tions at specific values with zero set-point error.

Although specifically designed as a companion
| unit to the DMS 3200 system. it can be used with

| any device which provides ten-line decimal data
| outputs at the proper logic levels, along with
| appropriate read commands.

| When used with the DMS main frame and
| suitable plug-in. digital measurements of volt-
age, frequency. period, resistance. capacity, and
| events can be used to activate external mechani-
cal feeds. drives, print-outs. reject hoppers, feed
motors, fuel adjustments, blowers, tabulation re-
corders, ctc. Two controllers may be used in
tandem for six-digit control. Hickok

Circle No. 136 on Reader Service Card

LIGHTED ROCKER SWITCHES

Three new series of lighted rocker switches
designed to add color and a modern touch to
appliances, musical instruments, amplifiers. test
equipment, and computers are now available.
The lighted switches save mounting space by
eliminating separate indicator lights.

The a.c. switch mechanism is completely en-
closed in a molded phenolic housing. The nylon
rocker has self-lubricating pivots for longer life.
A variety of rocker colors, lens colors, and color
combinations can be supplied. High or low
mounting brackets are supplied as required.

The switches can be provided with solder lugs,
screw terminals. quick connect terminals, or
wire leads to any specifications. Full details on
all three series are included in Bulletin No. 206
which will be forwarded on request. Leviton

Circle No. 137 on Reader Service Card

& WIDE-BAND SERVICE SCOPE
A wide-band, high-sensitivity, 5-MHz oscil-
loscope/ vectorscope specifically designed to meet
the requirements of waveform observation in TV
servicing has been introduced as the Model 3000.
The vertical amplifier has a sensitivity of 4.6

www.americanradiohistorv.com

mV r.m.s./cm while the horizontal amplifier

has a frequency response of 3 to 500,000 Hz =3

dB. The scope measures 11”7 high x 97 wide x

16" deep and weighs 22 pounds. It is available

in either kit or factory wired versions. Mercury
Circle No. 1 on Reader Service Card

SUBMINIATURE COIL

To meet the demand for space-conserving en-
capsulated coils, three new series of coils, all
suited for use with integrated circuitry, have
been introduced.

The smallest of these new coils is the Series
1054. This serics is especially designed for use
in hybrid circuitry and measures only 0.075”
diameter x 0.170" long. There is a choice of 55
individual fixed r.f. inductors in the series, rang-
ing from 0.10 ¢H through 3300 pH.

The Series 1050 subminiature scrics features
flexible leads to permit soldering to PC lands or
thick or thin films, and “flocked” tuning ele-
ments for inductance tuning. Inductance ranges
are 0.06 pH to 2000 yH and dimensions arc
0.80" diameter x 0.188” long. The Series 1051
covers a range of 0.10 uH to 10.000 uH and
measures 0.100" x 0.160” x 0.260".

Detailed engineering data on these new coils
will be ferwarded on request. Cambridge Ther-
mionic

Circle No. 138 on Reader Service Card

LOW-COST TV CAMERA

A small, low-cost television cammera which can
be used as an unscen detective, classroom aide,
or industrial watchman has been introduced as
the PK-501.

The unit weighs only 8 pounds and is in a
compact tubular shaped housing especially de-
signed for use by law enforcement agencies, edu-
cational institutions, and manufacturing firms.
This closed-circuit monochrome unit has a onc-
inch vidicon. For longer distance observations, a
zoom-type lens can be attached to the camera.
The unit features automatic light compensation
over a brightness range of 4000 with only an
insignificant change in picture output levcl. Hori-
zontal resolution in the picture measures 600
lines. Many of the camera’s functions are auto-
mated, leaving only a minimum of controls to
be adjusted for reliable and unattended camera
operation over extended periods. RCA Commer-
cial Electronic

Circle No. 2 on Reader Service Card

HI- FI—AUDIO PRODUCTS

STEREO CASSETTE DECK

The Model CAD4 is a professional sterco
cassette tape deck which incorporates new clec-
tronics and a narrow gap head to extend the
high-frequency response to beyond 12,000 Hz.
According to the company, the deck has ex-
tremely low noise and distortion and clean bass
response without hangover.

The deck features two large. illuminated vu

ELECTRONICS WORLD
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meters located on the sloped front panel; a re-
cording overload indicator light keyed to the
vu’s and triggered at +2 vu to show when a
tape recording is being overmodulated; auto-
matic shut-off at the end of the tape; push-button
operation; stereo microphone inputs; dual re-
cording level controls; tape-footage counter; and
motor and recording indicator lights. Harman-
Kardon
Circle No. 3 on Reader Service Card

BOOKSHELF SPEAKER SYSTEM
A new deluxe bookshelf speaker system has
just been introduced as the AS-48. The new
damped reflex, tube-ported 8-ohm system uses
a 14" woofer with an 11%-pound magnet as-
sembly and a 4” edgewound copper ribbon voice
coil in conjunction with a 2” piston-type direct
radiator to handle up to 50 watts of program
material. Both speakers are made by JBL.,
Simplified construction is accomplished by
building the 2000-Hz LC crossover network and
wiring the high-frequency level control prior to
installation, Both speakers, crossover, and level
control are mounted from the front of the one-
piece cabinet to insure cabinet scaling. The cabi-
net is finished in Mediterranean pecan and fea-
tures a removable front grille. Full specifications
on this new speaker kit will be supplied on re-
quest. Heath
Circle No. 4 on Reader Service Card

RHYTHM-INSTRUMENT KIT
The “Portable Dynabeat™ i a complete
rhythm-instrument section in a small carrying
case. When connected to any amplifier-speaker
system, such as a guitar amplifier or hi-fi sterco
system, tapping its 10 buttons produces authentic

replicas of the ten most wanted rhythm sounds.
These are: bass drum, snare drum, brush and
crash cymbals, hi and lo bongos, hi and lo wood
blocks, tom-tom, and castancts.

The unit weighs just six pounds and all sounds
are produced by solid-state clectronic circuitry,
with no moving parts. The “Dynabeat” is being
offered in both kit and assembled versions. Scho-
ber Organ

Circle No. 5 on Reader Service Card

AM-FM-STEREO RECEIVER

A new AM-FM-stereo recciver, rated at 100
watts, has just been introduced as the Modcl
S-7600a.

The receiver features an integrated-circuit FM
i.f. and limiters and uses FET's for the r.f. and
mixer stages. Front-panel controls include rocker
switches for loudness compensation, main and/
or remote speaker switching, and tape monitor.
Other controls are loudness and AM-FM tuning
as well as bass, treble, balance, and variable FM
interchannel hush. A three-position switch on
the rear panel adjusts the phono-input level to
equalize the magnetic phono cartridge level to
the tuner signal level.

Over-all size is 16%2" x 42" x 12" deep
which makes this receiver suitable for bookshelf
installations. Either a walnut-grained leatherette
metal case or an oiled-walnut wood cabinet is
available as an optional accessory. Sherwood

Circle No. 6 on Reader Service Card

PLASTIC SPEAKERS
Two models of the “Poly-Planar” plastic
spcaker are now available. The 20-watt speaker
is said to provide the same reproduction as a
standard 20-watt woofer-tweeter combination and
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covers the frequencies from 40 to 20,000 Hz. The

speaker is 1°16" thick and weighs 19 ounces. It is |

14%46” high x 1134” wide.

The 5-watt version covers the range from 60
to 20,000 Hz. It measures "16” thick x 8"
high x 412" widc and weighs 10 ounces.

Both speakers will operate over the tempera-
ture range —20° F to +175° F and arc re-
sistant to c¢xtremes of humidity, shock, and
vibration. They may be used unbaffied or incor-
porated into acoustic enclosures, either conven-
tional or unconventional. ERA Acoustics

Circle No. 7 on Reader Service Card

SERVO TURNTABLE SYSTEM
The PS-1800 is a new turntable which uses a
slow-speed, servo-controlled d.c. motor to drive
the turntable. According to the company, this

eliminates much of the noise that originates in
mechanical speed-reducing systems.

The systein compares motor speed with a very
stable frequency reference. Any error in motor |
speed results in a correction in the current sup-
plied to the motor. The speed reference is en-
tirely independent of outside influence. |

In addition, the PS-1800 features a new sens- |
ing device to lift the toncarm, return it to its
rest position, and turn off the unit after the
record is finished. The sensing device, called an
SMD, adds no mechanical load to the toncarm. A
convenient pause system permits interruption of
a record during playing. This is done without
damage to the record or stylus.

The PS-1800 is supplied with tonearm but
without cartridge. Any standard cartridge of
good quality can be used with this turntable.
Sony Corp.

Circle No. 8 on Reader Service Card

MONITOR /PLAYBACK SPEAKER

The new Model 9845 Scnior monitor/play-
back speaker system is a deluxe, larger version
of the company’s Model 844A compact monitor
used by the professional recording industry. The
Model 9845 uses a Model 416 15-inch low-
frequency speaker which has a heavy Alnico V
magnct in an efhcient magnetic return structure.

The high-frequency compression  driver is
coupled to a cast aluminum scctoral horn and
reproduces from the 500-Hz crossover frequency
up to 22,000 Hz.

The enclosure has been strengthened by us-
ing cross braces in the 13-ply hardwood cabinet.
The new system is 9 inches wider, 4 inches high- |
er, and 8% inches deeper than the Model 844A.

Data sheet AL-1756, giving complete details
on the Model 9845, is available on request. Altec
Lansing

Circle No. 9 on Reader Service Card

4-SPEED STEREO TURNTABLE

The Model 929 4-speed turntable and record
changer permits fully automatic, semi-automat-
ic, or manual playing of stereo and mono rec-
ords. It may be set for continuous repeat-play or
automatic shut-off. The British-built turntable
will operate at 16%3, 33Y3, 45, and 78 r/min.

A unique feature is the pause and cueing
control. The tonearm may be lifted off a record |
in play and then lowered into the same groove.
A low-mass tubular tonearm is counterbalanced
on nearly frictionless ball bearings for accurate
tracking. ‘

The turntable also features a stylus pressure
adjustment (0-6 grams), automatic lock to se-
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Schober Coﬁsolette
Organ ‘or
o

o el

A *Includes tinished walnut
[y | console. (Only $716 if you build
] your own console.) Amplitier,
speaker system, optional

" accessories extra.

You couldn't touch an organ like this in a store
for less than $1800—and there never has been
an organ of the Consolette Il's graceful small
size with 22 such pipelike, versatile voices, five-
octave big-organ keyboards, and 17 pedals! It
sings and schmaltzes for standards, pops, old-
time favorites, speaks with authority for hymns
and the lighter classics, all with a range of vari-
ety and satisfying authenticity you've never found
before in an instrument under church or theatre
size. If you've dreamed of an organ of your own,
to make your own beautiful music, even if your
home or budget is limited, you'll get more joy
from a Schober Consolette Il than any other
“home size” organ—kit or no kit.

You can learn to play it. And you can build it,
from Schober Kits, world famous for ease of as-
sembly without the slightest knowledge of elec-
tronics or music, for design and parts quality
from the ground up, and — above all — for the
highest praise from musicians everywhere.

Send right now for the full-color Schober catalog,
containing specifications of all five Schober Or-
gan models, beginning at $599.50. No charge, no
obligation. If you like music, you owe yourself a
Schober Organ!

e e e e i o
|

The(%MOrgan Corp., Dept. RN-63 |
43 West 61st Street, New York, N.Y. 10023 |
|

] Please send me Schober Organ Catalog and
free 7-inch “sample” record.

] Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.
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ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED’S DETECTOR
NO COMMERCIALS—NO INTERRUPTIONS

- - —————
r ol T

It's easy! Just plug Music Associsted's Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your ng dial and hear programs of con-
tinuous commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quisting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner
Size: 514" x 9, Shipping weight approx. 7 Ibs

KIT $4950

{with pre-tuned colls, no alignment necessory)

wirep $7500

COVER $4.95 EXTRA

Current List of FM Sroadcast Stations with SCA
authorization $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montcloir, N.J. 07043
Phane: {2011-744-3387

N e By B By e A o U el U e b sy s e ey er i ey o e

1 mel
CIRCLE NO, 98 ON READER SERVICE CARD

cure arm in “off”" position. adjustable anti-skate
control, dynamically balanced 4-pole motor. pop
filter and muting switch. shock-proof suspension
of the ll-inch turntable, and clip-in cartridge
holder for quick cartridge cbanging. The turn-
table measures 13"& x 11Y4 inches. A wood base
and dust cover are optional extras. Allied Radio
Circle No. 10 on Reader Service Card

PORTABLE TAPE RECORDER

The TRQ-310 mono tape recorder /player is
a truc portable unit which operates cither from
its 9-volt battery pack or from standard house
current. Weighing just 5 pounds and less than
12 inches high, the recorder operates at 3% and
174 in/s speeds. The amplifier has special jacks
for “linc” recording from a radio, phono, or
other sound source: a microphone jack accepts
the clectronically matched dynamic mike sup-
plied with the unit or any other high-level, high-
impedance microphone. The amplifier is fully
transistorized and uses a low-noise thermistor

and SCR as well. Amplifier output is 700 mW,
suthicient to drive cither the built-in 4-inch oval
speaker or a high-efficiency cxternal speaker
through the speaker jack.
Frequency response is 150-7000 Hz at 3%
in/s. Maximum reel capacity is 3”. Hitachi
Circle No. 11 on Reader Service Card

CB-HAM-COMMUNICATIONS

ELECTRIC WAVE FILTER

A new signal line filter with a wide range of
applications in communications equipment has
been introduced as the INW-2. The new unit is
a 600-ohm dual-section filter for line-to-line ser-
vice. It operates between —35° C and +85° C
and is rated to carry 150 mA of current at
either 250 volts a.c. or 600 volts d.c.

The filter is intended for applications in tele-
phone, teletypewriter, audio, and digital trans-
mission lines and high-speed data circuits. It
can be provided in a wide choice of passbands to
suit specihc requirements. Acrovox

Circle No. 139 on Reader Service Card

MARINE RADAR
The “Seafarer” (Model LN66) transistorized
marine radar is designed to provide high-defini-
tion visual indication of buoys. markers, other
craft, and the shoreline.

=

www.americanradiohistorv.com

The radar disnlay has six range scales from
2 to 24 nautical miles (statute miles optional).,
heading and stern markers. and a variable range
marker. Minimum range is 20 yards or less. Bear-
ing accuracy is +=1°,

The system consists of three basic units: a
4-foot antenna and rotator. a compact trans-
mitter-receiver unit, and a 10-incb display unit
which can be mounted on the deckhead. bulk-
head. or on a pedestal.

Solid-state circuitry is used wherever latest
statc-of-the-art permits. Plug-in  printed-circuit
boards, fold-out travs. and swing panel assem-
blies simplify maintenance and adjustment.

The unit is available for operation from a
12, 24, or 32-volt d.c. electrical source or a 115
or 230-volt a.c. power source. Kaar

Circle No. 12 on Reader Service Card

C8 “WALKIE-TALKIE"

The “Dyna-Com 12" features twelve switch-
able crystal-controlled transmit and receive posi-
tions; 5 watts input power: removable battery
pack: 117-volt, 60-Hz a.c. operation with battery
climinator /charger; or 12-volt d.c. mobile op-
eration with auto cigarette lighter cable assembly.

The circuit incorporates 14 transistors. 6
diodes. and one posistor. The superheterodyne
receiver, plus an r.f. stage, has a sensitivity of
0.7 uV. There is an automatic compressor 'range
boost for high talk power and a jack which per-
mits an cxternal speaker to be connected for p.a.
applications. Lafayctte

Circle No. 13 on Reader Service Card

MARINE RADIOPHONE

The Model 130-A marine radiotelephone s
designed for use in congested areas but with a
reliable range in excess of 100 miles. The unit
operates on six marine channels and will receive
standard broadcasts. Crystals for all six channels
are included.

Features of the radio include “Posi-dent™ chan-

nel identification markers, low-drain receiver,
gate squelch, universal mounting cradle, auto-
matic noise limiter, transmitter standby switch,
power plug. and front-mounted speaker.

The aluminuin cabinet is finished in vinyl. 1t
measures 10” wide x 6” high x 15" deep and
weighs 18 pounds. Operation is from a 12-volt
d.c. supply. Simpson Electric

Circle No. 14 on Reader Service Card

CB TRANSCEIVER

A new 23-channel CB transceiver, with special
features which are designed to provide maximum
selectivity combined with rejection of outside
noise and interference. is now available as the
“Royale™,

Tbe unit features a new exclusive full-time
range-expand and speech compressor and an ex-
clusive “Modulation Sampler” which electroni-
cally converts a weak voice and makes it strong
and reduces a too-strong voice to the proper aundio
level. It also has a new Clevite hybrid ceramic
filter for selectivity and high stopband rejection.

The *“Rovale™ comes complete with crystals
for all 23 channels. Courier

Circle No. 15 on Reader Service Card

SOLID-STATE CB RADIO
The “Panther” is a 3-pound. 5-channel, all
solid-state CB radio whicb is capable of provid-
ing an output of 4 watts.

ELECTRONICS WORLD
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The unit features an illuminated channel se-
lector and power-en indicatar light, low current
drain (0.3 A on receive), LC filter, superhet
receiver, class-B  push-pull audio, electronic
switching, and preset automatic noise limiter and
squelch control. The noise limiting circuit vir-
tually eliminates ignition and alternator noise,
according to the company.

This mobile, 12-volt unit comes complete with
channel-9 crystals, power cord, and mounting
cradle with locking, adjustable bracket. It mea-
sures 7%4" x 24" high x 6" deep. Pcarce-
Simpson,

Circle No. 16 on Reader Service Card

MANUFACTURERS' LITERATURE

MINIATURE POWER TOOLS

Catalogue # 241 provides complete details on
the Series 85 miniature power screwdriver and
nut runner which is designed to handle a variety
of production jobs in the electronics and related
industries.

The 4-page booklet illustrates various appli-
cations and provides complete specifications on
the three models available in the series as well as
accessories designed to be used with the driver/
runner. Foredom

Circle No. 17 on Reader Service Card

NICKEL-CADMIUM BATTERIES
Complete specifications on a line of long-rate

nickel-cadmium pocket plate storage batteries are
covered in a2 new bulletin, AG-424.

Iiesigned  specifically for standby and emer-
gency power applications, the 4-page brochure
lists performance data on 31 different capacity
cell types, ranging from 10 to 1245 ampere-
hours, dimensional data including weights, and
typical discharge curves. Also featured is a list-
ing of long duration discharges—indicating the
availability of capacity over 100% of nominal
rate capacity and final cell voltages for discharge
periods longer than 10 hours. NIFE

Circle No. 18 on Reader Service Card

AIR-MOVING DEVICES

A new “quick reference catalogue” which
lists an extensive line of propeller fans, tube-
axial fans, vaneaxial fans, squirrel-cage blowers,
radial wheel and centraxial blowers, high-pres-
sure,/ vacuum low-speed blowers and spiral blow-
ers, and cooler panels, is now available for dis-
tribution. Rotron

Circle No. 19 on Reader Service Card

STRIP-CHART RECORDERS

A 20-page catalogue describing the new “200”
series of miniature strip-chart recorders is now
available for distribution. The publication de-
scribes the complete line of more than 30 mod-
els for recording current, voltage, power, events,
pressure, temperature, or almost any parameter
which can be converted to voltage or current.

The catalogue also includes detailed infor-
mation on chart paper, drive motor specifica-
tions, accessories, optional features, dimensions,
weights, and complete ordering instructions.
Rustrak

Circle No. 140 on Reader Service Card

PHONO-CARTRIDGE DATA
The new high-trackability *“Easy-Mount”
phono cartridge as well as other hi-f sterco car-
tridges, tonearms, styli, and headphone amplifiers

are highlighted in a new, illustrated 8-page cata-
logue now available.

The publication covers the company’s com-
plete cartridge line and provides specifications
and performance information as well as charts
and definitions of trackability. Application data
and prices are given for all products shown.
Shure

Circie No. 20 on Reader Service Card

PRINTED-CIRCUIT CCNNECTORS

A comprehensive line of printed-circuit con-
nectors is described in a new 24-page catalogue,
PC-5.

The catalogue features complete data on all
four popular PC connector families: bifurcated
bellows contacts, tuning fork contacts, preloaded
cantilever contacts, and modular plate assemblies.
Included are photographs, line drawings, electri-
cal characteristics, and mechanical specifications
on over 100,000 different PC connector combina-
tions. A selection guide provides information
necessary for finding the right connector for any
printed-circuit board application. Amphenol

Circle No. 141 on Reader Service Card

TIME-DELAY RELAYS

A six-page brochure which gives complete de-
scriptions and specifications on six different lines
of electronic time-delay relays is now available.
The information is presented in a form which
makes it easy to compare various characteristics
of the different time delays. This side-by-side
listing of information is designed to help the
engineer select the correct relay to fit his appli-
cation. A general description is also given for
each series, outlining the outstanding features.
Universal Technology

Circle No. 142 on Reader Service Card

RELAY BUYING GUIDE
A 12-page brochure covering the selection of
relays is now available for distribution. The

WITHOUT THE
POWERLINE FROM
UNIVERSITY

The industry’s first and only solid state, transistorized,
computerized public address amplifiers with high
fidelity performance.

Built from the ground up to take full advantage of
space-age circuitry, with features you won't find in
any other line at any price.

Dependable? Any amp in the Power-Line series can
go from no load to full load, even a complete short
circuit, without blowing an output transistor! (Or
anything else, including your stack.) Why? Because of
University’s exclusive automatic computer logic cir-

cuit. Direct coupling for cleanest sound, greatest ef-
ficiency, lowest distortion.

High fidelity performance? You bet! You can use
the Power-Line not only for public address applica-
tions but it's also great for quality background music
reproduction.

16 Models to choose from: eight deluxe and eight
standard with or WITHOUT QUTPUT TRANSFORMERS
(and if your system's size will let you use the trans-
formerless models, University just saved you a bundle
of time and money), with 20, 35, 60, or 100 watts of
clean, proven performance.

For more details, write for our new catalogue
and the name of your nearest University dealer.

UNIVERSITY ‘SOUND

A DIVISION OF LTV LING ALTEC, INC.
P.O. Box 26105 Oklahoma City, Okla. 73126
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DEALERS!
HOBBYISTS!
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NEW AND

FREE
FROM WINEGARD

Our giantcatalog of TVand FM antennas,
mounts, wire, couplers, ampilifiers, wall
plates and antenna systems equip-
ment!

Now, for the first time ever, you can
have Winegard’s sensational 52-page
Catalog illustrating and describing the
world’s most complete line of high qual-
ity antennas and MATV equipment for
homes and commercial buildings. That's
right! Even if you're not in the electronics
business, you can use this Catalog to
select Winegard products. Send for your
FREE copy today, plus the name of your
nearest Winegard distributor.

Winegard
ANTENNA SYSTEMS
AN NS
1 WINEGARD COMPANY, 3003-1 Kirkwood Street
B Burlington, lowa 52601
1 Gentlemen: Please send me your FREE Catalog.
B O Electronics is my business. O Electronics is my hobby.
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A Treasury of
o-rnol OOLS

NEW CATALOG

Unique collection of hard-to- *
find versatile hand tools and
small power tools rarely found
in stores or other catalogs, .
Large selection of unusual knives. precision tweez-
ers, jewelers’ and eclectronics pliers. flexible shaft
machines, endless hacksaw. diamond glass cutter,
soldering jigs, carbide hacksaw blades. silver solder,
micro-miniature tools and scores of other fascinat-
ing items to make projects easier. more fun. All are
top quality tools. Used extensively by electronic
technicians, researchers, model makers. Money-back

"BROOKSTONE CO.

3965 River Road, Worthington, Mass. 01098

/ L7

/ éo,r,&:’?
B 5
s
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booklet includes information on trade-offs in re-
lay selection, showing many cost-saving practices.
Also included is a relay ordering checklist de-
signed to answer most of the basic questions
asked in fitting a relay to a particular appli-
cation.

All of the units listed in the brochure are
standard stock items with immediate availabili-
ty. Cornell-Dubilier

Circle No. 143 on Reader Service Card

ANTENNAS FOR COLOR-TV
A booklet entitled “Yes! You Need a Color
Antenna!”, developed for sales presentations at

| the point of TV set sales, has just been pub-

lished.

Geared to the idea that a color-TV antenna
is actually a necessity for good color reception
and should, therefore, be sold as a package with
the set, the text is presented in a simple, logical,
direct, and easy-to-understand format. Finney
Company

Circle No. 21 on Reader Service Card

READOUTS & LAMP DATA

A new 12-page, 1969 product catalogue de-
tailing a line of microminiature digital display
heads, microminiature display packages, micro
decoder/driver modules, and incandescent lamps
is now available.

Included in the catalogue are technical data,
graphs and diagrams showing light/life voltage
relationships, life expectancy data, response
times, compatible connectors, and mounting de-
signs. Pinlites

Circle No. 144 on Reader Service Card

VIDEOTAPE PLAYBACK UNIT

A four-page brochure which contains a de-
scription and specifications on the VP-5900 dial-
access videotape playback unit is now available.
The unit is designed for use in education, in-
dustry, medicine, and governmental closed-cir-
cuit television applications. Ampex

Circle No. 22 on Reader Service Card

DAYLIGHT-ACTIVATED PHOSPHORS
Technical information bulletins on four new
daylight-activated phosphors are now available.
The phosphors described include: Type 911-
green; Type 920-blue; Type 930-red; and Type
940-yellow orange. The bulletins provide gen-
eral information, optical and physical propertics,
graphs of persistence curves, and excitation and
emission spectrums. Sylvania
Circle No. 145 on Reader Service Card

MICROWAVE IC’s

A complete microwave component catalogue,
which features microwave integrated circuits for
the first time, is now ready for distribution. The
24-page publication also carries details on solid-
state signal sources, isolators, circulators, duplex-
ers, phase shifters, and equalizers. Sperry Micro-
wave

Circle No, 146 on Reader Service Card

INSTRUMENT MODULES

A 12-page booklet which gives complcte de-
tails on a fourth-generation system-compatible
instrument module, Series 100, is now ready for
distribution.

Concise descriptions of units in the Series 100
are presented, along with a photo of the unit
and system peripherals, and interface accessories
designed to be used with them.

Various system applications are discussed,
along with block diagrams indicating intercon-
nections. Monsanto

Circle No. 147 on Reader Service Card

POWER-SUPPLY DATA

More than 300 power supplies, including
modular, high-voltage, and frequency converters
are detailed in a new three-ring catalogue just
issued. Page references and convenient charts for
cross-indexing aid in selecting the appropriate
power supply for specific needs such as voltage
and current range, regulation, ripple, and proper
size model.

www.americanradiohistorv.com

A new scction in the catalogue features the
LVC mini-bench or Y4-rack series-regulated
unit. This particular power supply is designed
to provide a well-regulated, stable source of d.c.
power. NJE Corporation

Circle No. 148 on Reader Service Card

DISCRETE DEVICES

A complete listing of the company’s discrete
devices—from diodes to FET's to power tran-
sistors—is provided in a new 64-page catalogue,
“Transistor & Diode Condensed Catalogue
1969”. A nine-page index section which lists
products by IN, 2N, EN, non-registered type
numbers, and military approved transistors and
diodes, makes it easy to locate specific products.

Included in the listing are diodes, small-signal
transistors, dual transistors, FET’s, power tran-
sistors, communications devices, SCR’s, specialty
diode product, and clectro-optical devices. Pack-
age outline dimensions arc included in a special
3-page section. Fairchild Semiconductor

Circle No. 149 on Reader Service Card

MICROMINIATURE TRIMMERS

Comprehensive data on a series of microminia-
ture trimmer pots is now available in a new
publication, Bulletin No. P-66.

Detailed electrical, mechanical, and environ-
mental specifications are listed along with di-
mensioned drawings and actual size photographs
of the pots. The fold-out brochure can be used
as a wall chart if desired. The line includes
single-turn, wire-wound pots which meet all
applicable MIL-Specs. Minelco

Circle No. 150 on Reader Service Card

PUSH-BUTTON SWITCHES

A 6-page, 4-color catalogue describing five
lighted and unlighted push-button switches is
now available as Cataloguec M300.

Hlustrations and specifications describe the ap-
plication Hexibility for two models of lighted
push-button switches with a range of colors for
buttons and bezels, a combination switch and
receptacle, a push-button receptacle with switch,
and a special record-changer switch. The switch-
€5 are designed for snap mounting and, depend-
ing on type and use, are obtainable in ratings
from 2 to 9 amps for up to 250-volt applications.
Molex

Circle No. 151 on Reader Service Card

INTEGRATED CIRCUITS

A compatible line of 29 ECL functions is dc-
scribed in a new 30-page brochure which pro-
vides complete technical specifications on the
ECL2500 Serics, featuring typical propagation
delays of 2 to 3 ns per gate. The line consists
of 18 basic logic configurations, 3 complex logic
functions, 4 interface circuits, and 3 storage func-
tions. Also included is a 4-word by 2-bit MSI
active-clement memory. All of these circuits are
available in plastic-encapsulated, dual in-line
packages. Texas Instruments

Circle No. 152 on Reader Service Card

PHOTO CREDITS
Credit

. Kenwood Electronics, Inc.

Page
22 ..

25 ... . H. H. Scott, Inc.
30 (top) ... ESB
30 (center) .. . Laser Diode Laboratories
30 (bottom) . Bell Telephone Laboratories
31 {IOP) covviiieeieie Delco

,,,,,, GT&E Llaboratories
Cornell Aeronautical Lab
Northern Electric Co.

Ltd. (Canada)
Kulite Semiconductor
Products Corp.
Harshaw Chemical Co.
Radiation Inc.
Ampex Corp.

31 (center) .
31 (bottom left) ..
31 (bottom right)

68 ..

Radio Corporation of America
69 (top) .... Deita Products
69 (bottom) ...covvvvriiiiiinnnnns Jackson Electrical

Instrument Co.
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ELECTRONICS

~ MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial

products or services. 85¢ per word (including name and address). Minimum order

$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.

All copy subject to publisher’s approval. Closing Date: 1st of the 2nd preceding month (for example,

remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.
Higgins Rd.. Chicago, lil. 60656.
GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS Surplus, new, used, panel or port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

MUSIC LOVERS, CONTINUOUS, UNINTER-
RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z
NW 7th AVE.,, MIAMI, FLORIDA 33168.
TREASURE HUNTERS! Prospectors! Relco’s new
instruments detect buried gold, silver, coins.
Kits, assembled models. Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

WHOLESALE components: Manufacturers and
distributors only. Request free catalog on busi-
ness letterhead. WESCOM, Box 2536, EI Cajon,
California 92021.

ELECTRONIC ignition, various types. Free litera-
ture. Anderson Engineering, Epsom, N.H. 03239.
GARRARD Record Changers, Hi-Fi Components,
Cartridges, Needles, Tape, TV Parts, Schematics.
Write for Unbelievable Prices. Gregg Electronics,
P.O. Box 184, Glen Head, N.Y. 11545,

WRITE now for free 1969 catalog McGee Radio
Company. 1001 bargains. Speakers — Parts —
Tubes — High Fidelity Components — Record
Changers—Tape Recorders—Kits. Everything in
Electronics. 1901 McGee Street, Kansas City
(GE), Missouri 64108.

SEND ONLY 25¢ for TWO new & unique catalogs
of unusual items for home & auto. You'll also
receive certificate for $1.00 refund on your first
order. Great ideas! Send now! J. Ross, 80-34
Kent St., Jamaica, N.Y. 11432. Dept. EW.

INVESTIGATORS, LATEST ELECTRONIC AIDS,
FREE LITERATURE. CLIFTON, 11500-} NW 7th
AVE., MIAMI, FLORIDA 33168.

LABORATORY chemicals supplies. 1969 catalog
has over 400 listings many scientific publica-
tions, catalogues $.25. Caseco, Dept. X, P.O.
Box 77, Riverdale, New Jersey 07457.

March issue closes January 1st). Send order and

FREE ELECTRONICS PARTS FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS,
BLUFFTON, OHIO 45817.

FIND BURIED TREASURE with the most popu-
lar transistorized metal detector in the country.
Treasure Probe available as kit ($14.88), assem-
bled ($18.88), with powerful builtin speaker
($24.88). Schematic, parts list, and step by step
instructions $1.00. Ten day money back guar-
antee. Free catalog available. Treasure Probe
Dept. EGG, P.O. Box 64, Lakewood, New Jersey
08701.

AMAZING Performance! Newest Models—Treas-
ure Detectors. Sensational low prices! Complete
models and kits from $14.95 to $129.50. Let us
prove it. Free catalog. Jetco Electronics, Box
132-EW, Huntsville, Texas 77340.

NOW Motors, Tubes, Chassis, Gear Units, Com-

ponents, Government and Industrial Surplus.
Catalog 20¢. Mechtronics, Dept. 5EW, 25260
Gratiot, Roseville, Mich. 48066.

SCHEMATICS, airmailed, $2. Make, model.

Brown, 321 East Price, Philadelphia 19144,

COMPUTER experimenters! Twelve place tran-
sistor lamp driver with neon lamps, $15.00!
P.C. board alone, $5.00! ADD, Box 5226, Hunts-
ville, Alabama 35805.

TUBE

6ANS
6AQ5
6AT6
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6W4
6Wé

E! | Prestige & Success as an

‘ NTE
ONE YEAR G”ARAS| ELECTRONICS

10DE7

12AE6
12AT7
12AV7
12AX7
128A6

6CD6 84/614
6CG7 5687
6CGB 6350
6CM7 6463
6CL5 7044

¢ | EXPERT!

HOME
STUDY COURSES

TV SERVICING
$3.50

RADIO SERVICING
$3.00

BOTH COURSES $6.00

2 STATION
INTERCOM

AC. 110 vOLT
TRANSISTORIZED
INTERCOM!
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RED & BLACK TUBE CARTONS

High Gloss, Clay Coated, Built in Diag. Partitions
TUBE 10 100
SIZE CARTONS CARTONS
6AUS 2.59
65N7 3.49

5U4GB 5.29

SIZE

and So

Tubes are New or Used Boxed.

d
Marked Lab Tested. in
Branded & Code Dated

6hG5 (B8

March, 1969

A 5
“ - CORNELL

DEPT. (AR 4217 UNIVERSITY
SAN DIEGO. CALIFORNIA 92105
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5U4G 7.99

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION!
YOUR ORDER FREE IF NOT SHIPPED WITHIN 24 HRS.

Terms: Orders over $5.00: Add 3¢ per tube shipping Prepay in full
and avoid C.Q.D. charges. Send $3.00 deposit on C.0.D

Orders under $5.08: Add 3¢ per tube plus 50¢ handling. Canadian
and Foreign Orders: add approx. postage. No C.O.D. orders. Com-
bine varied orders te bring order over

. orders.

5.00.

21
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G“G 24 PAGES ciammed
with Gov't Surplus
e Electronic Geur — the
-""we Biggest Bargain Buys
m.,.r“nm in America! It will pay
you to
“mmu! o
SEND 25¢

SPECIAL PACKAGE OFFER: H
msceiver, Dynamotor @
(Ls~0|le< including  mountimes,

Order!
BC-645 TRAVSCEIVER 15 tubes.
435 to Sthr M Fasxily adapted for
2 way \mu ov cade on Han \lumh
'leIL\l Wion Mxperimenta ‘
zens' Bands. With tubes. less pow
supply in factory cirton.
b e 5169

5

NEW G&G CATALOG!
MILITARY ELECTRONICS

for your copv—Refund
irst

ed with your I

An

L
semblies. control hox. complete, nh\\ [N \\ $26 95

«s&‘_‘g"/

Hirh precision lab instrument,
nieasuring

to 4000 Me. in 5 tuning ranges. Fo

LIKE NEW

for

or

AC. Bullt-in power supply. Original eircuit
diagram_included. Checked out. perfect.

All Tuning Unlti Available for Above

AN/APR-4Y FM & AM RECEIVER
“FB8” FOR SATVELLITE TRACKING!
monitoring  and
frequency and relative sing ‘ll strength, 38

vV B0

$88

(:\clc

SCR-274-N, ARC-5 COMMAND SET HQ!

TERMS: 5235

prior sale and price change.

Fred. Exc Like BRAND
Ran e New NEW
RECEIVERS, Complete with Tubes
180 Kc $18.95 ..$23.50 . ......
2-6 $16.50 $21.50
6-9. . $14.95 $19-95 ... ..o
1.5. .R-25 Al 2 52150 pozee-n
TRA ITTERS Cn'“f)l(‘t(‘ with Tubes
4-5. 45 S 6 95 . .%11.95
5.3- .BC~458 6.95 .$12.95
7-9. BC-459 17.95 ......... “«22.50
2.1- T-18 . $10.95
3-4 T-19 . 510 50 $14.95
BC-906 FREQ. METER—SPECIAL
Cavity type 145 to 285)c. Complete with antenna,
ALanual and original  calibration charts  in $]4 50
cluwied. LIKE NEW. OUR LOW PRICE.

Deposit with order. bal-

— OR — Remittance
Full. Minimum Order $5. 00 All shipments F.O.B.
our warehouse. NYC. All merchandise subject to

in

G & G RADIO SUPPLY COMPANY
Telephone: (212) CO 7-4605

75-77 Leonard St.,

New York, N.Y. 10013

| ELECTRONIC bargain catalog on unusual kits,
parts, do-it-yourself, stereo, intercoms, Alcon,
P.O. Box 1348 W, Lawrence, Mass. 01843.

TEST equipment. Immediate delivery. Most
Models. Sencore, B & K. Ship anywhere. Catalog
free. Signal Electronics, 555 New Park Ave,

West Hartford, Conn. 06110.

IGNITION COIL, transistor, new 45,000 volts,
epoxy, $10.50. Raybin, 9 Bertlee Drive, Hunt-
ington Station, New York 17746. i
EUROPEAN wholesale new products catalog.
$1.00 refundable. Deecow, 10639 Riverside,
North Hollywood, Calif. 91602. o
JAPAN HONG KONG DIRECTORY. Electronics,
all merchandise. World trade information. $1.00
today. Ippano Kaisha Ltd.,, Box 6266, Spokane,
Washningtion 99207.
RECTIFIERS, transistorsf
Free Catalog. Lowest

other componenis.
Prices. Electronic Com-

ponents Co., Box 2902E, Baton Rouge, La.
70821.
ELECTRONICS WORLD COLOR ORGAN P.C.

BOARD (Jan. 1969) four active filter sections on
board $3.C0 ppd. C. Andrew, 312 South Pugh,
State College, Pa. 16801.

PLANS AND KITS

BUILD-iT-YOURSELF. Save big dollars. Transis-
tor stereo amplifiers. Color organs. Speakers.
| Write Workshop, Box 393, Bethpage, NY, 11714,

INTEGRATED CIRCUIT KITS: COMPUTER, AU-
DiO, Others. New catalog free. KAYE ENGI-
NEERING, Box 3932-B, Long Beach, California
| 9089u

ELECTRONICS ENGINEERING
AND INSTRUCTION

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
| Ave., Hollywood, Calif. 30027.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631

Stockton, Dept. A, Sacramento, Calif. 95820.

INTEGRATED CIRCUITS § RECTIFIERS
SEMICONDUCTORS S TRIACS

TRIACS
T0-66
5 AMP

.80

1.40

1.7%
~2.28

|
I z.60

| 100 i

200 |
300 =
400
500
ER900 TRIGGER DIODES. These
bidirectional trigger diodes are
one of the best and cheapest
methods to trigger SCR’s and
triacs .o 3/$1.00

UNIJUNCTIONS!

Similar to 2N2419. RBB of 5.7
stand off ratio of .6 and Ip of
12, with data sheet........ $1.50

ZENERS 1 watt 7.68v § .40
10 Watt 7-200V $ .75

MOUNTING
HARDWARE KITS.

These kits are used to mount our
SCR’s Zeners and Rectifiers etc.
6x32 stud (3+12 amp rectifiers,
7R SCR’s) 6 sets/$1.00
1/,x28 stud (20440 amp rectifiers,
20 amps SCR's.) 4 sets/$1.00

OLID

Post OHice Box 748

-

D SIM to 2N3429 (NPN). SI 78"

stud, min HFE of 30, 7.5 Amps.
175 watts, VCe of 75 .......... $1.75
D N-CHANNEL FET’S TO-18 plastic
units, low noise, low leakage, 25 volts
source to gate, 50 ma gate current

Gain to 9000 umho’s. ............ $1.00

NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, TO-18, SI

9030 8 bit memories $5.95
LINEAR CIRCUITS

FM IF AMPLIFIERS ... $ .90
702C WIDE BAND DC AMPL.... $2.75
709C OPERATIONAL AMPL. .,.52.75
710C HI SPEED DIFF. AMP.... $2.75

711C DUAL COMPARATOR......$2.75
DIGITAL RTL CIRCUITS

Transistor. With a VCBO of 120 | 5. 914 QUAD 2 input gates. ... $1.25
3/31.00 | 900 puffer ... ... $1.25

[] 1N2326 voltage and temperature 925 Dual 2 input gate expander
compensating diodes 4/$1.00 e $1.25
923 JK flip flop ................. $1.25
Silicon Power Rectifiers 2.923 Dual JK flip flops $1.50

I | A Controlled Avalanche or
,PRV 1 3A | ,IZA | 40A Epoxy Rectifiers 1 AMP.
(100 | .09 | .30 | 75 7 -
100 | .07
(200 a6 S0 125 loe
400 | .20 | .70 | 1.50 se0 12
an] I A EGEAA o 3 .
| 600 | .30 | 1.00 | 1.80 ooz
|'800 | 40 | 1.25 1000 | .35
,1000 l 55 150 Silicon Contro! Rectifiers
N PRV | 3A | 7A | 20A | 70A
. | 50 .35 | .45, .70
Terms: FOB Cambridge, Mass. 100 | .50 | .65 | 1.00 | 4.00
Send check or Money Order. Include 200 WE7 ON |9 S H1=3 ONI BN 8100
300 | .90 | 1.25 | 1.70 |
Postage, Average Wt. per package | | 300 1.20  1.60 | 2.10 | 12.00
Y, Ib. No C.0.D.’s. Minimum Order | | 500 i 1.50 | 2.00 | 2.50
$3.00 600 | 1.80 2.40 3.00 | 16.00
700 | 2.20 | 2.80 i
Rated companies 30 days net 1000 | 15.00(24.00 |

Send for our iatest catalog featuring Transistors and Rectifiers; 3

Somerville, Mass. 02143
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Tel. (617) 547.4005
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FCC First Class License in six weeks—nation’s
highest success rate—approved for Veterans
Training. Write Elkins Institute, 2603C Inwood
Road, Dallas, Texas 75235.

R.E.l's tambous (5) week course for the First
Ciass Radio Telephone License is the shortest.
most effective course in the nation. Over 98%
of R.E.l. graduates pass F.C.C. exams for lst
class license. Total tuition $360.00. Job place-
ment frez. Write for brochure Radio Engineering
Incorporated Schools, 1336 Main Street, Sara-
sota, Florida 33577—or 3123 Gillham Road, Kan-
sas City. Missouri 64109—or 809 Caroline Street,
Fredericksburg, Virginia 22401—or 625 E. Colo-
radn Street, Glendale, California 91205.

SHIP RADIO OFFICER TRAINING— —SHIPS have
been held up awaiting needed personnel. Train
now at Long Beach the home of the Queen
Mary. Radio officers earn to $1800.00 monthly.
Write for free information. Western Technical
School, 5459 Atlantic Avenue, Long Beach,
Calif. 90805, Desk B. Approved for veterans.
ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar. auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

TUBES

TUBES—-33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers. Purchasing
Agents, TV/HiFi Servicemen and Hams for 20
years. Write for Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jer-
icho Turnpike, Mineola, N.Y. 11501.

TUBES—lowest prices in the world. Hard to get
British, German, foreign and American obso-
lete and present day special purpose transmit-
ting tubes. Send for giant tube and parts cata-
log. United Radio Co., Dept. W-56 Ferry St.,
Newark, N.J. 07105.

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Nor-
wood, Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
conductors, Equipment (Receivers, Transmit-
ters, Scopes, Vacuum Variables, etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broad-

Mercury Terminal,

way, New York, N.Y. 10012 (212-WA 5-7000).
DO-IT-YOURSELF
PROFESSIONAL ELECTRONICS PROJECTS—

$1.00 up. Catalog 25¢. PARKS, Box 25655A,
Seattle, Wash. 98125.

TAPE AND RECORDERS

BEFORE renting Stereo Tapes, try us. Postpaid
both ways — no deposit — immediate delivery.
Quality — Dependability — Service — Satisfaction—
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

TAPEMATES make available to you ALL 4-TRACK
STEREO TAPES—ALL LABELS—postpaid to your
door—at tremendous savings. For free brochure
write: TAPEMATES, 5727 W. Jefferson Blvd,
Los Angeles, California 90016.

RENT 4-track open reel tapes—all major labels—
3,000 different—free brochure. Stereo-Parti. 55
St. James Drive, Santa Rosa, Calif. 95401.

TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing
discounts on stereo components. Arkay Elec-
tronics, 1028-B Commonwealth Ave., Boston,
Mass. 02215.

HI-FI Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold’ prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (LT) East 149th Street, New York 10451.
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STEREO TAPE CLUB; AVERAGE COST $3.78—
$4.20 Cartridges, Cassettes, Reels. No minimum
monthly purchases. Mail—10¢—catalog. Star
Recordings, Box 1055, Fl Paso, Tex. 79946.

STEREO Tapes, Save 30% and up; no member-
ship or fees required; postpaid anywhere U.S.A.
Free 70-page catalog. We discount batteries,
recorders, tape/accessories. Beware of slogans,
“not undersold,”” as the discount information
you supply our competitor is invariably report-
ed to the factory. SAXITONE, 1776 Columbia
Road, N. W., Washington, D. C. 20009.

RECORDS

SPECIAL INTEREST RECORDS AVAILABLE, PRO-
DUCED BY THE EDITORS OF THE WORLD'S
LEADING SPECIAL INTEREST MAGAZINES.
SEND FOR FREE CATALOG. RECORD CATALOG-
EW, ZIFF-DAVIS PUBLISHING COMPANY, ONE
PARK AVENUE, NEW YORK, N.Y. 10016.

19¢ RECORDS from your tapes. Write Concert
Recording, Lynwood, California 90262.

HIGH FIDELITY

FREE! Send for money saving stereo catalog
HE3W and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc.,, 200 West
20th Street, N.Y,, N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold” prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451.

HI-FI EQUIPMENT—GET Our “ROCK BOTTOM”
prices on NAME BRAND amplifiers—tuners—
tape-recorders — speakers FRANCHISED — 60
YEARS [N BUSINESS. Write for this month’s
specials—NOW! Rabson's 57th St., Inc., Dept.
569, 119 W. 57th St., New York, New York 10019.
DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $50.00 and any old used cartridge and
we will ship you via air Prepaid anywhere the
following Top Stereo Cartridges: Shure V-15
Type [l, Empire 399VE, ADC 10EMK II, Stanton
681EE. Write for lowest quotations all stereo
components. DEFA ELECTRONICS, 2207 Broad-
way, New York, N.Y. 10024.

® 1700 transistor types at 39¢ each. |
® 40 watt germanium power transistor, same as Del-
co 501, 2N278 (etc), cat. #349, 59¢ each,

® Color TV cartridge focus rectifier 6.5 kv. Used in |
every color TV. Cat. #CFR-20, 79¢ each.

® Motorofa 2500 ma. at 1000 piv, high voltage/cur-
rent epoxy silicon rectifier, axial leads. Cat. #HEP-
170, 49¢ each.

® 2 Printed circuit I.F, transformers, 4 lug. 455 kc
input and output, cat. #1909P4, 99¢ each. |
® RCA UHF transistor type TV tuners, KRK-120
(long-shaft) cat. #UHF-20; KRK-120 (short-shaft),
cat. #UHF-21, each $4.98.

® RCA VHF transistor type TV tuners, KRK-146, cat. 1
#VHF-74, $9.99 each.

® Transistorized U.H.F. tuners used in 1965 to 1967 |
TV sets made by Admiral, RCA, Motorola, etc. Re-
movable gearing may vary from one make to another.
Need only 12 volts d.c. to function. No filament
voltage needed. Easy replacement units. Cat. #UHF-
567, $4.95.

® U.H.F. Tuner-original units as used in TV sets
such as RCA, Admiral, etc. covering channels 14
through 82, as part #94D173-2. Complete with
tube. Drive gearing is removable. Can be used in
most sets. Cat. #UHF-3, $4.95.

® Color yokes. 70° for all round color CRT’s, Cat.
#XRC-70, $12.95. 90° for all rectangular 19 to 25"
color CRT's. Cat. #XRC-90, $12.95.

® Kit of 30 tested germanium diodes.
99¢.

Cat. #100,
® Silicon rectifier, octal based replacement for 5U4,
5Y3, 5AS4, 5AW4, 5T4, 5v4, 5I4. With diagram.
Cat. #Rect-1, 99¢ each. 1
® 7", 90° TV bench test picture tube wlth adapter.
No ion trap needed. Cat. #7BP7, 37.

® Jube cartons GAUG6 etc. size, $2 15 per 100.
G6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95
per 100. 504 ¢ size, 3¢ each.

Send for complete free catalog. Include 4% of dol-
lar value of order for postage. $5 MINIMUM ORDER.
Canadian check, 8% dollar differential.

‘ ARCTURUS ELECTRONICS CORP.

502-22nd. St., Union City, N.J. 07087 Dept. MEW

Phone: 201-864-5568

F——“ARCTURUS SALE"—

CIRCLE NO. 122 ON READER SERVICE CAR
March, 1969

LOW, LOW quotes: all components and re-

corders. Hi-Fi, Roslyn, Penn. 19001.

HI-FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cata-
log. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $19.95 and any old cartridge. We will
ship PREPAID any one of the following top
rated elliptical diamond stereo cartridges NEW:
Shure M75E, M91E, M92E, Empire 888E, Picker-
ing V15AME3, XV15 ATE, ADC 660E, 550E.
Write for lowest quotations all stereo com-
ponents. DEFA ELECTRONICS, 2207 Broadway,
New York, N. Y 10024

ACOUSTIC RESEARCH products now available
to overseas personnel, diplomats, and citizens
of foreign countries. Write for full product and
dealer information. AR International, Dept. EW,
24 Thorndike St., Cambridge, Mass. 02141.

NEW record changers. BSR—$13; V.M.—$16; Gar-
rard—$22; Radio-Phono stereo—$15. “CHANG-
ERS,” EW,, 2737 Third Ave., Bronx, N.Y. 10451.

ASSEMBLE and repair kits any manufacturer.
Build custom equipment your design or mine.
DNS Electronics, 4023 Myerwood Lane, Dallas,
Texas 75234.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes, Multi-
meters, Oscilloscopes, Transceivers, Electronics
Equipment. Wide Variety, Condition, 100.000 Bid
Bargains Direct From Government Nationwide.
Complete Sales Directory and Surplus Catatog
$1.00 (Deductible First $10.00 Order). Surplus
Service, Box 820-K, Holland, Michigan 49423.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD,"” Vantage, 120 West 31 St., New York 10001.

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. Illustrated brochure free.
Hermes, Berlin 11, Germany.

LEMURIAN VIEWPOINT—Meaningfu! discussions
of Cosmic Truth: the purpose of human life,
reincarnation, man's place in a Higher Plan,
and subjects from the Lemurian Philosophy.
Send for FREE copy. Lemurian Fellowship, Dept.
910, Box 397, Ramona, Calif. 92065.

HYPNOTISM

FREE Hypnotism, Self-Hypnaosis, Sleep Learning. |

Catalog! Drawer H400, Ruidoso, N.M. 88345.

HYPNOTIC Sleep Learning recordings produce
fabulous results. Catalogue free. ASR Founda
tion, Box 7021leg Henry Clay Station, Lexington,
Kentucky 40502.

AMAZING HYPNOTIC record kit releases fantas:
tic mental power! Free offer expires soon. Write:
Forum, Studio AA3, 333 North Michigan, Chi-
cago 60601.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM-—Adults only—“Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International
W. Greenvale, Long Island, New York 11548

SCIENCE Bargains—Request Free Giant Catalog

“CJ"—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey 08007.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD, Olympia, Washington 98501.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mcuntain, Pisgah,
Alabama 35765.
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—— GREGORY ELECTRONI|CS —

NINIC FM
POCKET RECEIVER

$5995

WITH DRY BATTERY

Add $7.50 for nickel-cad-
mium battery. Add $20
for crystals and tuning to
your frequency.

30-50 MHz o 150-170 MHz.
All units new. Solid State,
madular-assembly construc-
tion. Adjustable squeich.
Sensitivity 0.3 microvolts to
break squelch. Dual conver-
sion crystal controlled. With
conventional dry cell or re-
chargeable nic-cad battery.
Weight: less than 1 Ib. Size:
6% "x2Y2"x1 4",

450-470 MHz General-Electric
Progress Line Accents

10 watts, 12 volts/transistor power supply; front or
rear mount. Complete accessories.

Model No. EG48S
Wide Band . $178.
Narrow Band $198.
Same model with channel guard $233.

EG 48CT (Trunk) EG 48CF (Front)
50-Watt 450-470 MHz

Meets |atest FCC narrow banding speci-
fications. DumontM-430 RTN, with tran-
sistorized power supply. New! In sealed
factory cartons.

with tone added ... .. $445., minus reeds.

New! FM 100-Watt
Mobile Linear Amplifier

High Band—146-174 MHz
RF output 90-120 watts into 50 ohms.
Gonset Comtron Series—Model 972-A

In factory-sealed cartons. $ -

Installation Kit, if needed, Model 3459 $25

Motorola Motrac 30-50 MHz

UAIHRT, 12 v, 30 w transistorized re-

ceiver & power supply Complete with $32
accessories I . >
Reconditioned & Used FM 2-Way Radio Equipment

most enlarged inventory now on hand for
practicalfly everything you need—at savings!

We Buy Late Model Equipment for Cash
Scnd For '69 Catalog—

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

—r GREGORY =,

GE

ELECTRONICS caon
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'STAMPS

SURPRISE COLLECTION! Exotic mint British
Colonials, absolutely free with approvals VIK«
ING, Great Neck 50. N.Y. 11021

MAGNETS

MAGNETS. All types. Specials—20 disc mag-
nets, or 2 stick magnets, or 10 small bar mag-
nets, or 8 assorted magnets, $1.00. Maryland
Magnet Company, 5412-E Gist, Baltimore, Mary-
land 21215

PRINTING

WPE—HAM—-CB QSL’'S samples
WBVXK. Gladwin. Mich. 48624.

BOOKS
FREE CATALOG. BOOKS FOR ADULTS. CATA-

LOG. 2217 LACKLAND, ST. LOUIS, MISSOURI
63114.

25¢. Dick,

93
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UNUSUAL GIANT FREE

BARGAINS CATALOG

BY MAIL A selection of products available by mail far readers of Electronics World 148 - PAGES
All merchandise sold on a money-back guarantee. Order direct by Stock No., Send check ar M. O.

S@@ YOUR MUSIC IN DAZZLING ACTION with (Mosifisio) | T

DRAMATIC AUDIO-VISUAL BREAKTHROUGH I

Adds \peLlu_ullr new dlmenamn to world of
i:} music. " idpiay. entertainment. ally sec music
» transiated Inlo’ fantastic patterns nf hehutitul color
o euh indlvidual note cre 7 its own unique,
= twisting, radiating shape . each shabe dancing
3 I and prancing. whirling and ‘swirling in perfect time
¢ H with the mu usic. (omhmgs sc art and celece- 2

i e b nonus with l!{ 1t Im;\ tlcvpllm) g

n converting e image since
color organ was Invented in 18 walls. stdL{(’\ ‘ NEW SURPLUS N Cd BATTER'ES

1

io, tape rermdm
! eat for parties. “\00 I

ngs, class roaom. (ompl( e

whole auditgriums. Atiaches in
with two allizator clip:

cts for By \nd\‘ dance
n DO- Y()UR

Save more than 50%. Long life—ac-

e cept S0 clhiarse dl\(l dh(lml&e eyeles.

ﬁal(s

ailable fro 1T m '._ S and seif-contained. port- | 1.25 volts per cell—750 millilambere

@ INI- '\an S (n (,o s S listed helow Monq}_b““\ hours u\hun\ )] charge reten-

B SRR SR SRR A e S et T

:ﬁ,:‘;,v(:sm',],o ' v St . storage life, Multn)lo cells welded in

series—easily  cut, Combine to form

No. 71,009AK 8” DO-IT-YOURSELF KIT ...... ... .... $22.80 Ppd. |y %7 (g, % 15.7 high, Spece.
No. 71,030AK 8”7 SET . ... ..t iem i 4S5.00 Ppd. | rice for 100 up. charser scparate.

No. 71,032AK 127 SET .., . .. .. .ot inn i §7.50 Ppd.| Order = Cells DC Volt Price Ppd.

No. 71,124AK COMPACT MINI-MODEL 46.50 Ppd. ‘10 L986AIC . 1. 1.25.. ..81.50
No. 8S,181AK WALNUT CABINET MODEL . ........... 99.50 F.0.B. 0-2%“& .
Na. 71,057AK S00 WATT SPECIAL EFFECTS PROJECTOR. . 24.S0 Ppd. ﬁO 631AK 1 5.00 1

No. 71,002AK REMOTE CONTROL PROJECTOR ........ 39.50 Ppd. 0,703AK (Battery Charucr) 3.25

GIANT FREE CATALOG

148 Pages—1000's of Bargams'

Completely, 19649
cditlon. New items,
categories, illustrations.
Dozens of clectrical and
electromagnetic  parts.
accessories.  Enormous
selection of Astronom-
teal Telescopes. Micro-
Binoculars,

il ts,

new

NEW! PROJECTION KALEIDOSCOPE

At last—a low.cost unit complete with

“FISH” WITH A MAGNET

caslly  interchanged 97 diam. liguid Go treasure hunting on the bottom!
wheel. Projeets infinife variety of bril- Great jdea! Fascinating fun and some-
liant color patterns which do not re- times tremendously protitable! Tie a i
peat. Specially designed wheel, 37 pro- ine to lhls powerful. but lightweight menters., E V.
Iullon lens and Fdmund Visual Lﬂ'ects Mawmet—drop it overboard in bay, N'nl (mumn for <
l’n).Jvdur make it all possible. Easily river, lake or ocean. Troll along the UND SclENTIFIC co 300_ED-
ted, Larwe sereen imaxe at short hn\lum- your *‘treasure’’ haul (’m be SCORP BUI DING, BARRINGTON,
distance ..:-rr for photo outhox motors, _ anchor hing _J. 0800
unds, light shows. es. dances mcklc all kinds of metal \11uablcs
(‘ Front or rear proln(‘tion Incl.: 1 Specially (1(\IL(HQI] horse<hoe-<hi l'md
ltl'\i 115V Motor, motor bracket, in- with 313” sa. gribping surface. Tre NAME
structions. mendous lifting nower—over 150 lus e
Stock No. on land., much more under water. ADDRESS
71,121AK ....... $94.50 Postpaid No. 71.13S5AK -
SOLID Multi-Colored Glass Accessory 150 ib. pull CITY
Wheel (9”7 Diam.) I No, 71,1343AK
Stock No. 71,122AK ..$15.00 Ppd. 75 Ib. pull STATE zir

ORDER BY STOCK NUMBER = SEMD CHECK OR MONEY ORDER » MONET-BACK GUARANTER

EDMUND SCIENTIFIC CO. 320 EDSCORP BUILDING

'| CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms.
| frequency discounts, closing dates, etc.

= BARRINGTOM. NEW JERSEY 08007

1 2 3 7} 5
6 7 8 9 10
11 12 — T 13 T T 14 . 15
G 17 18 19 20
21 22 23 24 25 -
26 27 - 28 29 30 |
31 32 33 34 35
@ .50 Reader Rate ) _
Words @ .85 Commercial Rate §  — —
Insert time(s) Total Enclosed $

NAME

ADDRESS

CITY_ STATE ZIP

SIGNATURE

WORD COUNT: include name and address. Name of city (Des Moines) or of state (New York) counts as one |
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.)

Count each abbreviation, initiai, single figure or group of figures or letters as a word. Symbols such as |
35mm, COD, PO, AC, eic., count as one word. Hyphenated words count as two words. w-369 |
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EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to
$3,000.00 monthly. Paid overtime, travel,
bonuses. Write; Universal Employment, Wood-
bridge, Conn. 06525.

EMPLOYMENT OPPORTUNITIES

BOOMING AUSTRALIA wants You—Good jobs
Adventure. Forms and Australian Handbook
(1969) describing Australian assisted passage,
passport-visa, advantages, opportunities $1.00.
Buckeye, Box 1032VG, Fairborn, Ohio 45324.
ELECTRONICS writers, editors. Freelance work
Send resume. Technical Publications, P.O. Box
504, New Hyde Park, N.Y. 11040.

INVENTIONS WANTED

INVENTORS We will develop, help seli your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free information,
write Dept. 42, Wall Street Invention Brokerage,
79 Wall Street, New York, N.Y. 10005.
PATENT Searches including maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed, Free Invention
Protection forms and ‘Patent Information.”
Write Dept. 23, Washington Patent Office Seach
Bureau, 711 14th Street, N. W., Washington, D.C.
20005.

INVENTORS! Receive free invention analysis at
no risk to you. Send for FREE disclosure form
today. New York Invention Service, Dept. 19,
160 Broadway., New York, N.Y. 10038.

INVENTORS! Sell your invention for cash or
royalties! Our client manufacturers eagerly seek
new items. Patented. Unpatented. Financial as-
sistance if needed. 25 years proven perform-
ance. For free information, write Dept. 25, Gil-
bert Adams, Invention Broker, 80 Wall St., New
York, N.Y. 10005.

'~ LIBERTY PAYS MORE!

WILL BUY FOR CASH

ALL TYPES:
* ELECTRON TUBES
SEMICONDUCTORS
* TEST EQUIPMENT

* Military Electronic Equipment
WIRE—WRITE—PHONE COLLECT!
We pay freight on all purchases—

LIBERTY OFFERS MORE!
PRESTEL FIELD STRENGTH

METER
(Mol 6T4G)

Calibrated from 40 to 230, and 470 to 860
in 4 Bands Megahertz, from 10 to 50,000
Microvolts. Nothing makes it easier to prop-
erly and speedily find the correct place to
install TV, FM and Communication Antennas.
You can measure and hear the signals with
this 4% volt battery economically powered
unit. There is nothing else like it!

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (212) 925-6000

! —l
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BUSINESS OPPORTUNITIES

INVESTIGATE ACCIDENTS: Earn to $1000 $1007000 ““EYE SEE” BONANZA BY POLY PAK

monthly. Men urgently needed. Car furnished.

INTEGRATED CIRCUITS!
.
P E Y By far the biggest Integrated Cireuit Sale in our
history. NOBODY! That's right NOBODY under-
sells Poly Paks. Imagine — buy 1 Integrated Circuit
at our bartain price and get the 2nd one for
ONLY 1¢ . . . that's right ONE CENT! NO
LIMIT PER ITEM! Every item guaranteed as
advertiseld. All include data on Integrated Circuits,
schematics, anidl or hookups, and as much as 40

circuits. THIS OFFER 1S LIMITED!

Fairchild No. EACH 1¢ MORE
900 Buffer for 1. 2 for 1.50
902 R-S Flip op for 1. 2 for 1.
903 3 In. Gate NdnL]/NOI for 1. 2 for 1,
903-903* 3 Input gate Nand/Nor for 1. 2 for 1.
904-904* Hualf adder for 1. 2 for 1.50
9210 Duul Two Input Gate for 1. 2 for 1.
914-914* Dual Two Input Gate for 1. 2 for 1.
915 Dual 3 Input Gate Nand/Nor for 1. 2 for 1.
923 K-Flip Flop .. for 1. 2 for 1.
923-923* JK Flip TFlop for 1. 2 for 1.
925 Dual 2 Input Gate. Expander for 1. 2 for 1.
927 Quad Inverter for 1. 2 for 1.
930 Dual 4 Input Gute Nand/Nor for 1. 2 for 1.
933 Dual Input Gate, Expander for 1. 2 for 1.
944 Dual 4 Input Power Gate for 1. 2 for 1.

i . 1. 2 for 1.
1. 5
1. 5
1. a
1. a
1. .
1
1
1
1
1

Business expenses paid. No selling. No college
education necessary. Pick own job location.
Investigate full time or earn to $8 hour spare
time. Write for FREE information. No obligation.
Universal Schools, CZ-3, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

I MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Mich. 48197.
JAPANESE Electronics New Products Monthly!
Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood, Calif. 91602.

FREE BOOK 990 Successful Little-Known Busi-
nesses.” Work home! Plymouth 345-W, Brook-
tyn, New York 11218.

MAILORDER . . . Positively No Investment in
products! Details: Methods, 1412.-FD Lafayette
Hill, Pennsylvania 19444

MAGAZINES

BACK DATE MAGAZINES! Send needs. Midtown, 945 Clocked Flip Flop for
Box 917-EW, Maywood, N.J 07607. 946 Quadl 2 Input Gate Nan for 2 for
. 948 Clocked Flip Flop .1 for 2 for
MISCELLANEOUS 950 AC Binary IOy 2Zytor
— 952 Dual 2 Pinput Inver Jate for 2 for
954 Duul 4 Inpul and Gate 1 for 2 for
WINEMAKERS: Free iliustrated catalog of 955 & Input and Gate w 2 outbut 1 for 2 for
yeasts, equipment. Semplex, Box 7208, Minne- 956 Dual 2 Input Buffer .1 for 2 for
apolis, Minn. 55412, 957 Dual Runk (hold) Flip Flop 1 for g:or
EMPLOYMENT Resumes. Get a better job & 32; ?:}iah: (I‘T::;ut Gats twesnande: ) :2: . Zf:: .
earn more! Send only $2.00 for expert, com- 963 T"ii)le C:;'m. 1 for 1. 2 for 1.
plete Resume Writing Instructions. J. Ross, * Two identien
80-34 Kent St., Jamaica, N.Y. 11432 Dept. EW.
STOP BURGLARS THE EASY WAY! Afiix au- AMP TOP HAT AND EPOXIES ?ay 7 0s 55
thentic “‘Protected by Electronic Sentry Alarm’ Sol by Sl Py Sale CHOOSE
Decals to auto windows, doors & windows of - "%s 800 g 19¢ 1800 [ []50 COILS AND CHOKES, if.rf. ant,osc, peaking. et
home, retail stores; vending machines, etc. ¥ 1000 [ 29¢ 2000 . [[165 HALF WATTERS, to 1 meg. 5% popular values to$1
Whether you have an alarm or not—thieves stay 1200 8 32 ooo igg 8163 rc,aol::é:g“ﬁgso:smc SET)S“ asst values .. $1
away! Only $1.00 for_ each set of two. J. Ross, 600 ] 15¢ 1600 [J 69¢ . [1$25 SURPRISE PAPIt transistors, rect, t:ilnt)(:i:s (ettcc S,!‘
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW. []2-PC INFRA-RED DETECTOR & FILTER SET
S il _ = Actual Size.,;. R smencepmSl
= [C]2 FIELD EFFECT TRANSISTORS, n channel, hobby
EVERYTHING UNCONDITIONALLY GUARANTEED! 1 AMP " . Selv PV Sels  B150 TERMINAL STRIPS, 1 to & lug types
o 50 ) 5¢ 00 () 15¢ I[]3 PHOTO ELECTRIC CELLS, hi. imp.,
BRITISH SIGNAL GENERATOR SIMILAR MICROMINIATURE 100 Q 44 200 (1 19« §[]3 TRANS'TOR AMPLIFIER, WIRED, 3\2>‘“y4 schemati®)
TO HEWLETT-PACKARD No. 608-D SILICCN_RECTIFIERS 4co O 1o¢ '°% ) 2% JCT10 PRINTED CIRCUIT BOARDS, copper clad. 100 use:g)
Marconi TF.801D/1: 10 10 170 Miz. CW & AM up to []10 TRANSISTOR SOCKETS, for pnp & npn types
‘c‘l&’l‘ﬁ’n(]v“r'llntl:m::x' um“:‘.’uh-; :.m. t{‘l:/“:lltnn:nlull:li "GLASS AMP’ SILICON RECTIFIERS 10 PANEL SWIICHES toggle' slide, micro. rotary .
Zero pe Rated fredq, accuracy . Rtandard 50 m ey Sale Ply Sale o CORNIN(,;, LOW NOISE"" rexistc b pobular 5% .41
GamouIbLIIn pedance Tron S “")T“’”A" P 50 5¢ 600 []19¢ 30 "'MICRO"" RESISTORS, 1/10W. 5 ‘7 Hobby mus$1
Level St |h|||l\lln|| R Ty it e oAU e PO 07 Frf orc 100 7¢ 800 [ 21¢ 50 GERMANIUM GLASS DIODES, IN34, IN48 no tes§l
of fown time is ellininated hecause the turret band. the rectitier 200 9¢ 1000 ] 32¢ 40 TOP HAT SILICON IECTIHERS no testasst v ;IurSl
1 A 1 12 R 0 Bacakfaefdowng 400 12¢ 1200 [ .45, 25 EPOXY RECTIFIERS, silicon asst, no test .

D 40 PRECISION RESISTORS Ya-2W. 1% asst values 3!
NE -2 30 TRANSISTORS, rf. if. audio, osc. no test ...
NEON BULBS 20 for $1 60 TUBULAR CONDENSERS, to .5mf to 1KV, asst
— — = ] 50 DISC CONDENSERS, to.05mf npo, temp coef, ass$§
rﬁ""s' adil postawe. Rated: net 30, cod’s 2505 60 TUBE SOCKETS, receptacles, plugs, audio, ete, .$1
rhone ?{;’e,{,’,;i;;"“giﬁ“’\'\‘,-.l’:{:“ﬁi:‘,;,“fw“’ 245-3829 §730 POWER RESISTORS, to 25 watts, to 24K ohms ...§1
—. - - ass [J6 "'IBM'" COMPUTER BOARDS, many trans, d-odeqsl
GIANT | 969 * CATALOG ON: Parts, Rechhers1o¢ '[ja 2N3563 TRANSISTORS, npn,600mc, 100hfe, cpoxi§
DTransnstors SCRs, |.C.'s, Equipment, Etc. [(J10 VOLUME CONTROLS, to 1 meg, switch too!
[[]10 ELECTROLYTICS, ta 100mf tubulars too. asst
POLY P.O. BOX 942W []50 RADIO & TV KNOBS, asstd colors & styles
PAKS LYNNFIELD, MASS []10 TRANS'TOR ELECTROLYTICS to 100mf, asst vz
01940 [ ]40 ‘*MICRO'* CONDENSERS, for transistor circuitr

low incidenta
shops who are od o o

erystal ealily. ‘mnl mmﬁb  ¢a ouh in
. Imported fu()m Ill HCAI Bl\e \huld()\\'u in
ally © elean  eandition
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Of The WORLD'’S

TERS:
COMMUNIC. RCVRS, XMTRS

Samplingrs from our Meter ( |Iih
includes digital-sct pwr
current: evervihing with N
f'|nm| a_ Standards Lah.:
Lt ! arl

7§ - | FINEST GOV'T
SURPLUS ELECTRONIC BARGAINS

Va ¢
lx)\e RO
duzn \ cus ent & voltage source c-uxln,:uod 1:
| RN WOAOI’IWII v

. i 0 K nl!l{ll v and a
A.R.C. RllA modeln Q-57¢r 190-550 ke . ... 12.9
FS:IEZ;?AEES & 8000 'PIV 400 MA. pair. .. .. 5.3(5)
- ommand reve 190550 ke, | 14.9
AAR.C. 12 Command levv 540.1600 )\(‘ 17.92 B E T T E R T h a n E v e r '
LM-14 freq. .01% me 57.90 .
SP-600-JX ul eiat, in migned, 1(‘n|\ to
use. “0 51 |'$1 me. ‘\\'/x:,l 1|llv]| & provisions for 6
avorite  stations o e selected.
R et Ve S L4 e Sre e kbR 3 r———MAIL COUPON TODAY-——-
YEli(TRDNIX = 531 SCOPE with a pluizin, overhauled |
md  with NVS, Tracceable ((‘xllh(‘l(e and ]
R e ATl e g TERaT 51 ' INTAMUER s i i om0 e et e et e et

BUT PLEASE DD NOT ASK FOR CATALOG! ASK FO
™M ov
WE ALSO BUY! WHAY DO YOU HAVE

E. GOODHEART CO. INC

':;x 1220-A, Beverly Hills, c«m.. 90213. FA ’ R R A D ’ O S A ‘. ES ErﬂtA ,Evg |-|.| (Bjoz(slslgg

Phones: Area 213, office 272-5707, messages 275.5342
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U.S. GOV'T ELECTRONIC SURPLUS

= MNationally Known -World FamuusssunPLus CENTER cffers
e taa ot et e e At o ELECTRONICS WORLD MARCH 1969

ORDER DIRECT FROM AD or WRITE FOR CATALOGS ADVERTISERS INDEX A

(YBM) SILICON DIODE RECTIFIERS

B "Creat Buys’ an top qualits surplua, silicon dwede rectifter unis,

13V Camputer Uaiis) READER READER
SERVICE NO. ADVERTISER PAGE NO. SERVICE NO, ADVERTISER PAGE NO.
124 Allied Radio ..coooooeviiiiiiiiniiins 88 103 Kenzac ....coocooooiviiiiiiiiiiiiiii e, 82
123 Ampex Corporation ... 12 102 Lafayette Radio Electronics ............ 86
T|1|(~|~.P|En‘|:l::m)| R A “"m"dmd“n" 2 $2.69 122 Arcturus Electronics Corp. ..., 93 Lampkin Laboratories, Inc. .............. 84
:ML#}]LS}I?‘"L‘““m ll’ ump-. 1301, qhmnmwm nn ) $1.31
w (H11-889 ) - - $1gh0 12o0mp., 121 Bell P. Al L s 68 101 Liberty Electronics, Inc. .......oocooiinins 94

heavy cupper heat sinks (1 1h $3 97

Eu..(.d”f",Ig""\l.}'\.-,~ AT Mlm’\m(n) $1.71V Brookstone Co. 100 P. R. Mallory & Co., Inc. ................ 2
3 { #22- szsl) ; ‘l‘uu( "i-'umlll 50.3. silicon diodes un $2.69
s CODRUE herat win i £)$2. )
o 122-9 18 )hn S iR i B0EN Sl yn T 120 Burnstein-Applebee Co. ................ 61 99 Multicore Sales Corp. ... 83
licars copper Laat sink, €1 1b.) e F) $V.8Y
COMPUTER TRANSISTORS ON HEAT SINKS CREl, Home Study Division, McGraw- 98 Music Associated ... 88
18M Computer Quality Umits .
s (#22-828 ) == Umt consists of one 150 f Hill Book Company ........ 70,71,72,73 McGraw-Hill Book Co. ... 1
R e eser ] i 3
B (L T i stone, $1-99 ik i 119 Chemtronics, Inc. .. oiiiiienine 69 Noational Radio Institute ... 8,9, 10, 11
ﬁ%\
e ey '«"""\'_'f '::.Ey':’f . = 118 Cleveland Institute of 97 Olson Electronics, Inc. ..o 83
dpdes capacity ssistirs i |
T S =
Cost fuy Over $35.00 $4 91 1.:_‘:‘ = Electronics ....occooovvee e 56, 57, 58, 59 96 Poly Paks ... ... 95
COMPUTER GRADE FILTER CAPACITORS 117 Cleveland Institute of Electronics ... 83 RCA Electronic Components
® Latest design, llldl \|| [RLURS I||| lldl l|1 |||- ey
Bt »..m«sz__ am, 3 i Eihy) r
b At Comsat Corp. ...ooooviiei s 55 & Devices .. ............. FOURTH COVER
o (HC-18-1}- - 15,500-MF @ 10-Voits _.._._.. i
o {#C-18-2)-- 1500-MF @ 150-Voits .. = a
o (HC-18.3) -~ SO00MF @ S5-Velts ... Connar . 76 90 RCA Electronic Components
o (#C-18-1)- - 12,500MF @ 10-Voits _.......
o (#0-18-12) -  150MF @ 25-Voits _........ 82 Cornell Eectronics Co. .oooooeieeiiiiiinne 91 & Devices ... THIRD COVER
T
RUNNING TIME METER 'j'. v 'irr 116 Delta Products, Inc. ......o.ocooviiieen. 17 RCA Institutes, Inc. ... 18,19, 20, 21
o ( #DX-104) srhoe i recaid munber af pi- m
rating, Wiwrs ol ddectrls leis and el clricd L -
po Wl el S .'K._-‘-__ A 115 Delta Products, Inc. ..ooooooviiniiiinin. 75 81 Radar Devices Mig. Co. ................. 7
1 9.999.94 huur~ bor 1i3apt:, wllecveles ey, |
Slre 15 4 171 212°%, Shippink wetght 2 1hy $5.69 I ;\-r; 28100
114 Delta Products, Inc. ..o, 82 95 Howard W. SAMS & CO,, Inc. ... 67
12 and 24-VOLT TRANSFORMER
:,.f__“,f 320 )Rl Hibeitin, L1z eni . 113 Edmund Scientific Co. ... 94 Saxitone Tape Sales . ................... 86
capacit 42-anps H=valts, Gd-amps. at
e i Sy, )
e $16.72 | 112 Electro-Voice, Inc. .coooooioriiiciinn 74 94  Schober Organ Corporation .......... 87
EXPANDED SCALE 0 - 15 DCYM 111 Fair Radio Sales 93 Shure Brothers ............cocociiiiiin. 23
[ l(}:ll-sﬂﬂ) 2 qun-(l e n .L\Dfll:-tl\{‘ ..||mv:-lr
o otiUE g, Sireratt Watlem: harge. imiitaior, ] 110 Foredom Electric Co. ..o 64 92 Solid State Sales . 92
et 1 Arsunval movemest . black  phicnolic case.
TN AT (3
i L 125 G. C. Calectro .......... SECOND COVER 91 Sonar Radio Corporation ................ 64
SILICON DIODES DIGITAL e,
= 3 READ-OVUT “ .
ﬂm:r' ONIE n 'K'.t ) G & G Radio Supply Company ...... 92 89 Surplus Center ....coooociiiiiiiiinnnnn 96
55.90 3 Cost Govt $151.00
o (HREC-3 )~ -Now, pere $3.97 "’}ﬁ R. E. Goodheart Co., Inc. ................ 95 88 Sylvania Electric ... 15
Irii Westinghouse #770-A - (NEE 1"n)-- mphtsumzm
Hae DBl | Samwus snteiion:
1Ty Vit Over 1500 {.'.L st . (75’1’.. % 109 Gordos Corp. ..oooooveiveeeiiiierieiae 61 200 Texos Crystals ........ooooiiiiinn 66
TYPICAL BUYS FROM OUR 1969 CATALOGS ‘

Grantham School of Electronics ...... 4 87 Triplett Electrical Instrument Co. ... 24
® Our new 1969 Catalogs (Vol. =1 and #2) contun hundreds of [
tremenduus  bavs gy clecironh eGuipment, power plants, welding
gencralors, battery wanches, hasts, elecine goll carts, hydraulic U . . S
gear, walkio-talkies, l3pe recorders, binoculars,  surveying - H ion ... 93 86 University Sound ....oocoveeveieeeeeeieeenn
B Bl o motacs! blowane relaye. o1E 108 Gregory Electronics Corporation ... 93 86 niversity Sound .. 89

$100.00 Automatic Telephorie Step Switches _....... $9.95

. \ . .
o $215.00 Geared Battery Motors For Electric Cars $26.95 107 Heath Campany WA ET D USRI s 76
# $ 30.00 Standard Dial Handset Telephones .,

e S 4.50 Power Transformer [(5¥ to 25V _.... 106 Hewlett-Packard ..., 78 85 Vanguard Electranics

o § 31.50 750-Watt Transformers (I5V, to 24Y !

® 3850.00) RowerIP1an'8000:Wattsy. 15-Velterriy 105 Jensen Manufacturing Co. ..., 65 84 Winegard Company

® § 30.00 115-Yoit AC Watt-hour Meters ........ .

® § 42.50 115-Yolt, 35-Amp. Clock Timer Switch..... $8.91 . .

S I1SVa1. (Discantinucd: ConespsndencelCowse 104 Kenwood Electronics ......ccooooeninene..n. 53 83 Xcelite, Inc. ... 16

In Electrical Engineering .,...... . $8.79

SEND 75¢ COIN OR STAMPS FOR CATALOGS
All items FOB Money Back Guarantee CLASSIFIED ADVERTISING 91, 92, 93, 94, 95

SURPLUS CENTER

DEPT. EW-039  LINCOLN, NEBR, 68504
CIRCLE NO. 89 ON READER SERVICE CARD Printed in UL AL
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FREE

INFORMATION

SERVICE

- A N
.///(n v

@/ Here's an easy and convenient way
for you to get additiona! information
about products advertised or mentioned
editorially in this issue. Just follow the
directions below...and the material will
be sent to you promptly and free of
charge.

b/ Tear out one of the perforated post-
age-free cards. Please print or type your
name and address where indicated.

¢/ Circle the number on the card that
corresponds to the key number at the
bottom of the advertisement or editorial
mention that interests you. (Key numbers
for advertised products also appear in the
Advertisers' Index.)

d / Simply mail the card. No postage is
required.

e/ 'nquiries for information other than
“Free Information Service” are to be
directed to Electronics World, One Park
Avenue, New York, N.Y. 10016.

£/ The ‘Free Information Service" is
available to all readers of Electronics
World. If your copy is passed along, the
next reader can aiso take advantage of
this service. All he has to do is tear out
the remaining card and follow the same
directions.

@ / Electronics World's Free Information
Service lets you ‘‘shop by mail"".

Important: BLACK numbers are of general interest and you do
not have to include your company name and address to receive
the information requested.

BLUE numbers correspond to an ad or editorial men-
tion of professional interest. Manufacturers will honor your re-
quest only if it is to be mailed direct to your company—so be sure
to include your company’s name and address.

| AM EMPLOYED IN: INDUSTRY [J -1 COMMERCIAL [J -2

COMMUNICATIONS []-3  MILITARY/GOVERNMENT ] -4 OTHER ] -5

NAME (Print Clearly) TITLE

ADDRESS

CITY STATE ZIP CODE
(Fill in the following only if you circle any B| |JE numbers below)

NAME (Print Clearly) TITLE

COMPANY NAME

COMPANY ADDRESS

CITY STATE ZIP CODE

(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.)

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125
126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150
151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175
176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

22 23 24 25
47 48 49 S0

| AM EMPLOYED IN: INDUSTRY O -1 COMMERCIAL (] -2

COMMUNICATIONS (] -3 MILITARY/GOVERNMENT ] -4 OTHER ] -5
NAME (Print Clearly) TITLE
ADDRESS
CITY STATE ZIP CODE

(Fill in the following only if you circle any B|_|JE numbers below)
NAME (Print Clearly) TITLE
COMPANY NAME
COMPANY ADDRESS
CITY STATE ZIP CODE

(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.)

Please send me additional information on products | have circled.

(Key numbers for advertised products also appear in Advertisers Index.) -'

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 B7 88 89 90 91 92 93 94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125

126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150
151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175
176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

24 25
49 50
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FREE

SERVICE

FIRST CLASS
PERMIT NO. 25682
PHILADELPHIA, PA.

BUSINESS REPLY MAIL

NO POSTAGE NECESSARY IF MAILED IN U.S.A.

POSTAGE WILL BE PAID BY

Electronies World

P.0.BOX 7842
PHILADELPHIA, PA. 19101
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VIEW

The RCA WO-33A Super-Portable 3-Inch Oscillo-
scope helps solve virtually any electronics servicing
problem, inside or outside the shop. Its combination
of exceptionally low cost and high performance have
already made it popular as a monitoring and trouble
shooting ‘scope in black and white and color TV
broadcasting studios, and in professional service.
And why not? Here's a 3-inch ‘scope that meets your
requirements for gain, bandwidth, transient response,
accuracy, versatility, and portability. AND IT'S ONLY
$139.00.* Also available in an easy to assemble kit,
WQO-33A (K).

The RCA WO0-91C 5-inch Dual Band Oscilloscope is
arehable, heavy-duty, precision ‘scope in use in thou-
sands of installations from classrooms to TV distribu-
tion systems...from service benches to broadcast
stations. You probably can't find a better value. Ap-
plications include waveform analysis, peak-to-peak
voltage measurement, square-wave testing, and ob-
servation of circuit characteristics. A front-panel
switch gives you an easy choice of wide-band or nar-
row-band (high sensitivity) operation. It's easily port-
able, AND IT'S ONLY $269.00.* The WO-91C-V1 is
available for 240V operation, no increase in price.

INFENSITY

6

*Optional Distributor resale price. Prices may be
slightly higher in Alaska, Hawaii, and the West.

Write for a catalog with complete descriptions and specifications for all RCA
test equipment: RCA Electronic Components, Commercial Engineering, Depart-

ment No. C41w, Harrison, N. J. 07029

LOOK TO RCA FOR INSTRUMENTS TO TEST/MEASURE/VIEW/MONITDR/ GENERATE
CIRCLE NO. 90 ON READER SERVICE CARD
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Al new from every angie
..RCA HI-LITE

You end all doubts and confusion when you spec fy
RCA HI-LITE. Then you can be certain thattee is
the all-new replacement picture tube irom -hz
leader in Color TV. All-new glass...gun...th2
works.

OEM QUALITY from every angle: the same
tubes that go into original equipment sets,
incorporating the latest technology of the
world's most experienced color picture
tube manufacturer. Everything about
them exudes know-how, confidence,
leadership.

If you've set your sights on quality,
then look to RCA HI-LITE for your
replacement tube needs. Available
in the broadest line of types in the
industry from your Authorized

RCA Distributor.

RCA Electronic Components,
Harrison, N. J.

et b L T o

|
3
2
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