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NOW you can measure resistors accurately

. IN CIRCUIT

FE21 HI-LO
with 4%-inch
meter $99.50

Py T
.

FE20 Hi-LO

with hi-voltage probe and large
six-inch meter $129.50

WITH THE NEW HI-LO FIELD EFFECT MULTIMETERS

USES ONLY .08 VOLTS TO POWER OHMMETER TO PREVENT TRANSISTORS FROM
CONDUCTING AND UPSETTING FEADINGS
Look at these extra features to see why the Hi-Lo meter belongs on your want list:

e 9 DC current ranges from 100 microamps to 1
amp

e Automatic built-in battery test . . . never a worry
® Laboratory accuracy of 1.5 percent on DC and about rundown batteries, just push the switches

3 percent on AC under the meter and read.
s 9 DC voltage ranges from as low as .1 volts full e Standard .6 amp fuse to protect the ohms and
scale to 1000 volts milliamps scales if voltage or overload is ac-

® Unbelievable specifications of 15 megohm input
impedance on DC and 12 megohms on AC

e 3 hi-voltage ranges of 3 KV, 10 KV and 30 KV cidentally applied. No more need to return the
meter to factory for repair . . . just replace the
® 9 DC zero center ranges from .05 volts to 500 fuse.
SR o sk, Tusigiof dolcas, imgslsior: She o Special probe with 100K isolation resistor in
) probe to prevent AC pickup or to prevent loading
® 7 resistance ranges from 1000 ohms full scale to oscillator circuits. Leave in normal position for
1000 megohms most tests.

R Il Here is why you -

CUEN TR LB should have both Hi Higher voltage of 1.5

sistors from conduct- - volts causes semi-
ing and misreading and Lo battery volt

o conductors to con-
ARSI e il ages for correct in- duct to read proger
/now IR ST circuit resistance front-to-back ratio or
GO L RIGYUIE measurements in conductivity of tran-
S LGl solid state circuits: sistors. Meter would
sistor. ¥ not be complete with-

out hi-ohms reading.

S E N C O QE INC. 3200 Sencore Drive e Sioux Falls, South Dakota 57107
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What is the most expensive
component in your stereo system?

Wrong.

Assuming that you picked one of the component
types pictured here.

Although these three components form the typical
tereo system, no system is actually complete without
number four: records.

And no matter whot you may have paid for your
receiver cerertlboere Ar tiirmtebdle clheneac oo e oo
spent even more for your records. Or will before long

Your records are not only your biggest investment
but the vulr 5 in remain as
good as new for years or begm to wear the fn sttime
they’re played. In which case they become even
more expensive.

How to protect your investment.

Which brings us to the turntable, the one component
that actually contacts your records and trocks their
impressionable grooves with the unyietding hardness
of a diamond.

What happens then is up 1o the tonearm. It must
apply just the right amount of pressure to the stylus,
keep this pressure equal on both walls of the groove,
and follow the stylus without resistance as the groove
spirals inward.

Then the stylus will be able to respond freely 1o all
the twists and turns in the record groove, without
digging in or chopping away.

How the Dual does it.

Dual tonearms are designed with great ingenuity
and engineered 1o perfection. For example, the tonearm
of the 1219 pivots exactly like a gyroscope: up and
down within one ring, left and right within another. All
four pivot points are identical, and nothing moves with
the tonearm except the inner ring. If you can imagine
0.015 gram, that's the maximum resistance this tonecrm
offers to the stylus. This suspension system is called a
gimbal, and no other automatic arm has it

Another unique feature of the 1219 tonearm is the
Mode Selector, which shifts the entire arm to set the
correct stylus angle in either single or multiple play.

Also, the longer the tonearm, the lower the tracking
error. Thus, the 1219's arm, 834" from pivot to stylus,
is the longest of all automatic arms.

Other things to consider.

In addition to preserving records, a turntable must
also bring out the best in them.

The record must rotate at precisely the right speed,
or pitch will be off. The motor must be free of vibration,
or rumble will be added to the music. The platter must
weigh enough to provide effective flywheel action to
smooth out speed fluctuations. And, of course, the stylus
must get to and from the groove as gently as possible.

The professionals’choice.

Allthis is something to think about the next time you
buy a record or play your favorite one. It's why Duall
turntables have been the choice of professionals for so
many years.

Not only for the way Duals get the most out of
records (without taking anything away) but for their
ruggedness, reliability and simplicity of operation.

If you'd like to know what independent labs say
about Dual, we'll send you complete reprints of their
reports. Plus an article on what to look for in record
playing equipment, reprinted from a leading music
magazine.

But if you're already convinced and can’t wait, just
visit your authorized United Audio dealer and ask for
a demonstration.

You'll find Dual turntables priced from $99.50. It's
not the least you can spend. But when you consider your
investment in records, you may agree that it's the least
you should spend.

United Audio Products, Inc., 120 So. Columbus
Ave., Mt. Vernon, N.Y. 10553 m
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25-MHz BANDWIDTH
DELAYING SWEEP
3% ACCURACY
10-mV SENSITIVITY
DUAL TRACE &
SIGNAL DELAY LINE
ALL FOR ONLY

5975

The new Telequipment D67
Oscilloscope offers the
performance you have always
desired at a price that is several
hundred dollars lower than any
other comparable model.

In addition to its impressive array
of specifications, the D67 has
other features not usually found
in low-priced scopes: regulated
power supplies, FET inputs to
keep vertical trace drift to a
minimum, fully solid-state design
to improve reliability, transistors
in sockets to make servicing
easier and faster.

Bright displays are obtained by
using 10-kV high voltage on the
rectangular 5-inch CRT which has
a big 8 x 10 cm display area.

A wide range of sweep rates
from 2s/cm to 0.2 .s/cm (40 ns
with X5 magnifier), delayed sweep,
3% accuracy and 14-ns risetime,
make the D67 ideal for high

TELEQUIPMENT |55 2
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resolution analysis of pulse
sequences. And if some of the
pulses are jittery, that won’t be
a problem because the delayed
sweep can be triggered. Those
who have a need to view
television signais will be pleased
with the D67's ability to trigger
at TV field and line rates. This
feature allows viewing a selected
line in a field.

Even if portability is not a prime
consideration, you are certain

to like the D67's lightweight—

it weighs only 25 Ibs.
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Telequipment Oscilloscopes are
marketed and supported in the
U.S. through the Tektronix network
of 57 Field Offices and 30
Service Centers. The instruments
are warranted against defective
parts and workmanship for one
year. For more information call
your nearby Tektronix field
engineer or write: P. O. Box 500,
Beaverton, Oregon 97005. .

Telequipment Oscilloscope prices
start as low as $245. b |

U.S. Sales Prices FOB Beaverton, Oregon
e

a subsidiary of TEKTRON')("”
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THIS MONTH'S COVER
shows three of the new auto-
matic turntables that we have
had tested for this month's
special report on these hi-fi
products. At the upper left is
the BSR-McDonald Model
610/X; at the right is the Mir-
acord Model 770H; and at the
bottom left is the Garrard
Model Zero 100. For perform-
ance and prices on these and
other automatic turntables,
refer to the article on page 27
.......... Cover photograph:
Dirone-Denner.
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Hirsch-Houck Lab Tests Automatic Turntables uhan D. Hirsch

Here are the latest results of our laboratory measurements on 21 unuts from five
manutacturers. There were small differences in performance, with higher priced
turntables incorporating a number of refinements and convenience features
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~ 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
(Model 6T4G)

F.0.B.
New York

% Never Anything Like It!
% 1-Man Can Do A Better job than 3 in the

Same Time!
w A Gold-Mine for Antenna Instaliers!
Calibrated from 40 to 230. and 470 to 860 in 4
Bands Megahertz, from 10 to 50,000 Microvolts.
Nothing makes it easier to properly and speedily find
the correct place to install TV. FM and Communica.
tion A You can e and hear the signals
with this 415 volt battery economically powered unit.

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (212) 925-6000
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OUR STORE
AT YOUR DOOR

Fiil in coupon for a FREE One Yeor Sub-
scription to OLSON ELECTRONICS Fontas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brond Name Speok-
ers, Changers, Tubes, Tools, Stereoc Amps,
Yuners, C8, HI-Fi's, ond thousands of other
Electronic Values. Credit plan availoble.

NAME S—
ADORESZ =

cITY __STATE

GIiVE ZIP CODE

if you have a friend Interested in electronics
send his name and address for a FREE sub-
scription aiso.

OLSON ELECTRONICS

Dept. ER 260 S. Forge Street
Akron, Ohio 44308
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Coming Next Month

Special Feature Article ‘

Elﬁ'lmni('s\\mj_g

A LOOK AT

TRANSISTOR TESTERS

An in-depth survey of what is available to the service
technician for checking leakage currents, amplification,
and displaying characteristic curves of transistors,
FET's, and diodes. Testers, tracers, and probes are cov-
ered by Forest Belt in tabular form to facilitate “‘com-
parison shopping’” for the right instrument for the kind
of servicing you do.

A recent court decision that opened the way to the connec-
tion of “‘foreign’ equipment to phone lines has resulted in a

Attachments to
Your Telephone

flood of such devices. What kind of devices can be used,
what are telephone-company specs for such equipment,

and how much does it cost? Read what Walter H. Buchs- -
baum has to say about this topic. L
J. G. Ello of Argonne National Lab explains what kind of
. : survey instruments are available, their comparative char- =
h:;e::::;?g dc)?.?; 1;\’ acteristics, and how they are used to check color sets to
Y see that they conform to the provisions of the Radiation
Control Act of January 1970.
The conversion of electric current into light and light into
electric current has given birth to a new technology known
The as optoelectronics. From discrete light emitters and detec-
Optoelectronics tors to complex arrays, these components are forerunners
Revolution of a burgeoning technology which holds great promise as
one of the new growth industries of the decade ahead
Learn all the details in this article.
All these and many more interesting and informative articles will be yours in
the July issue of ELECTRONICS WORLD . .. .. on sale June 17th
ZIFF-DAVIS PUBLISHING COMPANY
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Hershel B. Sarbin, Senior Vice President and Secretary NEW YORK OFFICE
Stanley R. Greenfield, Senior Vice President domeph
Philip Sine, Financial Vice President and Treasurer MIDWESTERN OFFICE
Walter S. Mills, Jr., Vice President, Circulation e, o G601
Phillip T. Heffernan, Vice President, Marketing W O
Frank Pomerantz, Vice President, Creative Services 9025 Wilahire Boules
Arthur W. Butzow, Vice President, Production . e
Edward D. Muhifeld, Vice Presicent, Aviation Division
Irwin Robinson, Vice President, Travel Division
George Morrissey, Vice President T TR Qe
Sydney H. Rogers, Vice President Lo
@ . Member
M @ 1 um'u-D Audit Bureau of
L Circulations v
® R L

o 579

Pul mpa
e ation. Car and 1

pand
depurtn o enailie an

nd Canaedie, $7 o

ELECTRONICS WORLD



The Way to Get Ahead in Electronics is
To Get More Knowledge Into Your Head
And a Grantham Degree Into Your Pocket!

The above headline makes a point that affects more
than your head and pocket. It can affect your pocket-
book too. Getting ahead in the pocketbook is of great
interest to most of us, and the Grantham ASEE
Degree program not only helps you get akead in the
pocketbook but also puts a better one on your shoul-
ders. As an electronics technician, you can really
get ahead by getting more eduction, and if you don’t
need a degree in your pocket why not hang it on the
wall!

Maybe we don’t write the best ads, but we really
know how to teach electronics and related subjects

by correspondence. We have been doing it for
twenty years. AND we are the only home-study
school in the United States ever accredited to award
a deyree in engineering. True, it’s an associate
rather than a baccalaureate degree, but that’s be-
cause we teach only engineering and engineering-
related subjects and do not include the humanities
in our curriculum. Grantham awards the degree of
Associate in Science in Electronics Engineering—a
degree in college-level engineering rather than the
usual junior-college kind of associate degree.

Advance beyond the technician level. Become an engineer. If you are a high
school graduate and have a good aptitude for electronics and mathematics,
you can earn the Degree of Associate in Science in Electronics Engineering

" STUDYING AT HOME

Investigate now the Grantham college-level program in electronics engineering, offered (by
correspondence) to working technicians while they remain on their jobs. Grantham lessons
place heavy stress on fundamental concepts of logic and mathematics (taught so you can
understand them), and build from there in a systematic manner, covering physics, circuits,
and systems. The lessons are easy to understand because they are carefully written, with step-
by-step explanations and consistent review and regrouping of ideas.

Now is the time, not only to protect yourself from unemployment, but also to prepare your-
self for the greater demand in engineering which is sure to come. You can’t become an engi-
neer in a few short weeks; it takes many months. You can be upgrading yourself in your
present job while the economy is “slow”, and then be ready to move into engineering when
the national economy gets going again. Yes, now is the time to prepare, so that you will be
ready to take advantage of opportunity when it presents itself.

For Complete Details, Mail Coupon

—— e . e e . . . e — e ———— — — —— ——— —— ——

Grantham School of Engineering EW-6-71
1505 N. Western Ave., Hollywood, Cal. 20027

Gentlemen:
I have been in electronics for
in the Grantham degree program in Electronics Engineer-

Accreditation and G. 1. Bill Approval

Grantham School of Engineering is accredited by the
Accrediting Commission of the National Home Study, is
approved under the G.I. Bill, and is anthorized under the

laws of the State of California to grant academic degrees. years. I am interested

ing. D’lease send me your free bulletin.
Grantham School of Engineering Name _ -
PO e Established in 1951 o
< °f, Address S
5 5 1505 N. Western Ave.
%, $ Hollywood, Calif. 90027 =7 e ——

“a ot
Omg TV
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and the Siliconix FET handhook

e

off on FET
experimenter kits

The Handbook: The ink is barely dry on this one.

It takes you from basic FET principles and
manufacture through characterization and biasing
to audio and RF amplifiers, VCRs, current
limiters, switches, chopper and analog gates . . .
just to menticn a few. More than 30 practical
circuits are shown. Additional references are

included for those who want to go deeper
into a given subject.

#, ”
HiTw/ i M2 At S
- 2N3368 Amplifier 1.40 2N3370 Amplifier 215
ZN3368 Amplifier 1.40 2N3437 Amplifier 1.90 2N5398 UHF Amplifier 4.50
2N4223 VHF Amplifier 1.50 E101 Amplifier 2.20 E101-Amplifier 2.20
E300 VHF Amplifier 140 E300 VHF Amplifier 1.40 U184 HF Amplifier 2.75
U183 Amplifier 1.40 U202 Switch 2.95 U241 10 Ohm Switch .70
VCR/NVCR 2.25 VCR7N VCR 2.25 CL1020 Current Limiter 3.5
CL2210 Current Limiter  3.25 CL1020 Current Limiter ~ 3.25 U234 Matched Dual Fet 5.0
and new FET Handbook ~ 2.50 U234 Matched Dual FET 5.0 LM201H Op. Amplifier 5.50
VALUE $13.70 and new FET Handbook 2.50 and new FET Handbook 2.50
LIMITED-TIME PRICE VALUE  $22.85 VALUE  $38.55
ﬂ,,A/ f 52 LIMITED-TIME PRICE LIMITED-TIME PRICE
Oty %1/ nly 167
. e
Kits may be purchased less | SILICONIX INCORPORATED
handbook as noted on coupon. | P.0. Box 185, Agnew Station—Santa Clara, Calif. 95054
This is your half—price : Please send items as checked below, for which payment is
h t Iy get to 1 enclosed. (Sorry, no Purchase Orders or CODs.)
chance to really get | OKit#1 §650 [J Kit #1Less Handbook §$ 5.00
know FETsS, so send in ! O kKit#2 $11.50 ] Kit #2 Less Handbook  $10.00
he coupon today! ! O Kit #3 $16.50 O Kit #3 Less Handbook  $15.00
: p y | (J Handbook only $2.50
- . ,
Siliconix | ame. -
' Address - - : ~ _
[}
incorpo rated | Ciyy _State__ Zip
2201 Laurelwood Rd. * Santa Clara, Calif. 95054 - | (California residents add 5% sales tax)
(408) 246-8000 Ext. 201 « TWX: 910-338-0227 L Offer expires August 31, 1971
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NEWS
HIGHLIGHTS

Bose Sues Consumers Union

The Bose Corp. has filed suit against Consumers Union for $500,000 in damages for what it says i1s a
“biased and fraudulent” rating of its Model 90) loudspeaker system. Bose claims that the testing organiza-
tion, whose report on the speaker appeared in the May, 1970 issue of “Consumer Reports,” is biased against
expensive products, uses faulty testing methods. injected misleading and sarcastic comments, and emploved a
tester holding a patent on a competitive speaker system. Although the CU report said that the speaker sound
“seemed considerably more spacious and reverberant” than others it had tested. it went on to say that stereo
localization was more ditficult and there were “'size distortions.” The testing organization is standing behind
its report and has dismissed the lawsuit as “a matter of pique.” For our own report on the Bose Model 901
speaker system, see the November, 1968 issue.

Dumping is Ruled on Japanese TV Sets

The U.S. Tariff Commission has ruled that Japanese TV's should be subject to special dumping duties
hecause thev were being sold in this country at less than fair value and that domestic TV manufacturers were
being injured by the imports. The U.S. imported 3.3 miltion TV sets vatued at $255 million from Japan last
vear; these were largely portables and smaller-screen models. Domestic makers produced 7.8 million sets in
1970, probably valued at about §1.7 billion. The Electronic Industries Association (E1A) was gratified by the
finding of the Tariff Commission. The E1A originally bronght the case to the attention of the Treasury Dept.
some three vears ago. The immediate response of the Electronies hidustries Association of Japan was that the
decision was made under political duress. The Japanese trade association said further that “we intend to take
any and all other steps deemed appropriate 10 overturn this decision.”

Frazier-Ali Fight Triggers Broadcasters-Cable-TV Argument

‘The big fight was carried by closed-circuit TV into about 350 theaters in the U.S. and Canada at an average
jrice per ticket of around $12. tn addition, it was carried overseas by cable or satellite to some 35 nations. It
also served to spark a fight between NAB (National Association of Broadeasters) and NCTA (National Cable
Television Association). Ou the morning of the fight, NAB Lxecutive V.P. Paul Haney said: “This fight.
blacked out on free television and radio in America and around the world, is a shocking example of what
cable-pay television is all ahout. It would be the height of tragedy if Americans failed to learn a lesson from
tonight’s closed-circuit gouge. What if the World Series or the Super Bowl or championship basketball
followed this shabby cable-pay television pattern?”” NCTA President Don. V. Taverner responded immediate-
lv. He said that the "NAB would do better to direct its remarks to the closed-cirenit TV indusiry™ and not use
interchangeahly the terms “closed circuit” and “pav-cable television.” He said. “We cannot speak for pay
television, but the record clearly indicates that cable systems have gained nothing from the blackout.

Bids for Domestic Communications Satellites

At least eight companies have filed plans with the FCC for permission to construct and operate a domestic
communications satellite system. The systems will he used for nationwide telephone and television transmis-
sions, and will employ a number of synchronous, stationary satellites located 22,300 miies ahove the earth.
Companies that have filed with the FCC include: Comsat, RCA, Western Union, Hughes Aircraft, AT&T. MC/
Lockheed, Fairchild Hiller. and Tele-Conumunications.

WWYV to Change Program Format

Standard time and frequency radio stations WWV and WWVH plan to revise the formats of their broad-
casts on July 1. Voice announcements of the time will be made everv minute instead of everyv five minutes,
male and feinale voices will be used to distinguish hetween the two stations, and all Morse-code signals will
be eliminated. Only the content of the broadcasts will change; the carrier frequencies will remain the same.
Fach hour will be divided into one-minule slots; each minute {except the first) will begin with an 0.8-second
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tone of 1000 Hz at WWV or 1200 Hz at WWVH. The first minute in each hour will begin with an (0.8-s tone
of 1500 1z at both stations. The minute slots will be divided into a 45-s segment and two 7.5-s segments: on
alternate minntes the 15-s segment will contain either a standard tone (tentatively 600 Hz) or an announce-
ment to be used by government agencies. Those announcement slots not used will be filled by another
standard tone. probably 500 Hz, A special 440-Hz tone will be broadeast for 45 < beginning two minutes (for
WWY) or one minute (for WWVH) after the hour.

First “Accredited Degree” in Engineering by Correspondence

What is said to be the first “aceredited degree™ in engineering to be granted by a private correspondence
school in the U.S. has been awarded to Clayton Hallmark of Cineinnatic Ohio. In ceremonies conducted
earlier thix vear. Grantham School of Engineering awarded the degree of Associate in Science in Electronies
Engineering. The ASEE degree program consists of 400 correspondence lessons plus a two-week graduation
seminar condueted at the school. This degree program was aceredited in 1968 by the Acerediting Commission
of the National Home Studv Couneil.

Zenith Wins $19-Million Antitrust Suit from Hazeltine

After a long and involved history. the U.S. Supreme Court ruled in favor of Zenith Radio against Hazeltine
Research in a $19-million antitrust suit. Zenith was awarded triple damages hecause a patent pool including
Hazeltine prevented Zenith from going into the Canadian market with television sets and other products.

Damages were awarded for loss of business for a period of four years prior to 1963,
FM Stations Sign for 4-Channel Stereo Broadcasts

Final arrangements have been made with Bonneville International Corp. to begin d-channel stereo broad-
casting on its line of FM stations. The Electro-Voice Stereo-1 encoding process will be used. The stations
involved are KSL. Salt Lake Citv: KBIG. Los Angeles: KIRO. Seattle: KMBR. Kansas Citv: WCLR. Chicago:
and WREFM. New York. In addition to these. no less than 17 other FM stations throughout the country have
Stereo-4 encoders for their use on occasional, experimental broadeasts. Listeners with mono equipment will
receive a full-range monophonic program. and those with 2-channel stereo receivers will be able to pick up
complete 2-channel stereo signals. In order to reproduce the 4 channels. a special decoder plus two more
amplifier channels and two more speakers will be required.

Radiation in Foreign-Made TV Receivers

Anvone planning to bring a foreign-made TV receiver into the US. following a trip abroad is advised by
the Dept. of Health. Education. and Welfare to be sure that the set bears a label certifving compliance with
the Federal limitation on x-ray emissions. The Radiation Control for Health aund Safety Act requires any
electronic product imported for sale or nse in the LS. to carry such a label. The fabels must be affixed by the
manufacturer on the basis of approved product testing procedures. The labeling requirement presenth
applies to television receivers and certain electronic tubes used in science instruction since control standards
for these are now in effect. A microwave cooking oven radiation limitation will become applicable after
October 6. 19712 in addition. anti-radiation standards are being presently developed for medical «-ray
equipnient.

Superconducting Device Measures Heartbeat

Measuring heartbeat without direct electrical or physical connections to the body has been achieved by
scientists at the National Bureau of Standards Crvogenies Division. The instrument used generates electrical
signals that are proportional to the heart’s magnetic pulses when it is placed near the heart. When used to
drive a scope or a strip-chart recorder. these signals provide a magnetocardiogram (MKRG) of the heartbeat
that i= similar to an electrocardiogram (EKG). The MKG requires no electrades to be attached to the patient’s
chest and does not require disrobing. 1t is also faster and more convenient than other methods. A drawback.
however, is that the earth’s magnetic field must be compensated for and measurements mnst he made away
from magnetic fields produced by wotors. power lines. or lab equipment. The device i~ a superconducting
gradiometer which measures the difference of the maguetie field existing between two superconducting coils,
one influenced by the earth’s magnetic fiekl. the other by the heart signals. The coils are contained within an
insulating dewar and are submerged in liquid helium within a container of liquid nitrogen to maintain the
very low temperature required. A
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There is no substitute for training

B

#

on real electroni

4 &

Color TV
295 sq. in.

picture

NTS COLOR AND
B&W T.V. SERVICING

You receive a color TV with
many unique features, in-
cluding built-in self-servic-
ing equipment so you can
make all normal test opera-
tions. You also build an AM-
SW radio, solid-state radio,
F.E.T. Volt-Ohmmeter, and
electronic tube tester. You
learn trouble-shooting, hi-fi,
multiplex systems, stereo
and color TV servicing.

The B&W TV receiver fea-
tures the latest in solid-state
circuitry, making your TV
training the most modern,
most advanced available.

CLASSROOM TRAINING AT LOS ANGELES
You can take classroom training at Los Angeles in sunny
Southern California. NTS occupies a city block with over a
million dollars in facilities devoted exclusiveiy to technical

training. Check box in coupon

APPROVED FOR VETERANS

Accredited Member: National Association of Trade
& Technical Schools; National Home Study Council.

NATIONAL GZ5 SCHOOLS

World-wide training since 1905
4000 S. Figueroa St., Los Angeles. Calif. 90037

June, 1971

™
Solid- (. :
state *1 ;
B&W TV Lo
74 sq. in.
picture
(cabinet 5
included)

Exclusive
Compu-Trainer’

NTS ELECTRONIC &
COMPUTER
TECHNOLOGY

One of the 10 important kits
included is this remarkable
Compu-Trainer*—an NTS
exclusive. It's a fully oper-
ational computer logic train-
er — loaded with integrated
circuits. It introduces you |
quickly to the how, what,
and why of ccmputers. You
also receive a F.E.T. Volt-
Ohmmeter and a 5" wide
band oscilloscope.

Mait NTS GUIDE
a

coupon ELECTRONICS
today for
free, full-
color

catalog L
that de-

tails every
training
program
we offer.

s

5 watt AM
transmitter

FECEIVET s e mwm

-
.

NTS ELECTRONICS

COMMUNICATIONS
AND F.C.C.

Two exciting courses in the
big-paying fields of trans-
mitting and receiving. Either
one qualifies you for your
FCC First Class Radio-Tele-
phone License. NTS assures
you will pass this FCC exam
within 6 months after suc-
cessfully completing your
course — or your tuition is
refunded. You receive 14
kits to build an amateur
phone 6 meter VHF trans-
ceiver plus NTS' exclusive
6 transistor solid-state radio
and a fully transistorized
volt-ohmmeter.

C equipment.

It’'s just as easy to train on the type
of equipment technicians actually use
and service.

And it's a lot more practical. Take TV
Servicing, for instance,

You'll have it all over the man whose
only experience has been on a TV re-
ceiver designed strictly for training
purposes.

NTS Project-Method courses in Elec-
tronics combine the latest, professional
equipment with easy-to-grasp lessons,
texts and manuals. You build your equip-
ment a stage at a time, and then use
the equipment on projects that duplicate
actual servicing problems.

It’s like getting on-the-job experience
at home.

Here's just some of the equipment
you get to keep, and what you will learn.
) You'll get all the details when you re-

e ceive the NTS full-color catalog.

5
Oscilloscope E

o ®
5 »

@,
IR

NTS INDUSTRIAL &
AUTOMATION
ELECTRONICS

Let NTS put you into the age
of electronic controls. Sys-
tems automation is rapidly
becoming the emphasis of
modern industry. NTS train-
ing equipment includes a 5"
wide band oscilloscope. You
also get the new exclusive
NTS Electro-Lab —a com-
plete workshop. Build five
industrial controls to regu-
late motor speed tempera-
tures, pressure, liquid level
and much more.

00 & W ¢ i

---------------------------------------------‘
. Please rush Free Color Catalog and Sample Lesson, plus information
on course checked below. No obligation. No salesman will call.

National Technical Schools
4000 S. Figueroa St., Los Angeles, Calif, 90037

No obligation. No
salesman will call.

Master Course in Color TV Servicing
Color TV Servicing (For advanced
Technicians)

Master Course in B&W TV & Radio
Servicing

Master Course in Electronics
Communications

Name
Address
City

[0 Check if interested in Veteran Training

under new G.I. Bill.

State
O

Practical Radio Servicing

FCC License Course

Master Course in Electronics
Technology

industrial and Automation Electronics
Computer Electronics

Basic Electronics Dept. 240-061

Age
Zip

Check if interested only in Classroom
Training at Los Angeles

9



AA-6300

AKAL offers amplifie-s and speakers
of uncompromising standards...up to
the latest 4-channel system. If you're
planning a high performance audio
system. it'll be worth more than your
time to ook into AKAI's amplifiers and
speakers designed for audiophiles.

AKAIl's high performance AA-8500
Solid State AM/FM Multiplex Stereo
Tuner Amplifier has a total music
power of 240W and incorporates a field
effect transistor and integrated circuits
to assure high FM tuner performance
Use of multichannel amplifiers is
possible. Frequency response is 20 to
50.000Hz (—3dB) and S/N ratio is
batter than 80dB (Aux.)

The AA-6600 and AA-6300 Solid
State AM/FM Multiplex Stereo
Tuner Amplifiers are also designed
for versatility and extra-sensitivity to
produce the strength and delicacy

AA-6600/AA-8500

of every pitch of sound when cor
nected with your high guality audio
equipment

AKAIl's hi-fi stereo speaker systemrs,
starting off with the SW-170A 5-wav,
6-speaker system with a 15” linear
travel piston edge woofer, are de
signed to fit differert situations and
appeal to differert tastes. There's an
AKAI speaker system for any need
Listen to our speaker systems at ary of
our authorized dealers. You'll quickly
notice the difference. Or write for free
literature

SW-170A

I'm interested in AKAl's 1ew stereo component
systems. Please send me free Iiteratue.E W. 6

Name__
Title__
Address__

Phone __

City

State

AKAI

World Renowned For Sght & Sowund

AKAI AMERICA, LTD.
2139 East Del Amo Botlevard/Comptor
California 90229 (213) 537-388D

Manufacturer

AKAI ELECTRIC CO., LTD.

P.0. Box 21, Tocyo Inte-natenal Airport. Japan




AUDIO-VISUAL
ZERBORIVIAWNCE:

AKAl's remarkable new 1/4” VT-100
Portable Video Tape Recorder is de-
signed for high performance. It provides
everything necessary to produce pro-
fessional audio-visual tape for a very
wide range of purposes. No film
processing costs. No expensive lighting
setups. No special equipment of any
kind. And all on exclusive, low-cost,
1/4” video tape at 1/3 the operating
costs of other systems. Aim the camera
Shoot. Presto! You make your own
high quality audio-visual tape to meet
your requirements. You name it. The
VT-100 will capture it. Beautiful picture
Unparalleled sound. And, you can play
the tapes back instantly on the built-in
TV monitor. Erase. Edit. Shoot over
Play the tapes anywhere on any
television set. Truly portable. the entire
VT-100 system weighs under 20
pounds. less Adapter-Recharger

TOTAL PRICE FOR
EVERYTHING...... $1295.00%

“plus state and local sales taxes where applicable

]
Yes, I'm interested in AKAI's new VT-100. Please 1
send me free literature. EW.6 :

Name

Title

Address

the worlds first
Video Tape- Recorder

with the world’s highest density magnetic recording system

Phone

City

AKAI

World Renowned For Sight & Sound

AKAI AMERICA, LTD.
4 .

Manufacturer
AKAI ELECTRIC CO., LTD.

CIRCLE NO. 141 ON READER SERVICE PAGE Box 21 ernation r




B— . ——ryr—— - e —
+| | | |
FREQUENCY RESPONBE
I Ll I IR
T ‘-—1——1.4*\

s b4t

0o
o' BANSBUI 20004
- STEREO-FM RECEIVER
Y AVERAGE 8OTH CHANNELS
u 20 B
]
2
0 25|
@
W 30|
4

35

40 4 ~ —

a8 e = 4 e -4 + 4+

|
sol —L L1l i S L & ! L
20 50 70 100 2 500 700 # 28 ss Ta 108 208

FREQUENCY -H2

and amplifiers now on the market. The RIAA equalization
wus very accurate, within +0.8, -0.5 dB from 30 Hz to 15
kHz.

With both channels driven simultaneously, the 1000-Hz
audio harmonic distortion was under 0.2% from a half watt
to about 39 watts output. The IM distortion was typically
under 0.3% over the same range. At the rated 35 watts per
channel the harmonic distortion was under 0.5% from 55
Hz to almost 20 kHz, and less than 0.1% at mid-frequen-
cies. Like most receivers, the power-supply capacitors of

the Model 2000A limit the low bass continuous power out-
put and cause a rapid rise in full-power distortion below
about 50 Hz. However, the Model 2000A performed better
in this respect at 35 watts than its predecessor did at 30
watts. At half power or less, the distortion was below about
0.3% from 20 Hz to 20 kHz, and typically less than 0.1%.
At the clipping point, the Model 2000A delivered 42.5
watts per channel into 4 ohms, 35 watts into 8 ohms, and 22
watts into 16 ohms.

The M tuner had an IHF usable sensitivity of 1.75 mi-
crovolts (rated 1.8 microvolts), with limiting complete at 10
microvolts. The stereo separation was excellent across the
entire audio bandwidth, 20 dB at 30 Hz, 36.5 dB at mid-fre-
quencies, and a good 18 dB at 15 kllz. The AM tuner
sounded as good as one could expect, although of course not
at all comparable to the FM quality. However, it was clean
and free from birdies and other undesired noises.

The Model 2000A is not only an exceptionally handsome
receiver, in our opinion, but it sounds as good as it looks. It
is really a valid and worthwhile improvement over the al-
ready fine Model 2000, incorporating recent technological
advaunces and offering somewhat improved performance at
no increase in price.

The Sansui Model 2000A sells for $299.95, in a black mnet-
al cabinet. An optional walnut cabinet is available for
$22.50. A

Rabco Model ST-4 Turntable/Arm

For copy of manufacturer’s brochure, circle No. 2 on Reader Service Page.

T has long been recognized that an ideal record-player

arm should maintain the cartridge axis tangent to the
record groove at all times to minimize distortion caused by
the pickup having a different orientation than the record-
ing stylus. Many so-called “radial™ tonearms have been de-
signed, and a number of them have been manufactured,
but most have suffered from excessive friction or other
faults.

During the past couple of years, the Rabeo servo-driven
arm has been on the market and has been widely accepted
as meeting some of the most critical requirements of record
reproduction. However, the SL-8 arm is quite expensive,
and only usable with a couple of types of turntables.

Rabco has now announced a combination turntable and
radial servo-driven arm. whose combined price is less than
that of the SI.-8 arm alone. The new ST-4 record player
cmploys an arm drive of elegant simplicity, together with a
high-quality belt-driven two-speed (33% and 45 r/min)
turntable. It is supplied ready to use (except for the car-
14

tridge) on a walnut base und features a unique optional two-
piece “clam-shell” plastic cover that requires less than one
foot of vertical clearance even when opened.

The turntable of the ST-4 is a 5-pound zinc casting, 11Y,"
in diameter. It is driven by a small, 600 r/min synchronous
motor with a two-step shaft. A small lever in the rear shifts
the belt to the appropriate shaft section for speed changes.
To assist the motor in bringing the heavy turntable up to
speed, the starting lever gives the platter a “shove™ when
the motor is started so that it reaches full speed in a couple
of seconds. The turntable is fitted with an anti-static rubber
mat.

An “O-ring drive belt, driven from the turntable shaft,
supplies the power to the arm servo. This is a shaft about
%" in diameter and 8" long at the rear of the unit. The
arm, which is tungent to the record grooves, rests on this
shaft through a small rubber wheel. The shauft rotates at 10
r/min. When the arm is tangent to the groove, the small
wheel rotates freely with no effect on its position. As the
stylus moves in along the record spiral, the rotating wheel
carries the rest of the arm inward to maintain tangency.
The entire process goes on continuously so that the arm is
always correctly positioned, with only the minute error re-
quired by any servo system to control its operation.

To lift the arm from the record, a button on the motor-
board is pressed. This energizes a second motor which rais-
es a bar under the arm shaft to lift the rotating wheel clear
of the shaft. In the raised position, the arm can be moved
manually to any part of the record, or to one side for load-
ing or removing a record. Pressing the button a second
time lowers the pickup gently to the record surface.

The ST-4 has a unique photoelectric arm lift that raises
the arm automatically at the end of the record. When the
pickup reaches the cccentric groove at the end of play, it
moves in faster than the servo can move. A mirror near the
basce of the arm reflects a light beam from a lamp in the
motor area into a cadmium-sulfide photocell, which oper-
ates a relay to turn on the lift motor.

The arm is adjustable so that any cartridge can be posi-
tioned for tangency. Tracking force is set by balancing the

ELECTRONICS WORLD



toncarm with a threaded counterweight and then backing
off the counterweight by a predetermined amount for the
desired force.

Laboratory & Use Tests

In using the ST-4, we found that the arm mass was so low
that it would track severely warped records without losing
contact with the grooves. In this respect, it was better than
practically all pivoted arms we have used, and almost as
good as the Rabco S1.-8 arm, which is outstanding in this
test. The effective vertical pivot of the ST-4 arm is very
nearly in the record plane and this, combined with its
length of 77, makes it quite insensitive to warp wow.

Not only is there no tracking crror with this arm, but the
absence of an offset to the cartridge completely eliminates
skating forces and the need for any corrective systems. We
verified this with high-velocity test records, which showed
identical waveformms on both channels. Pivoted arms re-
quire correct anti-skating compensation to achieve this con-
dition. The ST-4 is not critical with respect to leveling; in
fact, we operated it at angles as great as 15 degrees to the
horizontal with no detectable change in its performance.

Our tests were made with a Stanton 681ELE cartridge,
operating at I gram. It is evident that this arm will operate
at the lowest forces usable with any current cartridge. No
resonance was detected in the sweep from 200 1z to 10
2.

The measured wow and flutter were, respectively, 0.10%
and 0.035% at 33" r/min. At 45 r/min, they were slightly
lower; 0.08% and 0.025%. The unweighted rumble was =30
dB (lateral plus vertical) and -32 dB3 with the vertical com-
ponent cancelled out. With CBS RRLIL weighting, the rum-
ble was a very low -55 dB, reflecting the fact that it was
principally at 10 11z, the basic motor rate. The turntable,
motorboard, and arm structure are suspended from the
base on compliant mounts, isolating them from external
shock and vibration. The drive motor and the push-button
that operates the arm lift are rigidly mounted to the wood-
cn base so that the system is well isolated from motor vibra-
tion and there is no tendencey to bounce the arm when
pushing the arm-lift button.

It takes only a short while to become used to the rather
unconventional operation of the ST-4. The absence of a fin-
ger lift means that the arm must be visually positioned over
the desired portion of the record. It descends in a straight
line so that with a little practice, one can drop it in the
correet spot without difficulty. It would be convenient if a
finger lift were provided for final cucing, but at present
there is none.

It seems fair to ask how the ST-4 compares with Rabco’s
deluxe S1.-8 arm. Obviously, the lower cost of the ST-4 is
due to a combination of the simple, yet ingenious, arm-
drive system and the fact that the power to drive it comes
“free” from the turntable. The ST-4 arm lacks some of the
operating conveniences and design sophistication of the SL-
8, although one would be hard put to detect differences in
their performance. On the other hand, the SL-8 can be
used with certain premium-priced, highly refined turnta-
bles, while the ST-4 is a complete puckage.

It should suffice to say that the ST-4 brings the essential
advantages of a radial arm to a reasonable price range, to-
gether with an excellent turntable and without the need to
do any assembly or critical adjustments. It works, in every
respecet, just as it was designed to and should be a very
reliable piece of equipment, judging from its basic simplici-
ty and rugged construction. It is rather bulky (in depth)
with base dimensions of 15" wide by 8% deep. Although
only 114" of vertical clearance is all that is needed to open
the “clam-shell” cover, this necessitates additional side
clearance, for a total installation width of 2174”.

The price of the Rabeo ST-4 record plaver is $159.95.
The optional coveris $15. A
June, 1971

for
stereo
headphone
owners!

remarkable ?
listening
experience

The phenomenal realism of binaural sound recording
is demonstrated by Stereo Review’s

AMAZING NEW BINAURAL
DEMONSTRATION RECORD

Created specifically tor playback through
stereo headphones, this unique record presents
the listener with sound of unsurpassed realism.
It recreates at each of the listener’s ears the
precise sound that each ear would have heard—
independently—at the original scene.

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

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

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

STARTLING REALITY. The Binaural Demonstration Record
offers 45 minutes of sound and music of startling reality.
You’'ll marvel at the eerie accuracy with which direction
and elevation are re-created as you embark on a street
tour in binaural sound—Sounds Of The City . . . Trains,
Planes & Ships a Basketball Game, a Street Parade,
a Street Fabrication Plant, The Bird House at the Zoo—all
demonstrating the incredible realism of binaural sound
reproduction,

MUSIC IN BINAURAL. The musical performances pre-
sented on the Binaural Demonstration Record transport
you to the concert hall for a demonstration of a wide va-
riety of music. Selections total 23 minutes, and include
examples of jazz, organ, and chamber music.

Although headphones are necessary to appreciate the near-
total realism of binaural recording, the record can also be
played and enjoyed on conventional stereo systems.

IS Only $5.95

RECORDS, Ziff-Davis Service Division, 595 Broadway, N.Y., N.Y. 10012

II Fiease senad — Binaurai Demonstration Records at $5.98 eacn, I|

| postpaid. My check (or money order) for $ is enclosed. 0

0 {Outside U.S.A. please send $8.00 per record ordered.) N.Y. Slate resi- |
dents please add local sales tax. |

! Print Name

| -0

ress

I Adg ) :

; EW671

I cCity . |

| |

| State Zip N B |

\ PAYMENT MUST BE ENCLOSED WITH ORDER /
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Kit for kit,

text for text,
dollar for dollar, your

buy is NRI

best home

training

NRI “hands on’” method gives you as much as 2 years
of on-the-job experience. Pick your field and enroll now!

After over 55 years of training men for Electronics in
their homes, NRI knows that theory alone is not
enough. That’s why NRI concentrates so heavily in
the development of special training equipment. Your
hands must be trained as well as your head, and NRI
gives you both kinds of training in a manner no other
school can match.

You get your hands on professional parts and demon-
strate theory you read in NRI’s unique “bite-size”
texts. You build designed-for-learning Electronic cir-
cuits and complete, operating equipment. You use
what you build to prove out what you read. Elec-
tronics comes alive in the most valuable, practical
manner. You experiment with the same kinds of solid-
state and transistorized and tube circuits you’ll find
on the job—not hardware or breadboard hobby kits.

NRI prepares you for your choice of careers in Color
TV Servicing, Communications, Industrial Electron-
ics and the growing field of Computer Electronics.
Many NRI graduates start earning $5 to $7 an hour
extra soon after they enroll, fixing home Electronic
equipment for friends and neighbors in spare time.
NRI’s remarkable teaching method simplifies, organ-
16

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

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

P — &\ If postage-free card is missing, write to:
IXP1 NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

GET FACTS ABOUT Gl BILL

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

ELECTRONICS WORLD



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

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

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

There’s glamour, success awaiting
Technicians in COMMUNICATIONS

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

Fill technical jobs without a degree
in INDUSTRIAL ELECTRONICS

NRTI’s Electronics Technology course gives you completely
specialized training kits engineered for business, industrial
and military Electronics fields. On completing this train-
ing, competent technical ability can be instantly demon-
strated by you. As you learn, you actually build and use
vour own training center in solid-state motor control and
analog computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, even the latest integrated cir-
cuits are included in your home training program.

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

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

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

June, 1971
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COLOR TV

CONTROLS

FOR

AUDIO
FOCUS
COLOR
SENSITIVITY
BRIGHTNESS
HORIZ. FREQ.
A.G.C. DELAY
CONVERGENCE
VERT. CENTER
HORIZ. CENTER
VERT. LINEARITY

SILVERTONE

ADMIRAL Etc.
®

ASK FOR FREE CROSS

REFERENCE No. X67

WORKMAN

FORDN JE7H LARALDYA ROMDA T15F0

Build this magnificent
SchoberTheatre Organ
for only

"*1730!

*Includes

finished walnut
console. Amplifer,
speaker system,
optional accessories
extra. Only

$1256 if you

build your own
console.

You couldn't (ouch an organ like this in a store for
00 —and there hasn't been a musical

less than $35
instrument with this vast variety of genuine Theatre
Orun voices since the days of the silent movies! If
you've dreamed of the grandeur of authentic big-or-
gan sound in your own home, you won't find a more
satisfying instrument anrwhere kit or no kit.

You can learn to plar t. And you can build it, from
Schober Kits, world amous for use of assembly
without the sligl
music, for design and parts quality from the lround

up, and—above all—for the highest praise from
musiclans everywhere.

Send ngm non for your copy of (he 1ull color
Schob the five
Schober Organ “models, beginning at MQQ 50, No
charge, no obligation — but lots of food for a healthy
musica! appetite!

-

. [}
[} [}
] moMOrgnn Corp., Dept. AN-50 (]
§ 43 West61st Street, New York, N.Y. 10023 H
] O Please send me Schober Organ Catalog and [ ]
(] free 7-inch *‘sample” record. []
! OEnclosed please find $1.00 for 12nch LP. |
H record of Schober Organ music, H
[] [}
H NAME _— H
}  ADDREss H
! ooy STATE zip .
.-----.-------- - --.

CIRCLE NO. 149 ON READER SERVICE PAGE
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COLOR-TUBE FACEPLATES
To the Editors:

On page 25 of the February, 1971 is-
sue ("Color-TV for 19717) an incarrect
statement is made regarding the glass
Corning uses for color-tube facephtes.

We introduced strontium color-tube
faceplates with high x-ray absorption in
1969. Only naturally occurring stronti-
um materials are used, and these do
not contain the highly radioactive
strontium-90. As you know, strontium-
90 is a man-made isotope and is a prod-
uct of nuclear explosions.

We have had an inquiry from one of
your readers who did not seem con-
cerned but who wished to have the
matter clarified. It is possible, of
course, that other readers may be un-
necessarily alarmed by your story.

JoHN L. SHELDON, Research Manager
TV Prod. Div., Corning Glass Works
Corning. N. Y.
x * *
VOLT-OHM-MILLIAMMETERS
To the Editors:

I have been a reader and part-time
subscriber to your magazine since it
was called “Radio News.” I would like
to comment on the article in the
March issue on volt-ohm-milliamme-
ters.

One of the things I have wanted for
many years is a set of scales on a v.o.m.
that would fit the readings found in ac-
tual equipment instead of “'laboratory”
ranges as are so often found in most
meters offered today.

I first noticed these ranges on an old
Jewell a.c. voltmeter. They worked out
so that almost every reading found in
various pieces of electrical equipment
would normally be in the upper half of
the scale. I eventually fitted this instru-
ment up as a knock-about multi-range
a.c. meter with -4, 0-8, 0-16, 0-40, 0-
160, 0-400, and 0-800 V capability.

Later on I bought one of the first
Simpson Model 269 meters, mainly be-
cause it used this format on the ranges
but also because it had a sensitivity that
eliminated the necessity for the use of
av.tv.m

If we were to have a .4 V and per-
haps a .16 V range along with the low-
er current drain of the v.t.v.m., this
would give us the ideal service instru-
ment.

There is another need that 1 found
while employed by a utility company

in their meter shop. I had occasionally
needed this device while testing
sound-system wiring while standing on
a ladder. However, after sending the
same meter in several times for repair,
after a lineman had dropped it while
making tests many feet above the
ground, I seriously considered trying to
make up a meter which would hang
around the neck on a strap with the
scale facing upward. This instrument
would be used mostly for low-voltage
and continuity tests. It could use the
rotary dial scale found on a certain
make of clamp-on volt-ammeter, or a
lever-type switch with several posi-
tions.
E. M. SMrTH
Mesa, Ariz.
SPEED CONTROL FOR MOTORS
To the Editors:

I was most interested in the article
on “Speed Control for Large D.C.. Mo-
tors” by Lawrence Fleming (January,
1971 ELECTRONICS WORLD).

From the author’s diagram, I see that
he is using silicon rectifiers, which are
good. I have serviced commercial sys-
tems of similar design and found that
the systems having silicon rectifiers
were more reliable than those using
selenium rectifiers. The selenium recti-
fier's resistance seems to increase with
age, thus causing the motor to run
slower.

RAYMOND E. SIDES, JR.
Jackson, Miss.
ELECTRONIC SECURITY SYSTEMS
To the Editors:

We refer to John Frye’s article enti-
tled ““Electronic Security Systems”
which appeared in the February, 1971
issue of ELECTRONICS WORLD.

Would vou please send us the ad-
dresses of all the concerns mentioned
in this article so we may contact them
for literature and distributor pricing
for their products.

Sip LEVIN
San Francisco, Cal.

Since Mr. Frye's column was not in-
tended as an in-depth feature article,
we did not feel complete addresses
were necessary. However, there has
been so much reader interest in the
subject, we include this information
here:

ELECTRONICS WORLD



Aerojet Delft Corp.
Box 966
Azusa, Cal. 91702

Acron Corp.
1209 River Ave
Lakewood, N. J. 08701

Bourns-Euphonics
681 Old willets Rd.
Smuthtown, N. Y. 11787

Defensive Instruments
925 Penn Ave.
Pittsburgh, Pa. 15221

Delta Products, Inc.

Box 1147

Grand Junction,
Colo. 81501

Entron, Inc.
2141 Industrial Pky.
Silver Spring, Md. 20904

GC Electromics Div.
Hydrometals, Inc.
400 S. wyman
Rockford, IIl. 61101

Guardsmark, Inc.
270 Park Ave.
New York, N. Y. 10017

James Electronics
4050 N. Rockwell
Chicago, Iit. 60618

LaBarge, Inc.
7501 S. Broadway
St. Louis, Mo. 62111

Mallory Co.
3029 E. Washington St.
Indianapolis, Ind. 46206

Management Safeguards
347 Fifth Ave.
New York, N. Y. 10016

Motorola, Inc.
9401 W. Grand Ave.
Franklin Park, 1il. 60131

MRL, Inc.
215 Mill, N.E.
Falts Church, va. 22000

Radar Devices

22003 Harper

St. Clair Shores,
Mich. 48080

Robotguard, Inc.
6140 Germantown Ave.
Phitadelphia, Pa. 19144

westinghouse Secunty
Systems, Inc

Box 8606

Pittsburgh, Pa. 15221

This list is by no means complete;
new companies are entering the field
of electronic security systems almost
daily.—FEditors

* * *

SOLID-STATE THERMOMETER
To the Editors:

In reference to Gordon Gregg's arti-
cle (March, 1971 ELECTRONICS
WORLD) entitled "Solid-State Probe
Thermometer,” a fundamental physics
error is made under “Calibration.” The
statement that a mixture of ice and wa-
ter will remain between 33°-40° I is in-
correct. The temperature of the mix-
ture of ice and water is exactly 32°F
because the truansfer of heat keeps the
temperature constant until the mix-
ture is either all ice or all water. The
physical phenomenon involved is the
“heat of fusion™ and, for ice, this is 80
culories per gram.

I have built the probe thermometer
with good results. | used a 9-V transis-
tor radio battery and a 2N3638 base-to-
emitter junction for the 6-V zener—
also a push-to-read switch,

PauL GarLruzzi, P E.
Beverly, Mass.

The temperature of melting ice is in-
deed 0°C (32°F) but. to get it accurate-
ly. you should use an inusulated con-
tainer and a stirring machine. In an
ordinary glass with hand stirring, the
temperature takes quite a while to get
to equilibrium since heat is constantly
escaping and you have to keep adding
ice. Since all that is needed is to subject
the probe and the reference thermome-
ter to the same temperature, it is okay
in practice to make the comparison be-
Sfore equilibrium is fully established,
say at 33° or 36°I or thereabouts.—FEd-
itors A
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Here Are 8 Reasons to Put
The Mark Ten B On Your Car

The Mark Ten B CD System with exclusive VARl SPARK® Circuitry will give you
these substantial dollar saving advantages: 1) Eliminate 3 out of 4 tune-ups;
2) Improve combustion. reduce contaminants; 3) Install in ten minutes; 4) Instant
start in all weather; 5) Dramatic increase in performance;
6) Handy switch with redundant contacts for instant
return to standard ignition; 7) Two-piece hous-
Ing with neoprene seals provides total
dust and moisture
protection; 8) Use
on ANY 12-volt,
negative-ground
engine. Put the
Mark Ten B on
your car today

It will pay for
itseif in doliars saved
Mark Ten B
. (12v neg only) Only $59.95 ppd
Superior Products
At Sensible Prices Standard Mark Ten $44.95 ppd
Please send me literature immediately. Enclosed is $ Ship  ppd. [~ C.0.D.
Please send: DeltAlert(s) @ $69.95 ppd.
DeltaHorn(s) @ $24.95 ppd
Mark Ten B @ $59.95 ppd.
Standard Mark Ten (Assembled) @ $44.95 ppd.
6 Volt: Neg. Ground Only Positive Ground

12 Volt: Specity Negative Ground
Standard Mark Ten (Deltakit) @ $29.95 ppd.
(12 Volt Positive Or Negative Ground Only)

Car Year Make

Name l
DELTA
City/State Zip PRODUCTS, INC. '

P.0. Box 1147, Grand Junction, Colorado 81501, (303) 242-9000

4

CIRCLE NO. 148 ON READER SERVICE PAGE 21




10 Reasons why
RCA Home Training is

your best
iInvestment

forarewarding
career

in electronics:

oscilloscope.




LEADER IN ELECTRONICS
TRAINING

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

RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

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

WELL PAID JOBS ARE OPEN TO
MEN SKILLED IN ELECTRONICS

RCA Institutes is doing something posi-
tive to help men with an interest in elec-
tronics to qualify for rewarding jobs in
this fascinating field. There are chal-
lenging new fields that need electronics
technicians. .. new careers such as com-
puters, automation, television, space
electronics where the work is interest-
ing and earnings are greater.

WIDE CHOICE OF CAREER
PROGRAMS

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

Construction of Multimeter.

June, 1971

SPECIALIZED ADVANCED
TRAINING

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

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
overany “roughspots”that may develop.

7 HANDS-ON TRAINING

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

FCC LICENSE TRAINING—
MONEY BACK AGREEMENT

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

CONVENIENT PAYMENT PLANS

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

Construction of Oscilloscope.

tution under the Federally Insured Stu-
dent Loan Program.

1 RCA INSTITUTES IS FULLY
ACCREDITED

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

VETERANS: TRAIN
UNDER NEW Gl BILL

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

If reply card is detached, send this coupon
today.

| RCA INSTITUTES, INC.
| DEP'T. 240-0061
| 320 W. 31 ST.

NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. | understand that | am under no
obtigation.

|
|
|
|
|
|
|
|
|
| Address _
|
|
|
|
|
|
|
|

Veterans: Check here [J

Temperature experiment with transistors.

—— ———




There are 202 parts
ina Garrard automatic turntable.

Wemake allbut a

Today's automatic turntable is a
beastly sophisticated device.

The Garrard SL95B, below, has
202 different parts.

That is, unless we tally the “parts”
that go into such final assembly parts
as the motor and pickup arm. In which
case the total is more like 700.

A few of these parts we buy. Mostly
springs, clips and bits of trim.

But the parts that make a Garrard
perform, or not perform, we make our-
selves.

To buy or not to buy

At our Swindon works, in England,
a sign reads “If we can't buy surpass-
ing quality and absoiute accuracy, we
make it ourselves.”

E. W. Mortimer, Director of Engi-
neering Staff and a Garrard employee
since 1919, says “That sign has been
there as long as | can remember.

“But considering the precision of
today's component turntables, and the
tolerances- we must work to, the atti-
tude it represents is more critical now
than it was even ten years ago.”

Our Synchro-Lab motor is a perfect
example.

To limit friction (and rumble) to
the irreducible minimum, we super-
finish each rotor shaft to one micro-
inch.

The bearings are machined to a

CIRCLE NO. 140 ON READER SERVICE PAGE

piddling few.

tolerance of plus or minus one ten-
thousandth of an inch. Motor pulleys
must meet the same standard.

“When you make them yourself,”
observes Mr. Mortimer "you can be
that finicky. That, actually, is what sets
us apart.”

Mass produced, by hand

Despite its place as the world’s
largest producer of component auto-
matic turntables, Garrard stubbornly
eschews mass production techniques.

Every Garrard is still made by hand.

Each person who assembles a part
tests that finished assembly.

And before each turntaktle is
packed in its carton, 26 final tests are
performed.

Thus, we're assured that the preci-
sion achieved in its parts is not lost
in its whole.

Swindon, sweet Swindon

In fairness to other makers, we
confess to a special advantage.
Our home.

At last census the total population
of Swindon, England was 97,234. Gar-
rard employs a rather large share of
them, and has for fifty years.

“Not everyone has been here from
the year one as | have,” smiles Morti-
mer “but we have 256 employees with
us over 25 years. Many are second and
third generation.

“It's hardly your average labor
force. Everyone feels a part of it."”

The sum of our parts

Today's SL95B is the most highly
perfected automatic turntable you can
buy, regardless of price.

Its revolutionary two-stage synchro-
nous motor produces unvarying speed
despite extreme variations in line vol-
tage.

Its new counterweight adjustment
screw lets you balance the tone arm
mass to within a hundredth of a gram.

Its patented sliding weight anti-
skating control is permanently accu-
rate.

And its exclusive two-point record
support provides unerringly gentle rec-
ord handling.

You can enjoy the SL95B, the sum

of all our parts, for $129.50.

Or other Garrard component
models, the sum of fewer parts, for
as little as $44.50.

Your dealer can help you decide.

qaﬂ/ﬁafu:'

MFG. BY PLESSEY LTD.
DISTRIBUTED BY
BRITISH INDUSTRIES CD,
WESTBURY. N.Y. 11590
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Automatic
Turntables

By JULIAN D. HIRSCH

Latest results of laboratory measurements on 21 units suitable for hi-fi.
There were small differences in performance, with higher priced models

incorporating a number of refinements and more convenience features.

N the june, 1970 issue. we reported on our tests of 17

automatic turntables, comparing their performance and
design features Apparently the record plaver (at least in
marketing censer is one of the more stable hi-fi components,
since most of lastyear’s models are still available. However,
there have been several additions, as well as a few models
superseding thoswe we tested fast year.

Although most of the new turntables could hardly be de-
scribed as mnavative, some design trends are evident. In
the higher priced units, the adjustable vertical cartridge
angle, introduced originally by P-E and Dual, is now fea-
tured in the top-of-the-line models from Miracord and Gar-
rard.

In the past. record players having a vernier speed adjust-
ment were supplicd with a small stroboscopic dise that
could be slipped over the turntable spindle for setting exact
speeds. This s a necessary procedure with adjustable-speed
turntables, but it 15 often overlooked becuuse of the incon-
venience of adding and removing the strobe dise and the
necessity for viewing it under fluorescent or neon light.
Two of the new turntables (Garrard Zero 100 and Miracord
770D have borrowed a feature from some of the most ad-
vanced single-play turntables and have stroboscopic mark-
ings around the periphery of the platter, continuously illu-
minated by a neon lamp and always visible to the user.

The “Total Turntable™ concept featured by BSR/MeDon-
ald has been continued inits new line. Although these turn-
tables can be purchased without accessories, they are also
sold in complete, ready-to-play form. A suitable cartridge is
installed, the record plaver is mounted on a plastic base,
and a plastic dust cover is furnished. Some Carrard models
(not included in this survey) are similarly packaged.

The new Garrard Zero 100 features a radically new tone-
arm, which we will deseribe in more detail later on.

The June, 1970 article contained detailed deseriptions of
all the turntables and of our test procedures. Since most of
that information is still valid and too lengthy to repeat here,
June, 1971

we suggest that vou refer to that issue. The tabular presen-
tation of our original data is up-dated here, for those models
still av ailable, plus similar data on the new units.

Important Characteristics

The salient characteristios of o record-playing turntable
are its rotation at a constant tand correct) speed, freedom
from short-term speed fluctuations which produce the audi-
ble effects known as “wow ™ and “flutter,” and low mechan-
jcal vibration, which is sometimes heard as “rumble.”

Absolute speed accuracy is usually relatively unimportant
as long as it does not cause w detectable pitch error. Speed
errors of 1% or less are generally tolerable. If exact piteh is
important, some turntables have a vernier speed adjust-
ment with a range of several pereent.

This yvear we used a Heath [B-101 frequency counter to
verify the speed accuracy of the turntables, playing a ree-
ord having an accurately known recorded frequency.

Speed fluctuations occurring at rates between 0.5 [z and
10 Hz give rise to the characteristic sound of “wow.”™ A
wow percentage of 0.2% may be audible on sustained
notes, such as those of a pipe organ or the decay of a piano
note. but will rarely be offensive. Less than 0.1% wow can-
not be heard, as a rule. “Flutter™ is a similar effect, occur-
ring at rates between 10 Hz and 300 1z, Its subjective
effect varies widely, from a “gargly” sound in extreme cases
(such as 0.5% or more flutter) to u subtle loss of clarity in
less severe cases. Normally, a flutter pereentage of less than
0.1% will not be heard.

Wow and flutter (unweighted) were measured with spe-
cial test records and a Donner 2800 wow and flutter meter.
Rumble was measured in accordance with NAB standards,
using 1.4 cm/s at 100 1z as a reference level and RIAA
low-frequency plavback equalization. In addition to meas-
uring the combined vertical and lateral (V + L) rumble.
which is the amount present in cach channel, we also mea-
sured it with both channels paralleled to cancel out the
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Turn-| Turn- Adj. Force Change
table | table Arm Cart. Change Cycle 33r/min| 33 r/min
Speed Line-Volt.| Dia. Wgt. | Length Arm Over- | Over 5/8" Time Wow Flutter

Mfgr. & Model (r/min) Accuracy Effect (in} (Ib) (in) Balance | hang | Stack (g) (s) (%) (%)
BSR-McDONALD

310/x ! 16.33.45,78 [ exact none 0% | na 6% no no -05 8.0 20 .080

510/x 2 same +0.3% none 1 na. 6% ves no 0.2 8.0 10 050

s10/x 3 same exact none 1 3% 6% yes no +0.3 8.0 10 .045
DUAL

1209 33.45,78 ad). none 10Y%: 4 7' ves yes - 10 .035

1215 same adj. 1% 10% ) 3% 7% ves yes - - 10 .030

1219 same adj. none 12 7 8 ves yes - .06 030
GARRARD

408 33.45,78 exact 2 10 % 1% 6% no no 20 .060

SL558 same exact none 10% 1% 6% no no .08 .055

SL65B same exact none 10 % 2 7 ves no 15 .040

SL728 same exact none 10% 1% 7% yes no .07 .035

SLI58 same exact none 1% 3 7% yes no 07 .030

Zeio 1004 3345 adj. none | 11% | na 7% ves ves +0.5 9.0 07 025
MIRACORD

50H 16,33,45,78 exact none 12 Sv: 74 yes yes 10 040

620U same slightly fast none 10 ¥ 3 7% yes yes 12 .040

630 same exact none 10 % 5 7Y yes yes .035

750 same slightly fast | very slight| 12 S5z 7% yes yes 03 035

770H 5 33.45,78 adj. none 117% 62 7% ves yes +0.2 13.0 .06 .025
PERPETUUM-EBNER

2010 © 16.33,45,78 —0.5% 1.8% 10% n.a. 7% no no 405 14.0 045 .025

2035 7 33.45,78 adj. 1.5% 10% n.a 7% yes ves +0.4 17.5 13 04

2038 same adj very slight| 10% 4% 7% ves ves 08 05

2040 same adj very slight] 11% |7 {est.} 7% ves yes .08 0
Notes: n.a.=not applicable or not available; *includes cartridge base, and dusicover, “*coupled to stylus force; arm length=turntable center to arm horizontal pivot.

All products shown are currently in the lines of the five manufacturers. The models shown in color are the

vertical component. The remaining lateral rumble is what
would be heard in mono playback.

The subjective effect of rumble is a function not only of
its level but of its frequency content. Vibration at 30 Hz or
higher frequencies, commonly found in turntables driven
by four-pole motors operating at 1800 r/min, is more audi-
ble than much stronger vibration at subsonic frequencies.
The standard NAB method of ruinble measurement does
not make any distinctions as to frequency. Over a rather
wide band of frequencies, the measurement is concerned
only with total amplitude of the vibration.

A weighting curve can be applied to the measurement to
reduce the effect of the lower frequencies which are less
audible. One such curve is the CBS RRLL (Relative Rumble
Loudness Level), which essentially attenuates the rumble at
6 dB/octave below 500 Hz before measurement. The result
is more indicative of the audibility of rumble than an un-
weighted measurement. However, since very low frequen-
cies can overload some speakers and amplifiers and become
audible by modulating higher frequencies in the program,
both types of rumble measurement are important.

This year we measured rumble with the CBS RRLL
weighting as well as unweighted, using a reference level of
3.54 cm/s per channel at 1000 Hz (corresponding to a later-
al velocity of 5 em/s). A weighted rumble of less than -50
dB will be inaudible in practically all cases and indicates a
good-quality turntable. Levels of about -55 dB or lower
have been found in a few of the quietest models we have
tested. Since the acoustic properties of the listening room
and the loudspeaker can have a profound effect on the au-
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dibility of rumble, the measured figures can serve merely
as a rough guide to the relative quality of the turntables.
Small differences between models have no significance.

There is little correlation between RRLL and unweight-
ed figures. We have found unweighted levels of -35 dB to
—40 dB in the quietest turntables, but some in the =25 dB to
-30 dB range have proven in practice to be quite rumble-
free. However, in such cuses, the weighted rumble is almost
always below -50 dB, indicating a preponderance of sub-
sonic frequencies in the turntable vibration.

Rumble, wow, and flutter are often looselv related to the
mass of the turntable platter (the heavier the better), but
there are numerous exceptions to this rule.

The Tonearm and Cartridge

The task of the tonearm is to support the cartridge, main-
taining its axis as nearly as possible along a line tangent to
the record groove and with its body or other reference
plane parallel to the surface of the record. Most cartridges,
when so installed, provide the industry standard 15-degree
vertical tracking angle.

The stylus tracking force, although primarily determined
by the cartridge design, can also be affected by friction in
the arm pivots. The frictional force, referred to the stylus
tip, should be less than 10% of the vertical tracking force.
Some inexpensive arms, whose pivots have relatively high
friction, must be used with cartridges capable of operating
at severul grams. The finest cartridges, which track at |
gram, can only be installed in a carefully designed arm with
very low pivot friction.

ELECTRONICS WORLD



Wia'd Max. Max.
Rumble | Rumble | Rumble Max Tracking Tracking Anti-skating Price (S)
(V+1) (L) (RRLL) | Record Error Force {optimum vs Less cart.
{—d8) {—d8} {—d8) Stack { /in) {radius) Error {g) Cueing recom. setting) and base Comments
215 255 47.0 6 0.80 3.0 n.a. undamped OK 80° "Force factory set @ 3.8 g. more than 0.1 g vert
26.5 32.0 50.0 6 1.00 3.0 0.25 damped not enough 100* arm friction; cartridge drifts on cueing drop
250 27.0 49.0 6 0.70 3.0 0.30 damped +11015¢g 142+ Test@ 4 g; auto arm lock
3Test @ 2 g, auto arm lock
350 43.0 6 0.80 - 010 130
38.0 40.0 - 6 0:40 - 020 Lo 100 Test data applies to Model 1212 (see text)
39.0 40.0 6 .40 025 175
35.0 38.0 8 1.00 n.a. 45
35.0 380 8 1.00 ¥ 60 4T ested with Shure V15/Type 11; speed adj. ¥4%
270 30.0 8 1.00 025 75 ﬁPre-producnon sample testedwith incorrect arm
38.0 43.0 8 0.40 0.30 100 setting. Mfgr. claims zero tracking error.)
39.0 43.0 6 | 080 c15 140
32.0 335 535 6 oa40t| 25 0.15 damped oK 190
370 39.0 10 0.50 0.05 17
35.0 370 10 0.50 0.10 100 N
38.0 40.0 10 060 0.15 130 " Tested with Elac ST -444E @ 1 g;
38.0 39.0 10 0.80 0.18 150 sync motor, speed adj. +1.8%, —3.6%
285 30.5 52.5 10 0.33 6.0 0.30 damped oK 225
295 350 54 0 10 0.50 40 na. damped n.a 80 | ®Tested with Grado FTE @ 2 g
29.0 370 54.5 10 0.40 25 0.10 damped M 100 7Tested with Grado FTE @ 2 g;
320 37.0 8 0.70 0.05 125 speed adj: +4%, —1.8%;
39.0 42.0 8 0.67 0.15 155 anti-skating correction insuttficient
tracking error=between 2.5 and 6-inch radius, unless otherwise specified, in degrees per inch, tracking-force error=between 1 and 3 grams.

ones that have been introduced most recently. Note that we have performed several additional tests on these.

Except in the lowest price range, the arm and cartridge
mass are balanced by an adjustable counterweight and a
spring is used to supply the downward force, which is read
on a calibrated scale. It is especially important at low track-
ing forces that the calibration of this scale be accurate, since
a variation of a few tenths of a gram at a l-gram setting
could seriously affect cartridge performance. In an auto-
matic turntable, it is also important that the vertical force
not change significantly between the first and last record of
a stack.

All automatic record players used pivoted arms, with an
angular offset to minimize tracking error. Longer arms
generally produce lower tracking error and corresponding-
lv less distortion from that source. The distortion due to
tracking error is proportional to the angular error divided
by the playing radius. Even a relatively high error, such as 1
degree/in, will rarely cause any audible distortion. Most
arms have much lower errors, frequently 0.5 degree/in or
even less.

Tracking error can be drastically affected by very small
shifts in the position of the stylus relative to the arm pivot
and the turntable center. Although there is general stan-
dardization of cartridge-mounting dimensions, the best
arms have some means of adjusting the cartridge in its shell
to.minimize tracking error.

Any pivoted arm with an angular cartridge offset is sub-
ject to skating force due to the friction between the stvlus
and the record surface. This tends to-carry the arm towards
the center of the record and can cause one stereo channel
to have more distortion than the other. Most arms incorpo-
June, 1971

rate anti-skating devices that supply an opposing force lo
equalize the distortion in the two channels. Frequently, the
anti-skating comntrol is calibrated to match the stylus-force
adjustment and the two are set for the same reading. The
optimum correction is dependent on the record material,
stylus size and shape, and vertical tracking force among
other things. Although the amount of anti-skating correc-
tion provided by many arms is somewhat less than opti-
mum, it is always in the right direction to improve perforin-
ance. Precise anti-skating correction is only important
when using a cartridge at the lowest tracking force and
playing recorded material having very high velocities.

To check the effectiveness of the anti-skating compensa-
tion, we plaved a record having 1000-Hz tones recorded at
the extremely high velocity of 30 cm/s. Skating force causes
unequal distortion in the two channels. The anti-skating ad-
justment was varied until the channels had similar wave-
forms and its setting was compared to the manufacturer’s
recommended value.

Other factors, which would have no effect on the audible
performance of a record plaver, relate to its convenience or
flexibility of operation. These include the cueing control,
which lifts the pickup from the record and lowers it to the
same point at a later time. Some cueing devices (in the
lower priced units) are undamped so that the arm will rise
or fall just as rapidly as the cueing lever is moved. More
gentle operation results from a damped cueing system
which moves the pickup slowly and prevents it from con-
tacting the record violently, no matter how carelessly it is
used. The number of records that can be stacked in auto-
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BSR-McDonald 610/X p

Garrard Zero 100

matic play varies from 6 to 10 and the time required for a
record to change can range from about 8 to 18 seconds.
Some arms have well-designed finger lifts, like a good man-
ual tonearm, while others are difficult to position manually.

BSR-McDonald

The 400, 500A, and 600A models tested last year have
been superseded. We tested the 310/X, 510/X, and 610/X.
The “X" signifies a “Total Turntable™ package; the same
units are also available without base, cover, and cartridge.

All BSR turntables provide four-speed operation. Their
operating speeds are very close to exact and do not change
with line voltage, although they use four-pole induction
motors. Their arms are relatively short and have a corre-
spondingly higher tracking error than other plavers with
longer arins. However, their tracking error was not large
enough to be detrimental to their sound quality. The arm of
the 310/X is unbalanced; the two higher priced models
have adjustable counterweights.

The 310/X has a light, drawn platter 10%" in diameter.
The 510/X and 610/X have 11" platters; the former is of
drawn construction and the latter is a casting weighing
about 3% Ib. All of the BSR turntables have an unusually
short change cycle of 8 seconds.

The cueing system of the 310/X is undamped, requiring
careful lowering of the arm. There was outward drift of the
pickup as it descended due to the anti-skating torque. The
other BSR models have a damped lowering action and neg-
ligible outward drift.

The 510/X and 610/X have an automatic arm lock fea-
ture which clamps the arm whenever it returns to the rest.
The 310/X and 510/X have single anti-skating adjustment
scales calibrated from 2 to 6 grams; the 610/X, in addition,
has a scale calibrated for elliptical styli over a 2- to 4-gram
range.

The type of cartridge supplied in each system is a good
indication of the capabilities of its tonearm. The 310/X and
510/X operate very well at 4 grams tracking force with the
Shure M75, while the 610/X is well matched to the 2-gram
operation of the Shure M93D. An extra convenience fea-
ture of the 610/X is the power-control base which allows
the record player to switch the associated amplifier on
when it is started and turn it off when playing is completed.

Garrard

All of Garrard’s 1970 models are still current. The new
Zero 100 is a radical departure from previous practice. It
30

Miracord 770H

<« Dual 1215

Perpetuum-Ebner 2035

features an articulated tonearin which pivots the cartridge
shell laterally as it plays a record to maintain a negligible
tracking error. This gives the effect of a very long arm, but
without its increased mass and within the confines of a nor-
mal-sized record player.

Unlike other Garrard models, the Zero 100 has a car-
tridge slide which permits accurate positioning of the car-
tridge for minimum tracking error and a plastic jig is sup-
plied for making this adjustment. A lever on the cartridge
slide tilts the cartridge vertically to maintain the preferred
15-degree vertical tracking angle when plaving a single
record or at the center of a stack of six records.

Many of the operating features and controls of the Zero
100 resemble those of the Model 958, including a “*Syn-
chro-Lab™ motor and viscous-damped cueing system. There
are, however, a few notable differences. The Zero 100 has a
vernier speed control with a range of nominally +3%. Its
platter has illuminated stroboscope markings, visible
through a window on the motorboard.

Anti-skating correction is necessary in spite of the near-
zero tracking error, since the arm is pivoted and has an
offset cartridge angle. A novel method is used to apply the
correction. Two ceramic disc magnets—one on the tone-
arm gimbal and the other on the fixed pivot support—repel
each other to apply an outward thrust to the arm. The
amount of thrust is controlled by a ferrous magnetic shield
between the magnets. The anti-skating control, with sepa-
rate calibrations for conical and elliptical styli, shifts the
position of the magnetic shield between the magnets and
thus controls their repulsive force.

Miracord

Miracord’s new Model T70H enjoys the distinction of be-
ing the most expensive amutomatic turntable currently avail-
able. The 770H was received with an Elac ST-444F. car-
tridge, not normally supplied, which we operated at 1
gram. Although basically similar to the Model 50H, it fea-
tures a vernier speed adjustment and an unusual illuminat-
ed stroboscope built into the turntable platter structure.
Instead of the customary dot or line pattern, the user sees a
stationary row of numerals ("33” or “45" depending on the
turntable speed) when the speed is correct. There is also a
78 r/min speed, which will be correct when one of the
lower speeds has been set accurately.

The cartridge slide of the 770H has a lever that tilts the
cartridge vertically for optimum vertical tracking angle. It
(Continued on page 69)
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I the bartender in your favorite pub seems too slow, you'll

look forward to seeing NCR'’s new Electra-Bar installed
there. This new systein mixes cocktails, records purchases,
and maintains a precise liquor inventory in less than two
seconds.

It's capable of concocting 36 kinds of cocktails and high-
balls. It tneasures the liquor content of drinks in one-cighth
ounce increments from 1 to 2% ounces as required by a
particulur drink. Other ingredients are dispensed in even
smaller amounts. As shown in Fig. I, the system is made up
of five separate units.

The control register has 36 drink keys, punched by the
human bartender, which trigger the automated dispensing
mechanism, plus all the regular cash-register functions. The
36 drink kevs are unique in that some of them provide for
automatically dispensing the most popular cocktails in ex-
act recipe portion; for example, Manhattan, martini, sour,
ete. The remaining keys are programmed to automatically
dispense the prime ingredient in the exact portion for high-
balls or most other cocktails a customer may order. The
cash-register portion of the unit provides all conventional
controls applicable to bar systems such us totals for service.
checks paid, charge, and charge tips. Department sules to-
tals and preset price keys are also included.

The logic unit contains all of the electronic circuitry re-
quired for timing and control. Essentially, this is the com-
puter portion of the system. The logic unit connects to the
control register, the bottle rucks, and the dispensing head.
It accepts one of the 36 individual drink commands from
the control register and causes the appropriate ingredients
to be dispensed in predetermined amounts to the exact
eighth of an ounce. At the same time, the ounce counter in
the logic unit automatically subtracts the amount of liquor

used from inventory. Transaction counters at the bottom of

the register keep a running tally of beverage units served in
each price category.

The bar has two identical bottle racks, each holding six
bottles. l%ach bottle position has a red warning light which
signals when the contents of the bottle are exhausted. Also,
a signal is sent to the control register to lock out all drink
kevs that ure affected by that bottle. The 12 bottles used in
the system consist of nine optional major liguors and three
bottles of minor ingredients such as dry vermouth, sweet
vermouth, and lemon mix. When a drink key on the control
register is pressed, the proper major and minor ingredients
are automatically dispensed in the exact portions required
for that drink. If, however, the bourbon key is pressed, only
bourbon is dispensed in either highball or cocktuil portions.
Movement of the liquor from the bottle racks to the dis-
pensing head is done by compressed air.

The dispensing head is designed to be mounted under an
cxisting bar and in proximity to the control register. A
guide helps center the glass under the pouring head and a
safety switch prevents dispensing of liquor unless the glass
is correctly positioned. The dispensing head features 12
separate pouring lines, one for cach bottle, to avoid con-
taminating the liquor or intermixing any of the ingredients.

The compressor furnishes the compressed air necessary
to move the liquor from the bottle racks to the dispensing
head. The air from the compressor is filtered to ensure that
it is free of contaminents. It has its own power source so
that it can be operated either in the immediate bar envi-
ronment or in a retnote location.

This new electronic bar system performs the following six
functions in only one and three-fourths seconds: (1) dispens-
os the drink in the exact portion and recipe for the key
pressed: (2) updates the liquor inventory; (3) records and
indicates the correct price: (4) accumulates accounting con-
trol information; (5) prints a journal record for audit purpos-
cs; und (6) prints on a guest check, when required. The
result is better control for the bar owner and faster service
for the customer. A
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Electronic
Bartender

By FRED W. HOLDER

This system mixes cocktails, records
purchases, and maintains precise liquor
inventory without backtalk or conversation.

Fig. 1. The automatic bartender is composed of five units:
(1) the control register, (2) the logic unit, {3) the liquor-
bottle racks, (4) drink-dispensing head, and (5) compressor.

Electronic bartender accommodates 12 bottles of liquor.




Recent
Developments
In Electronics

Digital System Reduces Map-Making Time. (Top left) An experimen-
tal system for dramatically reducing the time involved in color map
making is being developed by IBM for U.S. Army Engineer Topo-
graphic Laboratories. The system uses an optical scanner/plotter, a
computer, and a display unit to produce separation negatives for the
maps. Engraving time is reduced from months to as little as one day.
First, the optical scanner converts colored-pencil line drawings into
binary information. After scanning, computer programs search the
data, follow the lines, and store the image in computer memory. Then
the computer, acting in the role of an “engraver,” puts together an
image composed of microscopic spots, as commanded by the recog-
nized colored-pencil codes. Highways, railroads, and lakes are
“drawn" by the computer much in the manner of laying microscopic
square floor tiles. Film transparencies are created, each with millions
of these square spots, on the optical scanner/plotter. These trans-
parencies in turn are used for making the lithographic plates for the
color printing process.

Fully Automated Plating Machine for PC Boards. (Center) A fully
aufomated plating machine now operating at The Singer Co.’s Friden
Div. is realizing savings of 50 to 75 percent in plating printed-circuit
boards. The machine, made by Meaker Equipment, is 48'/,-feet long
by 9Y,-feet wide by 19'/-feet high. Potential capacity of the unit,
based on two-shift operation, is one million PC boards a year. Each of
the machine's 56 carrier arms accommodates two racks of different
sizes of PC boards. Each rack holds one to four boards, so the fully
loaded machine may be handling close to 450 boards at any one
time. There are 17 tanks used for the automatic copper and tin-nick-
el plating. The copper plating tank has a capacity of 2600 gallons of
copper pyrophosphate bath and occupies one full side of the ma-
chine. Portions of this tank are operated at a current density of 5
amperes per square foot; other portions at 20 amperes per square
foot. The 56 carrier arms are chain-driven around the machine and
raised or lowered automatically at the individual stations.

Robots on the Assembly Line. (Below left) A portion of the highly
automated assembly line used to put together the new, little Chevro-
let Vega is shown here. The “robots” alongside the line are actually
5-axis industrial manipulators (Unimates) that are equipped with
specially designed lightweight portable welding guns. An operator
uses a “teach cable” to initially move the welding gun through its
desired cycle. The Unimate memorizes the exact location of its tool
and the series of motions required to move it there. The unit then
accurately repeats that pattern of tool movements—time after time.
Along each side of the line, 11 robots and one automatic welder
complete body welds with a consistent accuracy of ¥, inch. Although
they are capable of making up to 60 spot welds, time limitations
restrict each unit to a maximum of about 20. The car-assembly plant
employs a total of 26 manipulators, with two spare units as emergen-
cy replacements, as well as 49 other automatic welding devices for
the Vega body. We hope the new units will do a better job than some
of the sloppy welds we have seen on some of the new cars.
ELECTRONICS WORLD



Vanguard Celebrates Thirteenth Birthday. (Top right) Remember
Vanguard 1? Yes, it's still orbiting around the earth along with lots of
other space *junk,” even though it was launched over 13 years ago.
The satellite was launched on March 17, 1958 and tas provided a
wealth of information on the size and shape of the earth, which was
found to be slightly pear-shaped rather than perfectly round. Al-
though it was preceded in space by two Soviet Sputniks and the U.S.
Explorer | satellite, none of these other space vehicles is still in orbit.
The 3-lb, grapefruit-sized Naval Research Laboratory satellite was
the first orbiting package to be powered by solar energy. Although
the solar batteries failed in 1964 and the satellite’s speed has
slowed very slightly, it is still being tracked. Scientists say it will re-
main in orbit for as long as 2000 years.

Laser Velocimeter Measures Airflows. (Center) A 500-mW argon
laser is being used by the U.S. Air Force's Arnold Engineering Devel-
opment Center to measure the velocity of airflows in wind tunnels.
Prior to the use of this particular laser arrangement, it was necessary
to ““seed” the airflow with particles of material which could be detect-
ed. These added particles did not always travel at the same speed as
the airflow; hence, velocity measurements were incorrect. With the
present setup, the laser velocimeter detects the paturally occurring
particles in the airflow and is able to achieve accuracies of 99.5
percent and higher.

Sub-Nanosecond Silicon-on-Sapphire Switching Circuits. (Below
left) A silicon-on-sapphire circuit is being tested here that is able to
switch in less than a nanosecond (billionth of a second). The scope
shows a waveform from a silicon-gate CMOS/SOS (complementary
symmetry metal-oxide semiconductor/silicon on sapphire) 25-stage
ring oscillator. The digital readout shows that the 50 "“on-off” switch-
ing delays required per cycle take less than 25 ns, or less than 0.5 ns
per delay. The devices operate as fast as emitter-coupled bipolar
transistor gates yet dissipate only one-millionth of the standby power
consumed by the bipolar circuits. The circuits are under development
by RCA for the Air Force Avionics Laboratory.

Miniature Light-Emitting Diode Arrays. (Below right) A new and sim-
plified process for making complex display panels from thousands of
tiny light-emitting diodes, each no larger than a grain of salt, has
been announced by GE scientists. The process permits thousands of
the diodes, each producing.a dot of light, to be controlled with a
minimum of interconnections and external wires. To form a single
letter, number, or symbol in a display panel, 35 of the diodes are
combined in a rectangular 7 by 5 element array. At the left a typical
array is shown on a bit of newspaper print. By activating the diodes in
various combinations, as at the right, the array can produce all the
standard computer characters.
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Solid-State
Band-Swvitchin

Circuits

By WILLIAM G. WHEELER/Design Engineer, Heath Company

How diodes and transistors can be employed for receiver
channel-and band-switching and to facilitate remote control.

HERE is an almost endless variety of diode and transis-

tor switches. This article describes how some of these
switches have successfully solved some problems in receiv-
er cesign.

First, a few thoughts about diodes when used as switches.
The effective impedance of the diode can be approximated
by Ohm’'s law at frequencies below 30 Mllz; impedance is
the voltage across the diode divided by the current through
it. For a given amount of current through the diode, a ger-
manium diode will yield a much lower impedance than a
silicon, but this impedance will change greatly due to tem-
perature. Because of this lack of temperature stability, it is
frequently desirable to use a silicon diode and design the
circuit to “live with™ the higher impedance in the “on™
state.

ca .
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Fig. 1. (A) A crystal-switching 47h

Another item to consider is the capacitance across the
diode junction when the diode is in the “off” state. As the
operating frequency of the circuit increases, the more dis-
advantageous this leakage capacitance becomes. This can
be overcome by using any of a number of low-cost comput-
er diodes which have low capacitance.

Care must be taken to insure more bias current than the
peak anticipated signal current so that the diode will not be
switched off during a portion of the signal cycle.

Solid-State Band Switching

Recently the author was involved in the design of a sev-
en-channel, crystal-controlled, two-band v.h.f. receiver. It
was decided to do all channel- and band-switching with sol-
id-state techniques to facilitate remote control.

Because of the relationship of the
two bands and the v.h.f. frequencies in-
wolved, efforts to switch coils and capa-
citors proved unsuccessful, so it was de-
cided to use two separate front-ends

I generated the need for crystal
== switches, oscillator band switch, i.f. in-
put band switch, antenna band switch,
and a scheme to run the band switches
from the channel selector.

These various switches are shown in
Figs. 1 through 4. (In all circuits, Cg
should have a capacitive reactance of
from 1 to 5 ohms.) The two band-
switch lines are driven by the circuit of
Fig. 4 so that the.desired one is one
diode drop above ground while the
other is close to the supply potential
due to a number of leakage paths

circuit and (B) oscillator band-
switch arrangement, both using

(mostly transistor bias resistors).
Design targets for this receiver re-

switching diodes. These circuits
are interconnected at point ”X.”

B+

34

quired low current drain, consequently

1 diode currents fulfill more than one

BAND-SWITCHLINES N 'y . 1 ‘1

T ke fl.lnchm.l. For exdmplf, in Fig. 1A, .the
bias resistors for the “on™ (conducting)
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diode also act as the bias resistors for the transistors; in Fig.
1B, the forward-bias current for the “on™ diode is the emit-
ter current for the transistor being used.

Cgin Fig. 1A is the coupling capucitor to the crystal cir-
cuit; the capacitor also acts to block the d.c. voltage from
the diode bias circuit. The 1200- and 2700-ohm resistors are
adjusted to provide the proper bias for the transistor in con-
junction with the 1000-ohm emitter resistor. The 100k-ohm
resistors are used only to supply reverse bias to the “off™
diode so their resistance can be any value up to about 10%
of the diode’s reverse resistance.

The circuit in Fig. 1B connects to that of Fig. 1A at point
"N 7 Here, again, the 47k-ohm resistors are used only to
supply reverse bias to the diodes, so they can be any value
up to 10% of the diode’s reverse resistance. The 5.6-meg-
ohm resistors are used to apply the transistor’s base voltage
to the emitter of the transistor und to the anode of the
diode. These serve the dual purpose of protecting the tran-
sistor’s base-emitter junction from reverse breakdown and
applyving a low voltage to the anode of the diode to insure
that it is reverse-biased.

The circuit of Fig. 2 was used at the i.f. input instead of
the simpler Fig. 1A circuit because of the pessibility of a
large signal at the mixer output. This circuit uses the full
drain current of the mixer to forward-bias the switch. This
switch is turned on by using the simall amount of current
available from the “off” band-switch line to supply base
current for the transistor.

When the left band-switch line is grounded and the right
is ungrounded, mixer 1 is operative as follows: “B+ " is ap-
plied to the base of the switch transistor through the 27k-
and 10k-ohm resistors, turning this transistor “on.”” This
permits current to flow through the transistor and diode
from the drain of the mixer so it can function. At the same
time the base of mixer-2 switch transistor is at ground po-
tential which turns it off. Also, this ground potential is
passed to the anode of the mixer-2 diode which back-biases
it and turns it "off,” since its cathode is close to “B+ " due
to leakage through the mixer drain and source. The diode
supplies low-leakage capacitance through the “off™” switch.

The 100k-ohm resistors can be a high value since they are
used only to back-bias the diode. The 10k-ohm resistors
should be at least this value to keep from loading the signal
line and should not be much bigger so the voltage drop
caused by base-current flow will not be excessive. The 27k-
ohin resistors should not be so large that base-current flow
causes significant voltage drop and should not be so small
that appreciable power is wasted when the band-switch
line is grounded.

In Fig. 3 the bias current can be low because, although
large signals may appear on the antenna, only a small por-
tion of this signal will appear at the forward-biased diode
because its impedance is transformed to a high level at the
junction of the two coax lines by the quarter-wave section.

When one band-switch line is grounded, current flows
from the "B+ supply through the 2200-ohm resistor, the
diode, and the 1000-ohm resistor to ground. This causes the
diode to have a low impedance, thereby connecting the
bypass capacitor to the antenna line. This low-impedance
shunt on the line is transformed back to the coax junction
through the quarter-wave line to be a high impedance. As a
result, practically no signal current follows this path. At the
same time, “B+" is applied to the cathode of the other
(fower) diode while one half of “B+" is applied to the an-
ode through the 2200-ohm resistor. This gives the lower
diode a very high impedance so it is effectively out of the
circuit and the 50-ohm transmission line is left connecting
the antenna to the desired front-end. The 1000- and 2200-
ohn resistors are selected to allow the greatest possible cur-
rent to flow through the forward-biased diode yet not load
the signal line. These resistors also supply half of the “B+"
voltage to the anode of the back-biased diode so only the
June, 1971

very strongest of incoming signals will be clipped.

The circuit of Fig. 4 is constructed with a wire on the
anode of each diode which may be connected to either of
the two band-switch lines. Hence, any channel-switch posi-
tion can be used for either a high- or low-band channel and

may be changed easily when the crystal is changed. A
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Fig. 2. The i.f. input band-switching arrangement.
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Fig. 3. Diode switching that was used in antenna circuit.

Fig. 4. Band switch to channel-switch interconnections.
This circuit permits the ground from the selected channel-
switch line to be conveyed to the desired band-switch line
with proper isolation from the other band-switch line and
all the other channel lines employed in the v.h.f. receiver.
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Calibrating

Digital

Voltmeters

By M/Sgt. DAVID L. KIERSTEAD

Air Force Metrology Training Program, Lowry AFB, Colorado

Method employed at a precision laboratory to
calibrate and check the accuracy of a d.v.m.

OR state-of-the-art accuracy in metrology,a 10:1 ratio

must be maintained. When a standard’s accuracy does
not meelt or exceed a 10:1 ratio to the accuracy of the in-
strument being calibrated, a record of the true ratio should
be noted. Many digital voltmeters now in use have a manu-
facturer’s stated accuracy of 25 parts per million (ppm).
This creates problems in many laboratories trying to main-
tain the required 10:1 ratio, since working standards are
usually accurate only within £5 ppm, or a 5:1 ratio. A con-
stant search for more accurate methods of measurement
and more precise standards should be the mutual goal of
manufacturer and user.

Fig. 1 shows the equipment used and the means of adapt-

Fig. 1. Test setup used to calibrate digital voltmeter.
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ing it to various configurations for calibrating all ranges of a
digital voltmeter (d.v.m.).

Divider #1 is a seven-decade Kelvin-Varley divider with
an input impedance of 100k ohms and a terminal linearity
of 0.1 ppm. Divider #2 is a five-decade unit with an inter-
nal impedance of 100k ohms and of any accuracy. R 1 (900k
ohms) and R2 (10k ohms) are standards with short-term
stability of better than 1 ppm. The null detector (D) is an
electronic detector with a variable sensitivity to one micro-
volt full-scale. The power supply is a stable seven-digit
source with a manufacturer’s stated accuracy of 100 ppm.
Its output can be maintained at the accuracy given the
standard cell (S.) by connecting switch S2 to the standard
cell and adjusting the power supply.

The voltage standard is a saturated standard cell in a her-
metically sealed oven kept at a temperature of 35° C. The
cell used for this procedure has a value of 1.017586 volts,
+5 microvolts. Switch S1 is used to extend the range of
divider # 1 for application up to 1000 volts. The addition of
R 1 and R 2 eliminates loss of resolution in divider #1.
Switch S2 is used to monitor the output of the power sup-
ply relative to the standard cell or to connect divider #2's
output to the detector.

The d.v.m. to be calibrated was a potentiometric, contin-
uous-balance type. It has an adjustable internal power sup-
ply, an internal voltage divider, and three range resistors
(for 10, 100, and 1000 V).

Calibration Procedure

To start the calibration process, place switch S1 in posi-
tion B, switch S 2 to the standard cell, and close switch S3,
(Continued on page 62)

The Air Force metrology training program is conducted at
Lowry Air Force Base, Colorado. Its goal is the development of
responsible, knowledgeable airmen capable of high perform-
ance. Airmen are admitted to the program only after extensive
aptitude testing and personal interviews. Important facets in
achieving the program goals are: careful evaluation of the cur-
riculum, and the performance and attitude of the instructor in
the classroom. The curriculum is constantly revised or updated
to maintain credibility as newer and more sophisticated equip-

AIR FORCE METROLOGY TRAINING PROGRAM

ment is introduced. The general objectives of this training pro-
gram are that each student:

1. Will be able to use calibration standards at a level estab-
lished by the National Bureau of Standards.

2. Will be knowledgeable in the principles of electronics.

3. Will be able to analyze and isolate malfunctions and cali-
brate and certify precision measuring equipment.

4. Will be fully aware of his responsibility in maintaining the
high state-of-the-art in metrology.
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Semiconductor

More efficient than conventional heat sinks
for cooling semiconductors, these heat pipes
carry heat as a fiber-optic “pipe” carries light.

June, 1971

Heat Pipes
or

Cooling

by DAVID L. HEISERMAN

This assembly uses a heat pipe to cool three transistors,
which are attached to the rectangular copper block through
the three large holes. Heat is carried through a Ya-in dia-
meter heat pipe to four cooling fins. Assembly is manufac-
tured by RQA for Avco Electronics for use in CSA aircraft.

HEAT pipe is a tube-like structure
that treats heat energy in much
the same way a fiber-optic ““light
pipe” treats light energy. The heat
pipe passes heat energy smoothly and
evenly from one end of itself to the
other with virtually no regard for
over-all length, twists and bends, and
conditions of the outside environ-
ment. Ordinary metal heat conduc-
tors cannot perform such a feat.
Perhaps the most obvious electron-
ic application of heat pipes is that of
cooling power semiconductors—espe-
cially those confined to close quarters.
The output transistors in a satellite
communications system, for instance,
must be cooled in such a way that
their heat doesn’t affect the other
components around them. Conven-
tional heat sinks add passive weight,
take up valuable space, and put some
severe restriction upon the satellite’s

component layout. A heat pipe con-
nected to the power semiconductors,
however, can lead the excess heat en-
ergy around other heat-sensitive com-
ponents and through other sections of
the satellite to a massive part of the
metal framework. This technique
eliminates all the disadvantages of
heat sinks and does a better job of
cooling the semiconductors.

How They Work

Modern heat pipes work according
to two old and familiar principles of
physics. One principle, heat transfer
by evaporation, is responsible for
making a material covered with an
evaporating fluid feel cool to the
touch. The other, capillary action, is
responsible for making a fiber wick
draw fluids up out of a container.

The first heat pipes, those devel-
oped in the early 1940’s, took advan-
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This 250-ampere rectifier uses a comb:nat or of a ceramic
heat pipe and cooling fins to keep the s..cor water no more
than 10 degrees C warmer than firs. W thcu U the heat pipe,
temperature difference would be 'n excess ¢* 7C degrees C.

Cwze of only the tist principle—beat s 1o by evapora-
tion. These heat prpes were simply sea oo melal pipes that

ntained a bit ol volatile e Be tr he flud at one
end of the pipe set up an evapor. e process that soon
tilled the pipe with warm vapors Wi orever the vapors
touched the cooler <ides of the pipe. they condensed. Since
the temperature of evaporation ane cordensation are al-
wiys the sime. the temperature ¢t e ppe soon became
very nearly the same at every poirt Thro till one of the
really unique properties of heat pipes

These first heat pipes, however, mutier.ed an even tem-
perature distribution only as long as son ¢ tnnd remained in
the heated end of the pipe. Once the §eed in the heated
end dried up, that end of the pipe became much hotter
than the other end: and, from then o th e heat pipe be-
haved like an ordinary metal heat concvator

Farly heat-pipe rescarchers 1ecognizea the need for set-
ting up a complete heat-pipe ¢vete—are that included a
sep for returning the condensed v a o the heat-input
end. One result of their work was a b eat pape that had to be
operated in a vertical position so that gravity could return
condensed fluids to the heated bottem end. Another at-
tempt at completing the heat-pipe cycle mmvolved an exter-
mal mechanical pump to recirculate th ¢ fluid. Neither of
these solutions, however, proved to be satisfactory. The
srravity solution seriousty limited the Beat pipe's usefulness
to a small range of applications m statenary equipment.
and the pump solution increased size anc complexity of the
svstem.

In the late 1960°s, G. Yale Eastniar and his rescarch
sroup at RCA set out to develop a whoic rew technique for
completing the heat-pipe cvele—one that relied neither
upon gravity nor external moving paits Their final answer
to this problem involved the application of the second prin-
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ciple of physics already mentioned—capillary action. RCA
heat pipes now have a capillary structure lining the inside
surfaces. Most of these capillary structures are fiber wicks
made of materials such as fiber glass. A few experimental
heat pipes, however, use capillury structures made of po-
rous metallic compounds or have hundreds of fine longitu-
dinal grooves milled along their inside surfaces. Regardless
of the actual form, the capillary structure acts as a “capil-
lary pump’ to return condensed working fluid to the heat-
input end of the pipe (Iig. 1).

These heat pipes, then. are relatively simple devices that
operate in any position without the aid of any mechanical
moving purts. Some heat pipes are so simple, in fact, the
heat-input (evaporator) end and heat-output (condenser)
end are interchangeable.

Special Properties and Applications

Modern heat pipes have four special properties that are
already responsible for some simple and inexpensive solu-
tions to problems that have plagued engineers for decades.
These special propetties are: (1) high thermal transfer ca-
pacity. 2, even temperature distribution. (3) high thermal
“inertin,” and (4) thermal isolation

It is possible to construct heat pipes that have thermal-
transfer capacities thousands of times better than the best
passive heat-transfer devices. The main reason for this tre-
mendous difference lies in the fact that the rate of heat
trunsler by fluid cyaporation is abways much greater than it
1s for metailic beat conduction. A practical comparison
shows that a heat pipe can do the job of an extruded alumi-
num heat sink that is between two and ten times larger

The second special property of heat pipes is their ability
to distribute heat evenly over their entire surfuce arca. This
property. sometimes called “temperature flattening,”
comes from the fuct that the evaporation and condensation
temperatures are easctly the same as the temperature of
the vapors that fill the pipe. Rescarchers can warm aheat
pipe with a highly nonuniform flame, and imcasure only
very tiny temperature differences between any two points
on the pipe’s surface. By way of comparison, aluminum
heat sinks used in conjunction with power semiconductors
tend to be much hotter around the semiconductor than
anvwhere else.

The third special property of heat pipes, thermal inertia.
tends to hold the enyclope temperature constant in spite of
fluctuations in the amount of heat input. Although a heat
pipe can do this job quite well by itself, connecting a heat
sink to the condenser end raises the pipe’s thermal inertia
incredibly high. As an example, a series of experiments
with « heat-pipe heat-sink combination showed that ten-
fold Auctuations miinput heat changed the envelope ten-
perature by less than one pereent.

The temperature flattening effeets and high thermal in-
ertia of heat pipes can lead to applications other than those
dealing with heat transfer. It is possible. for instance, to
construct a simple, lightweight. and inexpensive electronic-
component oven that displays an unusually high degree of
temperature control and uniformity. By surrounding the
components with a heat pipe that is warmed with ordinary
electric heating coils at the evaporator end, every compo-
nent takes on exactly the same temperature. Furthermore,
the heat pipe’s thermal inertia is so great that it is some-
times possible to eliminate the heating coils and operate
the component oven with excess heat from power semicon-
ductors elsewhere in the system.

The fourth property of heat pipes is that of thermal isola-
tion. The main thermal connection between devices at ci-
ther end of a heat pipe is a vaporized fluid, and this means
that the size and kind of heat source has little bearing upon
the kind of heat dissipator, if any, connected to the con-
denser end. Perhaps the most remarkable single advantage
of heat-pipe thermal isolation is that it completely elimi-
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nates the awkward problems often involved in matching
the thermal impedance of a heat source material to that of
its heat dissipator. Mismatches in the thermal impedance of
a power semiconductor and its passive heat sink, for exam-
ple. can make the cooling system highly inefficient.

RCA, under an Army R&D contract, developed a special
250-ampere silicon rectifier assembly that uses a ceramic
heat pipe to carry thermal energy away from the silicon
wafer to external aluminum cooling fins. Without the heat
pipe, thermal impedance mismatches among the silicon, a
metallic case, and the aluminum heat sink would et the
wafer run about 70° C hotter than the other materials. Us-
ing the ceramic heat pipe as both a case and a thermal
impedance-matching device, however, the wafer runs only
about 10° C warmer than the cooling fins.

Design Limitations

A device as unique as a heat pipe is bound to have a_few
unique design limitations. In the case of a heat pipe, the
design limitations are: (1) maximum heat transfer, (2) maxi-
mum and minimum operating temperature, and (3) maxi-
mum heat density.

The superb heat-transfer characteristics of a heat pipe
break down whenever the input power outruns the ability
of the heat pipe fluid cycle to keep up. The heat-transfer
capability of a heat pipe is, for the most part, a function of
the pumping capacity of the capillary structure and the vis-
cosity of the working fluid. Designing a heat pipe with a
very high heat-transfer specification is a matter of selecting
a capillary structure that has a high pumping capacity and a
working fluid that has a low viscosity.

The maximum operating temperature of a heat pipe de-
pends upon the boiling point of the working fluid and the
ability of the envelope to contain high vapor pressures. At
its optimum operating temperature, the working fluid in a
heat pipe evaporates quite readily, but doesn't boil. It is
possible to operate a heat pipe at the boiling temperature
of the working fluid, however, providing the walls of the
envelope can withstand the pressure.

The minimum operating temperature reflects the tem-
perature at which the working fluid no longer evaporates
rapidly enough to mainthin an even temperature distribu-
tion along the entire length of the heat pipe. Heat pipes
designed for electronic heat-transfer applications generally
use working fluids that begin to evaporate at temperatures
slightly above ordinary room temperature.

A maximum allowable heat density is the third major de-
sign limitation for heat pipes. This rating, expressed in
watts per square centimeter, indicates the maximum rate
of heat input per unit area of heat pipe. Exceeding a heat
pipe’s maximum heat-density rating can buckle the pipe or
even melt a hole through it.

Like the maximum operating temperature rating, the
heat-density limit is closely tied to fluid boiling phenomena.
Any kind of fluid actually boeils in one of two different ways,
depending upon the rate of heat input. At “low flame,” for
example, a pot of boiling water contains thousands of tiny

rapor bubbles that rapidly rise to the surface and burst.
Increasing the rate of heat input with a “*high flame"™”
doesn’t increase the temperature of the boiling fluid, but it
does change the nature of the boiling. Increasing the rate of
heat input changes the tiny gas bubbles into lirge pockets
of vapor that are covered with a thin film of fluid. In the
vocabulary of the kitchen, this is a “rolling boil,” but the
proper laboratory term is “film boiling.”

The maximum heat-density rating for a heat pipe indi-
cates the point at which vigorous filim boiling begins.
Whenever film boiling occurs in a heat pipe, the layer of
fluid film keeps the hot vapors concentrated into a relative-
ly small area until the bubble bursts. Unfortunately, these
pockets of film-covered hot vapors always appear at the
point of high heat input. This combination of confined hot
June, 1971
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Fig.1. (A) Heat-pipe cross-section and (B) operating cycle.

vapors and high input temperatures upsets the pipe’s tem-
perature flattening characteristic and thus creates hot spots.

The three main design limitations of heat pipes are just
limitations, and not real disadvantages that inust be over-
come. As long as engineers use the devices within the de-
sign limits, the oniyv real present-day disadvantages of heat
pipes are their relatively high cost and short supply—both
economic, and not technical, stumbling blocks. A

Summary of experimental heat-pipe material and ratings. Ma-
terials listed in the working fluids column which are normally
solid at room temperature, such as lead for example, are as-
sumed to be in .« rolten form in this particular application.

MATERIALS
!
Envelopes Working Fluids Capillary Structures
ceramic acetone fiber glass
copper bismuth finely machined
longitudinal slots
glass cesium
porous metallic
molybdenum fluoridated hydro- compounds
carbons

nickel

indium
stainless steel

1norganic salts
tantalum

lead
tungsten

hthium
alloys and combina-

tions of the above mercury

methanol

potassium

water

i
RATINGS
Operating Temperatuce Ranges ... ... . ... Less than 0°C to 1980°C

Power Ratings . ... .. ... .. ... 2 watts to 17 kW

............ % inch to 6 inches in dia.
3 inches to 3 feet long

Dimensions
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AjA(IK of many trades. That’s what a technician is when
working in the Product-Service group of a television
manufacturer such as General Electric. Not surprisingly,
therefore, the duties of these technicians bring unique and
challenging experiences and opportunities.

Two of the many important functions of the Product-
Service group are: 1. preparing technical service literature,
and 2. improving field-service techniques.

Typical responsibilities of these technicians include:

¢ Troubleshoot and repair TV receivers being field-test-
ed.

¢ Perform tests and measurements on TV receivers to
obtain information for service literature and technical-
training material.

¢ Work with field-service and engineering departments
on TV receiver serviceability.

¢ Follow up production changes and field problems.

The first responsibility listed involves TV receivers re-
turned from the field after special engineering evaluation,
as well as production and prototype receivers. In this area
of troubleshooting, one of the qualifications for the job is
prior experience in general TV service work.

Other responsibilities require knowledge of advanced
electronics and TV theory, design, troubleshooting tech-
niques, and the ability to prepare technical service notes.

Product-Service technicians help to prepare a service
manual through six basic assignments, all of which are done
under the direction of a training specialist who is responsi-
ble for over-all preparation of the service manual.

These assignments are:

1. Voltage and waveform measurements. Working with a
schematic and production receivers, a technician takes
voltage and waveformn measurements for the service manu-
al. For accurate average readings, many receivers may be
tested, with both v.t.v.m. and v.0.m. measurements. Wave-
form photographs are made at key points. Along with other
artwork and composition, the photos are incorporated into
the service manual by publication specialists.

2. Disassembly/assembly instructions. With a new chas-
sis on his bench, a technician is the first in Product-Service
to disassemble this receiver. In so doing, he writes (he step-
by-step disassembly instructions. Since the technician has
prior experience in general TV service work, he under-
stands how important it is for a service manual to have all
necessary information.

3. Adjustment and alignment procedures. After the
training specialist has written instructions for adjustment
and alignment, he has a technician follow the procedures.
In this way, the technician puts the procedures to a practi-
cal test. As with the disassembly instructions, the technician
is representing the entire servicing profession when he
checks out this service-manual information. These proce-
40

4 The technician uses a whole bat-
tery of TV test equipment for mak-
ing the waveform photos that are
then used in TV service manuals.

Vocation

The TV

dures must be easily understood and must work with the
average TV service technician’s equipment. Areas covered
include verifying proper bias, identifying test points, and
determining test-equipment loading effects.

4. Troubleshooting procedures. These are developed
from the technician’s own observations and from ideas re-
ported by television service technicians. When a useful
troubleshooting technique is developed, it is generally com-
municated to selected field-service technicians for evalua-
tion. Then, as a follow-up, these techniques or service hints
are published in the service manual or in the company’s
service newsletter. A technician may issue a service letter
on his own after researching a problem and writing up the
solution.

5. Service manual artwork proofreading. All artwork is
done by technical illustrators in the Product-Service group.
Because the technician is familiar with the TV chuassis, he is
called upon to help proofread schematics, wiring diagrams,
and printed-circuit-board patterns. Especially important in
this proofreading is a final check of all production changes.
To get sufficient leadtime to prepare a service manual, the
manual is begun with pilot-run (pre-production) receivers;
consequently, it is necessary to continually update product-
service literature with each engineering change.

6. Technical theory comprehension. A technician con-
tributes to another Product-Service publication—the tech-
nical training manual. For each major chassis, the techni-
cian helps training specialists prepare a technical-training
manual which is given to thousands of service technicians
at company-sponsored training sessions.

Three important jobs for the technician which are relat-
ed to field service are: 1. field problems, 2. circuit modifica-
tions, and 3. serviceability.

Field Problems: A continuous effort is made in field prob-
lem follow-up. From service reports come case histories of
certain prevalent or unusual component failures. With this
reported data, a technician is able to simulate the trouble
and help devise effective service procedures and tech-
niques to overcome it.

Circuit Modifications: When a circuit modification is pro-
posed, a technician helps to evaluate it. For instance,
changing components or rewiring a printed-circuit board
could pose a problem if not done carefully. By making the
modification himself, the technician can anticipate possible
problems and suggest precautions that might be helpful to
those who'll be doing the work.

Serviceability: Of increasing importance to the service
industry is serviceability. Although serviceability depends
on TV designers, many suggestions for a more serviceable
product are passed on to Engineering by Product-Service
which, in turn, learns of the needs from the industry.

The company’s Field-Service unit has prepared a service-
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These television technicians prepare manufacturer’s service data
and help make servicing easier for other technicians in the field.

By RAYMOND E. HERZOG/ Supervisor, Service Parts

Product Service, General Electric Television Division

Profile;
Product-Servi

ability guideline checklist. Topics covered include: accessi-
bility of components, time required to disassemble a chassis
or sub-unit, product identification, and troubleshooting
convenience.

As soon as a prototype of a new chassis is built, the Prod-
uct-Service technician puts it through the serviceability
checklist. For example, the time required to disassemble a
high-voltage assembly or replace a power switch is mea-
sured with a stopwatch. The receiver’s serviceability rat-
ings are then compared with a standard and the results are
evaluated by Engineering. Here they serve as a basis for
design review.

Not all of these serviceability checks are performed by
company personnel; representatives from both NEA and
NATESA have also participated in such checks.

Work Environment & Qualifications

Product-Service technicians enjoy a diversified working
relationship which provides an excellent understanding of
the total operation from engineering design to field service,
and from technical service-literature drafts, through publi-
cation, to finished service manuals,

Their work also brings them into contact with engi-
neers—for technical information; factory foremen—for re-
placement components or resolving production problems;
and television technicians throughout the nation—to pro-
vide up-to-date information on new models and service in-
structions.

The work area for technicians consists of a laboratory fur-
nished with all necessary test equipment and photographic
apparatus and stocked with replacement parts.

The test equipment has the accuracy needed to obtain
reliuble service-manual data; at the same time, it is not too
different from that used by the average TV service shop,
thereby closely simulating realistic service conditions.

This equipment includes: TV sweep generator, crystal-
calibrated marker generator, crystal-controlled post-mark-
cr generator, marker adder, wide-band service oscilloscope,
dual-trace triggered-sweep scope, color bar/dot/crosshatch
generator, v.t.v.m,, v.o.m., and an isolated variable auto-
transformer for the power line.

The photographic equipment, used to take waveform
pictures and to photograph new TV models for the “User’s
Manual™ consists of: a Polaroid Land camera, a 35-mm
camera with close-up lens, tripod, and floodlights.

As might be expected, qualifications for these technicians
are quite stringent but, basically, are much the same as for
a top-notch TV service technician: namely, a thorough
technical knowledge of television circuitry and trouble-
shooting experience. Technical education is necessary, such
as an Associate of Applied Science, Electronic Kngineering
Technology. Hobbies like amateur radio are also helpful.
June, 1971

ce Technician

One special qualification is required: a good fumniliarity
with the company’s television receivers and their manufac-
ture. This knowledge is best acquired from having worked
as a technician at the company’s TV plant. With u working
knowledge of fuctory operations and plant layout and ac-
quaintance with production foremen and materials person-
nel, Product-Service technicians find their jobs much easier
in daily contacts with the fuctory.

A final qualification is « flair for writing and «a talent for
expressing ideas clearly. Since the objective of service and
technical-training manuals is to convey information, it is
helpful if the technicians are good writers.

The salary for a Product-Service technician is commensu-
rate with his responsibilities and contributions to the com-
pany’s business success. Progression from TV factory opera-
tions to Product-Service can continue to even more respon-
sible positions. For example, a logical upward promotion
would be to the post of training specialist, if he has a talent
for writing and expressing ideas well. Or, should he become
an expert in analyzing field-service situations, then a field-
service specialist’s job might be appropriate.

Also, his contacts with Engineering could lead to a trans-
fer to the engineering product-development lab. Here,
having previously worked with the finished product in
Product-Service, the technician could then contribute his
know-how to the development of even newer products. A

Author Ray Herzog (right) is using stopwatch to time technician
Ira Kalfus in removing components from high-voltage cage of TV
set. This is part of serviceability check used by manufacturer.




Photomicrograph of a typical CMOS structure—RCA’s
COSMOS gate CD4002, enlarged 150 times. See Fig. 4.
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By JOSEPH H. WUJEK, Jr.

Complementary metal oxide semiconductor IC’s,

in which both “n’-channel and “p’-channel MOSFET's
are fabricated on a single die, offer new ways

of obtaining very-low-power digital circuits.

ME years ago, a tale which circulated in the electron-
ics industry told of the woes of a designer of portable
equipment. As the story goes, the engineer had designed
the circuitry to a weight of three ounces but, unfortunately,
the batteries to power the system weighed thirty-five
pounds! This anecdote, while no doubt fictitious, nonethe-
less points up the need for very-low-power circuits. With
the development over the last few years of complementary-
metal-oxide-semiconductor (CMOS) integrated circuits, sig-
nificant gains have been achieved in the important area of
low-power digital circuits.
Before examining the CMOS structure and the inherent
advantages in manufacturing processes and circuit per-
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formance, the notion of complementary devices is worth
examining. Fig. 1 shows a complementary configuration of
bipolar transistors such as might be used in the output stage
of a digital circuit. When used in this manner, several desir-
able properties result. Because resistors are not used in the
output, power dissipation is low when only one of the tran-
sistors is in the “On" (saturated switch) state, with the other
“Off.” This power dissipation in the “On” device is simply
the collector current I, multiplied by the saturation volt-
age, Versan, plus the power dissipated in the base circuit
(Is X Vgg), which is small (for high hgg and good design
practice) compared to the collector-emitter power. Apart
from power drain due to leakage currents in the “Off” de-
vice, the only other power loss is in base resistors Rl or R2,
depending upon which transistor is turned on.

The above discussion considered a d.c. (standby) condi-
tion, that is, either of the transistors in saturation with the
other off. During switching, there exists a time interval
when both are conducting. This condition leads to a high
current flow during a portion of either the rise or the fall of
the output voltage. Hence, power dissipation is dependent
upon the frequency of operation, as well as the transition
times (rise and fall) of the output. These rise and fall times
are in turn dependent upon the load presented to the out-
put terminal, as well as the drive conditions and character-
istics of the transistors.

Having thus examined the dynamics of a bipolar transis-
tor complementary stage, a question arises: How can we
further reduce power loss?

Since the bipolar transistor is current-operated, an an-
swer to our problem would be a device which is voltage-ac-
tuated with a corresponding increase in impedance levels.
Such a device is the field-effect transistor (FET) and, in par-
ticular one of the members of this category, the metal-ox-
ide-semiconductor, or MOSFET.

Enter the MOS

In order to understand the operation of a MOS element,
refer to Fig. 2 which shows a sectional view of such a de-
vice. The device depicted in Fig. 2 is an n-channel MOS-
FET, so called for reasons which will become clear when
we examine the mechanism of conduction. For an n-chan-
nel device, a p-doped silicon crystal forms the substrate
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with an oxide layer on top. The source and drain, consisting
of n-doped silicon, is then diffused into a “well” or opening
in the oxide layer. The source and drain, in a functional
manner, correspond respectively to the emitter and collec-
tor of a bipolar transistor. Ultimately, the gate, source, and
drain leads are formed by metallization over the oxide layer
and n-wells. For p-channel devices, the starting substrate is
n-type, with ptype drain and source.

When the drain terminal of an n-channel device is biased
positive with respect to the source, and with no voltage on
the gate, a very high resistance is measured between drain
and source. In this “Off” state the resistance is on the order
of 1000 megohms. Because no d.c. path exists between the
gate and either the source or the drain, the input resistance
of the gate to either source or drain is also very high, usual-
ly above 10'2 ohms at room temperature. The absence of a
d.c. path in the gate circuit also gives rise to the name “in-
sulated gate” FET, or IGFET.

When a positive voltage (with respect to the substrate) is
applied to the gate, electrons are “pulled” from the elec-
tron-rich n-regions and form a conducting channel of n ma-
terial between source and drain. This equivalent “On” re-
sistance between source and drain is in the range of from
1000 to a few thousand ohms. The gate, however, still
“sees” no d.c. path; hence, a very high resistance appears
between the gate terminal and either of the other two ter-
minals. In fact, the only load which appears at the gate is
the capacitance which must be charged, and is typically 3
to 5 picofarads for the general class of FET's under discus-
sion.

In order to fabricate both n- and p-channel MOSFET's on
one crystal die, the processes shown in Fig. 3 may be em-
ployed. When this is done, we have the basic CMOS struc-
ture. Several devices may be interconnected to form a gate
structure as shown in Fig. 4. Because MOSFET's are rela-
tively simple to fabricate and do not have tight process lim-
its, yields are high and costs relatively low, making them
suitable for large-scale-integration (LSI) applications. The
fabrication of several thousand MOSFET’s on one chip is
now routinely done by manufacturers, although a discus-
sion of these circuits is outside the scope of this article.

The standby power dissipation of a CMOS circuit is the
sum of the leakage currents of the individual elements mul-
tiplied by the supply voltage. During switching, as in the
case of bipolar complementary pairs, both n- and p-channel
pairs are “On" during the transition; hence, the power dis-
sipation is again a function of the switching frequency and
is proportional to fCV2, where the C factor is the capacitive
loading of the output, Vis the supply voltage, and f the
switching frequency.

The very high resistance of the gate circuit can lead to
the collection of a static charge sufficient to destroy the
IGFET, unless preventive measures are taken An extreme-
ly simple “fix”" is to maintain a short-circuiting connection
between the external terminals whenever the IGI'ET is not
connected into a circuit.

A better solution is to fabricate zener diodes and ordinary
signal diodes to provide a discharge path around the IG-
FET whenever voltages build up from static charge. In the
same way, a path may be included to protect the IGFETs
from damage when the power supply is turned off and a
low-impedance drive source continues to supply input pow-
er.

A CMOS Device

To gain some insight into the numbers involved, let us
look at a commercially available CMOS unit, the RCA CD-
4002, designated as the COSMOS (complementary-symme-
try MOS) line by the company. The schematic and logic
diagrams for the CD4002 arc shown in Fig. 5. This chip
consists of two 4-input gates in a nor structure for positive
logic. The device is characterized for Vip of 10 volts with
June, 1971
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plementary MOS integrated circuits. (B) Cross-section of
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Fig. 4. Schematic diagram shows how several CMOS devices
can be interconnected to form a 3.input “nor” gate circuit.

standby power of, typically, 10 nanowatts per gate. At 1-
MIIz operation and 10-volt supply, power is approximately
1 milliwatt. Noise-immunity is given as typically 45% of the
supply voltage with a fanout in excess of 50. The output
impedance is 1.5k which is extremely low in view of the
nature of the loads to be driven.

The input capacitance of a CD4002 terminal is 5 pF (typ-
ical) and, for an output load of 50 pF (10 typical loads), the
propagation delays to a logical 0" and a logical **1”" are 400
and 200 nanoseconds, respectively. With the source termi-
nal grounded, the logic levels are ground and Vj,p, which
means the logic swing is maximized, using the entire availa-

(Continued on page 75)
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Noise Filters
in Hi-Fi Amplifiers

By JULIAN D. HIRSCH/Hirsch-Houck Laboratories

Here is how those high-cut and low-cut filters reduce interfering
noise without too much loss of the desired hi-fi program material.

OISE—any undesired addition to the signal or pro-

gram—is a universal problem affecting such diverse ar-
eas as space communications and high-fidelity sound repro-
duction. No matter what portion of the frequency spectrum
is involved, the problem resolves itself to one of limiting
bandwidth—the frequency range within which the signal is
contained. This is because random noise (“*hiss™ to the audio
man) has a uniform distribution of energy per unit of fre-
quency bandwidth.

The amount of noise power in a 10-kHz band is ten times
(10 dB) greater than that in a 1-kHz bandwidth, all other
factors being equal. This relationship applies whether the
frequency band involved is between 3000.00 and 3000.01
MHz (as it might be in a microwave communications sys-
tem), or the 10-kHz audio range itself.

In communications service the bandwidth can often be
sharply limited, since intelligibility rather than “hi-fi" is the
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Fig. 1. A hypothetical hi-fi program that is mixed with random
noise. Program level can be raised to overcome noise but to
do so may result in system overload and excessive distortion.
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Fig. 2. The effect of using 6-dB/octave filter cutting off at
2 kHz and 6 kHz. Although the 2-kHz filter removes a size-
able percentage of program, result is a quiet background.

Fig. 3. Effects of 12.dB/octave filter cutting off at 5 kHz and
much more elaborate 50-dB/octave filter cutting off at 9 kHz.
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prime goal. Not so in the world of high fidelity, where we
strive constantly to extend the frequency range. With this
extension comes a proportional increase in noise power, at
a rate of 3 dB/octave (or the equivalent of 10 dB/decade, a
10:1 range of frequencies).

The noise power in the range of frequencies up to 8 kllz,
which contains most of the program material we listen to, is
the same as that in the octave from 8 kliz to 16 kllz. This
suggests that removing all frequencies above 8 klz fromn
the reproducing system could have a very small effect on
the desired program, while cutting the noise power at lcast
in half. In this very over-simplified trcatment of what is
really a very complex subject, we are ignoring such impor-
tant considerations as the relative audibility of noise in dif-
ferent frequency ranges, but our purpose is to establish the
rationale for filtering, or limiting reproduction bandwidth
to that of the essential program material, when noise level
is a problem, and to show some of the desirable attributes of
such a filter.

The high-frequency pre-emphasis in M broadcasting
and the recording equalization boost of high frequencies
are designed to take advantage of the noise/bandwidth re-
lationship to improve the over-all signal-to-noise ratio. By
boosting the signals at high frequencies in recording or
transmission and rolling off the high-frequency response at
the same rate in playback or reception the program fre-
quency response remains unchanged, but noise introduced
along the way is reduced by the 6-dB/octave playback
equalization de-emphasis.

High-Cut Filters for Hiss

Even after all this has been done, there may be some
audible hiss remaining, and this is why many hi-fi amplificrs
and receivers are equipped with filters. The high-cut filter
(really a low-pass filter, but commonly identified as “high
cut” on amplifier or receiver panels) attenuates output
above its cut-off frequencey. Program and noise are equally
affected. but as we will show, it may be possible to remove
much of the noise with little effect on the program.

The amplifier designer must make two choices—the fil-
ter cut-off frequency and its slope (the rate at which the
response changes beyond cut-off). The simplest filter cir-
cuits have a 6-dB/octave slope, and these predominate in
present-day amplifiers and receivers in all price ranges.
The cut-off frequency is typically between 2 kllz and 6
kllz. The higher cut-off frequency has a less drastic effect
on the program sound, but is correspondingly less effective
in removing noise.

Fig. 1 shows a hypothetical situation of a hi-fi program
mixed with random noise. The solid-line rectangular curve
represents the 50-1z to 10-kl1z bandwidth of the program.
The sloping line indicates the cumulative noise power as
the frequency is increased, with the 3-dB/octave slope
showing that the power doubles with cach additional oc-
tave of frequency.

Notice that the noise curve intersects the program curve
at 2 kHz. If we assume that noise will be audible whenever
(Continued on page 68)
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SOLDER

and SOLDERIN

TOOLS

By JOHN FRYE

Methods, materials, and tools used
to make good soldered connections.
Here’s what's available in solders,
irons, guns, and desoldering tools.

SK any service technician if he really knows what he is
doing when he solders a connection, and he is likely to
be insulted; but the painful truth is he may not. Soldering is
like driving; everyone is satisfied with his own performance
and feels little need for study, but that doesn’t mean there
is no room for improvement. A high percentage of assem-
bled kits returned to the Heath Company for repair involve
poorly soldered connections and 1 strongly suspect a lot of
those connections were made by practicing technicians
who haughtily ignored the clear instructions and illustra-
tions on how to make good soldered connections.

This article will treat soldering more as a science than as
an art and it will outline the basic principles involved in
making good soldered electrical connections in the service
shop or the customer’s home. Materials, tools, and methods
involved in making such connections will be discussed and
illustrated with representative equipment. Manufacturers
of such equipment are listed along with their addresses so
further information can be secured directly, if desired.

“Solder” comes from the Latin soldare “to make solid,”
and can be defined as the metallurgical joining of two or
more metals at temperatures below their melting points by
means of a low-melting-temperature filler metal. Common
soft solders are tin/lead alloys with melting temperatures
below 600°F. The term “hard solder™ is properly applied to
brazing alloys having a much higher melting temperature.
“Silver solder™ is such an alloy, melting at 1200-1500°F.
Sometimes the term is loosely applied to tin/lead alloys to
which a small amount of silver has been added to make
temperature-resistant alloys melting in the 600-800°F
range.

How Soldering Occurs

Unfortunately, authorities—which in this case means sol-
der manufacturers—do not agree on the precise manner in
which the soldering action takes place. Some say solution
occurs between the solder and the soldered material. Note
“solution” does not mean “melting.” Salt can be melted
only with a very high temperature, but it dissolves readily
in water. Compare solder action to the moist tongue of a
cow licking a block of salt. The moisture dissolves the salt
into a brine that is neither pure water nor pure salt. In the
same way, according to these authorities, the liquid solder
June, 1971

This industrial GE sol-
dering iron uses tips
with insulating ceramic
coating on one side in
order to prevent electri-
cal short circuits if the
tip contacts two termi-
nals at same time.

exerts a solvent action on the copper or other material be-
ing soldered which produces a new and different alloy at
the interface. The soldered joint is thus chemical in charac-
ter rather than purely physical.

Other manufacturers, while admitting copper is soluable
in molten tin, insist soldering relies on wetting for the bond
formation and requires neither diffusion into nor melting of
the base metal to secure bonding. But most authorities
agree that soldering is the easiest, fastest, least-expensive,
most widespread, and all-around most satisfactory method
of joining in the electronics industry. A good soldered con-
nection, having complete metal continuity, is liquid and gas
tight, resists all thermal and mechanical stresses, and is ex-
cellent for electric-current conduction.

Fig. 1 is of major importance in understanding the nature
of solder. It shows the behavior of various tin/lead solder
alloys with regard to temperature. Note pure lead melts at
621°F. As tin is added, the melting temperature drops along
a straight line until the 63/37 mixture (63% tin, 37% lead—
tin is always given first) is reached. At this point the compo-
sition switches sharply from liquid to solid or vice versa as
the 361°F temperature is crossed. As more tin is added, the
melting point rises more gradually until pure tin is reached
which then melts at 450°F. But for all tin/lead ratios other
than the eutectic composition—the composition with the
lowest melting temperature—there is a mushy range lying

Fig.1. The tin-lead fusion diagram. Lowest melting temp-
erature occurs with 63% tin and 37% lead combination alloy.
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RULES FOR SOLDERING

1. The eight “rights” of making a good solder joint are: right
material to be soldered, right cleaning, right solder alloy, right
flux, right solder tool, right bit temperature, right amount of
solder, and right amount of heat.

2. A clean, well-tinned bit is a must for good soldering.

3. The iron should heat the material; it, not the iron, should
melt the solder.

4. A critical visual inspection is the only test needed to detect
poor solder joints—if you know what to look for.

5. If you cannot see the outlines of the items soldered togeth-
er, the solder has not flowed and wetted the metal as it should,
or you have applied too much solder. In the latter case, you
can't properly inspect the joint.

6. If the solder looks dull or frosted instead of shiny, insuffi-
cient heat has been applied to melt all the alloy completely, or
joint components have moved while the solder was cooling.

7. Making a good mechanical joint before soldering is the best
way to avoid cold-solder joints resulting from movement.

O
O O
O O

FLUX SOLDER
(A} (8) ()

Fig. 2. Various solder and flux arrangements of cored soider.

between complete liquidity and solidity in which the solder
is in a semi-liquid or plastic state.

Let’s see why this is so. Any composition containing less
than 63% tin can be considered a eutectic composition plus
additional lead; any composition containing more than
63% tin can be considered a eutectic composition plus ad-
ditional tin. When the temperature of a non-eutectic com-
position drops below the liquidity temperature, crystals dis-
proportionally rich in the additional metal forin and rapid-
ly subtract this metal from the liquid composition until the
latter reaches the eutectic mixture. Then the temperature
stays at 361°F until all the eutectic has solidified because
the eutectic solidifies sharply at only one temperature. This
effect is put to good use in the formation of body and wip-
ing solders that can be applied completely liquid and then
worked and shaped in the plastic state before solidifving. It
is a disadvantage in electronics work because solders widely
removed from the eutectic composition require more heat
to melt and more time to set. However, a 60/40 -composi-
tion is very near the eutectic and is the most popular solder
used in service work.

Importance of Flux

But more than the right solder composition is needed to
make a good soldered connection. All metals form oxides on
surfaces exposed to the air that prevent proper wetting of
those metals by the liquid solder. If a weathered copper rod
is dipped into molten solder, the solder will not adhere to it;
but if that rod is broken beneath the surface of the molten
solder, the latter readily bonds to the non-oxidized fracture
surfaces. Obviously the oxide must be removed to insure a
good soldered joint.
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A material used to remove oxides and to keep them re-
moved during the soldering operation is called a flux. Note
a flux is not designed to remove any material except metal-
lic oxides—not grease, not paint, not shellac, not dirt. These
must be taken off first by other agents or methods.

There are three major types of fluxes: the chloride or
“acid” type, the organic type, and the rosin or resin type.
Kester insists that the word “acid” applied to the first type
is merely a name describing the high activity of this type.
The manufacturer says these “acid” types are actually solu-
tions of one or more inorganic salts, being the halide or the
phosphate of zinc, aluminum, calcium, magnesium, or tin.
These fluxes are hygroscopic and, while hard and dry im-
mediately after soldering, the fused residue gradually ab-
sorbs air-borne moisture that dilutes it and causes it to
spread over a wide area, where it corrodes and becomes
conductive. Hence, chloride fluxes, including soldering
paste, are not suitable for fine electronics work. If this type
of flux is used, it should be washed away with hot water or
steam, and then the soldered unit should be thoroughly
dried.

Organic-type fluxes are made up of mild organic acids
and bases and their hydrohalides. While almost as active as
inorganic salts, these fluxes have shorter periods of activity,
which affords a means of limiting or controlling corrosion.
They are not hygroscopic, and their dry and withered resi-
dues are easily removed by flaking, tumbling, or wiping
with a damp cloth. These fluxes are useful where fast sol-
dering is essential and where a certain minimal amount of
corrosion can be tolerated, or where the flux residue can be
easily removed.

Rosin and certain resins come close to being the perfect
flux for electronics work because they do a good job of ox-
ide removal and because their residues are completely non-
corrosive and non-conductive. Note rosin is corrosive while
in the heated liquid form—that’s why it can do a good job of
removing oxides—but in the solid form is absolutely inert
and non-conducting. In other words, it works hard under
the influence of heat from the soldering iron but “boats its
oars” when the heat is removed. The electrical resistance of
a cubic inch of rosin is 3300 trillion ohms. Many fluxes con-
tain “activated rosin,” which means the natural material
hus been subjected to a complex chemical process to in-
crease its fluxing action without impairing the non-corro-
sive properties of the original rosin.

Flux makes another contribution to the wetting of metal
by molten solder by affecting the surface tension of the
latter. This is essential to the spreading or “feathering” of
the solder. Without this, the solder tends to assume a high
profile like a drop of water on an oily surface. Where the
spreading solder stops, the dihedral angle formed by the
sloping surface of the solder and the surface being soldered
is a measure of the flux action: the smaller this angle, the
better the flux has done its twin jobs of sweeping away the
oxides and influencing the surface tension equilibrium in
the direction the solder is spreading.

In some soldering operations, such as gutter and down-
spout installations, a liquid flux is brushed on the galvanized
metal first and then bar or solid-wire solder is applied.
However, most electronic repair soldering is done with
cored wire solder; i.e., the flux material in a solid, powder,
or paste form is continuously present within a small-diame-
ter tubing of solder. To insure the proper ratio of flux to
solder and to have the two melt in proper sequence, vari-
ous manufacturers have devised different methods of en-
closing the flux within the solder. Kester places it in the
center as shown in Fig. 2A. Alpha Metals does the same
with its Uni-core Leak-pruf acid solder and its Hi-cor organ-
ic flux, but uses the configuration of Fig. 2B for its Cen-tri-
core rosin-filled solder. Ersin Multicore employs five sepa-
rate cores of its flux spaced just inside the circumference of
the wire as shown in Fig. 2C, and different colors of flux are
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used to identify all standard Multicore alloys. This 5-core
configuration is carried out in all sizes of wire solder from
#10 standard wire gauge to # 34—the latter being only
0.009” in diameter, small enough to be threaded through
the eve of a needle!

It has already been mentioned that silver is sometimes
added to tin/lead alloys to elevate the melting tempera-
ture. Other materials will lower the melting temperature.
A tin-lead-cadmium composition has a eutectic of 295° a
tin-lead-bismuth composition can be made to melt at 204°F.
Solders with different melting temperatures permit “piggy-
back™ soldering in which a first joint is made with high-tem-
perature solder and then another component is added with
low-temperature solder so the original joint is undisturbed.

It is beyond the scope of this article to list all forms and
varieties of solder offered by the companies mentioned,
many of which are specifically designed for industrial sol-
dering applications; but the keyed listing gives some idea of
what is available from each. A query to any one of the com-
panies will bring full information on their products.

Materials to be soldered must be raised abeve the melt-
ing temperature of the alloy. This is done in many ways in
industrial soldering—dip pot, wave method, oven or hot
plate, electrical resistance, induction heat, etc.—but in
service work only the electric soldering iron, gun, and the
torch are ordinarily used to apply heat.

The Electric Soldering iron

The electric soldering iron is the most popular soldering
tool. The function of the iron is to apply sufficient heat to
the joint being soldered to melt the flux and the solder
without transferring so much heat that surrounding materi-
al, such as insulation or a printed-circuit board, is damaged.
Ideally, the temperature of the soldering iron tip should be
about 100°F higher than the melting temperature of the
alloy being used, both before and during the soldering op-
eration. At the same time, the size of the components being
soldered and the proximity of other components or conduc-
tors place mechanical limits on the size of the soldering
tool. The result is there is no such thing as a completely

Single-post soldering gun from
Wen being used on a PC board.

Combination desoldering-resol-
dering iron made by Endeco.
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Conventional dual-wattage sol-
dergun manufactured by Weller.

Miniature gas welding, solder-
ing torch from Tescom Corp.

satisfactory universal soldering iron: but manufacturers
offer a wide range of soldering irons and guns to meet ev-
ery need.

The bit temperature of the iron is controlled in various
ways: by limiting the wattage of the heating element, by
manually controlling the voltage applied to that element,
or by using thermostatic controls. Light-weight pencil-type
irons in the 8-25 watt range, working at the line voltage or
at 6, 12, or 24 volts through a step-down transformer, are
used for fine work where the light weight and short length
of the iron permits precise direction of the bit. Such irons
are offered by American Beauty, Edysn, GE, Hexacon, Un-
gar, Weller, and Wall.

American Beauty makes a temperature-regulating stand
that drops the voltage on an iron resting on it to produce an
idling temperature but applies full voltage when the iron is
removed from the stand. Hexacon, Ungar, and Wassco
make control units into which any conventional iron may
be plugged and the voltage—and consequently the work-
ing temperature of the iron—can be manually adjusted to
suit the job.

Another approach is the fully automatic temperature-
controlled iron. General Electric and Weller are two com-
panies manufacturing these. Weller has an interesting me-
thod of temperature control. At the back of the copper tip
is a temperature-sensing element of material that is mag-
netic when cold but that ceases to be magnetic when its
temperature reaches its Curie point. The cold element at-
tracts a permanent magnet which closes a spring-loaded
switch and applies power to the heating element. But when
the bit temperature reaches the Curie point of the sensing
element, the permanent magnet is no longer attracted and
the power is cut off until the temperature falls below the
critical temperature. By simply inserting tips with different
Curie points, the working temperature of the iron can be
maintained in the vicinities of 500, 600, 700, or 800°F.

With integrated circuits, any exchange of accumulated
charge between the soldering bit and the circuitry contain-
ing the 1C becomes a matter for concern. So these manufac-
turers provide grounded tips, isolated tips, or irons working

.

Soldering iron from Ungar has
replaceable heating element.

A new, cordless, rechargeable
battery-operated iron from GE.

o
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through isolating transformers for soldering such circuits:
American Beauty, GE, Hexacon, Ungar, Wassco, Weller,
and Wen.

Another approach to this and the portability problem is
the recent development of battery-operated rechargeable
soldering irons by GE and Technical Equipment Co. GE’s
iron is rated at 19 watts and reaches an operating tempera-
ture of 900°F in 15 seconds. Three nickel-cadmium batter-
ies in the handle of the iron produce 3.6 volts and can be
recharged overnight. Weighing 21 ounces, it comes com-
plete with batteries and recharging unit. TEC’s Express
2000 has a rating of 40 watts with its standard tip or 25
watts with its fine tip. It is powered by a heavy-duty 1.25-V,
10-Ah nickel-cadmium cell that provides 120 to 500 solder
operations on a single charge. Battery life is said to be bet-
ter than 3000 recharge operations. Weighing 20 ounces, it
comes complete with battery, but the charger is offered as
an accessory.

The Solder Gun

Back in the 1930's Carl Weller, a radio technician, in-
vented a new concept in solder-melting equipment, the
solder gun. The heating element is also the solder bit in this
tool and consists of a specially formed copper conductor
whose maximum resistance is at a wedge-shaped tip. This
conductor is connected across a low-voltage, high-current
secondary of a transforiner housed in a pistol-shaped plastic
case. A trigger turns the gun on or off and sometimes se-
lects either of two operating temperatures. Edysn, Ungar,
Weller, and Wen all make solder guns.

Advantages of the solder gun are: quick heating and cool-

ing, a small easily maneuverable tip, no expensive element
to burn out, some ability to control the temperature with
the trigger. Disadvantages include the weight and bulk, the
heavy a.c. flowing through the tip, the necessity to operate
the sinall tip at a high temperature to compensate for the
lack of a heat reservoir, and the fact that extensive magnet-
ic fields ordinarily surrounding solder guns preclude their
use where such fields can be detrimental. Ungar, Weller,
and Wen have all come out with guns to combat these prob-
lems.

Ungar’s #6760 solid-state solder gun features a rigid
grounded isolated tip for protecting sensitive 1C’s. Solid-
state components replace a heavy, field-generating trans-
former, and the iron weighs less than five ounces. Instant
selection of two temperatures—500°F or 900°F—is had with
a switch separate from the on-off trigger. Wen’s Model 450
All Gun is temperature-controlled and has three rigid re-
placeable tips: a “pencil™ tip (25-100 watt heat-power
range) for printed-circuit boards, a 100-200 watt heat-pow-
er tip for home wiring and appliances, and a 200-450 watt
heat-power tip for gutters and plumbing. A flat iron attach-
ment for removing dents and a plastic cutting attachment
are available. It weighs 35 ounces. Weller's Model GT-7A
soldering tool is also temperature-controlled and features
interchangeable power heads that are ejected by a push of
a button. Soldering points of the power heads have a special
plating said to hold up for more than 30,000 solder connec-
tions, The tool weighs seven ounces.

Before the service technician solders a new component
into a circuit, he ordinarily must “desolder™ the old one and

(Continued on page 65)

MANUFACTURERS

Alpha Metals, Inc. ... ... ... . ..ABLCD,E
56 Water Street, Jersey City, N.J. 07304

American Beauty,

Div. American Electrical Heater .. .. ... .. .. .. .F.GHJ,LRS
6110 Cass Ave., Detroit, Mich. 48202

Consell . . . [ Q
Nutmeg Ridge, Ridgefield, Conn. 06877

EdsynlInc. ... ... ... .. ... . .. FMQ
15954 Arminta St., Van Nuys, Cal. 91406

Enterprise Development Corp. (Endeco) ... ... .. ... ... R

5127 East 65 St., Indianapolis, Ind. 46220

General Electric F.G,H,IJK.R

2100 Gardiner Lane, Louisville, Ky. 40205

Hexacon ElectricCo. . ... ...... . .. .. ... ... ..... G,HJ,L,P.QS
119 W. Clay Avenue, Roselle Park, N.J. 07204

Kester Solder Co., Div. of Litton Industries ... ... . . . ABCD,EF
4201 Wrightwood Ave., Chicago, IIl. 60631
Mann, Henry, Inc. o R

Box 65, 925 Pennsylvania Blvd.,
Feasterville, Pa. 19047

KEY TO PRODUCTS

D. Low-temperature L. Control units
E. Separate fluxes

SOLDER GUNS
SOLDER IRONS M. Standard-type
F. Pencil-type

G. General-purpose

SOLDERS H. Heavy-duty DESOLDERING EQUIPMENT
A. Cored tin/lead I. Temperature-regulated P. Tips

B. Bar J. Irons for IC work Q. Solder suckers

C. High-temperature K. Battery-operated R. lrons

N. Temperature-regulated
0. Guns for IC work

Microflame Inc. . o T

3724 Oregon Ave., Minneapolis, Minn. 55426

Multicore (Ersin) Div. of British Industries Co. . . . 'AB,C,DE
Westbury, N.Y. 11590

Technical EquipmentCo, . ............ K

P.0. Box 247, Bothell, Washington 98011

Tescom Corp. Instrument Div. .. e T

2633 Fourth Street, S.E., Minneapolis, Minn. 55414

Ungar Div. Eldon Industries, Inc. . ... ... ... .. .. .FJ.LMOPR
233 E. Manville St., Compton, Cal. 90220

Wall ManufacturingCo. ... ..... ... ... . ..F

Kinston, N.C. 28501

Wassco (Glo-Melt) Div.,
American Electrical Heater . . . . ... .. L oL
6110 Cass Ave., Detroit, Mich. 48202
Weller Div., Cooper Industries Inc. AF.GH1I1JMN
100 Wellco Rd., Easton, Pa. 18042

Wen Products Inc. .. R J,MN,P
5812 Northwest Hwy., Chicago, Ill. 60631

S. Wick-type material

MISCELLANEOUS
T. Torches
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Larry Steckler
Editor
Radio-Electronics

Jim Hall

Designer of the
Chaparral 2J), world’s
most advanced racing car

Wayne C. Leckey (Top)
Home and Shop Editor
Popular Mechanics

Match wits with the experts
and win a $1000 shopping spree.

Three top pros challenge you to come up with an imaginative use for
General Electric Silicone Seal or Silicone Lubricant. Something they
may not have thought of.

Using the seal, electronics expert Larry Steckler repaired a speaker
cone, and sealed an antenna lead-in feedthrough and outdoor antenna
terminals. With the lube, he sprayed telescoping auto and TV antennas,
a record changer mechanism and slide, and an antenna rotator.

With the sealant, home-and-shop expert Wayne C. Leckey dabbed
rubber “‘feet’’ onto a trinket chest, sealed a rain gutter and caulked a
bathtub. With the lube, he sprayed a fishing reel, some stuck drawers
and all of his tools.

On his Chaparral 2J, Jim Hall used Silicone Seal to make formed-in-
place gaskets, to seal all electrical connections, and as an adhesive to
hold components to the body. Then he spray-lubed the throttle linkage,
suspension ball joints, wheel lugs and battery terminals.

Now here’s what you can do: send in another use for either prod-
uct, different from those mentioned above, and enter our sweepstakes.
(To win, all you must do is fill in your name and address and the name
and address of the store where you saw GE Silicone Seal and GE
Silicone Lubricant on display.)

Grand Prize: $1000 worth of anything from your favorite store
carrying GE Silicone Seal and GE Silicone Lubricant. Next 100 prizes:
$25 worth each. Next 1000 prizes: one-year subscriptions (or re-
newals) to the magazines from which you clip yaur official entry blank.
GE Silicone Seal: The most reliable adhesive/sealant/insulator

moisture-proofer/instant rubber. Guaranteed for 10 years. Ignores
temperatures from — 60°F. to 500°F. Won't harden, soften, crack or
shrink. Ever. Dab it on, overnight it becomes a strong, flexible, per-
manent rubber. In white, black, clear and metallic. In 3-0z. tubes and
12-0z. cartridges.

GE Silicone Lubricant: The slipperiest stuff in a can. Longest wearing,
strongest moisture resister, best corrosion fighter. Age, water and tem-
perature (—70°F to 400°F) can’t hurt it. First lube of its kind that can
be painted over. Really works on just about everything, even aluminum

(Not recommended for TV tuners.) In 6-0z. aerosol cans.

GENERAL @B ELECTRIC

OFFICIAL RULES—NO PURCHASE REQUIRED
{1) On Official Entry Blonk or plain piece of 3”x5” paper, print
your name, address, zip cade and the nome ond oddress of your
fovorite store carrying GE Silicone Seal and GE Silicone Lubricant.
Include suggestions for new or different uses for either product, and
name of mogozine in which you saw this ad.
(2) Enter often, but moil entries seporotely to: MATCH WITS,
P.O. Bax 250, Murray Hill Station, New York, N.Y. 1C016. Entries
must be postmarked by July 5, 1971 aond received by July 12, 1971,
(3) Winners selected in rondom drawings by an independent
judging orgonization. Decisions final. All prizes oworded. Only
ane to o fomily
{4) BONUS PRIZE 1f you win the Grand Prize and your entry in-
cludes o new or different use, you receive o Bonus Prize of $100.
(5) Any resident of the U.S. is eligible except employees ond
their fomilies of General Electric Company Silicone Products Dept.
and its agencies. Vaid where prohibited. Subject to all federal, state
and local lows ond reguiations.

—————— OFFICIAL ENTRY BLANK == — == == == —y
MATCH WITS
P.O. Box 250, Murray Hill Station
New York, N.Y. 10016
Here’s whaot | did with {check one)
or |_] GE Silicone Lubricant:

GE Silicone Seal

{ottach extra sheet of paper far additional uses)
Name
Address
City State Zip
Nome and oddress of my favorite store carrying GE
Silicone Seal and GE Silicone Lubricant

SILICONE
LUBRICANT

Silicone
Seal
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HE busy typing of Matilda, the office girl at Mac's Serv-

ice Shop, was interrupted by the sound of someone vig-
orously kicking the front door which had been closed be-
cause of the air conditioning. Turning around, she saw the
grinning face of J.D., a writer for technical electronics mag-
azines who frequently dropped into the shop and was a
great favorite of everyone there. Ile was hugging a big pa-
per sack in each arm and obviously needed help. She ran to
the door and opened it.

“Come on, Beautiful,” J.D. called over his shoulder as he
marched back into the service department. “We're going to
have a picnic, and J.D. is treating.”

Mac and Barney greeted him with bantering affection
and demanded to know what ulterior motive was behind
his generosity.

“Your suspicions wound me to the quick,” the writer said
as he began setting huge paper cartons of Coke, potato
chips, a cheese dip, and a big can of cashew nuts on the
service bench. "I just got to thinking of all the times I have
dropped in here and picked the brains of you three for
ideas for my articles, and I decided it was high time I called
on you socially, without wanting a thing; and of course |
didn’t want to come empty-handed. So-0-0-0 today, my es-
teemed friends, J.D. is at your service.”

“Mac, that’s the line the Greeks used when they offered
the Trojan horse,” Barney said. Do you think we can trust
him?"™

*I doubt it, but let’s do a little testing,” Mac suggested.
“Let’s pick his brains for a change. Let's see if he will tell us
how a tech writer ticks.”

“You'll be sorry.” J.D. warned, handing Matilda an ice-
capped cup of Coke. "Asking a writer to tatk about himself
and his work is like breaching a dam. Just remember you
asked for it.

“First off, I'll assume you're not interested in the ABC
business of how you query an editor, prepare a manuscript,
do illustrations, etc. That primer stuff you can get from any
book on writing for publication. An experienced writer
takes it for granted his manuscript should be pleasing to the
eye, require a minimum of editing, and be easy to set in
tyvpe. He does not expect the editor to have to do his work
for him. I think you want to know something about how 1
feel about my profession and try to put into my writing.”

“That's the idea,” Barney said, tossing a cashew into the
air and catching it in his mouth. “We want the behind-the-
scenes goodies.™

“Okay. I think a good tech writer is a true professional
and acts like one at all times. He doesn’t expect to write
only when he feels like it. A deadline is a serious obligation
to him and he makes every effort to meet it despite person-
al problems he may encounter. He is a responsible person.
He realizes an editor publishing his writing is laying his
editorial neck and the reputation of his magazine on the
line in doing so. An editor cannot—and should not need
to—double-check every statement the writer makes. le
must have writers he can trust to be painstaking and accu-
rate. The true professional is such a writer because he is just
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Credo of a
TECH WRITER

Mac and Barney learn what a free-lance writer
feels about his work and his ethical obligations.

s John Frye

as concerned about what appears under his byline as the
editor is about what appears in his magazine.

“My second belief is that a good tech writer is constantly
‘stocking the pantry shelves.” By that I mean he must be
constantly taking in and storing his mind with a wide range
of knowledge from many sources: experience, magazines,
books, newspapers, radio, TV, and talking with experts like
yourselves. Note this knowledge doesn’t necessarily pertain
to a topic he plans to write about in the inimediate future.
A good writer is interested in everything, but it’s amazing
how much of what he learns he eventually converts into
grist for his mill.

“Keeping informed is probably the most important activ-
ity of a writer, but he must not fall into the trap of becom-
ing just a fact-collector in his own field. It's essential he
perceive the relationship between what is going on there
and what is happening in the rest of the world. e must
develop a kind of side-looking radar that keeps him con-
stantly aware of major developments in not only adjacent
but in seemingly unrelated fields. Right now the biologist is
calling on the computer and the electron microscope to
help decode the secrets of the chromosomes, and store
management is starting to rely on CCTV and the video re-
corder to help combat shoplifting.

“The tech writer must do a great deal of reading in his
own special line, but; he should also study how technical
articles have been handled down through the ages. For ex-
ample, reading a couple of ‘construction’ articles from the
Bible, the story of Creation and the building of the Ark.
should convince anyone you don’t need five thousand
words to tell how to put together a transistorized audio os-
cillator. Perusing Leonardo da Vinci's notebooks or Ben-
venuto Cellini’s gripping account of the casting of the
bronze Perseus will show the writer how a master handles a
technical story. If he needs more to take the conceit out of
himn, let him read Ben IFranklin’s account of his early exper-
iments with electricity or see how the Sage of Philadelphia
got the jump on modern ecologists with his treatise on "The
Cause and Cure of Smoky Chimneys.”

“That brings me to another belief of mine. I think good
technical writing should have warmth and humor and re-
flect the basic philosophy of the writer. I want a story to
read as though someone—not a committee—wrote it! Some
technical stories I read are about as colorless as computer-
composed music. By saying a story should have warmth and
humor, I don’t mean the writer should deliberately try to
be funny or precious. I simply mean the writing should
show the author does not take himself nor his subject too
seriously. Just because the subject is technical, the writing
style does not have to be dry, stilted, and formal. The scien-
tific writings of 1LG. Wells and Julian Huxley prove the
contrary. As a matter of fact, the more difficult and recon-
dite the subject, the more the reader needs those little re-
cesses for the mind provided by touches of humor that reas-
sure him he is still in touch with another human being—the
writer. Encouraged and rested, he can then press on to
deeper understanding of the abstruse subject.
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At the risk of belaboring the point, |
think technical writers huve a deep re-
sponsibility, especially at this moment
in time, to demonstrate technology is
not necessarily cold and impersonal
and anti-human. Right now we are on
the brink of a revolt against technolo-
gv. Just last week I heard a college
president on TV expressing concern
over the large number of students
turning away from engincering and go-
ing into the humanities and social stud-
ics. le said people are distrustful of
technology because it has failed to
bring universal happiness and because
many feel it has led us down the prim-
rose path into a polluted world.

“There's reason for this feeling.
Technology, as presented by many
writers, seems to be trving to get rid of
humanity. They speak of ‘eliminating
human error’ as though man himself
were a mistake. It's high time technical
writers display technology as a servant
of mankind, not its master; for as peo-
ple see it, so will it become. Iirich
Fromm in “The Revolution of Hope’
quotes Marx as saving * . . . | cun only
relate myself in a human way to a thing
when the thing is related in a human
way to man.” If the rising tide of antipa-
thy to technology is to ebb, we tech
writers must relate things in a human
way to men. Man must be plugged into
any system planned. Mankind needs
technology, but technology also needs
man.”

J.D. stopped to scoop some of the dip
up on a potato chip and swallow it and
then he continued: “Finally, I think the
true professional has excellent relations
with the editors and publishers with
whom he works based on mutual re-
spect. The vast majority of editors are
fair-dealing, responsible business men
dedicated to their job of turning out
the best possible magazine month after
month. They can’t do it without writ-
ers and good writers make their job
much, much casier. But writers must
have a market for what they write; so
the editor-writer relationship is one of
mutual dependence.”

“Hold it,” Mac interrupted. “You say
the vast majority of editors are fine fel-
lers. Ever meet one who wasn't?”

A shadow wiped the cheerful smile
from J.D.’s face. “"Just one. Several
vears ago an editor friend asked me to
dream up a regular monthly feature to
help launch a new magazine. I came
up with a continuing story that proved
to be very popular and a good circula-
tion builder. Several vears later anoth-
cr editor I'll call B took over the maga-
zine and started tinkering with my
copy. He edited in some errors that
made me look silly, and when readers
caught them, he refused to admit in
print they were editing errors. A good
editor doesn't do that.

“Another editor I'll call A asked me
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to write a piece for his magazine. It
wias in no way related to what 1 was
doing for B, and his rate of pay was two
and a half times that of B. I did the
piece and my name was featured on
the cover. This made B furious. lle
wrote and demanded that in the future
I either let him have first chance at
anything I wrote or tell him what,
where, and when | was going to pub-
lish. He intimated his inagazine had
‘made’ my name, ignoring the fact 1
had been publishing regularly for
many, many years.

“Of course | refused. Telling one edi-
tor what another was going to publish
would be most unethical. 1 said as long
as | remained a free-lance, being paid
by the story, I would not submit to be-
ing controlled as though T were on sala-
ry. He refused to move from his posi-
tion, so I terminated the series. In my
fortv-odd vears of writing, he is the
only editor who tried to pull that; and 1
don’t think he tried it again because
many other professional writers, get-
ting wind of the incident, wrote and
told me that if he tried it on them he
would end up being blacklisted by all
of us.

“But believe me, that joker is the ex-
ception and not the rule,” J.D. said, his
normal good-natured grin returning.
“Let me show vou how things usually
go. Last month 1 got a telephone call
from a favorite editor saying he was in
a bind. At the last minute an author
found he couldn’t meet a deadline for
an article already advertised. The edi-
tor wanted to know if I would try to
get the article out on very short notice
if he sent all the material that had been

collected—and there were pounds of

it—to me air mail-special delivery. 1
didn’t tell him I had just refused re-
quests from two publishers to do books
because personal problems made me
very short on time. I simply said, ‘Shoot
the material to me and I'll do my best.”
No mention whatsoever was made
about payment, and I didn’t even think
about it. I just knew my friend was in
trouble and I wanted to help. I worked
on the article almost continuously und
finished it in plenty of time for the
magazine to work up the art on it. I<di-
tor B will never know that kind of loy-
alty from a writer.

“Well,”" J.D. said, standing up and
stretching until his muscles cracked,
“I've kept you people from work long
enough. Thanks for the use of the halt.”

“I'll be glad to open the door for you
any time vou return with your arms
full,” Matilda answered, gathering up
the empty cups, “even though vou
have sabotaged my diet for three days.
You can’t imagine how nice it is to hear
some talk around here about some-
thing besides flybacks, purity, 1C’s,
convergence, burst oscillators, and de-
lay lines.” A
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Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

We are proud to annoOunce two great
new courses in Engineering Mathematics
for the electronic industry.

hese unusual courses are the result of
many years of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men, from all walks of
life, on mathematics, and electrical and
electronic engineering.

You will have to see the lessons to ap-
preciate them! .

NOW you can master engineerin
mathematics and actually enjoy doing it!

WE ARE THIS SURE: you sign no
contracts—vou order your lessons on a
money-back guarantee.

In plain language, if you aren’t satis-
fied you dow’t pay, and there are no
strings attached,

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing to gain!

The INDIANA
HOME STUDY INSTITUTE
Dept. EW-6 , P.O. Box 1189, Panama City, Fla. 32401
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Genuine R C AF Watches

Gov't issue, used, guaranteed OK $20. ea.
OMEGA models, only $25.

Projection type decimal
§ counting units 0-9 digits.
From used eqpmt. $6 ea

SOLID STATE LAMP DRIVER completely
= wired with plug for use with above

DCU or any similar DCU.
= A $50.00 value for only $3.50

i Wired memory from
UNIVAC computer
2640 byte on plug-in

m board .Exlnt cond. $10

._6_|P PACKAGE IC brand new 35¢ ea. or
%ﬁ $3.50/12. 7400-7401-7402-

7410-7820-7430-7440-745] -
7453-7454-7460 The following

are $2.50 ea. 7441-7475-7490-7493.74121
FIBRE OPTICS the most comprehensive list
of FO material available..face plates, jewel-
vy, light pipes, coherent peepscope, light

sources, magnifiers, circle to line converter,
lamp kits. ® Send for special listing.

METAL LOCATORS, become a millionaire,
find jewelry, gold, silver, lost treasures.
® Send for special sheet.

Send 25¢ for Surplus Catalog..
JOHN MESHNA JR. ELECTRONICS
P.O.Box 62 E.Lynn, Mass 01904
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“JTV SERVICING MADE EASY’ by Wayne Lemons. Pub-
lished by Howard W. Sams & Co., Inc., Indianapolis, Ind.
218 pages. Price $5.25. Soft bound.

Although this volume is technically a second edition, so
many changes have been made in TV circuitry since 1962
that it has been extensively rewritten and updated to re-
flect these changes.

The author, a practicing service technician, has placed
his emphasis on the needs of the working technician with a
minimum of extrancous theory and a maximum of how-to-
do-it-on-the-bench advice. In eleven chapters he covers the
various sections of the TV receiver, circuits unique to color
sets, and servicing procedures and techniques.

* * *

“PHOTOMULTIPLIER MANUAL" compiled and published
by RCA Electronic Components, Harrison, N.J. 07029. 192
pages. Price $2.50. Soft cover.

This handy manual has been prepared to help designers
and users of electro-optical equipment understand photo-
multiplier tubes and select the correct one for the job at
hand. In 13 chapters, plus index, the scientists and engi-
neers who collaborated on this book cover photoemission
and secondary emission, principles of photomultiplier de-
sign, basic performance characteristics, statistical fluctua-
tion and noise, applications, voltage-divider considerations,
photometric units and photometric-to-radiant conversion,
radiant energy and sources, spectral response and source-
detector matching, technical data, outlines, and basing dia-
grams. Each chapter carries reference listings, illustrative
material, and mathematical analyses of the text. *

x * *
“FUNDAMENTALS OF ELECTRONICS" by E. Norman
Lurch. Published by John Wiley & Sons, Inc., New York.
817 pages. Price $12.95.

This is a book for technicians desirous of upgrading their
skills and moving up in electronics. Used as a textbook in
courses at The State University of New York at Farming-
dale, the book is also suitable for home-study, provided the
student has a working knowledge of d.c. fundamentals and
understands a.c.-circuit operation.

The material, covered in 25 chapters, is presented in a
straightforward, easy-to-understand manner with prob-
lems, review questions, and extensive illustrative data to
permit self-checking or classroom assignment and testing.
Answers are provided for selected problems.

* * *
“ENCYCLOPEDIA OF SCIENCE AND TECHNOLOGY" com-
piled and published by McGraw-Hill Book Co., New York.
10,800 pages (15 volumes). Price $360.

This is the Third Edition of an encyclopedia which was
originally launched in 1960, but so rapidly has science and
technology advanced that this extensively revised edition
became necessary. Most of the material from the previous
editions has been revised and updated and almost 1000
new articles have been added. This edition boasts numer-
ous 4-color photographs, more 2-color illustrations than pre-
viously, and the addition of almost 2500 new photos and/or
sketches. Fach topic is covered by a specialist in that partic-
ular field, with each discipline under the over-all supervi-
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sion of a consulting editor who is a well-known authority in
the field. Thus, Dr. Harry F. Olson is responsible for the
material on agoustics, while Dr. Jacob Millman passes on
articles about electronic circuits.

From the volume received for review it would seem that
the editors and publishers have done an exceptional job of
providing clear, succinct information on virtually any topic
students, researchers, scientists, and engineers would be
likely to require, inside or outside their own fields. Al-
though distribution is expected to center on schools and
technical libraries, families with scientifically oriented
members might want this set for their homes too.

* * *
“ZENER AND AVALANCHE DIODES"” by Carl David Todd.
Published by John Wiley & Souns, Inc., New York. 261
pages. Price $15.00.

This specialized text has been prepared for circuit de-
signers and advanced electrical engineering students con-
centrating on semiconductor devices and circuits. It pro-
vides in-depth information on the characteristics and appli-
cations of zener- and avalanche-diode types of voltage regu-
lators and covers basic device characteristics and applica-
tions.

The twelve chapters cover breakdown theory, character-
istic parameters, voltage-regulation circuits, voltage-moni-
toring circuits, protection circuits, clamping and clipping,
d.c. voltmeter scale expansion and a.c.-expanded scale volt-
meters, level shifters and coupling, miscellaneous applica-
tions, special devices, and test methods and equipment.

The treatment is mathematical and the author has as-
sumed that the reader has an electronics background of a
fairly generalized nature. An extensive bibliography per-
mits further study if the reader wishes to pursue any partic-
ular topic in more depth.

* * *
“THE RADIO AMATEUR'S HANDBOOK" by the Headquar-
ters Staff. Published by American Radio Relay League,
Newington, Conn. 06111. 610 pages, plus tube and transis-
tor data and basing diagrams. Price $4.50 in U.S. Soft cover.

This is the 48th (1971) Edition of the amateurs’ “bible”
and bigger and better than ever. Revisions in both the theo-
ry and construction sections of the book make it a truly
state-of-the-art reference for all facets of ham gear and op-
erating practices.

Among the new construction projects are such items as
solid-state transceivers, receiving accessories, and antennas.
Solid-state receivers and transmitters have been added,
along with new v.h.f. transmitting equipment.

As always, the tube and semiconductor data and basing
section is outstanding—eliminating the necessity of consult-
ing a number of tube and transistor manuals.

* * *
“ELECTRONIC MUSICAL INSTRUMENTS"” by Norman .
Crowhurst. Published by Tab Books, Blue Ridge Summit,
Pa. 17214. 188 pages. Price $7.95.

This is a book for both the technicians who service and
the performers who play electronic musical instruments.
The author, who has a foot in both camps, explains how
various instruments are “‘electronified,” modifications of
traditional instruments when they are to be electronically
amplified, how to handle instrument amplification, and
concludes with an extensive discussion of synthesizers.

Also included is an analysis of amplifier and speaker sys-
tem requirements, troubleshooting traditional and elec-
tronic instruments, and a discussion of the career possibili-
ties in the field. Since electronic organs have been covered
extensively in other books, this class of instruments has
been omitted from this volume.

Detailed diagrams, partial schematics, schematics, and
photographs are used to pinpoint exactly what is to be done
and how in connection with hooking up and maintaining
various types of electronic musical instruments. A
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NEW IR-18M solid-state 12-speed
chart recorder kit

NEW GD-29 microwave oven kit

NEW GR-371MX 25" square-corner

solid-state color TV kit

NEW 1B-101
solid-state

15 MHz frequency
counter kit
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NEW 1B-102 175 MHz e ———
solid-state
frequency

scaler kit
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NEW 10-102 solid-state
5’ scope kit
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NEW iIM-105 solid-state
VOM kit

Seven new Heathkit improvement ideas for home or shop

NEW! Heathkit IR-18M 10” chart recorder kit provides 12 different
chart speeds...instant pushbutton selection from 5 sec/in. to 200
min/in. Digital logic delivers accuracy unobtainable with ordinary
gear trains. Two input ranges permit accurate measurements from
0-1 & 0-10 mV full scale. Hi-Z input minimizes loading. 3-terminal
floating input. Light-operated modulator eliminates problems of a
mechanical chopper...operates at 240 Hz to reduce 60 Hz noise. In-
ternal temperature-stabilized reference voltage eliminates trouble-
some reference battery. Coarse & Fine zero controls allow fast,
accurate pen positioning. Other features: versatile pen holder that
accepts virtually any writing instrument & hinged top for easy paper
loading. For the best value going in a chart recorder, order your
IR-18M now. Kit IR-18M, 15 Ibs., 149.95*

NEW! GR-371MX 25" solid-state ultra-rectangular color TV. Check
out the competition for standard features like these: 25” square cor-
ner Matrix picture tube for the biggest, brightest, sharpest color pic-
ture ever...high resolution circuitry plus adjustable video peaking
...Automatic Fine Tuning...pushbutton channel advance...""Instant-
On'...Automatic Chroma Control...factory assembled 3-stage solid-
state IF and VHF & UHF tuners for superior reception, even under
marginal conditions...adjustable noise limiting & gated AGC...ad-
justable tone control... hi-fi sound output to internal speaker or your
hi-fi system. Plus your choice of installation in one of the three
beautiful Heath cabinets or custom wall mounting capability. And
the exclusive Heath self-service features let you do all normal ad-
justment & servicing, saving hundreds of dollars in service costs. If
you want the finest, this is it...order your 371MX now. Kit GR-371MX,
125 Ibs. 579.95*

NEW! GD-29 microwave oven...the most modern way to prepare
food. Cooks up to 70% faster with better vitamin retention. Cooks on
glass, ceramics, even paper plates. low profile design fits under cup-
boards easily, yet has one of the largest oven capacities in the indus-
try. Operates anywhere on standard 120 VAC current. Kit includes
specially prepared cookbook. Kit GD-29, 97 Ibs. ............ 399.95*
Roll-around cart gives oven easy mobility, Model GDA-29-1, 24.95*

NEW! IB-102 Scaler and IB-101 Frequency Counter combination
give you frequency measurement capability to 175 MHz at low, low
cost. I1B-101 counts from 1 Hz to over 15 MHz. Hz/kHz ranges & over-
range indicator let you make an :8-digit measurement down to the

last Hz in seconds. 5-digit cold-cathode readout...extremely low in-
put triggering...all solid-state with 26 ICs, 8 transistors. NEW 1B-102
Frequency Scaler can be used with virtually any counter on the
market to extend your measurement capability well into the VHF
range...at a price far below the cost of a 175 MHz counter. 10:1 and
100:1 scaling ratios give resolution down to 10 Hz...1:1 ratio provides
straight-thru counting for frequencies in range of counter. Exclusive
Heath input circuit triggers at very low levels — at 100 MHz less than
30 mV is needed. A handy Test switch gives a quick, accurate check
of proper operation. All solid-state; fully regulated supplies; conven-
ient carrying handle/tilt stand. Extend your frequency measurement
capability now with these two new kits. Kit IB-101, 7 Ibs. ....199.95*
Kit IB-102, 7 1bS. ..o ioie ettt i iiiiiiniaae e 99,95*

NEW! 10-102 solid-state 5” scope ideally suited for general purpose
service & design work. Features wide DC-5 MHz response, 30 mV/cm
sensitivity and 80 ns rise time. Switch-selected AC or DC coupling
for greater versatility. Frequency-compensated 3-position attenu-
ator. FET input provides hi-Z to minimize circuit loading. Recurrent,
automatic-sync type sweep provides five ranges from 10 Hz to 500
kHz with vernier. External horizontal and sync inputs are also pro-
vided. One volt P-P output provides an accurate comparison voltage
source. Additional features include a big 5” CRT with high visibility
trace; 6x10 cm ruled graticule that can be replaced with a standard
camera mount; solid-state zener-regulated supplies for extra display
stability and 1207240 VAC operation. An excellent all-around scope
that belongs on your bench now. Kit 10-102, 29 Ibs., 119.95*

NEW! M-105 solid-state portable VOM...an extremely rugged, high-
ly accurate, low cost meter for hundreds of applications. High impact
Lexan® case and ruggedized diode & fuse protected taut-band meter
movement will suffer extreme abuse and still maintain specifica-
tions. 95° wide viewing area provides high resolution. 3% DC accu-
racy; 4% AC accuracy; 3% DC current accuracy. Temperature
compensated. 8 DCV ranges from 0.25 to 5000 V full scale...7 ACV
ranges from 2.5 to 5000 V full scale...6 DC current ranges from 0.05
mA to 10 A full scale...5 ohms ranges from x1 to x10k with center
scale factor of 20...5 dB ranges from —10 to +50 dB. Other features
include DC polarity reversal switch; front panel thumbwheel ohms
zero; self-storing handle and fast, easy assembly. A lot of meter at a
little cost...that's the new IM-105. Order yours now. Kit IM-105, 7
Ibs., 47.95*%

See these kits at your local Heathkit Electronic Center. .. or Send for Free Catalog

CALIF.: Anaheim, 330 E. Ball Road; EI Cerrito, 6000 Potrero Avenue; La Mesa, 8363
Center Drive; Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middliefield Rd.;
Woodland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: At
lanta, 5285 Roswell Road; ILL.: Chicago, 3462-66 W. Devon Ave.; Downers Grove,
224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Wellesley, 165 Wor-
cester St.; MICH.: Oetroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 101 Shady Oak
Rd.; Mo.: St. Louis, 9296 Gravois Ave.; N.).: Fair Lawn, 35-07 Broadway (Rte. 4);
N.Y.: Jericho, L.I., 15 Jericho Turnpike; New York, 35 W. 45th Street; OHIO: Cleve-
land, 5444 Pear| Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318
Roosevelt Blvd.: Pittsburgh, 3482 Wiltiam Penn Hwy.; TEXAS: Oallas, 2715 Ross
Avenue; Houston, 3705 westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil-
waukee, 5215 W. Fond du Lac.

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local
stock, consultation and demonstration facilities. Local service also available
whether you purchase locally or by factory mail order.
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| HEATH COMPANY, Dept. 15-6

Benton Harbor, Michigan 49022 a Schlumberger company l

| [ Enclosed is $ ., plus shipping. |
Please send model (s). _ - _ |

| [ Please send FREE Heathkit Catalog. [J Piease send Credit Application. l
| Name - |
| Address - |
| city. State zip |
*Mail order prices; F.0.B. factory. l

| Prices & specifications subject to change without notice. CL-411 [
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Lowvv-Distortion

Hi-Fi

Volume Expander

By RICHARD WILT

An FET circuit that provides up to 30-dB expansion
of dynamic range of recorded or broadcast music.

NE of the major shortcomings of disc or tape record-
ings is the finite dynamic range available. In order to
counteract the always-present system noise, recording com-
panies use volume compressors and limiters to insure that
the recorded signal fulls within proper limits. If this were
not done, the soft passages would be marred by a high back-
ground noise level, or the loud passages would overmodu-
late the disc or tape, causing severe distortion.

A device that can increase the dynamic range of record-
ed music is called a volume expander. It does this by ampli-
fying strong signals more than weak signals. Ideally, the
gain of a properly operating volume expander should be pro-

Schematic and parts listing of volume expander which uses 3 inexpensive FET's.
For stereo operation, a duplicate of the Q1, Q2, Q3 circuit would be required.

G

portional to its input signal over its entire operating range.

The unit to be described uses a field-effect transistor as a
veltage-controlled variable resistor in an attenuator net-
work. Inexpensive parts are used, and one should have no
difficulty building the unit for $30 or less.

An expansion ratio of over 30 dB may be obtained by
proper adjustment of the bias control, but 20 dB was found
to be the practical limit for most recordings. After all you
don’t want the softer music to disappear completely. The
expander is designed to have a very short time constant (2
ms) for increasing sound levels, but a long time constant
when the volume is decreuasing.

In the circuit shown, Q1 amplifies
the input signal and applies it to the
half-wave rectifier D1. The resulting
d.c. voltage is used to control the effec-
tive resistance of ()2, which is part of
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an audio-attenuator circuit. The resist-
ance of 2 can change from several
thousand ohms to several megohms
with a gate voltage change of a third of
a volt or so. The output of the attenua-
tor is amplified by (3 to a level suffi-
cient to drive most power amplifiers.
Field-effect transistors are also used for
O1 and (3 to avoid loading the attenu-
ator network.

The meter circuit with its driver, Q4,

urvac.

R3

+18v

make it easier to set the input levels
correctly. A switch is provided to con-
nect the meter to either channel. Al-
most any n-p-n audio transistor can be
used for 4.

A zener diode (D6) voltage regulator

RS

is shown in the power supply. The bias
voltage is quite critical and, without
the zener diode, line-voltage variations

|
LE

R1—250,000 ohm audio-taper pot
R2, R3—330,000 ohm, Y2 W res.

R4, R11—3300 ohm, Y2 W res.

RS, R10—270 ohm, Y2 W res.
R6—10,000 ohm, Y2 W res.

R7—10 megohm, Y2 W res.

R8—3 megohm linear-taper pot
R9—2500 ohm linear-taper pot
R12—470 ohm, ¥2 W res.

R13—220 ohm, Y2 W res.

R14, R15, R17, R18—1000 ohm, Y2 W res.
R16—2200 ohm, Y2 W res.

C1—0.05 pF paper capacitor

C2—5 pF, 25 V elec. capacitor

C3, C8—100 pF, 3 V elec. capacitor
C4—0.01 pF ceramic capacitor
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CS5, C6—5 pF, 10 V elec. capacitor

C7. C9—0.22 uF paper capacitor

C10, C11, C12—250 uF, 50 V elec. capacitor
C13—10 pF, 25 V elec. capacitor
S1—S.p.s.t. toggle switch
S$2—S.p.d.t. slide switch
J1, J2—Pin or phono jack
M1—1 mA miniature d.c. meter

D1—Germanium diode (see text)

D2, D3, D4, DS5—Silicon diode 200 p.i.v., 1A (HEP

D6—5 V zener diode (HEP 603)

D7, D8—1N34A germanium diode (HEP 134)
T1—24 V, 1 A filament trans.

Q1, Q2, Q3—RCA 40468A
Q4—2N647 (or HEP 641)

would cause large changes in the gain
of the expunder. The bias potentiome-
ter should be a screwdriver-adjustable
type and located on the rear of the ex-
pander. The power supply as shown
will operate both channels of a stereo
expander.

The control-signal rectifier (D1)
must have a back resistance of at least
50 megohms to avoid shortening the
time constant of the rectifier load cir-
cuit. A v.t.vum. can be used to measure
the back resistance of the diodes. A
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germanium diode is preferable for DI
because of its lower threshold voltage.

A time constant of about 3 seconds
0.22 pI¥ and 13 megohms) was found
to be about right for this circuit, al-
though some people might prefer a
shorter time constant. A 0.1-uF capaci-
tor in place of the 0.22-uF unit shown
for C7 would reduce the time constant
to 1.3 seconds. A shorter time constant
than this would produce an annoving
“blasting™ effect.

Parts placement is not critical with
the exception of the power transform-
er, which should be several inches
away from the amplifier circuits to pre-
vent hum pickup.

Alignment Procedure

The only equipment needed for
alignment are a calibrated oscilloscop
and an audio oscillator. Set the input
level control at maximum and the ex-
pansion control at minimum. Apply a
100-mV [-kllz signal to the input. Ob-
serve the level on the meter. This is
the maximum signal level that should
be reached during use. A red line on
the meter at this level would be a good
idea. Set the bias control for maximum
signal on an oscilloscope connected to
the output of the expander, then adjust
the bias control for an output voltage
one-tenth as great as the maximum
(20-dB down). The bias should now be
about 2 volts. If 30-dB expansion is de-
sired, set the output at 0.03 of the max-
imum, but a hum problem could devel
op during use in this case.

Set the expansion control at maxi-
mum. This should restore the original
output level. This completes the align-
ment.

A little practice may be required in
setting the input levels correctly, but
once set, the unit needs little attention.
The expander would normally be con-
nected between the preamplifier and
the power amplifier. The listening vol-
ume is controlled by gain controls on
the power amplifier. The preamp con-
trols and input controls on the expun
der should be adjusted only as neces-
sury to keep the input level correct as
shown on the meter. The meter should
kick to about haif-scale on peuks.

Listening to an expander for the first
time can only be described as startling,
with most recordings sounding much
more realistic. When the music stops,
tape or record noise fades away in a
fraction of a second. A verv quiet lis-
tening room would really add to your
enjoyment of this unit. Also desirable is
understanding neighbors, as the music
can get unbelievably loud at times. A
curious effect is that the ear gets used
to the increased dvnamic range and
takes it for granted. Then all vou have
to do is remove or bypass the expander
and discover how dull things sound
without it. A
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Just this once,

it’s nice to have a machine take over.

We designed our RD8S 8-track
record deck to automatically eject the
tape for two very important reasons.

First, since the tape ejects at the
end of one program (or all four), it's
always at the beginning of a program.
Never again will you insert a tape
only to hear the middle of the music.

And second, you avoid possible
internal damage to your tape
cartridges.

Our RD8S lets you record from
two sources simultaneously. You can
play along with records and get a

perfectly balanced recording every
time. Looks? The RD8S has a
black-out dial face and genuine
walnut veneer cabinetry.

See a BSR McDonald dealer and
get hold of an RD8S. You'll turn
out your own perfect-sounding
8-track cartridges for a fraction

of the price of EEW

pre-recorded tapes.
McDONALD

Send for free
full color catalogs.
BSR (USA) Ltd.,
Blauvelt, N.Y.10913
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully “’'shopped around’’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better ‘’ad’’ than
anything we could tell you.
Here's his story, as he wrote it
to us in his own words.

By Harry Remmert

AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I'd fall behind, lose interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because
56

futere, he tells his own story on these pages.

it is right there in print for as many re-readings as I find
necessary. If I feel tired, stay late at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me, these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

Having decided on home study, why did I choose CIE?
I kad catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, etc. I eliminated
these schools which were slow in sending catalogs.

FCC License Warranty Important

The First Class FCC Warranty* was also an attractive
point. I had seen “Q” and “A” manuals for the FCC exams,
*CIE backs its FCC License-preparation courses with this famous Warranty:

graduates must be able to pass the applicable FCC License exam or their
tuition will be refunded in full.

ELECTRONICS WORLD



and the material had always seemed just a little beyond
my grasp. Score another point for CIE.

Another thing is that CIE offered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short, and 1 could attain something
definite without dragging it out over an interminable num-
ber of years. Here | eliminated those schools which gave
college credits instead of graduation diplomas. | work in
the R and D department of a large company and it's been
my observation that technical school graduates generally
hold better positions than men with a few college credits.
A college degree is one thing, but I'm 32 years old, and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a year or two, not just start.

If a school offers both resident and correspondence
training, it’s my feeling that the correspondence men are
sort of on the outside of things. Because | wanted to be
a full-fledged student instead of just a tagalong, CIE’s
exclusively home study program naturally attracted me.

Then, too, it’s the men who know their theory who
are moving ahead where | work. They can read schematics
and understand circuit operation. I want to be a good
theory man.

From the foregoing, you can see | did not select CIE
in any haphazard fashion. | knew what I was looking for,
and only CIE had all the things | wanted.

Two Pay Raises in Less Than a Year

Only eleven months after | enrolled with CIE, 1 passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. | had a pay increase even be-
fore 1 got my license and another only ten months later.
I'm getting to be known as a theory man around work,
instead of one of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. | am smarter now than | had ever
thought | would be. It feels good to know that I know
what | know now. Schematics that used to confuse me
completely are now easy for me to read and interpret.
Yes, it is nice to be smarter, and that’s probably the most
satisfying result of my CIE experience.

Praise for Student Service

In closing, I’d like to get in a compliment for my Corre-
spondent Counselor who has faithfully seen to it that my
supervisor knows I'm studying. | think the monthly re-
ports to my supervisor and generally flattering commen-
tary have been in large part responsible for my pay
increases. My Counselor has given me much more student
service than *‘the contract calls for,”” and | certainly owe
him a sincere debt of gratitude.

And finally, there is Mr. Tom Duffy, my instructor. |
don’t believe I've ever had the individual attention in any
classroom that I’ve received from Mr. Duffy. He is clear,
authoritative, and spared no time or effort to answer my
every question. In Mr. Duffy, I've received everything |
could have expected from a full-time private tutor.

NEW. .. Electronics Engineering Course

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

June. 1971

I'm very, very satisfied with the whole CIE experience.
Every penny | spent for my course was returned many
times over, both in increased wages and in personal
satisfaction.

T N ————

Perhaps you too, like Harry Remmert, have realized that
to get ahead in Electronics today, you need to know much
more than the “‘screwdriver mechanics.” They're limited
to “thinking with their hands™ . . . learning by taking
things apart and putting them back together . . . soldering
connections, testing circuits, and replacing components.
Understandably, their pay is limited—and their future, too.
But for men like Harry Remmert, who have gotten the
training they need in the fundamentals of Electronics,
there are no such limitations. As *‘theory men,” they think
with their heads, not their hands. For trained technicians
like this, the future is bright. Thousands of men will be
needed in virtually every field of Electronics, from two-way
mobile radio to computer testing and troubleshooting.
And with this demand, salaries have skyrocketed. Many
technicians earn $10,000, $12,000 or more a year.

Send for Complete Information—FREE

Many men who are advancing their Flectronics career
started by reading our famous book, ““How To Succeed
In Electronics.” It tells of the many electronics careers
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you’re *‘shopping around™ for the training you need
to move up in Electronics, this 44-page book may have
the answers you want. We'll send it to you FREE. With
it, we’ll also include our other helpful book, **How To Get
A Commercial FCC License.”

To get both FREE books, just fill out and mail the
bound-in postpaid card. If the card is missing, send the

coupon below.
Cleveland Institute

R e
c I of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council

Cileveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
- Please send me without cost or obligation:
1. Your illustrated 44-page book, “How To Succeed
HE" in Electronics.”
2. Your book on "How to Get A Commercial FCC

REVISED

| am especiaily interested in:

G I O Electronics O Eiectronic
[ Technology Communications
BILI. O Broadcast O Industrial Electronics
Engineering and Automation
BEHEF"S O First-Class O Eiectronics
FCC License

-
I
|
|
|
I
|
I License.”
|
|
|
I
I
|
|
|

O Electronics Technology with Laboratory
All CIE courses are
appraved lor full

Tuition reimbursemant | L (PLEASE PRINT)
wndaer G 1. Bill. 1T you

sorved on active duty Address..

since dgnuary 31, 1955, .

OR are in service now, | City.

check box on reply eard | — __Zp Age

or conpon for latest |
G. 1. Bill isfermation. | O Veterans and Servicemen:
| check here for G.1. Bill information.

.
I

I

I

I

I

|

I

I

I

I

1

|

I
Engineering |
I

|

|

I

|

|

I

|

|

I

|
-

CIRCLE NO. 147 ON READER SERVICE PAGE 59



Programmable

/ener Applications

By R. L. STARLIPER/western Electric

This three-terminal device, providing a variable
zener voltage, has many unusual applications.

11K, programmable zener is a three-terminal semicon-
ductor device capable of providing a continuously vari-
able zener voltage with the input voltage fixed at some
selected value. Basically, it consists of two transistors con-
nected to form a Darlington circuit and a low-voltage fixed
zener used to supply the reference voltage. The device was
intended to be used as a programmable zener “diode™ but
has many other applications, as will be described.
The programmable zener of the type to be described is a
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low-capacitance, low-power, three-terminal device, as
shown in Figs. 1A and 1B.

The circuit consists of transistorsQ1 and 2, a zener
diode DI, and a resistor R connected in a high-impedance
Darlington circuit, as shown within the dotted box (Fig.
1A). Programming is accomplished by the selection of prop-
er vilues for external resistors Rl and R2.

When power is applied to the circuit through an external
current-limiting resistor (not shown), the current flow
through Rl to the buse of Q1 biases ()1 on. The current
from the emitter of Q1 flows through DI to the base of ()2
and turns Q2 on. Under these conditions, the voltage from
terminal 3 to ground is maintained at a fairly constant val-
ue, equal to the zener voltage of DI and the base-to-emitter
voltage of Q1 and (2. As the values of Rl and R2 of the
external divider change, the collector-to-emitter voltage
across Q1 changes, causing the output voltage, Vi, to vary.
The output voltage of Fig. 1A is given by:

(R1+ R2)
I()LI'. ‘/l  Dba -
R2

For the commercially available D13V (General Electric)
programmable zener, V. ranges from 8.5 volts to a maxi-
mum of 10 volts. This device has a Thevenin input resist-
ance of R1R2/(R1+ R2), which should be approximately
50k ohms to maintain good temperature stability (0.1%/°C).
Fig. 1B shows how the zener characteristic changes as the
values of the programming resistors, Rl and R2, change.

In actual use the programmable zener must be connect-
od through a current-limiting resistor to a source of supply
voltage, us shown in Fig. 1C.

In this circuit potentiometer R1 will control the output
voltage from 8.5 to 30 volts using a 35-volt supply. Resistor
R4 limits the current to pin 2 to less than 40 mA and R3
imits the base current to pin 3 to less than 5 mA.

If it is necessary to provide voltages ubove the range of
the programmable zener, a conventional zener diode, DI,
can be added in series with the programmuable zener, as
shown in Iig. 2A. The addition of DI effectively moves the
minimum zener voltage to a value equal to V, (Eq. 1) plus
the zener diode voltage. The circuit shown will supply a
variable output from 26 volts to 56 volts with the addition
of the 18-volt zener. Other combinations can be obtained,
as shown in Fig. 2B, in which two or more programmable
zeners are connected in series. For each programmable
zener added the minimum zener voltage is increased by V.,
of Eq. 1. With two programmable zeners, the minimum
voltage would be in the range of 17 to 20 volts. The pro-
gramming resistors Rl, R2, R3, and R4 can also be made
adjustable to give a variable output.

A basic application of the programmable zener is as the

ELECTRONICS WORLD
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referenee clement in a series regulator. A circuit using the
DI3V as a reference is shown in Fig. 3. In this circuit the
programming resistor consists of the 10k-chm potentiome-
ter connected across the output of the regulator. The out-
put at pin 2 of the D13V drives Q1 and Q2 to produce a
constant output across load resistor R, With the circuit as
shown, the output across R, is variable from 10 to 25 volts
at 1.5 amps. The regulating characteristics with different
vilues for the load resistance are also shown.

A more unusual application of a programinable zener is
in the pulse-generating circuit of Iig. 4A. In this circuit, Rl,
R2, C1, and Q1 form a free-running relaxation oscillator.
The external divider, which determines the output voltage
of the programmable zener, consists of R4, R5, and the in-
ter-base resistance of unijunction transistor Q1. When pow-
er is applied to the circuit, capacitor C1 charges through Rl
and R2 until the firing voltage of Q1 is reached. When Q1
conducts, its internal resistance deercases, thereby chang-
ing the divider resistance of the programmable zener. This
sudden decrease in resistance causes the output voltage
across R7 to increase. The width of the output pulse is de-
termined by the time the unijunction transistor remains in
the “on™ condition. This is controlled by the discharge time
of C1 through R3, Q1, and R5. With the component values
shown, the output pulse amplitude is 6.5 volts with width
variable from 50 to 850 ps, as determined by R3. When Q1
returns to its high-impedance state, the entire cvele is re-
peated.

A free-running multivibrator can be constructed using
two D13V programmable zeners, as shown in Fig., 4B. This
is a standard multivibrator circuit in which the two switch-
ing transistors have been replaced by programmable zen-
ers. As with a standard multivibrator circuit, the operating
frequency can be altered by changing the value of the
1000-pF charging capacitors. The non-symmetrical output
waveform is caused by the difference in characteristies of
the programmable zener.

In pulse circuits it is sometimes necessary to limit the
pulse amplitude to some selected value. If a fixed zener is
used, the amplitude is imited to available zener voltages.
Using a programmable zener in the circuit, as shown in Fig.
5. enables one to select amplitudes over a much wider
range.

This circuit will limit 40-volt input pulses from 8.5 to 38
volts, depending on the setting of R1. This circuit was test-
ed with the input pulse widths from 1 ps to 500 ps and at
frequencies up to 9000 p.p.s. The risetime of the output
pulse is degraded somewhat due to the capacitance and
switching time of the programmable zener. If Rl is set to
some particular value, the output wmplitude will remain
constant as the input amplitude changes.

Constructing a Programmable Zener

A programmable zener, which operates on the same
principle as the D13V, can be constructed from discrete
components, as shown in Fig. 6. This circuit was built using
readily available components and produced a characteristic
curve as shown in the diagram.

The output voltage follows the theoretical value calculat-
ed from Eq. 1 for different values of programming resistors
seleeted. The value of V. in Eq. 1 was measured as 11.5
volts (0.6 +10.3 +0.6). A slight difference in the character-
istic curve resulted mainly where the zener action begins.
This circuit. however, requires only 1 mA reverse current
to start zener operation whereas the commercially availa-
ble D13V requires 2 inA. See Figs. 1A and 1B. If the reader
constructs a circuit similar to that shown in Fig. 6, the inter-
nal zener (IN4740) should have a zener voltage above 6.2
volts to obtain the best results. Zener diodes with voltages
below 6.2 volts work on the field-emission principle rather
than avalanche and have a poor characteristic compared to
the higher voltage zeners. With the proper selection of
June, 1971
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transistors, other types of circuits can be constructed with
higher power and voltage ratings.

If it is desired to observe the programmable zener char-
acteristics on a transistor curve tracer such as the Tektronix
575, point A of Fig. 6 should be connected to the “Emitter™
terminal, point B to the “Collector™ terminal, and the de-
vice set for p-n-p operation. The 2k-ohm current-limiting
resistor is then obtained from the curve tracer’s “collector
load™ under “grounded-cmitter™ operation. A
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Calibrating Digital Voltmeters
(Continued from page 36)

of the standard cell voltage (.1017586). Exactly 10 volts are
now required from the variable power supply to obtain a
null on the detector. Then connect the detector to the out-
put of divider #2 and adjust divider #2 for a null. Connect
the Lo input lead X of the d.v.m. to point Z. Divider #1
can now be set to obtain any value of voltage to 10 volts, in
1-microvolt steps, with an accuracy of approximately 15
ppm. Any change in divider # 1 will require a correspond-
ing change in divider #2 to obtain a null. Adjustment of
the d.v.m.’s internal standard reference can now be made
along with calibration of the internal divider.

To determine if the 10-volt standard is accurate, an anal-
ysis of possible errors can be made. First, all switch, lead,
and contact resistance was in the circuit when the power
supply was adjusted. Second, the only change in the circuit
was in the position of switch $2 and the connection of the
d.v.m. to the circuit as indicated above. Since no current is
drawn from the divider by the detector or the d.v.m., there
will be no voltage drop and the source will be at 10 volts,
within the accuracy of the standard cell and the linearity
accuracy of divider #1.

A standard voltage of 90 and 900 volts will be necessary
to check the 100- and 1000-volt ranges. The Lo input to the
d.v.m. is next connected to point Y, which connects the
d.v.m. directly across the power supply. Switch S 2 is placed
in the standard-cell position and switch S3 is opened, re-
moving divider #2 from the circuit.

A 90-volt standard could be obtained by leaving switch
S 1 in position B, setting divider # 1 to one-ninetieth of the
standard cell value, and adjusting for a null. In our example,
divider #1 would be set to .0113065. For a 900-volt stan-
dard, the setting would be .0011306. However, since one
significant digit is lost in the first setting and two in the
second, there would be a loss of resolution. R 1 and R2 are
used to extend the range of divider #1 to eliminate such
loss of resolution.

For a 90-volt standard, place switch S 1 in position A and
divider #1 now becomes 10% of the total resistance. The
forinula for determining the setting of divider #1 is E,
A 90. A is used in the formula instead of .1 because of the
possibility of introducing errors when connecting the 900k-
ohm resistor into the circuit. To find the true A value for
the formula, set divider #1 to .0900000. Divide the stan-
dard voltage by .09 and set this value into the power sup-
ply. Set switch S 1 to position B and adjust the power supply
for a null. Return switch S 1 to position A and change divid-
er #1 to .9000000. If R1 and the divider are accurate, a
null will be obtained. If not, adjust divider #1 to obtain a
null. Divide this final reading into .09 and record it as the
true A ratio value. This, then, is inserted into the formula §
— E../A 90 for the setting on divider # 1. Using the comput-
ed setting, adjust the voltage standard for a null and an
accurate 90-volt output.

To obtain a 900-volt standard, add R 2 to the circuit by
switching S1 to N and use the formula S - E../N900. To
find the true N ratio, it is necessary to reduce the setting (S
- E./A90) of divider #1 by 10% and adjust the power
supply for a null with switch S 1 in position A. Set switch S'1
to position N and adjust the voltage divider for a null. Di-
vide the divider #1 setting into .009 and use this as the
true N ratio in the formula. Set the computed figure into
divider #1 and adjust the power supply for a null. The
output of the power supply will be 900 volts +5 ppm.

Using the procedures, computed values, and formulas
given, the internal power supply and all internal voltage
dividers of a 1000-volt d.v.m. can be calibrated to the re-
quired accuracy. A
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Solder and Soldering Tools
(Continued from page 48)

remove it. This is not always easy to do
with printed circuits without damaging
the board. When the component has
several rigid connectors, as is the case
with sockets, metal-can capacitors, etc.,
you have only two choices: all the con-
nections—or at least all on one side—
have to be heated simultaneously so
the component can be lifted free or
tilted, or the solder must be entirely
removed from around each connec-
tion, one at a time. For simultaneous
desoldering, Hexacon, Ungar, and Wel-
ler all produce desoldering tips for use
with their irons. Some are shaped as
single or double bars for unsoldering
in-line contacts; others are cup-shaped
for removing such things as tube sock-
ets.

Desoldering Tools & Techniques

There are two approaches to remov-
ing solder from one contact at a time:
the solder can be melted and vacu-
umed away, or it can be melted and
made to transfer itself by capillary at-
traction or “wicking’’ onto a special
metallic braid-type of material. Vacu-
um-type desoldering tools vary consid-
erably. The simplest is merely a rubber
bulb with a Teflon tiplet (Hexacon’s
Solder Sucker) for taking up solder
melted by any iron or gun. Ungar’s
Model 7800, Endeco’s Models 100A
and 300, and American Beauty’s Little
Dandy are more sophisticated in that
the bulb is mounted on a special low-
wattage iron with a hollow tip through
which the molten solder is aspirated.
Edsyn’s Soldapulit and Soldavac and
Consell’s Super Solder Vacuum are de-
soldering tools resembling a bicycle
pump in which the spring-loaded
plunger can be cocked in the “down”
position. The tip is pressed into the
molten solder and the plunger releases
with a trigger, causing the sudden vac-
uum to suck up the solder. Finally,
Henry Mann makes the Mighty Vac, in
which a power unit supplies both a
controlled voltage for the hollow-
tipped iron and a continuous vacuum
from a pump. GE makes the Model
6A680 desoldering tool in which the
vacuum is produced by a venturi-tube
effect caused by the passage of com-
pressed air or Freon gas past an orifice.

As for capillary attraction desolder-
ing equipment, American Beauty
makes Dri-Wick “the desoldering tool
on a spool,” and Hexacon makes the
Hex-Wik Solder Remover. The former
comes in four widths; the latter in two.
In either case, the end of the flux-coat-
ed metallic braid is laid on the joint
from which the solder is to be removed
and an iron is placed on top until the
solder melts; then the wick is lifted off,
June, 1971

taking the solder with it. The solder-
soaked half-inch or so of braid is cut off
and discarded.

Miniature Torches

We must not conclude our discussion
of soldering tools without mentioning
two miniature torches that can be used
for heating. Microflame makes a com-
pletely self-contained torch, using min-
iature oxygen and LP gas cylinders,
that produces a pin-point flame up to
S5000°F to weld, braze, and solder. Be-
cause of the small size of the cylinders,
the torch is not intended for heavy-
duty use.

Tescom’s Little Torch is designed to
be used with acetylene, hydrogen, LP,
or natural gas and will produce tem-
peratures up to 6300°F, hot enough to
melt weldable metals, glass, or ceram-
ics. When purchased as a set, Little
Torch comes with plastic hose, a varie-
ty of tips, and regulator gauges that fit
commercial gas tanks. Both torches can
produce micro-miniature flames that
will pass through the eye of a needle.

The best way to become proficient at
making good solder joints is to make
lots of them, never being satisfied with
anything less than perfection. Good
soldering habits are among the best
habits a technician can acquire. A

Solder manufacturers pro-
duce and package their prod-
ucts in wide variety of forms.
Shown here are bar solder
without flux, a wire solder
with flux, and a liquid flux.

This soldering iron is operated
from solid-state variable supply.
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SURPLUS IC's TTL-DTL
UNUSED! GUARANTEED!
DUAL IN-LINES

SALE
TTL  DTL® FUNCTION PRICE
7400 MC846P Quad 2-Input Nand Gate .35
7401 MC849P Same as 7400 but Open Coll. .35
7404 MC837P Hex Inverter .35
7406 MC836P Hex Inverter-Open-Coll. .35
7410 MC862P Triple 3 Input Nand Gate .35
7430 8 Input Nand Gate .35
7440 MC844P Exp. Dual 4-Input Dual Buffer .35
7460 MC832P Dual 4-input Expander .35
7441 BCD to Decimal Decode-Driver 1.75
7473 MC853P Dual J.K Fiip-Flop .75
7474 MC845P Dual D Flip-Flop .75
7476 Dual J-K Flip-Flop 75
7475 Quad Latch 1.25
7493 ——— 4 Bit Binary Counter 1.60
7490 Decade Counter 1.60

*EXTRA 109% DISCOUNT ON DTL SERIES
FOR AMOUNTS OVER $10.001!!

Minimum C.0.D. order $10.00-25% with order
We pay USA post: Calif. residents-Add 5% sales tax
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V.T.1. training leads to success
as technicians, fleld engineers,
specialists in communications,
guided missiles, computers, ra-
dar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember. February. Dorms. cam-
pus. High school graduate or
equivalent. Write for catalog.
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CCURATE timing in the one minute to one-tenth of a sec-
ond range is one of the more difficult timed intervals to
obtain. Timing circuits in this range usually require fairly
bulky and expensive equipment as well as relatively high
voltage to operate. However, the use of unijunction transis-
tors and silicon controlled rectifiers reduces the bulk, cost,
and high-voltage needs considerably.

The circuit shown in Fig. 1 uses a UJT (Q1) to trigger an
SCR and provides for a 99-second maximum to a 0.1-second
minimum time delay. Longer time delays can be obtained by
increasing the values of C4, C5 or the timing resistors. (See
Table 1.) The values of substitute resistors and/or capacitors
that will provide longer timing delays can be found by using
the formula: T = 0.002 RC, where T is time in seconds, R is
resistance in kilohms, C is capacitance in microfarads, and
0.002 is the “finagle” factor.

Repeatable accurate timing is a prime necessity in the
photographic darkroom. For this reason, an enlarger timer,
such as is described in this article, is required. Actually, any
117-volt a.c. device can be controlled by the timer dia-
grammed in Fig. 1. If it is necessary to use other control
voltages, the relay (K1) can be wired for them. The timer
can also be battery-powered if it is to be used away from the
power lines. A timer of this type has a multitude of applica-
tions; its small size, portability, and low-voltage requirements
are definite advantages.

After constructing the timer, perform the following check:
1. Set the “Set” switch, S6, to its “0” position, switch S5 to
“5” and switch 83 to “X1.” 2. Turn on timer by pressing push-
button S4 (see lead photographs). Relay K1 should close.
3. Press the “Start” button S2. The relay should open and
then close. 4. Set switch S3 to “X10” and press S2. The relay
should remain open about five seconds and then close. If this
action is not obtained, R5 and R6 should be adjusted. When
constructing this unit, R5 and R6 should be adjusted to about
28 ohms.

How it Works

When push-button S4 is pressed, a.c. power is applied to
the unit. Diodes D1, D2, D3, and D4 rectify the 24 volts from
the secondary of T1 and C1, R1, and R2 filter and d.c.-stabi-
lize the resulting 24 volts. This voltage is fed through the
timing network resistors, selected by “Set” switches S5 (0-.9)

Solid-State
Darkroom
Timer

By ROY A. WALTON

Relatively inexpensive compact timer, using
a UJT to trigger an SCR, provides timed
intervals from 0.1 second to 99 seconds.

Two views of solid-state darkroom timer showing (top)
operating switches and (bottom) internal view with front
panel removed. Switch 54 and the 2 a.c. outlets can be
seen on the lower- and upper-left corners, respectively.

and S6 (0-9), to one of the two timing capacitors, C4 (“X1”)
or C5 (“X10”). Whichever capacitor is selected by switch $3
(“X1-X10") charges at its RC rate until a potential is reached
that triggers Q1. When Q1 triggers, a pulse is produced at

Fig. 1. Schematic and parts list of timer discussed here.

RIS
3

R1,R4—1000 ohm, 14 W res.
R2—-190 ohm, 2 W res.
R3—330 ohm, Y4 W res. 200-M5)

K1—4-pole, d.t., 24 V d.c. relay (2
poles used) (Guardian 200-24D and

R5,R6—500-ohm miniature pot T1—117 V trans., 24 V sec. (Triad

R7,R8—150,000 ohm, 145 W res. F45X)

R9,R11-50.000 ohm, V2 W res. $1,83—D.p.d.t. bat-handle switch

R10—100,000 ohm, V2 W res. S2—S.p. normally closed push-button

Ri12,R13—1.5 megohm, 14 W res. switch

R14,R16-500,000 ohm, V2 W res. S4—S.p. push-on, push-off switch

R15—1 megohm, /4 W res. $5,86—D.p. 10-pos., two-deck rotary

C1-500 uF, 50 V elec. capacitor switch

C2,C3-0.005 uF, 1600 V capacitor SO1,802—~A.c. receptacle

C4—1 pF, 50 V elec. capacitor Q1-300 mW unijunction transistor

(5-10 uF, 50 V elec. capacitor (HEP 310)

D1,D2,D3.D4-50 p.i.v. diode (or SCR1—800 mA, 30 V thyristor (HEP
HEP 175 full-wave bridge) 320)

ELECTRONICS WORLD
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SWITCH RESISTOR VALUE
POSITION S5 6
1 50k 500k

2 100k 1M

3 150k 1.5M

4 200k 2M

5 250k 2.5M

6 300k 3Mm

7 350k 3.5M

8 400k aM

9 450k 4.5M
Table 1. Resistor values correspond-

ing to the $5 and 56 switch positions.

base 1 which is directly coupled to the
gate of SCR1. SCR1 then conducts al-
fowing relay K1 to energize. With K1
energized, all voltage is removed from
the timing network and Q1: this. then, s
the circuit’s stable condition.

When “Start” push-button S2 is de-
pressed, the current is removed from K1
and the relay is de-energized, allowmg
current to flow through the timing net-
work and Q1, starting another ¢ycle.

Calibration

To calibrate the timer, an electric
clock is plugged into one of the timer
outlets (SO1 or SO2) and used to mea-
sure the 1elay actuation time. The elec-
tric clock should be plugged into the
socket where it is inoperative until push-
button $2 is pressed. Switch S6 is set
09, S5 to .9, $3 to "X17, and the timer
actuated by pressing the “Start” push-
button. If 9.9 seconds is not obtained.
RG may be adjusted to set the correct
time. (Note R6 and R5 will vary the
timed sequence only slightly—if the tim-
ing is off, cheek C4 and C5.) Set S3 to
“X10” and actuate the timer. I 99 sec-
onds is not obtained, adjust the 500-0hm
potentiometer R5.

If highly accurate timing is not need-
ed, resistors R7  through R16  and
switches S5 and $6 may be omitted and
replaced by a 5-megohm potentiometer.
The pot may be calibrated against the
clock by marking graduations around
the pot knob corresponding to the
clapsed time shown by the clock.

With the relay de-energized, one of
the two a.c. outlets is “on” and the other
is “off.” When the relay is energized, the
outlet that was “ofl” is now “on” and
vice versa. This switching action is also
provided for manually by switch Sl
(“Focus-Time”™). These outlets may be
used to turn a safelight off while the en-
larger is on, to facilitate focusing the
enlarger, or in a timed chess match, one
could use the S1 switching arrangement
to alternate the stopping and starting of
two electric clocks or use the timed
sequence to limit moves to a predeter-
mined number of seconds. A
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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
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POWER TOOL
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Bethel, Connecticut 06801

THE FOREDOM ELECTRIC COMPANY

A DIVISION OF BLACKSTONE INDUSTRIES, INC
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Your subscription toELECTRONICS WORLD
1s maintained on one of the world's most
’ncdern efficient computer systems, and
f ycu ‘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 pecple have written their names cr
addresses differently at different times.
For example, 1f your subscription were
listed under “William Jones, Cedar Lane,
Middietown, Arizona,” and you were to
renew 1t as “Bill Jones, Cedar Lane, Mid-
cletown, 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. i1s 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 =——

McIntosh cataLoc
and FM DIRECTORY

Get all the newest and latest information on the new Mcintosh Sol-
id State equipment in the Mclntosh catalog. In addition you will
receive an FM station directory that covers ali of North America.

MX112
FM STEREO/AM TUNER PREAMPLIFIER
—ALL SOLID STATE

Mclmosh Laboratory Inc. !
2 Chambers St., Dept. 7-11-E |
Binghamton, N.Y. 13903 |
|
NAME |
TODAY! [ '
. ! |
cITyYy STATE Z1P |
|
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Experts
Guide!
Stereo Review's
1971 TAPE
RECORDER

ANNUAL

Your own peraonal
experi on lapas

Here's THE guide to getting
the best use and pleasure
from your tape recorder!
What's available—and how
to choose what's best for
you. WHAT TO BUY: reel-
to-reel recorders, 4 and 8
track cartridges, players,
cassettes; HOW TO USE
IT: taping off the air, tape
editing, using test tapes;
TAPE TACTICS: tape re-
corder maintainence, re-
placing your tape heads,
using an oscilloscope —
PLUS—a compiete Direc-
tory of Manufacturers @
Glossary of Tape Recorder
Terminology e fact-filled
Tape Recorder Directory
covering — Video tape re-
corders ® Recorders, play-
ers, transports e Com-
bination "Music Center"”
Machines ® Raw tape e
Tape accessories ¢ Mi-
crophones—PLUS a round-
up of the best pre-recorded
tapes of the year!

This is the Annual you'll
want to have, and save . . .
and refer to again and

recorders and lapes. again, all year.

2itt-Davis Service Division, Dept. TRA
595 Broadway, New York, N.Y. 10012

Please send my copy of the 1971 TAPE RECORDER

ANNUAL as checked below: EW-671

[] $1.35 enclosed, plus 35¢ for shipping and han-
dling. Send me the regular edition. ($2.50 for orders

outside the U.S.A.)

weeks for delivery of the Deluxe Edition.)
print name

address
city

state 2ip

== ms PAYMENT MUST BE ENCLOSED WITH ORDER = ==

]

]

|

|

]

] | am enclosing $3.50. Piease send me, postpsid,
the Leatherflex-covered Deluxe Edition. ($4.50 for

1 orders outside U.S.A.) (Please allow 3 additional

|

]

|

]

]

]

IMPOSSIBLE? SURPLUS TTL INTEGRATED
CIRCUITS BRAND NEW IN ORIGINAL
MANUFACTURERS' CARTONS

B & F has one of the worlds largest inventories of surplus
integrated circuits. All are new, meeting all manufacturers
original specifications, and in factory packaging. The low prices
should speak for themselves. Manufactured by Texas Instru-
ments, National, Signetics or Philco, no choice. All packages are
14/16 lead siticone Dusl in-Line Pak. Write for additional RTL
and DTL fines not listed. Many other I. C. items in stock
including nixies, 5 voit power supplies, indicators, logic bread-
boards.

0O 7400 Quad 2-Input NAND Gate . . . . . . .. .. $ .50
O 7401 Quad 2-Input NAND Gate . . . . . . . ... 50
0O 7402 Quad 2-lnput NOR Gate . . . . . .. ... .50
O 7404 Hexinverter . . . . . ... ........ .50
O 7405 Open Collector Hex tnverter . . . . . . . . . 50
O 7408 Quad 2-Input AND Gate . . . . . . ... .. 50
O 7410 Triple 3-Input NAND Gate . . . . . . . .. 50
O 7411 Triple 3-Input ANDGate . . . . . . .. .. .50
0O 7420 Dual 4-Input NAND Gate . . . . . . .. .. 50
0O 7421 Dual4-Input ANDGate . . . . . . . . ... 50
0 7430 8-input NANDGate . . . . . ... .... .50
O 7440 Dual 4-input NAND Buffer . . . . . . . . . .50
O 7441 BCD To Decimal Decoder Driver . . . . . . . 3.00
O 7450 Dual 2-Wide 2-Input Expandable A-O-1 Gate . .50
O 7451 Dual 2-Wide 2-Input A-O-1 Gate . . . . . . . 50
O 7453 4 Wide Expandable 2-Input A-O-1 . . . . . . .50
O 7454 4 Wide 2-lnput AO-t . . . . . . ... ... .50
0O 7460 Dual 4:-Input Expander . . . . . . ... .. 50
07470 JKFlipFlop . . . .. .. ... ...... 1.00
[0 7472 J-K Master Slave FlipFlop . . . . . . . . .. 1.00
O 7473 Dual J-K Master Slave Flip-Flop . . . . . . . 1.00
07474 DuatDFlip-Flop . . . . .. .. ...... 1.00
O 7475 Quad Bistable Latch . . . . . . . ... .. 1.7
O 7476 Dual J-K Master Slave Flip-Flop . . . . . . . 1.00
07480 FultAdder . . . .. .. .. ........ 1.50
[0 7490 Decade Counter . . . . . . .. .. .... 2,00
{J 7491 8 Bit Shift Register . . . . .. ... .... 3.00
0 7492 DivideBy 12Counter . . . . . . . ... .. 2.00
O 7493 4-Bit Binary Counter . . . . . . . ... .. 2,00
0O 8T01 NIX{E Decoder/Driver . . . . . . .. .. 3.00
0O 8TD4 Seven Segment Decoder/Driver . . . . . . . 3.00
0 8162 VariableOne-Shot . . . . . . .. .. ... 1.00
0 74192 Bidirectional Counter.................... .. 300
074145 BCD to Decimal Decoder Lamp DOrwver....... .. 250

(180 PAGE CATALOG . Free with any order or send $0.25

ALL ITEMS POSTAGE PAID IN THE US.A. %
Charges Welcome q‘g}

I‘;}l;; Bank Americard — Mastercharge — $10.00 min. é&\
£ S
k4

B. & F. ENTERPRISES ‘\‘v\‘ft
.i/’ PHMONE: 617 532-2323 ;
P.O. Box 44, Hathorne, Massachusetts 01937
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Noise Filters in Hi-Fi
(Continued from page 44)

the noise curve lies above the program
curve, we can see that this represents a
somewhat “hissy’ listening situation.
The dashed line shows the effect of in-
creasing program level by 7 dB, while
noise remains constant. Now the full
bandwidth can be used without the
noise intruding. If necessary, the noise
could be filtered out above 10 kHz
without affecting the program.

To make things more difficult (and
more realistic) in our example, let us
assume that a 7-dB increase in level
will produce intolerable distortion.
This is really the basic dilemma in ex-
tending dynamic range—reducing
noise while increasing undistorted sig-
nal level. Finite limits, both theoretical
and practical, exist at both ends of the
process. If we are limited to the solid-
line program level, what can be done
to reduce the noise with minimum
effect on the signal?

Fig. 2 shows the results of using 6-
dB/octave filters cutting off at 2 kHz
and 6 kHz. Note that the 6-kHz filter
removes only a small portion of the
program’s high-frequency content
(which might not be very audible), but
the 2-kHz filter removes a sizeable
percentage of the program. However,
in the latter case the noise is always be-
low program level and a quiet back-
ground results. With the 6-kHz cut-off,
some of the high-frequency noise will
still be heard but at reduced intensity.

The relative effects on program and
noise of these filters can be better ap-
preciated by comparing the areas re-
moved from the program and noise
sections of the curves. The 2-kHz filter
removes 22% of the total noise, but
with it 30% of the program is lost. The
6-kHz filter has much less effect on
both, but their order is reversed with
6% of the noise taken out together
with only 2% of the program.

If we employ a steeper slope, such as
12 dB/octave, we find that the filtering
effectiveness is greatly improved. Fig.
3 shows a 12-dB/octave filter, cutting
off at 5 kHz. The loss of program is rel-
atively small—only 8% —yet 27 % of
the noise has been removed. Although
a 12-dB/octave filter is slightly more
complex than a simple 6-dB/octave
type, it would add little to the cost of
an amplifier. Nevertheless, it is usually
found in only the more expensive am-
plifiers and receivers.

Filter slopes can be increased greatly
with more complex and costly circui-
try. Some British amplifiers provide a
choice of several cut-off frequencies,
with adjustable slopes as great as 50
dB/octave! To illustrate how effective
such a filter can be, we have included a
50-dB/octave characteristic, cutting off

at 9 kHz, on Fig. 3. This filter removes
21% of the noise, almost as much as a
2-kHz, 6-dB/octave filter, but only
1.8% of the program is lost.

While these examples are contrived
and the numbers may bear little rela-
tionship to subjective effects, anyone
who has used a good filter appreciates
its worth. Most of us have an under-
standable reluctance to use a filter that
removes a third of the program, but it
is possible to clean up a noisy or dis-
torted program to a remarkable de-
gree with a properly designed filter.

Low-Cut Filters for Rumble

Although hiss is usually the most an-
noying form of noise, problems can ex-
ist at the other end of the audio spec-
trum. Turntable rumble and hum, if
they are audible, detract greatly from
enjoyment of one's music system. Hum
should be removed at its source—there
is no excuse for filtering it out when a
proper system installation will prevent
it from occurring in the first place.

Rumble is another matter. Most
good home record players are quite
free from audible rumble under nor-
mal listening conditions. However, you
may prefer to boost the bass, or listen
at a high volume level, or both—and
few turntables can claim to be com-
pletely rumble-free under those condi-
tions. Even if your turntable can pass
that test, many broadcast turntables
cannot, and records often have “built-
in” rumble.

Most rumble occurs at 30 Hz and be-
low, but there may be considerable en-
ergy as high as 100 Hz. A simple 6-dB/
octave cut-off below about 100 Hz can
usually remove the objectionable
sound with little or no audible effect on
the program. Some amplifiers have
rumble filters with 12-dB/octave
slopes, beginning at about 50 to 80 Hz.
They are more effective than simple
filters, just as in the case of high-cut fil-
ters, but the difference is much less ap-
parent to the ear. Not only do we usu-
ally have the assistance of loudspeakers
with limited low-bass response, but our
hearing is relatively insensitive to very
low frequencies, as compared to our
response to hiss. Then, too, it is rare to
find program material with significant
fundamental content below 50 Hz, so
there is no sense of loss of program
when the lower frequencies are re-
moved. This is in sharp contrast to the
situation existing with high-frequency
noise.

When shopping for a receiver or am-
plifier, try the filters with various types
of noisy program material. Weak
stereo-FM broadcasts are an excellent
source of “hissy” programs. Judge for
yourself how effectively noise is re-
moved and how much useful musical
material is sacrificed in the process. &
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Automatic Turntables
(Continued from page 30)

is calibrated from M (for single play) to
8, and is set to correspond to the num-
ber of records in the stack.

A unique feature of the 770H is the
electro-chemical timer which shows
the number of hours (up to 1000) that
the turntable has been operated. When
the turntable operates, current passes
through the timer, which resembles a
small thermometer 134" long and 34"
wide. A thin silver column darkens
from one end as the turntable is used,
with the end of the dark segment indi-
cating the total operating time on a
scale calibrated at 500 hours and 1000
hours.

The 770H has a somewhat heavier
platter than other Miracord turntables,
but is otherwise much like the 50H in
features, operation, and construction.

Perpetuum-Ebner

Perpetuum-Ebner, whose higher
priced automatic turntables were re-
viewed last June, now has lower priced
models with a strong family resem-
blance to the 2038 and 2040.

The P-E 2035 has the same foolproof
automatic indexing system as the more
expensive models and in external fea-
tures is virtually identical to the 2038.
The most visible difference is its arm
(which does not have the adjustable
vertical stylus angle originally intro-
duced by P-E), which is a light extru-
sion of "H" cross-section rather than a
hollow cylindrical tube. The pivots and
counterweight also differ from those of
the higher priced models. It has a cast
platter which we were unable to re-
move for weighing.

The anti-skating correction of the
2035 is coupled to its tracking-force ad-
justment (this is the same arrangement
used by the competitively priced Dual
1215). Changing the stylus force auto-
matically adjusts the anti-skating force
to the appropriate value. The change
cycle of the 2035 required 17.5 sec-
onds.

The lower priced 2010 has the versa-
tile single-lever operating control of its
deluxe relatives, with a well-damped
cueing system. It is fitted with a light
drawn turntable platter and has an un-
balanced tonearm with no anti-skating
compensation.

Dual

Although we did not test any Dual
players for this report, we are in-
formed that the model 1212 of last
year’s survey has been replaced by the
1215. The 1215 is mechanically similar
to the 1212, but has been re-designed
to match the styling and control layout
of the company’s 1209 and 1219. The
arm counterbalance is also now a ver-
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nier-adjustable type instead of the slid-
ing and locking type of the 1212.

Price Versus Performance

Our conclusions from this vear’s fol-
low-up survey of automatic turntables
are much the sume us last year’s. In the
lower priced units—under about $75—
the arm is usually unbalanced (which
requires careful turntable leveling).
uncompensated for skating force, and
has enough bearing friction to require
the use of tracking forces of 2 to 4
grams. The platter is relatively light, of
drawn construction, and driven by a
four-pole induction motor (some lower
priced Garrard units have the ""Syn-
chro-Lab™ motor, which has the con-
stant-speed characteristics of a syn-
chronous motor).

Between $75 and $100, most tone-
arms are balanced and have low
enough friction for reliable operation
at 2 grams (and sometimes as low as |
gram). Most of the platters are castings,
weighing several pounds. Although
rumble, wow, and flutter tend to be
lower in this group than in the lower
priced models, there are numerous ex-
ceptions to this rule. Vernier speed ad-
justments are found on some plavers in
this price range.

As before, we have concluded that
the $100 to $130 price range offers the
best combination of performance and
economy. Record players in this range
can be audibly superior to less expen-
sive models—if they are fitted with
high-quality cartridges that could not
be used at the higher tracking forces
required by the arms in lower priced
units. They also have more conve-
nience features and generally smooth-
er handling characteristics.

Higher prices bring more refine-
ments and special features, but, in our
experience, rarely any tangible im-
provement in performance. The rum-
ble, wow, and flutter of these plavers,
which sell for up to $200 and more,

may be measurably lower than those of

lower priced models—but they also
may not. In no case that we have en-
countered could these differences be
heard. However, there is no denving
the convenience of a built-in strobo-
scope, a smooth and drift-free cuecing
device, a stylus timer, or an arm that

can operate at the minimum force of

any presently available cartridge, or
any that are likely to come along in the
next few years. More accurate anti-
skating compensation and adjustable
vertical tracking angle can make a mi-
nor improvement in measured per-
formance and, in special circum-
stances, could give an audible advan-

tage. It is this ultimate refinement of

excellence that the various manufac-
turers offer in their premium-priced
record players, rather than any imme-
diately obvious or audible advantage. A
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POWER-SUPPLY CONSOLE
The Model 1106 power-supply console pro-
vides low-cost, multiple-channel requirements in
as many as three high-voltage outputs, each in-

=

=¥ Sk

dependently adjustable. The basic unit provides
regulated low voltage to accommodate one
Mode! 1120 amplifier/discriminator, and may
be expanded to provide three low-voltage out-
puts on standard mating connectors. It also in-
cludes push-button control for high-voltage me-
tering and front-panel high-voltage adjustments.
Separate rear-panel controls provide for upper
limit safety set on each high-voltage output.

A technical brochure on the Model 1106 is
available on request. SSR Instruments
Circle No. 3 on Reader Service Page

STEREO-FM RECEIVER

A stereo-FM receiver, with a power output
(IHF) of 80 watts at 4 ohms, and 58 watts at 8
ohms has just been introduced as the KR-4130.
The unit can drive two sets of stereo speakers
and its frequency response is 20-40,000 Hz £1.5
dB.

The tuner section has two FET's and a 4-gang
tuning capacitor in the front-end and two IC i.f.
stages for good selectivity and capture ratio.

The controls are well organized and their
functions clearly marked: step-type tone con-
trols for bass and treble; speaker selector switch
for speakers A, B, A + B, plus stereo head-
phones; mode selector for FM, phono, or auxil-
iary; and push-buttons for tape play/monitor,
stereo/mono mode, noise filter, and loudness.
Kenwood
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MARINE INTERCOM/HAILER

A marine electronic intercom/hailer kit
which permits boaters to talk or listen to other
boaters in the area, talk or listen for docking
instructions, and talk or listen to persons han-
dling mooring lines has been introduced as the
*Airex of Ohio™ Model H1-10.

The kit includes a master control unit, weath-
erproof horn speakers with adjustable tilt brack-
et, and necessary wire and mounting hardware.
An accessory speaker for mounting inside the
cabinet is an optional extra. The control unit
features a built-in microphone, with lock-to-talk
switch that frees the skipper's hand for control
of the craft during docking operations. Another
switch lets him use the outside horn speaker, the
optional inside speaker, or both.

Operating off a 12-volt battery, the unit fea-

tures a high-gain transistor amplifier circuit
with 500-mA maximum current consumption. S
& A Electronics
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CASSETTE/CARTRIDGE ADAPTER

A new adapter that allows stereo cassette
tapes to be played on 8-track cartridge players is
now available as the Muradapter. This new unit
eliminates the need to have separate sets of tapes
for home and auto listening. Any standard cas-
sette can be played through any 8-track car
stereo system.

The adapter is geared to simple one-hand op-
eration and poses no problem to the operator of
the automobile. It is inserted in exactly the same
manner as any 8-track cartridge and the pre-
amplifier switches on automatically upon inser-
tion. To turn the adapter off, the unit is pulled
out two inches in the same way a cartridge is
removed. Mura Corp.
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STEREO TAPE DECK
The T-6600 stereo tape deck has been- de-
signed for continuous operation in home hi-fi
systems and features a precision hysteresis-syn-
chronous motor for constant-speed operation

even under conditions of line-voltage fluctua-
tions.

The deck has a signal-to-noise ratio in excess
of 55 dB; frequency response of 30-20,000 Hz at
7' in/s and 30-13,000 Hz at- 3%/ in/s; and pro-
vides 4-track, 2-channel stereo or 4-track mono
operation. Wow and flutter is less than 0.12% at
7Y, in/s.

The circuit contains 18 semiconductors—14
transistors and 4 diodes. It will drive tape recls
up to and including 7 inches. Pioneer
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STANDARD-TIME RECEIVER

The Model STR-1 receiver is a compact unit
which receives continuous standard-time and
standard-frequency broadcasts from WWYV on
5, 10, and 15 MHz. Optional coverage is also
available for Canadian standard-time broadcasts
from CHU on 7.335 and 14.670 MHz.

The unit can be used by industrial labs, radio
and television stations, two-way radio service
centers, radio hams, astronomers, boating and
sports-car enthusiasts, as well as others interest-
ed in accurate time or frequency.

Operation is simplified with a volume con-
trol/on-off switch and a channel-selector switch
on the front panel. A choice of three frequencies

assures virtual 24-hour reception anywhere in
the United States, according to the manufactur-
er.

Sensitivity is 0.25 microvolt for 10 dB signal-
plus-noise/noise ratio. Two dual-gate MOS-
FET's are used in the front-end to achieve high
sensitivity, low noise, and good a.g.c. character-
istics. A built-in 24-inch telescoping antenna is
all that is needed for reception in most areas. A
jack on the back panel is provided for an exter-
nal antenna, if required.

A data sheet, complete with technical specifi-
cations and schematic diagram, is available on
request. Caringella
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HIGH-ENERGY TAPE

The new Scotch brand “High Energy™ tape is
designed to bring the fidelity of reel-to-reel
sound tape to cassettes, according to the compa-
ny. The new cassette is based on a proprietary
cobalt-modified ferric-oxide formulation and
features such characteristics as universal com-
patibility, long tape wearability, and minimum
recorder head wear, according to its maker. It is
said to produce a greater undistorted output at
all frequencies and show an improvement in dy-
namic range from 2 dB at low frequencies to 6
dB at the high end. The tape operates at stan-
dard low-notse bias and equalization levels,
making it fully compatible with existing and en-
visioned equipment. 3M
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AM/STEREO-FM RECEIVER

A medium-power AM/stereo-FM receiver
has recently been introduced as the Model
1000X. Although it does not have the output of
professional units, it does offer 100 watts of IHF
music power—enough to drive low-efficiency
speaker systems or a pair of speaker systems
simultaneously. This output is combined with a
sensitive 2-pV low-distortion stereo-FM tuner
that uses an FET in the front end.

In addition, the receiver features wide-dial
linear-scale tuning, FM muting, a signal-
strength meter, two tape-monitor circuits for
copying and dubbing, independent preamps and
power amps for easy insertion of electronic
crossovers and other accessory equipment, auto-
matic stereo/mono switching, and independent
bass and treble boost and cut tone controls. It
comes complete with an enclosure of American
walnut. Sansui
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COUNTER SYSTEM
A mainframe plus a choice of four functional
snap-in modules, including a 500-MHz counter
and an unusual battery pack, are the elements of
a new six-digit electronic counter which is being
introduced as the Model 5300A measurement

system.
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Autoranging, serial BCD digital output, and a
high-stability crystal reference oscillator, unusu-
al in low-cost counters, are standard with this
model. This state-of-the-art system includes
MOS/LSI and super-speed bipolar integrated
circuits, solid-state LED displays, thin-film hy-
brid 1C’s, read-only memories, among other fea-
tures.

All of the functional modules mate with the
same 5300A mainframe and include the Model
5301A 10-MHz frequency counter; the Model
5302A 50-MHz universal timer/counter with
period, ratio, and totalizing functions as well as
frequency and time interval; the Model 5303A
500-MHz frequency counter; and the Model
5304A 10-MHz timer/counter with 100-nanose-
cond time-interval resolution and period average
function in addition to frequency. Hewlett-
Packard
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SPEAKER SYSTEM

The new Citation Thirteen omnidirectional
speaker system incorporates unique speaker
cones and a novel method of mounting the driv-
ers in the top section of the baffle to achieve
multidirectional sound distribution in all planes.
All of the drivers are fastened to a mounting
board which is tilted 14 degrees off the horizon-
tal plane. This equalizes transit time at the mid-
and high frequencies and produces a blending of

direct and reflected sound for proper spatial rep-
resentation of instrument placement in the or-
chestra, according to the manufacturer.

Three seven-inch low-frequency drivers are
loaded by a double-chambered enclosure which
loads bass response down to 30 Hz without dou-
bling. By tuning the double chambers an octave
apart, the higher frequency creates acoustic
loading in the middle bass region while the low-
er frequency maintains loading down to a suit-
able low-frequency limit.

The system is housed in a contemporary en-
closure of hand-rubbed walnut. A choice of
grille cloths to cover the top panel is provided.
Harman-Kardon
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EIGHT-TRACK DECK

A new eight-track tape cartridge player deck.
of all-silicon solid-state design, has been intro-
duced as the SP.

The stereo deck features fine-tuning track-ad-
just control which helps eliminate noise and
channel crosstalk. This Micro Balance feature
insures perfect alignment between the tape and
the playback head, providing full tape frequency
response and a signal-to-noise ratio of better
than 45 dB, even for tapes that are mistracked,
according to the company.

A hysteresis-synchronous motor feeds the
tapes at a constant 3%, in/s. This speed accura-
cy minimizes wow and flutter, which measures
0.25%. The motor automatically advances the
tapes in sequence through their four pairs of
stereo tracks. A channel indicator shows which
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tracks are being played at any time, and a selec-
tor switch permits the user to change channels
at a touch. Bogen
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STEREO MUSIC CENTER
The new Model S-4100 stereo music center
incorporates an AM-FM tuner, full-feature pre-

amplifier, a 100-watt (1! dB) stereo amplifier
(25 + 25 watts r.m.s. per channel at 8 ohms), a
4-speed automatic turntable featuring cueing
and anti-skate control, a Shure magnetic stereo
cartridge with diamond stylus, and a molded vi-
nyl dust cover. The entire unit is housed in an
oiled-walnut case.

The music center comes without speakers, al-
lowing the user to select his own speaker sys-
tems. The S-4100 will drive low-efficiency
speakers. Sherwood
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DROP-PROOFED V.0.M.'S

A new line of rugged v.o.m.’s, currently
offered in five models, has been introduced as
the Model 660 series.

The new meters are “‘drop-proofed™ and are
warranted in writing to work after accidentally
being dropped five feet. They use a rugged taut-
band mechanism and are housed in high-impact
plastic cases. In addition, the units have diode-
protected meter movements, temperature com-
pensation, pluggable circuit board assemblies,
can be re-fused externally, recalibrated without
removal from the case, and have special cali-
brated scales for dB measurements.

The instruments currently available include
the Models 660, 661, 662, 663, and 666 v.o.m.’s.
Complete specifications are available on request.
Weston
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STEREO TAPE DECK
The GH-500D stereo tape deck features re-
cord and play heads of pure crystal ferrite and
glass which the company claims are virtually in-
destructible due to their high degree of hard-
ness. In addition, they repel dust even in condi-
tions of high humidity as well as allow com-

pletely stable head-to-tape recording and play-
back characteristics, according to the company.

The deck includes automatic continuous re-
verse; automatic level control; a magnetic brak-
ing system; a pause/edit button for remote oper-
ation; three motors; four tape speeds; tape lifter;
automatic shut-off/stop; an electrical track se-
lector; and sound-on-sound, sound-with-sound
mixing.

A data sheet with complete electrical specifi-
cations is available on request. Roberts
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INDUSTRIAL ANALYZER

A new portable industrial maintenance ana-
lyzer consisting of seven basic analyzing devices
and accessories is being marketed as the Mode!
990.

This **Maintenance in a Case’ set consists of a
Model 900 v.o.m. with a special dial for temper-
ature, decibel, and r/min ranges; a hand-held
Model 901 tachometer-generator; temperature
probe; Model 10 clamp-on a.c. ammeter adapt-
er; Model 101 line separator; Model 611 leads
used with the Model 10; a high d.c.-current
shunt; all housed in a molded high-impact black
plastic carrying case with die-cut foam inserts
for storing and protecting the equipment. The
case measures 12” X 17" X 4" and weighs 10
pounds with equipment. Triplett

Circle No. 17 on Reader Service Page

RECORDING TAPES

A new line of low-noise, high-ouput recording
tapes has just been introduced. Included are 5-
inch reels in 600, 900, and 1200 foot lengths:
7-inch reels with 1200, 1800, 2400 feet of tape,
and cassettes in 30, 60, 90, and 120 minute
lengths. Both low-noise, high-output and chro-
mium dioxide cassette tapes are available.

Data sheets covering recording, magnetic,
and physical properties on each of the types are
available on request. Memorex
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STEREO AMPLIFIER
The KA-7002 stereo amplifier is a new top-of-
the-line model which features direct coupling

and a complementary-symmetry driver stage to
provide 196 watts (IHF) of stereo sound.

The new unit also features an exclusive low-
level phono input (0.06 mV) for moving-coil
type or low-level output cartridges; Phono 1 in-
put impedance selector; a null balance switch to
test for stereo balance of left and right channels;
a tone-control switch that selects bass or treble
turnover frequency; and provisions for 4-chan-
nel stereo.

Power output is 196 watts at 4 ohms, 170
watts at 8 ohms, and continuous power output
(r.m.s.) 100 watts or 50 watts per channel with
both channels operating simultaneously with 8-
ohm load at any frequency from 20-20,000 Hz.
Kenwood
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SOLID-STATE SUPPLIES

Four solid-state regulated power supplies
which incorporate a short-circuit protection fea-
ture are being introduced as the WP-700A, WP-
702A, WP-703A, and WP-704A. The WP-700A
and 702A are indentical except that the latter is
a dual unit. Both power supplies have regulated
output voltage levels that are continuously ad-
justable from 0 to 20 volts, at current levels up
to 200 mA. The WP-703 has a regulated output
voltage that is continuously adjustable from 0 to
20 volts at current levels up to 500 mA while the
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WP-704 is adjustable up to 40 volts at current
levels up to 250 mA.

Complete technical specifications on these
new supplies are available on request. RCA
Commercial Engineering
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SPEAKER LINE TESTER
The Raymer Modet LTS-1 is a self-contained,
a.c.-powered, direct-reading instrument de-
signed for fast determination of: wattage re-
quirement of any 25- or 70-volt speaker line up
to 200 watts; the wattage drawn by a speaker
with a 25- or 70-volt transformer; and the im-

pedance of the voice coil. A three-position slide
switch is provided for the proper selection and
measurement of the 25-volt line, 70-volt line, or
speaker voice coil. A sensitive meter is used to
indicate null.

In addition to testing for wattage, the unit
also tests for shorts and opens, and determines
whether the line is for 25 or 70 volts.

The instrument is housed in a compact, high-
impact plastic case measuring 6'4," X 3%," x
2" with a tilt handle for carrying. Trutone Elec-
tronics
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METAL CASSETTE

The CM Series digital metal cassette for
which all parts and tape are assembled in a clean
room is now on the market. The series meets
Federal Specs. 209a and is free from contamina-
tion, according to the company.

The low-cost metal digital cassette acts as a
ground which eliminates the static charge prob-
lems developed in plastic cassettes. A certified
premium digital oxide tape is used when assem-
bling the cassette, then is recértified in the cas-
sette, and sealed in a re-usable plastic bag before
leaving the clean room. The new cassette will fit
any standard cassette machine.

For OEM users, the CM Series cassette is
available with special leaders, in different
lengths, thicknesses. and magnetic coatings.
Auricord
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FM DIGITAL TUNER

The Mark VI FM tuner features a digital-
readout tuning section with four Nixic indica-
tors to identify the exact station frequency for
any of the 100 FM channels available. The read-
out is crystal-controlled which offers the same
degree of accuracy as required by the FCC for
operation of FM stations. The readout count is
corrected 60 times per second, allowing fast di-
aling across the band. Since the conventional
dial scale and pointer are unnecessary. the usual
dial-string assembly is eliminated.

Also featured is a high-intensity 3" rectangu-
lar scope. The display on the scope indicates the
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THE MOST IMPORTANT DISGS IN YOUR
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Stfereo Tasl‘in!

NEW STANDARD
in
Stereo Testing!

Model SR12 STEREO TEST RECORD

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

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

7 criticat TEST EQUIPMENT checks . Attention
professionats: SR12 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 iaboratory tolerances—afford-
ing accurate numerical evaluation when used with
oscilloscope, chart recorder, output meter, intermodu-
{ation-distortion meter and flutter meter.

» 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.

Intermodufation test using simultaneous 400-Hz

and 4,000-Hz signals.

Intermodulation sweep to show distortion caused

by excessive resonances in tone arm and cartridge.

+ 1,000-Hz reférence tones to determine groove
velocity.

« 3.000-Hz tone for flutter and speed tests.

Sammple waveforms—illustrating both accurate and

faulty responses are provided in the Instruction

Manual for comparison with the patterns appearing

on your own oscilloscope screen.

FREE BOOKLET WITH EACH ALBUM

SR12: Informative manual includes charts,
tables, diagrams.

Demonstration Record: Discussion of the
selections plus descriptions of each selec-
tion performed.

Ssctacnfar Sound!’

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

wv"m LREQ
NS T R \I 1ON
{I) =

STEREO REVIEW STEREO
DEMONSTRATION RECORD

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

ELECTRIFYING EXPERIENCE IN LISTENING

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

WIDE RANGE OF DEMONSTRATIONS

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

13 SUPERB SELECTIONS:

STRAUSS: Festive Prelude, Op. 61 (excerpt) DGG » DEBUSSY:
feux d'artifice (excerpt) Connoisseur Society « BEETHOVEN:
Wellington's Victory (Battle Symphony) (excerpt from the
first movement) Westminster - MASSAINO: Conzona XXXV
4 16 (complete) DGG Archive « CORRETTE: Concerto Comique
p. 8, No. 6, "Le Plaisir des Dames'' (third movement)
Connoisseur Society » KHAN: Raga Chandranandan (ex-
cerpt) Connoisseur go:iety « RODRIGO: Concert—Serenade
for Harp and Orchestra (excerpt from the first movement)
DGG » MANITAS DE PLATA: Gypsy Rhumba {complete) Con-
noisseur Society - MARCELLO: (arr. King): Psaim XVII 'The
Heavens are Telling” (complete) Connoisseur Society -
PRAETORIVS: Terpsichore: La Bourrée XXXI| (complete) DGG
Archive - BERG: Wozzeck (excerpt from Act i) DGG -
BARTOK: Sonata for two pianos and Percussion (excerpt
from the first movement) Cambridge + BEETHOVEN: Wel-

lington's Vactory (Battle Victory) (excerpt from the last
nr

I RECORDS - Zift-Davis Service Division
[] Encfosed find §. _

PRINT NAME

oy

- 595 Broadway - New York, N.Y. 10012 |

——. Please send: [ ]
Model SR12 Sterec Test Records @ $5.98 each postpaid ($8.00 outside U.S.A.)
——_ Sterec Demonstration Records @ $5.98 each postpaid ($8.00 outside U.S.A.)

Check one:
O 33'% RPM
O 45 RPM
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presence of multipath distortion, center-of-chan-
nel tuning, relative signal strength, and display
of al} stereo or mono signals.

Technical specifications on the Mark VI are
available on request. SAE

Circle No. 23 on Reader Service Page

AUTOMATIC TURNTABLES

A new line of three-speed automatic turnta-
bles has just been introduced as the Models 502,
402, and 302. All three models features extreme-
ly low wow, flutter. and rumble, according to
the company, and will accept a full range of car-
tridges, tracking with a stylus pressure as low as
one gram or less.

The operating functions of manual start, stop,
and reject/autostart are controlled by a single
lever. All units have variable anti-skating com-
pensation and a cue control that sets the stylus
down on the precise groove selected. The cue
control is viscous damped so the arm descends
gently to the record surface. All three units have
a pitch control that allows the user to vary the
speed of the record 13%. In addition, all have
a special safety oriented sensing device that not
only senses the size of the record but prevents
the stylus from descending onto an empty plat-
ter.

The Model 502 features vertical tracking-an-
gle adjustment and has a 7.1 pound platter and a
heavy-duty, four-pole motor; the Madel 402 is
the same except that the platter is a four-pound
unit, while the least expensive Model 302 is sim-
ilar to the other units except that its wow, flut-
ter. and rumble content are marginally higher.
Its tonearm is of the girder-beam type instead of
tubular. Fisher

Circle No. 24 on Reader Service Page

STEREO CARTRIDGES
Two new models have been added to the V-15
Phase 1V “Micromagnetic™ series of stereo car-
tridges, the V-15 Phase 1V-AT and ATE.
The Phase 1V line features a new “keystone™
mounting adapter which permits simple installa-

tion. Each model incorporates a replaceable V-
Guard floating stylus with Dustamatic brush.
The stylus system is newly redesigned to provide
lower moving mass for better frequency re-
sponse and greater tracking ability, according to
the company. Pickering

Circle No. 25 on Reader Service Page

PORTABLE P.A. SYSTEM

A new portable p.a. system which features a
hand-held FM wireless microphone and a
speaker/amplifier has been introduced as the
WA-100. The system operates on either 117 V
a.c. or batteries. Audio output is 10 watts when
a.c.-operated and 5 watts when battery powered.
The amplifier will operate on either 40.68 MHz
or 47.27 MHz. It has a microphone storage
compartment with built-in charger.

The amplifier/speaker is housed in a com-
pact, leather-finished wood cabinet with con-
venient carrying handle and weighs only 14
pounds, 2 ounces without batteries. 1t measures
14 w. X 12" h. X 5" d. Fanon

Circle No. 26 on Reader Service Page

SCANNING RECEIVER
The “Tri-Bander™ is a scanning receiver
which sequentially scans low-band, high-band,
and u.h.f. frequencies. It is capable of monitor-
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ing up to 16 channels. When shipped, it is pro-
grammed to receive 8 high-band, 4 low-band,
and 4 u.h.f. frequencies. However, the user can
reprogram the unit to monitor any combination
of frequencies without adding to or changing
any PC boards or modules.

Rate of scan can be adjusted from Y2 second
per channel to 150 channels per second. As the
scanning circuit samples each active channel,
the channel number is displayed on a digital
readout tube.

The unit operates on both 117 V a.c.and 12V
d.c. Cords are supplied for both voltages.
Mounting brackets are available for mobile in-
stallation. Kris
Circle No. 27 on Reader Service Page

MANUFACTURERS’ LITERATURE

SHORT-FORM CATALOGUE

A new 1971 short-form catalogue containing
more than 4000 product listings, any one of
which can be located in only a few seconds
through a unique numerical-alphabetical index,
has just been issued by Switchcraft, Inc., 5555
N. Elston Ave., Chicago, [llinois 60630.

The new indexing concept is of particular
help to representatives and distributors of the
firm’s products because they can locate essential
data regarding any product, including prices,
while talking with buyers on the phone.

The 36-page catalogue covers such major
product categories as jacks, plugs. switches, con-
nectors, molded cable assemblies, and audio ac-
cessories.

TRAINING-PROGRAM REPORT

A 76-page technical report (70-19) entitled
“Development of a Training Program and Job
Aids for Maintenance of Electronic Communi-
cation Equipment™ by Richard M. Gebhard and
prepared by the Human Resources Research
Organization for the Department of the Army
has now been released for public distribution.

The training program at the Southeastern Sig-
nal Corps School at Fort Gordon, Georgia was
studied and an analysis made of existing clec-
tronic communication equipment and applied to
the ten items of equipment maintained by carrni-
er equipment repairmen. Job aids were devel-
oped along with a course of instruction that was
420 academic hours as against the standard 856-
hour course for the same job. Graduates of both
*Jobtrain™ and the conventional course were
tested on troubleshooting 18 malfunctions
placed in the items of equipment. They were
also tested on their ability to align, remove, re-
place, name, locate, and make final tests on the
equipment. This report details the results.

For details on obtaining a copy of this publi-
cation, write Human Resources Research Orga-
nization, 300 North Washington Street, Alexan-
dria, Va. 22314.

TUNER SPRAY DATA

A six-page, four-color brochure describing the
properties of *Tun-O-Brite,” a heavy-duty tuner
spray with 3-way action, is now available for
distribution.

The new spray cleans away residue, dirt, and
corrosion and polishes the tuner contacts with-
out scratching delicate plating, then lubricates
the contacts for smooth operation. Chemtronics

Circle No. 28 on Reader Service Page

MEDIUM-POWER RECTIFIERS
A comprehensive semiconductor catalogue
which cross-references more than 400 medium-
power rectifiers by performance rating and by
JEDEC and industrial-type number has been is-

sued by the Semiconductor Division of Westing-
house.

The catalogue covers a full line of 3- to 70-
ampere, stud-mount rectifiers. Index letters,
keyed to a matrix of performance ranges in the
catalogue, allow design engineers to pick the rat-
ings needed, then focus on specific products and
specify by type number. Alternatively, purchas-
ing executives and maintenance engineers can
locate device specifications by looking up the
rectifier's JEDEC or industrial-type number in
the appropriate alphanumeric indexes in the cat-
alogue.

Letterhead requests for copies of Catalogue
54-100 should be addressed to John DeFazio,
Marketing Services Manager, Semiconductor
Division, Westinghouse Electric Corp., Young-
wood, Pa. 15697.

STANDARDS CATALOGUE

The American National Standards Institute,
1430 Broadway, New York, New York 10018
has announced publication of its 1971 catalogue
which lists 3942 American National Standards
and 1837 international recommendations, and
includes a 21-page index to the titles of all list-
ings.

This new 128-page edition includes all Ameri-
can standards approved by ANSI during 1970,
as well as international recommendations (stan-
dards) received last year from the International
Organization for Standardization (1SO), the In-
ternational Electrotechnical Commission (IEC),
the International Commission on Rules for the
Approval of Electrical Equipment (CEE), and
the Pan American Standards Commission (CO-
PANT).

MARINE ELECTRONICS

Thirty-one marine electronics aids for naviga-
tion, communications, and safety are pictured
and described in a new 20-page color brochure
which is now available for the asking.

The full line of products for pleasure boats
and small commercial vessels includes indicat-
ing and recording Fathometer depth sounders:
radars; v.h.f./FM SSB, CB, and AM radiotele-
phones; direction finders; loran receivers; loud
hailers; and accessories. Raytheon
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TEST INSTRUMENT CATALOGUE

A 20-page, multicolor catalogue which lists
and illustrates more than 50 test instruments
and accessories for electronics equipment main-
tenance, repair, and servicing is now ready for
distribution.

The catalogue features five digital-clock bina-
ry-countdown color-bar pattern generators in-
cluding a battery operated, portable instrument
that will fit into a tube caddy; a number of solid-
state oscilloscopes/vectorscopes including a new
3” portable triggered scope and a 5" unit; a
sweep marker; voltmeters; FET multimeters;
field-strength meter and CRT high-voltage
probe and meter; transistor checker/tracers;
grid-dip meters; and various accessories. Leader
Instruments

Circle No. 30 on Reader Service Page

PHOTOCONDUCTIVE CELLS

Bulletin PCD-6 listing a complete line of pho-
toconductive cells has just been published.

The brochure provides details on both plastic
coated and hermetically sealed cells. The 4-page,
two-color folder provides information on the
five types of material from which the devices are
made: CdS, CdSe, and modifications of the two
formulations. Technical data includes curves
and tables indicating response in relation to
time, illumination, and temperature for each of
the five types. Vactec

Circle No. 31 on Reader Service Page

TV SERVICING AIDS
A six-page, two-color brochure entitled “Suc-
cessful Servicing in 1971" outlines a new selec-
tion of television service and promotional aids

ELECTRONICS WORLD



designed to help a service technician create
goodwill among his customers.

These aids include a color-TV service hand-
book, mobile test equipment table, TV service
mirror, picture tube mat, “by-stage” receiving
tube and semiconductor guide to color-TV re-
ceivers, a picture-tube product guide, as well as
numerous items to help in running a service bus-
iness and in promoting these services to poten-
tial customers. In addition, a number of good-
will gift items are also available on the program.
RCA Electronic Components

Circle No. 32 on Reader Service Page

TEST EQUIPMENT

A 16-page, two-color brochure which lists an
extensive line of test equipment for electronics
maintenance men and service technicians has
Just been published.

Included in the catalogue are pictures and
complete specifications on an extensive test-
equipment line which embraces multimeters,
tube testers, CRT testers, TV sweep-circuit ana-
lyzers, transistor and FET testers, sweep and
marker generators, a d.c. bias supply, color-bar
generators, power monitors, field-strength me-
ters, component substitution boxes, transistor-
radio battery eliminators, filament checkers, and
dual-purpose oscilloscope/vectorscopes. Sencore

Circle No. 33 on Reader Service Page

TRANSISTOR CHARTS

A series of selector charts which permit the
user to specify virtually all mechanical and elec-
tronic characteristics of a required transistor
have been released.

The firm stocks standard transistors but has
arranged a large part of its production around
custom units supplied at stock prices. Four such
charts are presently available, two covering
high-power and two low-power transistors. To
determine the proper chart for a certain require-
ment, the user chooses the power level and, as a
second parameter, the power dissipation rating.

Maximum ratings are 4 watts and 20 watts in
the low-power versions and 60 and 200 watts in
the high power. Semicoa
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STEREO ACCESSORIES

A comprehensive product line of car stereo
and radio accessories are featured in a new 8-
page, 3-color brochure, No. FR-132.

The new Audiotex accessory line includes
cartridge radio tuners and burglar alarms, pow-
er supplies that permit use of 12-volt automotive
equipment at home, transverters for using small
battery/transistor equipment in a car, speakers,
controls, grilles, tape accessories, and other au-
dio products. GC Electronics

Circle No. 35 on Reader Service Page

DIGITAL PANEL METERS

A six-page, two-color catalogue featuring a
full line of low-cost, 2, 2%, 2%, 3, and 3, digit
digital panel meters for use in production and
general testing, electrical and electronic testing,
educational and other OEM applications is now
available.

The catalogue not only provides complete
electrical, physical, and mounting specifications
but also includes a comprehensive specification
selection guide and prices subject to quantity
discounts. The guide is valuable in determining
the proper digital panel meter for the OEM ap-
plication being considered. Triplett
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LOGIC ELEMENTS
Signetics Corporation, 811 E. Arques Ave.,
Sunnyvale, California 94086 has announced
publication of Vol. 1 of its *"DCL"" Specifica-
tions Handbook covering logic elements.
The “"Designer's Choice Logic' handbook

clearly explains the performance and use of the
Series 8000 family. This volume covers basic
logic elements including multivibrators, low-
power elements, high-speed elements, ultra-
high-speed elements, and interface elements.

The handbook is divided into five sections for
each reference and covers: design considera-
tions, electrical characteristics, a.c. testing, ap-
plications, and information on the company’s
“Sure™ program. The handbook is lavishly illus-
trated throughout.
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CMOS Logic

(Continued from page 43)

ble voltage difference, unlike other types of integrated cir-
cuits.

The nor gate discussed above is but one element of RCA's
line. All the standard digital circuits are available off-the-
shelf including flip-flops, CMOS to T2L, interface circuits,
non-destructive readout memories, inverters, static regis-
ters (both parallel-to-serial and serial-to-parallel), decade
counters with decimal decoder, pre-settable divide-by-n
counter, sclect gates, analog/digital switches, and a 14-
stage ripple counter.

Other Manufacturers

Among major semiconductor manufacturers, Motorola
has also entered the CMOS device market and offers gates
and flip-flops. Other circuit types are under development
and will become available if the market reaches the poten-
tial now expected.

At least two small companies, Ragen Semiconductor of
Whippany, N.J. and Solid-State Scientific of Montgomery-
ville, Pa., are also actively working with CMOS structures.
Although primarily engaged in custom LSI work, both of
these manufacturers have some digital circuits in their
ready-built lines.

Ragen recently (May, 1970) announced a 64-bit shift reg-
ister with clock rates up to 25 MHz. The CMOS chip also
contains control logic for the data shifting operation, reduc-
ing the need for additional control circuitry.

While the pricing of individual CMOS logic circuits is not
yet generally competitive with such popular, high-sales-vol-
ume lines as T2L, there are no technical reasons why CMOS
prices cannot be reduced. Based on the history of the semi-
conductor industry, as sales volume increases, prices tend
June. 1971

to decrease. A more brisk competitive atmosphere has also
forced a downward price trend in the past.

In the area of medium- and large-scale integrated circuit
arrays, CMOS appears destined to play a major role. With
single power-supply operation and extremely low standby
power, CMOS arrays appear more suitable than the con-
ventional p-MOS circuits.

But it is in the small, very-low-power, battery-operated
instruments that CMOS should create the most interest. Us-
ing CMOS arrays, Hamilton Watch has produced a proto-
type crystal-oscillator-driven, digital-readout wristwatch.
Other designs are sure to follow, along with instruments
and systems that were once impractical because of com-
plexity, cost, and power drain. Indeed, CMOS circuits may
well provide the most important development in semicon-
ductors for the decade of the seventies. A

Fig. 5. (Left) Schematic and (right) logic diagrams of RCA's
commercially available CMOS “nor” gate unit CD4002. In
operation, Vpp= + 10 volts and Vgs would be at ground.
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. $1.00 per word {including name and address). Minimum order $10.00. Payment must
accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 65¢ per word (including name and address). No minimum! Payment must accompany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extr.
{for example, March issue closes January 1st}. Send order and remittance t0:

a charge. All copy subject to publisher’s approval. Closing Date:- 15t of the 2nd month preceding cover date
Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016.

FOR SALE

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catalog 26¢. Meshna,
Nahant, Mass. 0190B.

CONVERT any television to sensitive big-screen oscillo-
scope. Only minor changes required. No electronic experi-
ence necessary. lllustrated plans, $2.00. Relco-A22, Box
10563, Houston, Texas 77018.

ELECTRONIC COMPONENTS—Distributor prices. Free
catalogue. Box 2581, El Cajon, California 92021.

ELECTRONIC Ignition. Various types. Information 10¢.
Anderson Engineering, Epsom, N.H. 03239.

NEW SEMICONDUCTOR LIGHT EMITTING DIODES.
Bright red lights replace light bulbs. Typical life 100
years. Operate at 1.65 volts, 50 milliamps. Order 2 for
$2.98 NOW. Data sheet and instructions included. Mon-
santo Company, Hobby Section, 10131 Bubb Road,
Cupertino, California 95014,

INVESTIGATORg, LATEST éLECTRONIé AIDS.
FREE LITERATURE. CLIFTON, 11500-J NW 7th AVE.,
MIAMI, FLORIDA 33168.

SENCORE, B & K Test Equipment Unbelievab; Prices.
Free Catalog and Price Sheet. Fordham Radio, 265 East
149th Street, Bronx, N.Y. 10451,

ELECTRONIC PARTS, semiconductors, kits. Free Flyer.
Large catalog, $1.00 deposit. Bigelow Electronics, Bluff-
ton, Ohio 45817.

BURGLAR ALARM SYSTEMS and accessories. Controls,
bells, sirens, hardware, etc. OMNI GUARD radar intruder
detection system, kit form or assembled. Write for free
catalog. Microtech Associates, Inc., Box 10147, St.
Petersburg, Florida 33733.

METERS Surplus, new, used, panel or portable. Send fo:
list. Hanchett, Box 5577, Riverside, Calif. 92507.

SERIES 74 INTEGRATED CIRCUITS

Texas Instruments, Fairchild, National, ITT.
Dual in Line

Type Function Stock No. Price
SN7404/9016 Hex Inverter . T3040 1.00
SN7410/9003 Triple 3 Input NAND gate T3047 1.00
SN7441 BCD to Decimal Decoder/

Driver .. T3042 3.95
SN7442/9301 BCD to Decimal Decoder . T3043  3.25
SN7473/9020 Dusl J-K Master Slave

Flip Flop T3052 1.25
SN7470 J-K Flip Flop . 13041 1.00
SN7475 4 Bit Bistable Latch T3055 1.75
SN7490 Decade Counter . T3044 2.95
SN7492 Divide by 12 or 6 73053 3.25
SN7493 4 Bit Binary Counter T3045 3.50
SN7494 4 Bit Shift Register . T3046 3.50
SN7495/9300 4 Bit Right Shift-Left

Shift Register T3050 3.95

COMPUTER GRADE CAPACITORS
72049 3500 Mfd. 55 vo't 414" x 13" $.65 ea..5/$3.00

T2062 40,000 Mfd. 10 volt 3" x 414" Brand New
$1.25 ea. 6/$7.00

EXOTIC SEMICONDUCTORS

TRIACS 400 volt 6 Amp. on heat sink
R4128 . 1.50 ea. 5/$7.00

UNIJUNCTION . . . Similar to 2N2647
R4214 . $.75 ea. 3/%2.00

PROGRAMMABLE UNIJUNCTION (PUT)
R4212 . . . with application data .. $1.45 ea. 4/$5.00

VARISTORS 100 volt 1 amp. with data
R4213 . 3/$1.00 10/$3.00

HONEYWELL COM PUTEli_BOARD

Honeywell Boards 5!,” x 6. Lloaded with late no.
transistors, diodes, resistors and capacitors.

19127 $1.50 ea. 4/35.00

_;1.0_0 FREE WITH $10.00 ORDER
MINIMUM ORDER $3.00

Lots of other items—send for free flier; all merchandise
fully guaranteed. Please include postage; excess will be
refunded.

A\ JUAUETINES 4,

CIRCLE NO.129 ON READER SERVICE PAGE

CONSTRUCTION PLANS: Laser ... $2.00. 2-FM micro-
phone transmitters . .. $1.00. FM telephone transmitter
... $2.00. Sound telescope ... $2.00. Space monitor-
missile tracker ... $2.00. Equipment and kits available.
Howard, 20174 Ward, Detroit, Michigan 48235.

FREE ILLUSTRATED CATALOG!! covering wide range
of low-cost stock business forms from 2-Way Radio to TV
Service. Write today. Free catalog; samples, too.
OELRICH PUBLICATIONS, 4040 N. Nashville East,
Chicago, llinois 60634.

WOULD YOU SPEND 25¢ to save $25.00 or more?
Citizens Band, AM and SSB 2-way radios, USA and
export models. Send 26¢ for catalog to: BAGGY'S
RADIO, 6391 Westminster Avenue, Westminster, Ca.
92683. Dealer inquiries invited.

JAPAN HONG KONG DIRECTORY. World products
information. $1.00 today. Ippano Kaisha Ltd., Hillyard,
Washington 99207.

PRINTED CIRCUITS Quick. Free Estimates. Industrial
Photo C-18, Oakhurst, N.J. 07755.

EUROQPE'S top quality electronic parts, ridiculous prices.
Catalog 35¢. Electrovalue-America, Box 27A, Swarth-
more, PA. 19081.

TREASURE HUNTERS! Prospectors! Relco’s new instru-
ments detect buried gold, silver, coins. Kits, assembled
models. Transistorized. Weighs 3 pounds. $19.95 up. Free
catalog. Relco-A22, Box 10839, Houston, Texas 77018.

COMMERCIAL-FREE FM BACKGROUND MUSIC!
Musicon MX-7 solid state SCA adapter plugs into any FM
tuner or receiver. Compact, no adjustments. 5 year
subcarrier reception guarantee. It works with your equip-
ment or money back, promptly! FREE:-list of SCA
stations with order. Send $39. (ppd) check or M.O. to:
K-LAB, Box 572(R) So. Norwalk, Conn. 06856.
SPECIAL-MX-6 wire-in-yourself mini-module {9V opera-
tion) $29.00.

NEW INTEGRATED CIRCUITS—BEST PRICES—S$1
FOR THREE SN7400N QUAD TWO INPUT DIP GATES
AND FREE FLYER LISTING KITS, TTL, DTL, AND
LINEAR IC'S. BABYLON ELECTRONICS, 5942G DON
WAY, CARMICHAEL, CA. 95608.
THEORY of Electronic Platforms; A Design Prospectus
for Photographic Telescopy. $2.00. E.E. Kerfoot; 8105
California, Whittier, California 90602,
LASER Flashlamp, with instructions, send $3.00, ZDF,
Box 3261, San Jose, Calif. 95116.

ELECTRICAL MULTIMETERS, new, high quality, very
reasonable, request details. Newera, 4480 Broadview,
Cleveland, Ohio 44109.

SUPER-CHARGER covers TV-VHF & FM stations
$24 .95 postpaid. Magii Co., Elkhorn, Wisconsin 563121,

FREE brochure of used electronic equipment. S&S, 769
State Street, Schenectady, New York 12307.

4-CHANNEL SOUND FOR UNDER $10.00. Newly
developed matrix adapter enables you to electronically
separate any standard 2-channel record, tape or FM
broadcast into four channels using your present stereo
amplifier or receiver. No electronic experience needed.
For completely illustrated plans and parts list send $3.00
to Techni-Sketch #2, P.0. Box 1151, Sun Valley, Calif.
91352. - o

INTEGRATED circuits, new series 74N as low as 80d.
Send for list. Marco Enterprises, POB 216, Dayton, Ohio
4540t 0 —
NEW Used Surplus Parts Equip. 50¢. W2, P.O. Box 5132,
Oxnard, California 93030.

ENVIRONMENTAL PRODUCTS

COMPONENTS - KITS - DISPLAYS APPLICATION NOTES

Dual In-line

DIGITAL IC'S

SN7400 quad 2 input NAND _..... $0.55
SN7402 quad 2 input NOR ........ .55
SN7404  hex INVERTER . _......cus 62
SN7408 quad 2 input AND .._...... .73
SN7420  dual 4 input NAND ...... -1
SN7447  bcd/7 segment DECODER ...
SN7473  dual JK FLIP FLOP ......
SN7475 quad LATCH .....uwciuas
SN7490 bcd decade COUNTER ...... 2.2
SN74141 decoder & NIXIE driver ., i
SN74192 up/down decade COUNTER ,
SN74196 70 mHz decade COUNTER ...

==
LINEAR IC'S

709C
710C
723C
741C

TO-5 can

Operational Amplifier .,
Differential Comparator .... .99
Universal Voltage Regulator. I
Universal OP-AMP ........... 1

LED READOUT
LARGER THAN THE MAN-1 |

w/spec sheet, socket, and
SN7447 decoder/driver

LRD-1 .ilihaiivssics$16.95

be cascaded. Single 5V supply

pc board.

WORLD'S SMALLEST 5 DECADE DCU & READOUT
Less than $6 PER DECADE, the MOD-1 is capable of counting to 100,000 at a 20mHz
rate yet the entire circuitry fits on & 2" x 3%" PC board.
and contains 20 LED solid state readout lamps.
With 5-SN7490 decade counters, 20 LED's, specs,
Compatible with all TTL and DTL IC's.

The display is BCD

Nothing else to buy. Units may

Assembly time 30 min,

e #

MOPRT o o s nogm s m o ok 848 B fom BB Y A BT 7 E s oA a s b nsdssasssniisad
LED-2  VISIBLE LIGHT-EMITTING DIODE w/full specs ,..,.... 79¢ each 10/57.00
DIGITAL & LINEAR APPLICATIONS NOTE SERIES ... over 100 p, subscription .. $3.98

220 South Street - West Lofoyette, IN 47906

317-743-4991

CIRCLE NO.128 ON READER SERVICE PAGE
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S:I'ANDARIJ_-ModeI 658 signal generator $27§)0 Robert
Carlton, 17 Auburn Rd., West Hartford Conn. 06119

KITS dc power supplies, regulated and unregulated Free
catalog descrlblng 450 models professional designs at
hobbyrst pm:es Techni kit, Box 4517, trvine, Cal 92664

EUROPEAN wholesale new products catalog Sl .00 re-
fundable. Deecow, P.O. Box 9308, North Hollywood,
Calif. 91609.

PLANS & KITS

INTEGRATED CIRCUIT KITS—Free Catalog FRAZER
& ASSOCIATES, 3809 Surfwood Road, Malibu,
Callforma 90265

CONVERT your scope. Dual trace FET swnch $10.00.
Trigger-sweep $24.95. Kits include semiconductors,
boards, instructions. Hamlin Technical Products, Box
901 Cupertmo Callf 950!4

BUILD YOUR OWN Reflectlve Sound, omni- dlrecnonal
speakers. Previously unpublished plans use nine low-cost
5" speakers per enclosure. Sound radiates 360° when
placed near any wall. Use with or without equalizer. For
detailed instructions and parts list, send $3.00 to Modu-
tronics {Plan #9018B), P.O. Box 1144, Sun Valley, Calif.
91352

COLOR organ. Construction plans for three- channel color
Organ $2.00. Pacinfo, Box 153R CIOVIS CA 93612

ELECTRONICS ENGINEERING

AND INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home
All  Makes including transistors. Experimental kit-
troubleshooting. Accredited NHSC. Free Booklet. NILES
BRYANT SCHOOL, 3631 Stockton, Dept. A, Sacra-
mento, Calrf 95820

ELECTRONICS’ Assocrale degree -29 momhs Technl-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start September,
February. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indrana 46383

FCC LICENSE THROUGH TAPE RECORDED LES
SONS. Radio License Training, 1060D Duncan, Manhat-
tan Beach, Calif. 90266."

ATTENTION Electronic Technicians and Engineers! Up-
grade your qualifications and ability. Highly effective
College-Level home study course in “Technical Writing.”
Diploma awarded. Excellent employment opportunities
with high pay. Interesting work. Write for revealing Free
Descriptive Literature. Cook's Institute of Electronics
Engineering, P.0. Box 10634, Jackson, Miss. 39209
{Established 1945)

WANT AN F.C.C. 1st CLASS LICENSE? WANT TO
BECOME A DISC-JOCKEY? REI has a school near you
VA approved call toll free: 1-800-237-2251 or write REI,
1336 Main St., Sarasota, Florida 33577. Florida Residents
call: {813) 955-6922.

LEARN DIGITAL LOGIC and integrated circuits. Free
brochure. Performance Enterprises, Inc., 4706 NE 12th
Ave., Fort Lauderdale, Fla. 33308.

MEMORIZE, STUDY: 1971 Tests-Answers” for FCC
First and Second Class License.~plus—"Self-Study Ability
Test.”” Proven! $9.95. Satisfaction guaranteed. Command
Box 26348 P San Francisco 94126.

DEGREE in Electromcs Engineering earned mostly by
correspondence. Free brochure. Dept. G-9, Grantham
School of Engineering, 1505 N. Western Ave., Hollywood,
California 90027.

FCC Type Exams . ..

guaranteed to prepare you for FCC
3rd, 2nd, and 1st phone exams. 3rd class, $7.00; 2nd

class, $12.00; 1st class, $16.00; complete package,
$25.00. Research Company, Box 22141, Tampa, Fla.
33622.

TUBES

TUBES—-Lowest pnces Foreign- Amerlcan Obsole!e re-
ceiving, special purpose, transmitting tubes. Send for
tube, parts catalog. United Radio Company, 56-E Ferry
Sr Newark NJ 07105.

TUBES SEMICONDUCTORS ELECTRONIC EQUIP
MENT & COMPONENTS. Qualltv merchandise only!
Serving engineers, Purchasing Agents, TV/Hi-Fl Service-
men and Hams for 20 years. Write for Catalog or call
212-WA 5-7000. BARRY ELECTRONICS, 512 Broad-
way New York, N.Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS
All Brands—Biggest Discounts. Technicians, Hobbyists,
Experimenters—Request FREE Giant Catalog and SAVE!
ZALYTRON, 469 Jericho Turnpike, Mineola, N.Y.
11501.

TUBES‘ 36¢ each Year guarantee. Tuner Cleaner $ 00
Free catalog. Cornell, 4213-W University, San Diego,
Calif. 92105.

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed.
Free Crrcular Mercury Termmal Norwood Mass 02062.

OUICK CASH ... for EIec(romc Tubes, Semr-conduc(ors
Equipment (Recervers Transmitters, Scopes, Vacuum
Variables, etc.) Send lists now! Write: BARRY ELEC
TRONICS, 512 Broadway, New York, N.Y. 10012
{212-WA 5.7000).

DO-IT-YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS—$1.00 up.
Catalog 25¢. PARKS Box 25665A Seame Wash 98125

ENJOY Clearer (Snow Free) Televrsmn! Burld Plan 200
Super-Log Antenna. Complete instructions. Rush $3.00
(no stamps), GJM Electronics, Dept. EW, Box 218,
Goleta, Calif. 93017.

U.S. GOV'T ELECTRONIC SURPLUS

@ HKationally Known-World Fameus SURPLUS CENTER offers
finest, most expensive, Gevernment Surplus electronic units and
components af 2 fraction of their original acquisitien cost.

IBM COMPUTER POWER SUPPLY

o (ITEM #22-338) - - jLpensive. recu
lated unil. Fine lor collece labs. reseaich

rangs ol volisges. [ auipul vollages
8, cte. Wide range of AC voltagen avail

which tan hv‘ ensily made nr can
be by passed. Ita an: it dimgeams fur
nished. 10 v 12 1012 T

$24.95
ONCE-IN-A-LIFETIME SPECIAL

Cosl GGos't
Over $300.00

o (ITEMuII35-A) - - tual slarm
System gives waming of fire or teeakein,
Opcrates on 113-VAC. Coutrol unit, 2-

BURGLAR-FIRE ALARM SYSTEM
)g Kidide flash lire. 2-mercusy cnlunin, 3-door
window  actuslues,  alarm bell. 100 p.

,‘mszq'qs ware ostruchnnn. K5 a 140 A § (W)

STANDARD DIAL TELEPHONE

s (ITEM nls ) - - Standatd,  commervial (”,

telephone mame an used troughout 1S4 \tirac.

Live patlad blsch. 1ike new condition. | %e &3 Original

cvicnson phone (0 private sysems o connecl Cost

acvetal phones together 1o local inteycom sys-

tem. Full inntructions are fumished. Wt 9 Tbs. sza50 $7.49

STEP-BY-STEP TELEPHONE SWITCH

e ( I'I'EM #1-906 ) <= Amustnz Ielemnone  selector

'S Gieal esperimenial iem. When used with (wo-
conone dial will select any nuober feom 0 (o 100.
PICOM OF Privele syt U'se 10 Lum on jemote
|Im~ Alart mulars, elc. Compl wIth contact bank.
135067 V816 e | Gt Over $90.00

Py $6.29 |
¥ sz gss i

MAGNETIC DIGITAL COUNTER(12t018-VDC)

- a (ITEM B21959) - - ¢'\¢ to cownt alecin
f. 3 Une in counl punbee of timen dooe s apenvd
= Iusiness is closed. tn show changing Prices. ra-
S tore uses, ete. Will count 1 o each sutae and il
Transter 10U count to neat unit, 3 Al R L
S
M, ) oty tach $1.99 ',",','," $4.99

TYPICAL BUYS FROM OUR 1971 CATALOGS

a5 10,00 (1S-Velt DPDT Relays.....coocnninniiniinnnnnnnnns
® S101.00  Regulated Transfarmer, Wide Range

® § 15.00  20-Relay Telephone Panel

® $250.00 Gyroscope, Twin Rotor, 28, ...covivnuveruiniiss

AC PROGRAM TIMING CLOCK

e (ITEM llS! = Feaith 11SAAC unit. Use
tor pe work beeaks, Chisses. tum
l‘lr ul‘ pemit ON OFY !‘IllrhIll:

"
m 2dhour wmld Also han

ature. (an be muurple |nn:nmmr¢ 3 wnip. con
utu Ny 6l LAY
Coat Cory
ver $30.00 5‘5'75

INTEGRATED CIRCUITS f RECTIFIERS
SEMICONDUCTORS f TRIACS

BCD COUNTER KIT

Consisting of:
1—PC board 12707
6 I1C's

spectrum

1—Set of instructions

When assembled by enclosed instruc-
tions, this kit will count pulses from
0-9 in BCD. These boards can be con-
nected in series to count as high as
desired. Exampte, two boards  will
count to 99, three to 999 etc. $6.95 I

These | ———— i
es  are PRY 3A
cheapest 100 .09
trigger” 'SCR's and | | 100

4. s1.00

TIS 43 GENERAL
PURPOSE l;N(;JUNCTIONS

2N3819
N-Channel FET's

ERYO00 TRIGGER
bidirectionat
one of the
methods to
triacs

DIODES.

LIGHT EMITTING DIODES (LED's)
Infra red OR visible

Photo detectors for cach $1.00

2_747 | T
2_sillcon diodes L IC SERIES (DIP)
BCD Decimal Decoder E

Dual Flip Flop .
Quad Bistable Latch
Dual Mast- Slav(- I FE
Decade Counter .

2 Divide By Twelvo
4 Bit Binary Counter
Silicon Power Rectifiers

30

UNIVERSAL PC BOARD
] 12705, will nold 8 DIP 1C's and

has extra pads for other com-
‘ POnents.
|

$1.50 ea.

Hoard & Mating Connector $4.50

709C OPER AMP. Sl OD
SE SO01 VIDEO AMP

741 OPER. SI 25
Controlied Avalancho or Epoxy
Rect-ﬁers 1 AMP

g N
@EB@BONDN
VNGO No

100 .06
200 .07
400 -09
600 a1
800 15

O SNAP AROUND VOLT-OHM-AMMETER

o (ITEM #20-988) - - veasurra AC comreat without
openiac the line. Simply preas handie and snap the pro
around the conducior. Keads cufrents from .23 to 125
amps. tteads oitages 1o 0. rrads vhos up 1o 306, Tenl
motors. apptiances, eic. Thiew rurrent ranges, (wo voli-
azr Fangen. WIh case. (st leads. %' 4 3 4 1

$36.90 A EAL]

SPECIAL SALE

Correspondence | { -
Course In L2 P I"‘,s\
ELECTRICAL SB 79 Prepaid In € 8.4, f /

ENGINEERING

$10.7 9 ounide 5.4

c {ITEM uuo )- - Obtain Irthmrll training at lw cos1* Lincaln

c s Courses because

ol rinin r.ur_q S, hmmd number of rl-nuul Enuincenng Courses wre

fv but without the examination grading sedvice. the course con-

ol 15 tenson tooks. cach with associated evams and standard an-

Book dencribing prize winning llome Lipeaimental taborutory
ek (umished ol mo €3l conL,

RUNNING TIME METER

a8 ({TEM 42/88 ) - - Recied number of op-
eratsng howes of clectric Hchis and elrcirscal
devices much as reffigerators, fumaces, cic.
Kecords totat haurs, tenths and hunderedths up gy
to 9.999.99 hours. For [13aolt, 60-cyclen. x .. 94 (Y

SZe 41477030 2% Shipping wetght 2 1hs. $4.39 S
Cost Over $29.00

1000 .20

as
[ ] 4303 P c)nnnel FET wnh a
QMS of 2000 uohm 95

socket

NIXIE TUBES 3A 7A 20A
Similar to 8754 with .25 .28 60 |

Silicon Control Rectifiers

70A |

$4.75 ea. .30 38 8%
50 .60 1.10

~ 350
6. OI

Terms: FORK Cambridge. Mass. .60 -68 1.30
Send check or Money Order. Include Jo 78 1.50 9.50

'ostage
;/z Ib. No €.0.D.'

I(:ued companies 30 days net

W,

Average, per |
0. s. Minimum Drder .80 .85 1.70

90  1.20 1.90 11.00]

_Send for ourTaIexI calalog featuring Transistors and Rectifiers; 325 Elm 5t., (ambndge, Mass.

Post Oftice Box 748

June, 1971

Somerville, Mass. 02143

Tel. (617) 547-4005

CIRCLE NO. 138 ON READER SERVICE PAGE

COMPUTER TRANSISTORS ON HEAT SINKS
(BM Computer Quailty Umits

e {(%22-920) -- 1t consists of one 130
walt power (mnsistor on  heavy, ribbed,
aluminum  hest  Bink.  Many  @upertmental
uses, (11b,

Cost Gor't Over 1000 $1.99

® (#72-915 ) - - Unit consints of two 150.
wall power Uansistors, 2 pols..  several
diodes, capacitors, resinlofs, eic. an heavy,
1ibbed aluminum heal ninks. ldcal for use as
motos speed conwal. {4 1bs.)

$4a.N

Cost Gov*t Over §35.00

ALL ITEMS SHIPPED F.0.B. LINCOLN, NEBR.
Qrdet Direct From Ad. Money Back Guarantee.

DEPT.

EW-061 LinCOLN, NEBR. 6350(
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GREGORY ELECTRONICS

Your Best Buys In

QUALITY USED
FM 2-WAY RADIO EQUIPMENT

RCA CMUISB

6/12 volts, 15 watts
450-470 M Hz

*28.

Accessories available:
cables, control, head,
hand sets and speaker.

20.

We've Expanded . . .

We have expanded our warehouse
to double its capacity. We can
now stock a larger and more
varied line of equipment. Should
you be in our area (15 minutes
from N.Y.C.) you are cordially in
vited in to browse. We now have
the warehouse space to carry
15,000 pieces of used FM Mobile
Communication Units.

Send for new '71 cat_aloé

GREGORY
ELECTRONICS
CORPORATION

249 Route 46, Saddle Brook, N. ). 07662
Phone (201} 489-3000

" INFFOORY

CLECTRONICE w

4

Of The WORLD'S
FREE Catalog FINEST GOV'T
SURPLUS ELECTRONIC BARGAINS

F. M. MOTOROLA
GOVERNMENT SURPLUS

TAPE AND RECORDERS

OLD Radio Programs-on tape. 6 hours for $8.00. Catalog
50¢. Don Maris, 1926 Cherokee, Norman, Okla. 73069.

STEREQ TAPE TRANSPORT—7" reel—2 speeds—pause
control—made for famous manufacturer—50 to 15,000
Hz—with rec/play and erase heads, without case. Send
m.o. or check for $19.50 to Stereo Center, 218 Columbia
St., Utica, N.Y. 13502. $2.50 for prepaid shipping and
insurance.

STEREO TAPE RENTAL for particular people. Free
catalog. Gold Coast Tape Library, Box 2262, Palm Village
Station, Hialeah, Fla. 33012.

RENT 4-track open reel tapes—all major labels—3,000
different—free brochure. Stereo-Parti, 55 St. James Drive,
Santa Rosa, California 95401.

BARGAIN MUSIC, Tape, Equipment Catalog 25¢. Saxi-
tone, 1776 Columbia Road, Wash ngton, D.C. 20009.

EIGHT track recorder amplifier or deckkit or complete
manufacture closeout. Details 50d. Do-it-yourself leather
goods special, kits, belts, purses, etc Transmex Industries,
Box 745, Newport Beach, Calif. 92661.

RADIO shows. 4 hours $6.50. Catalog 25¢. Box 724,
Redmond, Washington 98052.

TRADE stereo tapes. $1.25 each postpaid. Minimum
three. Tapetrade, Box 2181, LaJoMa, Calif. 92037.

VIDEQO TAPE, 1 inch. x 1 mil x 1700 feet. Used. On
computer reels. $12.00 each. Lahill, P.O. Box 656,
Martinsburg, W. Va. 25401.

RECORDS

POPULAR organ albums factory direct. Concert Record-
ing, Lynwood, Calif. 90262.

SPECIAL inteiest records available, produced by the
editors of the world’s leading special interest magazines
Send for free catalog. Record Catalog, EW, Ziff-Davis
Publishing Company, One Park Ave., New York 10016.

HIGH FIDELITY

Hi-FI EQUIPMENT—GET Our “"ROCK BOTTOM" price
on NAME BRAND amphtiers—tuners—tape-ecorders
speakers FRANCHISED—60 YEARS IN BUSINESS.
Write for this month’s speciats—NOW!' Rabson’s 57th St |
Inc., Dept 569, 119 W. 57th St New York, N.Y. 10018,

LOW, LOW quotes: all compone nts and recorders. Hi-Fi,
Roslyn, Penn. 19001.

HI-FI components, tape recorders, <leep learning equip-
ment, tspes. Unusual Values. Free catalog. Dressner, 15623
R Jericho Turnpike, New Hyde Park, N.Y. 11040

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
ADC. Send for free catalog. All merchandise brand new
and factory sealed. Lyle Cartridges, Dept. E, P.O. Box 69,
Kensington Station, Brooklyn, New York 11218.

HYPNOTISM

SLEEP Learning. Hypnotic Method. 92_% effective.
Details free. ASR Foundation. Box 7021 EW, HC Station,
Lexington, Ky. 40502.

FREE Hypnotism, Seli-Hypnosis, Sleep Learning. Cata-
log! Drawer H400, Ruidoso, N.M. 88345,

RETAIL
DISPLAY
PLAN

All magazine retailers in the
United States and Canada in-
terested in earning an allow-
ance for the display and sale
of a minimum of five publica-
tions of the Ziff-Davis Publish-
ing Company, to be paid quar-
terly on the basis of ten per
cent of the cover price of each
sold copy, assuming that all
terms and conditions of the
contract are satisfied, are en-
titled to do so and are invited
to write for full details and
copies of the contract to Mr.
J. Robert Gallicano, Single
Copy Sales Director, Ziff-Davis
Publishing Company, One Park
Avenue, New York, New York
10016. |

REPAIRS AND SERVICES

TV Tuner Repair $7.50. Also Do-it ycurself kits repaired
Intormation: Magn Co., Elkhorn, Wis. 53121

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 ... Trucks trom $78.40
.. Boats, Typewriters, Airplanes, Multimeters, Oscilio
scopes, Transceivers, Electronics Equipment. Wide Van
ety, Condition. 100,000 Bid Bargains Direct From Gov-
ernment Nationwide. Complete Sates Directory and Sur
plus Catalog $1.00 (Deductible First $10.00 Order.)
Surplus Service, Box 820-K, Holland, Michigan 49423.

AMAZING SURPLUS BARGAINS. Government Surplus
never before offered, tor Pennies on the Dollar! Haid
ware, Tools, Motors, Electromics, Opucs, Hobbycraft!
Illustrated $1.00. Refundable. Surptus World, Box 785,
Rochester, N.Y. 14603.

ARMY surplus electronics catalog, 10¢, Russell Elec
tronics, 9410 Walhampton, Lousville, Kentucky 40222

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. lllustrated brochure free. Hermes, Beshin
11, Germany.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

R-394 RECEIVER Ysed: “’;““‘-’
152-172 MC $14.95 $22.50 L - J—— §
SCIENCE Bargains—Request Free Giant Catalog
T-278 TRANSMITTER *CJ""—148 pages—Astronomical Tcle'scopes, Microscopes.
152-172 MC 18.95 24.95 Lenses, Binoculars, Kits, Parts, War Surplus bargains.
R-257 RECEIVER Edmund Scientific Co., 300 Edscorp Bidg., Barrington,
2550 MC 19.95 New Jersey 08007
T-208 TRANSMITTER
25-50 MC A — EDUCATIONAL OPPORTUNITIES
SEND FOR NEW CY-938 CABINET 7.95 9.95 Po:er-

Supplics,

CATALOG No. 71 C-847 CONTROL BOX 895 1295  amphters, modutes, etc.

FAIR RADIO SALES ¢ Dept. EW, Box 1105 ¢ Lima, Ohio 45802

78 CIRCLE NO. 137 ON READER SERVICE PAGE

LEARN WHILE ASLEEP. Hypnotize! Strange catalog
free. Autosuggestion, Box 24-ZD, Olymma, Washington,
98501.

ELECTRONICS WORLD
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it's The Biggest! It's The Most Popular PENNY SALE IN THC INDUSTRY!

ONE CENT

., EYE SEE” BONANZA
lﬂ)J‘pe BY POLY PAK 3“\,“‘“

Sbee’ v Lowest Prices In US.A.  +®

INVENTIONS WANTED

PATENT Searches including maximum speed, full airmail
report and closest patent copies, $6.00. Quality searches
expertly administered. Complete secrecy guaranteed. Free
Invention Protection forms and ‘‘Patent Information.”
Write Dept. 23, Washington Patent Office Search Bureau,
711 14th Street, N.W., Washington, D.C. 20005.

Buy ONE at the special “‘Sale”
price get the SECOND for

MAGAZINES

. - Type Description Each 2 tfor
OVER 2,000,000 Backdate magazines! Specify needs. ::;:gg: 3:" “: luh::m\‘(;\l(\;\“l.( " 5°~:: 50':';: only ONE CENT!
Midtown, Box 917EW, Maywood, New Jersey 07607. SN7A10N Irij ¢ it NAND Gurg BE (BE
) N SN7420N Dl 1 lyput NAND G HK fa
JAPAN PUBLICATIONS GUIDE business, pleasure, edu SN7430N = It NAND (gt BE Hix
i SN7440N D)l 1 Tuput NAND Bulfer B as
cation. $8.00. INTERCONTINENTAL, CPO 1717, Tokyo SNraalN et \!{_I i s 3me SNPIEIN 10 Bt Meppry a8
100-91. SNTA60N Dyl § Inpeit Fajuand BH wn SHTASON Dycwle Counter 4,50 4.5
- SN7473N Ib 5K Flip Flugs 118  1.20 SN7491N ~ It Sluft Register EN-T E T
SNTA74AN Dl 1 Hu Flop 1.4 130 SMTSSIN Do oagle By Twelve Coantor 4.9% 4.06
BUSINESS OPPORTUNITIES SN7A7SN Quad Lav, 2.8% 7 o5 SHTADIN 0t Raors Coanter 4,58
T

GENERAL ELECTRIC
3.5 WATT AUD!O

PA263 onty $3.95
AMPLIFIER 3 torsi0

| MADE $40,000.00 YEAR by mailorder! Helped others
make money! Start with $10.00~—Free proof. Torrey, Box
318N, Ypsilanti, Mich. 48197.

FREE BOOK 999 Successful Little-Known Businesses.”’

L]
(] 908 Full Adder
909 Buffer

Y : 912 Half Adder
EENEAE ] 913 Shift Register
3 for $1 O 915Dual 3 In. Gate

&vr-263

Work home! Plymouth 445-L, Brooklyn, N. Y. 11218. 4 — 2N4409 Nixie tube drivers 100
. - R Delivers 3.5 watts continuous, 10 watts peak, With il st N

| S 10 — 1Amp B0O piv silicon rectitiers 100

$200.00 DAILY In Your Mailbox! Your Opportunity To heat sinks; micro-mini size: %4 x % x Y,”. 9 to B 1Amp 1000 piv silicon rectifiers 1 00

30V supply. High sensitivity, 8 to 16 ohm For

Do What Mailorder Experts Do. Free Details. Associates,
mono & Stereo phonos., tape. FM, AM_ TV servo

Box 136-EW, Holland, Michigan 49423,

MAILORDER! Make big money workig home. Free
report reveals millionaire’s trade secrets! Executive {1K6),

LIGHT EMITTING DIODES
$1.50 Any 2 for $2.69

333 North Michigan, Chicago 60601. Visible LED “'brite red'* ‘\‘ —~

MAKE $1.00 Per Sale selling engraved metal Social Any 3 10% Discount! x‘i:::';h“?riu r::"L Jonsort

Security plates. Free Sales Kit. Engravaplates, Box Type Dumipﬁon Each Invisible infra.-red sensor*

10460-7507, Jacksonvnlle Florida 32207. (7709  Opwritiua & Wath bailltein Darlington jimplitens (
1710 #i Spawd n T (8E

MAILORDER ca:alogs—No inventory—Over 150 unusual

products. Details free. Jacknans, Dept. R6, Hattertown, 10¢ Catalog on Fiber Optics, ‘ICs’, Sems, Parts

[J 711 Duyl Compurptan RE

Newtown, Connecticut 06470, L1723\ legilatar i.19 Terms: add jostage. Rated: net 30, eods 2a0%
- : — D;;;, :»"i Sy T 1. 20 Phone Orders: Wakefiehl, Mass. (K1) 245.38%
UNUSUAL lucrative home business. Small basement (1 2747 Dol 01 e Retait: 211 Albion, St Wakefiell, Mass

production. Investment, skill unnecessary. Amazing litera
ture free. Barta-ZIDA, Box 15083, San Francisco,
California 94115,

CHINCHILLA income guaranteed. Terms: 25¢, bulletin

POLY PAKS &:’N:::’l}’:.’.‘l
40

$1.00, Rainbow, Port Richey, Fla. 33568. CIRCLE NO.130 ON READER SERVICE PAGE
FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton, RECTIHERS & TRANSISTORS uuno-N:w SOLID-STATE SCOPE BARGAINS:
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RUBBER STAMPS *Tophat. Fllﬂltl.l? 3 eepressfit. 3. 20, 40 su.u!- Csoz s‘::cu?nzkl;ri%fltfv?u‘ l‘)’lo"ll()ve\?llz‘:lmrn:
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RUBBER Address Stamps $2.00. Signature $3.50. Free RECT. | 1A® | —=| —| — .30/ .55 .85 display Sousce "From Mg - traRsionts,
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— — - — 1 AMP J18A°%| .15(.23/.35.60 1.10 |1.40 10X Probes for above: LPB.10X, each ,... . 15.90
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TREASURE FINDERS *Tophat ®¢Pressfit, 7 & 20 Amp Stud SCOPES & COUNTERS AT LOWEST PRICES EVER!
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. Varicaps—27, 47, or 100pf, 4Vv—$1.25 ea.; P.C. S41A: DC to 30 MHz, 20 nsec/div. and up.. $50.00
30% DISCOUNT name brand musical instruments. Free Board 67 x 6” x 1/16” - 1 oz. Copper—3/98¢: S4SA: Same plus calld. variable delav 750.00
catalog. Freeport Music, 127-L Sunrise Hway, Freeport, Photo Cells, Herm. Glass. 5 Diff. for $1.00: IN661 AM4BA-  Nemwe, bor rack masenting 700 00
N.Y. 11520. Siticon Switching 50/83.49—1102_\"84.93; R.F. goil RMS488: Rack-mig 33 Miiz pass, w/cabinet 875.00
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AS YOU SCAN THESE COLUMNS, more than 175,000 Relays @ different e 20853{‘88 $175. 80,P80,5 aiten. $30. 82: $350
monthly buyers of ELECTRONICS WORLD are doing U L SR 50/$1.00 WEWLETT-PACKARD SCOPE BARGAINS:
the same. These men are all Electronics Professionals— SRR L o : 140A: With 1405A 2-trace 5 MHz & 142“
Push button switches, on-off, panel .6/$1.00 sweeper plugins & 2 probes 600.00
individuals involved actively in electronics from a business Pots, 2-4 watt, different 10/31 00 With 1402A 2-trace 20 MHz & 1420A
sweeper, no probes 750.00

or hobby viewpoint. Therefore, they are doubly inter
ested in those advertisements which will enhance their

careers or their leisure hours. They look to the pages of . OVERHAULED & c:nnn:o COUNTERS
ELECTRONICS MARKET PLACE for prime souraes of Min. order $3.00; send sufficient postage. overage ol 330, Mo ¥ Canpact " *** 750.00

products and services of interest to them. They will buy 'e'"é‘gf)‘?; fully guaranteed; free catalog. 25% down s10 mulzmqi:f&;enszé‘éxmr‘5;;1';: add 100.00

from you if your advertising appears regularly in their on s o ""a‘l:o 'r‘: #::fm‘:; 73%“0/7?:50"90111!;0 .. 950,00

::avorite magazine. Send copy and payment now to: Hal AND PLENTY MORE! Ask for List z1la.
ymes, Classified Advertising Manager, ELECTRONICS

WORLD, One Park Avenue, New York, New York 10016 GENERAL SALES CO. R. E. GOODHEART CO. INC.
REMEMBER: August issue, on sale July 20th, closes June 254 E. Main St. (713) 265-2369 : :

Tst. Clute, Tex. 77531 Box 12120-A, Baverly Hills, Calif. 28213

Phone: Arca 213 272.5T07
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