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Jacket Dielectric Conductor
Black all-weather PVC .030 Low loss cellular polyethy- 18 AWG solid, annealed,
nominal wall with a .242" lene, .180" nominal O.D. bare copper.
nominal O.D. .
e I‘ y
8228 BELDEN DUOFOIL =t
Drain Wires = * Shield
4—28 AWG solid tinned copperweld Belden DUOFOIL 100%
conductors applied spirally and posi- shield is a polyester film with
tioned uniformly around the circum- aluminum lamination on
ference of the shield. both outside surfaces.

THE MISSING LINK TO PERFECT VHF AND UHF COLOR AND B/W RECEPTION

BELDEN 8223 DUOFOIL

15 OHM COAXIAL CABLE - 100% SHIELDED - 100% SWEEP TESTED

‘/ LOW, LOW ATTENUATION

( Nom. Atteguatlon \

per 100’

mc db

50 1.5

100 2.1

= 200 3.1

For MATV distribution systems, DUOFOIL is the Tou e

finest coax yet. Its low loss, 100% shielding keeps 500 5.0

B/W and color VHF and UHF signals pure. Apart- 600 5.5

ment dwellers, hotel and motel tenants, etc.— 57388 2'8
even in congested areas—get sharp, clear recep- " 900 6.9 j

tion. Its small diameter provides extra space

savings in conduit installations. Available in 100, 500 and 1000 ft. spools. See

your local Belden Distributor for full details
or to order. For a copy of the reprint article,
‘‘Electronic Cable,”’ write: Belden Corporation,
P.0. Box 5070-A, Chicago, lllinois 60680.

Don’t forget to ask them what else needs fixing?

Is CATV coming into your area? DUOFOIL is the
perfect underground drop cable. Its exceptional BELDEN @

flexibility and moisture resistance assures extra-
long service life, and preserves the impedance
values of the cable design. 858
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Radar Sentry Alarm
announces a new powerful
way to stop crime . . . "‘Dialtronie™

Radar Sentry Alarm announces a
new powerful way to fight crime.
Imagine a security system that
automatically and silently delivers
any emergency message for which
it is programmed. Dialtronic adds
a new dimension to your security
needs. Advanced concepts in tech-
nology and design bring you a new
level of security. Providing un-
limited application, the Dialtronic
uses solid state circuitry to bring
help immediately. Use it with
existing alarm systems or any other
sensing device. Dialtronic is the
ideal personal protection for any-
one who is vulnerable to intruders.
Dialtronic will perform with never
a lapse in security You are
assured of highly reliable pro-
tection.

The Crimebusters
Want You!... Now!

. . . To make the biggest nrofits of your career—
filling ready-made demand for the dramatic new
RADAR SENTRY ALARM systems. Get started
NOW as dealer or distributor—step intc five-
figure income at once, with unlimited potential
and wide-open opportunity to grow as you go!

MAIL COUPON AT ONCE!
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b
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Also used to protect premises while
they are being occupied, the Radar
Dialtronic gives push button pro-
tectian to businesses and home
owners alike. This system is trig-
gered by a hidden push button or
portable transmitter. Once set into
action, it automatically dials the
phomne—delivering any pre-
recorded message for which it is
programmed without the would-
be-thiefs’ knowledge. In effect, the
Dialtronic gives you a direct line to
police, fire departments, in-plant
security, key personnel . . . whoever
you designate.

Dialtronic’s built-in programmer
lets you magnetically store ‘‘error
messages on cassette type
tape cartridges. Stored
tion is instantly available to notify
proper officials, delivering correct

free’”
informa-

message in each case.

Dialtronic
Automatic
Telephone

Communicator
Model DT-1000

Advantages of Dialtronie
Telephone Communicator

Eliminates costly leased tele-
phone lines.

Simultaneously stores up to ten
separate messages on magnetic
tape.

Automatically dials the right
people and delivers the correct
message in each case.

Battery operated (optional)
Rechargeable ''Nic/Cad’’ bat-
teries with built-in charger.

Converts existing local alarm to
central station system. Easily
and quickly installed.

Silent '‘on premises hold up
alarm with the ability to get the
facts out’’ instantly.

Can be used with optional wire-
less control.

Home prowler alarm, fire alarm,
emergency alarm for invalids.
Can be programmed for any
emergency-

Name ........
Address

RADAR DEVICES MFG. CORP.
22003 Harper Avenue
3t. Clair Shores, Michigan 48080

] Send me the alarming details.

[0 Also send me booklet outlining available
dealerships.

EW-6-70

...State ........ sscunsons TP cceneressnds
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THE CAPACITOR YOU WANT WHEN YOU WANT IT

The widest line . .. off the shelf avallablllty ‘
Your nearby Mallory distributor stocks aluminums, -
tantalums, wet slugs, solids, foils, motor-start,
motor-run, polystyrene and ceramic. In a variety

that includes the capacitor you need for your
immediate and future programs.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

———m
MALLO R a division of P. R. MALILLORY & CO. INC.

Box 1568, Indianapolis. Indiana 48208 2. s [ s - ol
- : s -

Batteries Cépacitors » Controls » Resistors » Semiconductors ‘s Sonalert® e Switches * Timers ViQraeiors * ICs
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THIS MONTH’S COVER
shows top-of-the-line auto-
matic turntables from three
of the five manufacturers
whose products were tested
for our lead story. At top
left is the Dual 1219; at
top right is the Garrard SL-
95B; and at bottom right is
a prototype of the Miracord
770 (which was not yet
available for testing at the
time). For details on per-
formance and prices, refer
to the article ““EW Lab Tests
New Automatic Turntables”
by Julian D. Hirsch. Cover
photograph: Dirone-Denner.
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The
Garrard =
SL95B

Automatic
Transcription Turntable.
The most advanced
record playing unit
available today

for component

stereo music systems.
$129.50

For literature write _
Garrard, Westbury, N.Y. 11590

British industries Co., a div. of Avnet, Inc.
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LINEAR
INTEGRATED
CIRCUITS

Linear IC’s are what’s happening. You can't afford to
miss this up-to-the-minute, 20-page Special Section
which provides the information you will need to cope
with these circuit elements. Each of the six articles
comprising this section is written by an expert in his
field. Dick Santilli of RCA discusses the IC in con-
sumer products; Dr. Ronald B. Schilling of RCA’s
Microwave/Microelectronics Div. discusses the ap-
plications of IC's in high-frequency and microwave
systems; Bob Dobkin of National Semiconductor
brings you up-to-date on the newest things in IC op
amps; Dieter Wurth of Sprague has a number of
interesting things to tell you about hybrid IC's and
how they are being used; and Motorola provides
details on the relatively new monolithic multiplier,
tells how it works, and gives applications.

ELECTRONICS
AND
METEORITES

Electromechanical and electronic instrumentation is
helping us learn more about meteorites—leading to
knowledge about our solar system and celestial me-
chanics. L. George Lawrence explains how this soph-
isticated instrumentation is being used—and why.

DIGITAL INSTRUMENTS
YOU CAN BUILD

This will be the first in a series of articles by Donald
L. Steinbach of Lockheed telling how you can learn
about digital instruments by designing and building
your own. The circuits the author will cover are all
immediately useful on the test bench or in the lab—
but, best ot all—they can be built from relatively in-
expensive components. Part 1 covers the digital read-
outs that are available and tells how to use them.

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

Importers Aren’t the Only Ones

In our frequent mini-investigations we sometimes learn things we didn’t expect. There’s an inter-
esting sidelight from our digging into the problem of parts and service information from importers.
(We reported this in February and again last month.)

Readers have responded, detailing troubles they’ve had. Some defend this or that importer, saying it
sent what they needed when they needed it. Those cases still seem isolated, but we do applaud importers
who help independent servicers.

One reader reports he got a service manual and parts list from Sanyo Electric Trading Co. Ltd. in
barely over a week, after writing all the way to Japan. He then ordered the parts. He says, “They sent
all the parts and they were the correct parts. They were on open account and prices were reasonable.” He
goes on to say (and this is the kicker) : “We do not get that kind of prompt service from some firms lo-
cated less than 100 miles from here!!”

Letters from other readers echo this indictment: Importers aren’t the only ones who give trouble.
Readers report, “I can’t get the right part without a lot of aggravation, waiting, and (often) expense.”
Others ask, “Why does a manufacturer make and sell a set and then not stock all the parts for it?” Or,
“Half the time the part number in the service literature is wrong. There’s been a substitution. And then the
substitute is back-ordered because the distributor didn’t know about it.”

In short, it seems we're looking at a problem more universal than we suspected. Because some do-
mestic set-makers don’t supply parts and information as they should is no reason for importers to let their
customers down the same way. On the other hand, just because some importers get away with poor service
is no reason for U.S. manufacturers to do the same thing. We'll be watching this particular complaint, and
we'll let you know what we see. We hope we see a quick improvement on both sides of the ocean.

Not-So-Unfair Law

Get SMART

We were pleased to learn that what we thought was about to happen in California (“Unfair Laws Depart-
ment,” page 13, April issue) isn’t happening after all. An official of the Bureau of Electronic Repair
Dealer Registration assures us that the regulation (not legislation) in question “. ... in no way denies a
serviceman his fee for making a call to the premises of a customer.”

The original worry centered around the definition of a service call. But the regulation was rewritten
before it was adopted. It now includes the word inspect. So, a service call has taken place when the dealer
or his technician calls “at the premises of a customer, at the request of said customer, to inspect, repair,
service, or maintain a set.” All's well that ends well.

It’s the old teach-’em-by-computer trick. But with a fancy name. Would you believe: System Malfunc-
tion Analysis Reinforcement Trainer? A subsidiary of EDP Technology, Inc. has an electronics-teaching
computer it calls by that unlikely name. In case you can’t tell from the name, its job is teaching school
dropouts to fix television sets. Using slides programmed in groups, the trainer presents TV symptoms, then
slides of different parts of a set. The student presses buttons to diagnose the fault through a number of
logical steps.

The system sounds good for learning the principles of diagnosis and servicing. We naturally assume this
is followed by further training in such manual skills as soldering. propping chassis up to work under-
neath them, making out parts orders and warranty tags, finding hidden test points with a scope probe,
twisting the right scope knobs, adjusting the static and dynamic convergence controls, and the other tech-
niques that make a successful technician.

Hornet’s Nest in Servicing

June, 1970

The new RCA Corp. servicing organization (“Service-Business Paradox,” page 17, last month) is fact.
Its technicians will repair any brand of home-entertainment electronics. The new company will be man-
aged by RCA Service Co. and in some localitics will use its own technicians and shops (despite denials).
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Technicians

IC’s Make a

Technicians

Heat from the independent servicing industry was predictably quick and unexpectedly vehement. It
ranged from letters to RC4 and President Nixon to threats of boyeotting. Some gripes that got into print
were over-reactive, contradictory, and irrelevant. Fortunately, cooler heads prevailed, and no illegal re-
taliation has developed. A concentrated effort is under way to convince RCA to stop. We doubt RCA will
drop its plan, although some people inside the company think the plan is a serious mistake.

Powerful opposition is forming alongside the servicing associations. Parts distributors see definite prob-
lems, and are complaining to RCA. Also, set-makers X, Y, and Z can’t sit idly by and watch RCA build a
prospect list from owners of brand-X, -Y, and -Z sets. They may feel obligated to set up their own service
establishments.

All this bodes ill for independent service. It accelerates the tendency to fewer small service shops. Com-
plaining about it and castigating manufacturers who start their own servicing won’t reverse the trend. One
effective answer is greater competence among independent servicers, better promotion and advertising,
and nicer relations with customers. The competition, whether it seems altogether fair or not. is gelting
very keen.

Get X-Ray Check

Some hench technicians still worry about exposure to soft x-rays from color chassis they have opened
for servicing. The Bureau of Radiological Health (BRH) has done a survey in shops. The olject was 1o
find out which sections of a chassis radiate during servicing, how much, and what would eliminate even
the slightest x-ray exposure. The survey included direct checks with radiation sensors and badge-type
cumulative measurements.

Results haven’t been released. The Electronic Industries Association helped with the survey and presum-
ably will circulate the conclusions. If it seems necessary, the BRH has promised to survey shops nation-
wide. If any danger exists, we should know about it soon.

Big Hit

At the annual 1EEE Show, engineers and technicians got to see how well linear integrated circuits are
moving into consumer electronics. Even more specific applications are promised at the Consumer Elec-
tronics Show in New York June 28 through July 1.

One application that strikes the faney is the Delco Radio thick-film approach to a modern car radio.
Using monolithic IC’s implanted by chip technique on thick-film substrates, it won’t be long until a whole
AM/stereo-FM radio can be put on one semiconductor base. The “works” will be smaller than the knobs
and dial it takes to tune them. Add electronic search tuning (with varactors) in place of cumbersome tun-
ing, and you'll have a radio smaller than a dashboard clock. It’ll be easier to operate than anything we
have today.

Plan Their Convention

The sixth annual convention of National Electronic Association is set. The date: July 15 through 19.
The place: Stouffer’s Riverfront Inn in St. Louis. This year there’s a two-day business-management school,
a one-day alignment school, luncheons, a banquet, a cocktail party, a dinner dance, and a flurry of other
doings. An NEA Convention is always a family affair, with lots of activities for wives and kids. You don’t
have to be a member; NEA extends a special invitation to non-members.

Business Booster of the Month

Looking for extra income? If you live in a college town, rent TV sets to students who live in dorms and
fraternity houses. One shop owner, not having a college nearby, and finding that some national leasing
firm had the Jocal hospital sewed up, built a fair-sized clientele among nurses and interns of the same hos-
pital. A small-town dealer rents to teachers who live in town just for one school season.

Sets don’t have to be new, say dealers who have tried this. But they do have to be in good condition—
no scarred cabinets, slow-warming picture tubes, or squeaky speakers. The best deals seem to be monthly
leases, not day-by-day or weekly.

Portables are the most in demand, but are also easily lost. Some dealers get a deposit and refund it
when the set is returned. A signed lease agreement gives you something for court just in case the set
“disappears.”

One dealer warns, “Avoid housing projects where people are often transient. Some apartment huildings
are poor-risk, too. Try to find out how long a lease has to run.” A

ELECTRONICS WORLD
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GRANTHAM

High School Diploma
and
Experience in Electronics

So you are an electronics technician;
where do you go from here? Are you
interested in advancement in elec-
tronics? Do you expect advancement to
“come mnaturally”, or do you plan to
earn it?

Grantham School of Engineering
offers experienced technicians (begin-
ners are not accepted) the opportunity
to prepare for real advancement. In the
GRANTHAM home-study* Associate
Degree Program, you can advance from
technician to associate engineer. In one
easy step? No. Is anything really worth
accomplishing ever easy? This home-
study program is presented in easy-to-
understand lessons, with help from the
GRANTHAM teaching staff on every
lesson. But the subject matter is not
“watered down”. This is a college-level
engineering curriculum, with emphasis
placed on understanding rather than
memorizing.

ACCREDITATION

GRANTHAM School of Engineer-
ing is accredited by the Accrediting
Commission of the National Home
Study Council, and is authorized
under the laws of the State of Cali-
fornia to grant academic degrees.

GRANTHAM

Telephone: (213) 469-7878
June, 1970

SCHOOL OF
ENGINEERING

“the college that comes to you”

1505 N.Western Av, Hollywood, CA 90027

GRADUATES
RE MER
W WAVE
[EARIED 10

First Class FCC License
and
Radar Endorsement

By the time you have completed ap-
proximately one-third of the Associate
Degree Program, you are more than
prepared to pass FCC examinations for
your first class radiotelephone license
and radar endorsement. Then, upon
completion of all five semesters of the
program, you are awarded the Degree
of Associate in Science in Electronics
Engineering (the ASEE Degree).

When this Degree is conferred upon
you, it will be because you have earned
it. Yow'll have a thorough knowledge
and understanding of electronics,
physics, engineering mathematics, etc.
Youll know what you are doing and
why. And what’s more, your associates
will recognize your accomplishments.
The pride that the School takes in its
students is reflected in the simple state-
ment: GRANTHAM graduates are
men who have learned to step up!

As a technician, you already know
the “hardware’” side of electronics and
some theory. You’ll need to add an ex-
tensive knowledge of general elec-

Grantham School of Engineering

SIEP UP!

ASEE
DEGREE

tronics theory, of classical and modern
physics, of engineering mathematics
through calculus, of practical consider-
ations in the design of circuits and sys-
tems, etc. These subjects are organized
in such a manner in the GRANTHAM
program that, as a working technician,
you can apply what you learn as you
progress. You can gradually upgrade
yourself from the technician level to the
engineering level.

The first step that you take in that
direction is more important than
merely thinking about it. However, it’s
a very simple step. Just fill out the cou-
pon at the bottom of this page, and mail
it back to GRANTHAM. You’ll receive
a free bulletin which explains this
unique home-study program in detail.
Most of the questions that you may
want answered about the School —are
answered in the bulletin. You needn’t
worry about a salesman calling on you
— none will.

. 1. BILL

The Associate Degree
Program is approved
for servicemen and
veterans under the
G. 1. Bill.

% As a final requirement for the Degree of
Associate in Science in Electronics Engi-
neering, vou must go to the School in
Hollywood for two weeks of review and
examination.

1505 N. Western Ave., Hollywood, Cal. 0027

Gentlemen:

Please mail me your free Bulletin which explains how the
Grantham educational program can prepare me for my FCC
license and Associate Degree in Electronics Engineering. I

Name

Address

CIRCLE NO. 137 ON READER SERVICE CARD
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New oscilloscopes from TELEQUIPMENT

DUAL TRACE

The 54 Series represents a new standard of

TYPE’ D54 — $550

performance for low priced oscillcscopes.

AC, DT, BATTERY POWERED
SINGLE TRACE
TYPE S54U — $685

.-I"’:"';ir- s

PR 1 G

' SINGLE TRACE
TYPE S54A — $435

Telequipment products are backed by a one year warranty, parts
support, 26 Tektronix service centers and marketed through 57

Tektronix Field Offices.

TeLeau PMENT RO

10 mV/cm DEFLECTION FACTOR
and 10 MHz BANDWIDTH permit
viewing of low level high frequency
signals with good vertical resolu-
tion.

FET INPUTS minimize vertical trace
drift.

TRIGGERED SWEEP, including TV
field or line, so that signals remain
stationary with changes in sweep
speed.

22 CALIBRATED SWEEP SPEEDS
from 0.2 us/cm to 2s/cm permit
analysis of a wide range of fre-
guencies.

4-kV CRT HIGH VOLTAGE which
means that the trace is bright.

VOLTAGE CALIBRATOR for verifi-
cation of the vertical gain.

SOLID STATE for reliability.

The 54 Series are only three of the low-
cost Telequipment Oscilloscopes. Many
other
from $225), designed by Telequipment
specifically
price is a prime consideration.

models are available (priced

for applications where

U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration or more information call your local Tek-
tronix Field Engineer or write Tektronix, Inc., P.O. Box 500,

Beaverton, Oregon 97005.

CIRCLE NO. 119 ON READER SERVICE CARD
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impetus to Environmental Controls

Reacting to directive from President Nixon, the Patent
Office, U.S. Department of Commerce, has instituted pro-
cedure to speed up processing of anti-pollution patents from
three years to six to eight months. Priority applies to patents
already in Patent Office as well as future applications. To
receive special status, inventors should write to Commis-
sioner of Patents William E. Schuyler, Jr., identifying applica-
tion by serial number and filing date. Explanation of how
invention can contribute to cleaning up environment should
accompany request.

Light That Never Fails

Bell Telephone Laboratories has developed a solid-state
lamp that can emit light continuously for about ten years.
These lamps, made of synthetically grown gallium phosphide
crystals—a transparent solid material resembling amber—
are expected to be more reliable, efficient, and economical
than incandescent lamps now used in telephones and display
boards. Estimated life is over 100,000 hours of continuous
use as compared with 10,000 hours for incandescent lamps.
Miniscule amounts of this crystal give off red or green light
with almost no heat when small electric current is passed
through it. Small size and low power requirement makes
lamp ideal for use with telephone power supplies and solid-
state circuits. Combinations of these lamps could also be
used as readouts replacing the more expensive high-
voltage display tubes. Western Electric, manufacturing and
supply arm of the Bell System, is presently studying feasi-
bility of manufacturing gallium phosphide lamps.

Self Regulation

Starting what we hope will be a trend throughout elec-
tronics industry, Robert W. Sarnoff, Chairman and President
of RCA, created a major new corporate post—the Office of
Consumer Affairs. Herbert T. Brunn, veteran of almost 30
years executive service with various RCA divisions, has been
appointed vice-president of this office. He will be responsible
for directing a company-wide program to insure that the
rights and interests of the consuming public continue to
receive highest priority in all of RCA’s diversified operations.
With increasing number of consumer complaints being aired
in newspapers, magazines, on radio and TV, self-regulatory
practices are certainly preferable to government regulation.

Attention Women’s Liberation Leagues

According to Ed Graff of Control Data Institute, Division of
Control Data Corp., Los Angeles, approximately half of all
computer programmers employed in business and industry
by 1980 will be women. Prediction is based on his estimate
that approximately 20 percent of all computer programmers
today are women and that “Women have a demonstrated
innate ability to solve problems. They are more logical,
patient, systematic, meticulous, better organized, and more
accurate than men. These are all qualities which a good
programmer must have. . ..”

Engineering Time Saver

McGraw-Hill Book Company and United Computing Sys-
tems recently demonstrated a new concept in publishing—
providing programmed information from numerous, selected
reference books stored in a computer library. Design engi-

neers, using typewriter-style computer terminal can obtain,
via public telephone, almost instantaneous sclution to tech-
nical problems by using reference book data {(equations,
tables, etc.) stored in computer library. Using plain English
in communicating with time-shared computer, engineer en-
ters page and number of applicable formula and his design
parameters—almost immediately receives the solution. Typi-
cally, a set of six to ten equations, requiring an hour to solve
and check manually, would be solved in less than a minute
by computer. As of date of writing, more than 1800 formulas
from reference work “Formulas for Stress and Strain” by
Raymond J. Roark have been stored in UCS National Data-
center Library in Kansas City, Mo. Programming of other
reference books will follow.

Someone ‘““Gives a Damn”’

instrument Systems Corp. (ISC) of Huntington, N.Y. has
received follow-up contracts from U.S. Department of Labor
to hire, teach, and train an additional 87 “underemployed”
persons through MA-5 program. This brings total of former
“underemployed” individuals receiving remedial education
while learning and working at a trade at various ISC plants
throughout U.S. to 300. It's not much—but it is a good
beginning.

What’s New Around

New eye-like closed-circuit television camera has been
developed by Motorola Inc. Ability to automatically adapt to
light variations from full daylight to darkness makes it ideal
for security surveillance of parking lots, loading docks, sub-
ways, or any large, poorly lighted area. Camera provides a
minimum of 500-line horizontal resolution between 0.05 foot-
candle scene illumination (moonlight conditions) and 8000
footcandles (bright sunlight). Obviates need for two-camera
system and expensive lighting required for night-time sur-
veillance. Price of unit, $13,350, includes 10:1 zoom lens and
completely enclosed all-weather housing. For additional in-
formation, contact Jerry Ewing, Motorola Communications
and Electronics, Inc., 1301 E. Algonquin Road, Schaumburg,
1. 80172 . . . and for those with peripatetic occupations,
General Telephone Co. of California, a subsidiary of General
Telephone & Electronics Corp., provides a pocket-size sig-
naling device to help maintain contact with home office.
Device, called Private Page, is an 8'2-ounce battery-powered
radio receiver that can be clipped to a pocket or belt. To
contact person carrying unit, home office simply dials as-
signed seven-digit telephone number on regular telephone.
Dial pulses are converted at telephone company exchange
into tones which a radio transmitter sends out over a 35-mile
radius. Page responds by beeping, thereby signaling person
to call in or proceed to home office.

Electronic Honor Roll

Radio Club of America bestows Fellowship on Senator
Barry Goldwater in recognition of his more than 30 years of
interest and activities in radio communications. Founded in
1909, club membership includes many leading executives
and engineers in the radio and electronics industry. . . .
Institute of Electrical and Electronics Engineers awards its
1970 Education Medal to Dr. Jacob Millman for his “impact
in the areas of electronic devices and circuits through his
outstanding textbooks and his stimulating teaching.” Dr.
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“Look what Lampkin's type 107 Digital
Frequency Meter can do for YOU...”

PagacEncy

L.

tGAngnry

OOVMTION  na g

LAMPKIN TYPE 107
DIGITAL FREQUENCY METER

Accuracy guaranteed better than 0.00019, in the field, inde-

pendent of WWV. Dial precision 0.000029%,.

% Operates as FREQUENCY METER or SIGNAL GENERATOR, to
above accuracy, all channels, from 10 KHz to 500 MHz — IF,
RF, UHF.

% Extremely simple and easy to operate. Simply set frequency
on digital dials. Easier and faster than a counter. Shows
DIRECTION and AMOUNT of transmitter error — no arithmetic.

% Dual power supply, either 110 volts AC or 12 volts DC.

Weight only 22 Ibs. Leasing terms available.

$2,390 F.0.B. Bradenton, Florida

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

Millman, professor of electrical engineering at Columbia
University’s Engineering School since 1952, is best known
for co-authorship of one of electronics industry’s “bibles”—
“Pulse, Digital and Switching Waveforms,” No newcomer
in the matter of honors, Dr. Millman received Citation for
important war work in radar from Office of Scientific Re-
search and Development in 1945; was elected a Fellow of
both the IEEE and American Physical Society; received two
Fullbright grants; and was honored with the “Great Teacher
Award” in 1967 by the Society of Older Graduates of Co-
lumbia University. . . . J. Frank Leach, Vice-President and
Group Executive, Amphenol Components Group, The
Bunker-Ramo Corp., was elected Chairman of the Board of
Governors of the Electronic Industries Association (E1A).
Officially takes office in June, 1970, succeeding Mark
Shepherd, Jr., Chairman and Chief Operating Officer,
Texas Instruments Inc.

Color TV to Color Film

New “Chromabeam” system developed by 3M Company
converts color-television images (live or video tape) into 16-
mm color photographic film. System uses an eleciron-beam
recorder (EBR), newly developed color printer, and commer-
cial black-and-white and simple color positive film process-
ing. EBR reproduces red, green, and blue components of
color video signal onto standard black-and-white master
separation film. Using a special color sequencing procedure,
color printer recombines color components to recreate orig-
inal color video image and converts 60-field-per-second
television rate to 24-frame-per-second motion picture rate.
Obvious advantages of this system are: ease of producing
film copies for mass distribution; storage-ability; retention
of dye colors (separation masters are black-and-white); and
ease of editing. First production unit planned for mid-1971
and will be priced at approximately $100,000. Potential
market for “Chromabeam” system includes broadcast and
cable-TV stations, educational institutions, advertisers, etc.

Coming Events

For manufacturers, engineers, designers, and suppliers
interested in learning about printed-circuit technology, four-
day seminars will be held by Sylvania Electric Products Inc.
in East Orange. N.J. (May 18-21); Washington, D.C. (May
25-28); Garden City, N.Y. (June 8-11); and in Boston (June
22-25). Seminar will cover design, fabrication, and applica-
tion of circuit boards. Cost of seminar is $345 which includes
student reference guidebook and tuncheons. Contact Sy/-
vania Training Services, 63 Second Ave., Waltham, Mass.
02154 for additional information . . . and for those engineers,
scientists, and managers who would like to learn how to
select and use the most effective minicomputer for their
particular needs (prior knowledge of computers not neces-
sary), a seminar "‘Minicomputers—Application of Small Com-
puters to Research, Development, and Manufacturing,” will
be presented at the Pheasant Run Lodge in St. Charles, Il
on May 31-June 3, 1970. Seminar is sponsored by National
Electronics Conference (NEC) Inc., a non-profit educational
organization dedicated to advancing the science and appli-
cation of electronics. Registration fee is $390 and includes
seminar notes, meals, and hotel room. The NEC will hold
its annual (26th) Conference and Exhibition December 7-11
at the Conrad Hilton Hotel, Chicago. . . . Devotees of micro-
electronics may be interested to learn that the 4th Interna-
tional Congress on Microelectronics will be held in Munich,
Germany on November 9-11. Approximately 1000 profession-
als from all over the world are expected to attend. Besides
technical papers from Russia and Europe, papers from U.S.A.
on MOS circuits, complementary structures, computer-aided
design, packaging, and opto-electronics, and from Japan on
magnetic semiconductors integrated circuits for consumer
electronics, and high-efficiency linear circuits will be pre-
sented. A
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Now a Heathkit

olid State Vectorscope/C

Only $1

HE. AT

Accurately Performs All Of These Adjustments:
+ Raster

¢ Static & Dynamic Convergence

s Purity

¢ Gray Scale

olor Generator

24.95

H

KI1T

SHEEN Gh1H

NORMRL et

¢ 3.58 MHz Oscillator

¢ Reactance Coil

¢ Phase Detector Transformer
e Demodulator Angle Check

e« Chroma Bandpass Touch-Up

Kit 10-101, 121bS.. + «vvevvnnerenrrnnnns....$124.95%

Fast switch selection of standard 9 x 9 display . . . or exclusive Heath 3 x 3" display

] 1l
|{| bk | Color Dot | Horizontal
Behias _)I Bars | Pattern Bars
i 3
2 hot Shading Cross Vertical

et Bars . Hatch Bars

& ]

R [ esber

10-101 SPECIFICATIONS — PATTERNS — Purity: Produces o snow-free raster for purity
adjustments. Dots*: 9 x 9 produces o display of 110 smoll dots. 3 x 3 produces o display of nine
dots for convergence odjustmenis. Crosshatch®: 9 x 9 produces o disploy of 11 verticol ond 10
horizontol lines. 3 x 3 produces o disploy of three verticol ond three horizontol lines for con-
vergence ond lineority adjustments. Horizontal Lines*: 9 x 9 produces o disploy of 10 horizontal
lines. 3 x 3 produces a disploy of three horizontol lines for verticol linearity ond pin-cushion
odjustments. Vertical Lines*: 9 x 9 produces 11 vertical lines. 3 x 3 produces o disploy of 3 verticol
lines for horizontol lineority ond convergence adjustments. Color Bars*: 9 x 9 produces a disploy
of ten stondord color bars. 3 x 3 produces o disploy of three stondard color bars. A visual finger-
print (voltoge pottern) of all ten color bors in the form of o petol pottern is displayed for color
circuit servicing. Gray Scale: Pravides o wide bar crosshotch pottern with six shodes of bright-
ness for color gun level adjustments. OUTPUT SIGNALS — Video: Greoter thon %1 volt peok-
fo-peak compasite signol for composite signal injection beyond the video detector. RF: Vorioble
to approximately 25,000 yV output, chonnels 2 through 6, for composite signal injection into the
TV receiver ontenno inpul terminals. Sync: Greoter thon 3.5 volts peck-to-peck signal for servicing
sync circuits without video, or sets having seporate video ond sync demodulotor phose odjust-
merlts. GENERAL — Power Requirements: 105-125 or 210-250 VAC, 50/60 Hz, 20 Wotts.
Cabinet Dimensions: 630" W x 914" H x 141" D. Net Weight: 91 Ibs.

*The number of dots, lines, ond bors indicated for 0 9 x 9 disploy is the number disployed if the
receiver under test hos no overscon.
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HEATH COMPANY, Dept. 15-6
Benton Harbor, Michigan 49022

O Please send FREE Heathkit Catalog
[0 Please send 10-101 Specification Sheet

O Enclosed is $
Please send Model 10-101

a Schiumberger company

1

plus shipping.
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Prices and specifications subject to change without notice.
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NRI “hands-on” training
in TV-Radio, Electronics
can give you as much as
2 years of on-the-job
experience.

EARN YOUR FCC LICENSE — OR YOUR MONEY BACK

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

ELECTRONICS WORLD
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Experience is still your best teacher

K R ; fiioats

NRI Achievement Kit ;. cavcator-ac-
claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and

personalized for you and your training objective. It has one
purpose — to get you started quickly and easily.

L,.E.:_ e I
1

e e Ry " ;
£ f 5 b4

BI E'SIZQ TeXtS average an easily-digested
40 pages of well-illustrated, scientifically prepared subject
matter in the course of vour choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

e

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money c¢an buy, pro-
fessionally and educationally applied.

lune, 1970

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

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

Train with the leader— NRI

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

APPROVED UNDER NEW Gl BILL

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

MAIL THIS COUPON IF CARD IS GONE

‘«Y NATIONAL RADIO INSTITUTE

Washington, D.C. 20016

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

2-060

Name Age

State

_Zip

[ Check for facts on new Gl Bill
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL



THOUSANDS OF
MUSIC LOVERS PAID
THE DIFFERENCE

T0 OWN A CROWN

Maybe they know
something you don’t

There’s a reason why Crown recorders cost
over $800. Why nearly every critical home
music recordist hopes some day to own one.

The reason is Crown's TOTAL PER-
FORMANCE.
Semi-professional decks may shout

about a single outstanding spec, but who
wants low noise at the expense of high
distortion or wow and flutter? Only Crown
delivers unexcelled engineering achievement
in all areas of performance. Not just flat
response @ + 2db maximum, but bandwidth
wider than the entire audible spectrum. Not
just low noise, but wide dynamic range for
flawless piano reproduction. Plus minimal
wow and flutter and the industry’s lowest
distortion levels.

Now couple this with Crown’s famous
no-compromise workmanship: Only the
very finest components available. Precision
handcrafting with relentless inspection.
Only nine or ten moving parts for reliability.
Construction ‘‘rugged enough to withstand a
parachute drop.” {(Audio 4/68) Individual
proof-of-performance guarantee. Design en-
gineered for ten years minimum continuous
service. It's a lot of work-but the result is a
professional deck unparalieled in the re-
cording industry.

Yes, Crown does cost more than any
semni-pro recorder. That's the price of no-
compromise TOTAL PERFORMANCE.
Send for our detailed spec sheets and
compare Crown with any other deck--semi-
pro or professional. After all, you deserve to
know what a Crown owner knows. Write
Crown, Dept. EW-6, Box 1000, Elkhart,
Indiana, 46514.
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ULTRA-LOW-FREQUENCY WOOFER
To the Editors:

After reading yonr article on the
“Novel Ultra-Low-Frequency \Woofer
Enclosure” appearing in the May issue,
there are several comments I feel would
be in order.

The low-frequency reproducer (LFR)
pictured is an experimental prototype
and bears little resemblance to the pro-

. duction model. In keeping with Elektra
Amplidyne Research’s policy of provid-
ing the consumer with the finest in sound
reproduction and component styling,
the production model will be sold in an
oiled wulnut cabinet with grille cloth
covering the radiating panels. To insure

‘optimum performance, we have devel-

| oped an entire electronics package to be
used in conjunction with the LFR. This
| package includes an electronic crossover

{ with a 24-dB-per-octave (16-64 Hz) ac-
tive filter. The amplifier and speaker

have been designed to provide maximum
performance without danger of failure.

Rocer S. JoNEs

Director of Research & Product Dev.

Elektra Amplidyne Rescarch, Inc.

Levittown, Pa.

* * *
IMPORTED-SET REPAIRS

To the Editors:

In regard to the “Radio & Television
News” item “Back to the Factory Re-
pairs” (Feb., 1970 issue), the Pana-
sonic people do not belong in the “we
made it; you bought it; too bad Charlie
Brown” group.

Parts are readily available from the
| Los Angeles parts depot; orders are ac-
curately and promptly filled. Further-
more, warranties on units purchased
overseas are honored by the company
Stateside. They pay promptly as agreed
on warranty service to their authorized
service dealers.

The parent company is Matsushita of
Japan.

I speak from experience. A lot of
American firms could learn from Mat-
| sushita.

Davip H. STraTTON
Santa Barbara, Cal.
*

* *

SILICON TRANSISTORS AS ZENERS
To the Editors:

I am writing in regard to the article
in your January issue entitled “Using
| Silicon Transistors as Zeners.” While

the author is correct in his basic premise
that the base-emilter junction can be
used as a zener diode (a characteristic
which has been widely used for years),
I hope he hasn’t misled some of your
readers.

In the statement concerning maxi-
mum usable current being a function of
the package dissipation, Mr. Charles is
apparently unaware of the fact that even
though semiconductor manufacturers
would like to think it so, transistors are
not totally homogeneous masses. When
a junction is operated in an avalanche
mode (and particularly a junction not
made specifically for this type of oper-
ation ), this inherent lack of homogeneity
creates areas of current constriction
(hot spots), ultimately resulting in a
short. In view of this fact, base-emitter
diodes used as zeners must be current-
limited in such a manner as to restrict
the avalanche current to no more than
30% of the rated base current of the par-
ticular transistor. The specifications on
low-power transistors rarely provide the
base-current limit, but as a rule it can be
assumed as being 20% of the rated col-
lector current.

One other feature which Mr. Charles
fails to point out is the fact that built-in
temperature compensation can be ob-
tained by using the collector base junc-
tion also. This is shown in Fig. 1 at the
bottom of this column.

In this illustration, the base terminal
is unused, and the polarity applied be-
tween collector and emitter is opposite
that used in normal transistor operation.
This provides the negative temperature
coefficient of a forward-biased collector-
base junction and the positive TC of the
emitter-base “zener” junction. The TC’s
will offset each other only at one par-
ticular current level, which varies wide-
ly between device types: this, however,
does provide more than a modicum of
compensation, so it's a great deal better
than none at all.

My article in the September issue of
EvrecTroNics WorLp (p. 42) illustrates

+Vg Vref.
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the use of a constant-current diode as
part of a stable reference voltage. The
diagram shown in Fig. 2 is an example
of how this is used with zeners.

In this case, the supply can vary from
(V, +3V) to (V, + 100 V) and still
maintain a constant current through the
zener. If the current chosen is that in
which the zener exhibits a near-zero TC,
this makes the best of all tvpes of volt-
age references, unless significantly more
complex circuitry is used.

Lou H. GARNER
Torrance, Cal.
* * *
SOLID-STATE V.O.M.
To the Editors:

For any of vour readers interested in
constructing the excellent FET v.o.n.
circuit by Jim Ashe and John Eisenberg
in the January issue, I make the follow-
ing recommendations and corrections.

The 1N914 is not a zener diode as
suggested in the parts list, but a high-
speed switching diode available from
Poly Paks at 10 for $1.00. The
IN2497’s are incorrectly shown in the
schematic to be n-channel FET’s, but
they are p-channel.

The 10-ohm value shown for R16 is
accurate in theory only. The resistances
of the meter leads and circuit wiring
niust be taken into consideration when
determining the value of R16. The val-
ue should be around 9.7 ohms. I rec-
ommend the substitution of a low-value
pot for the fixed resistor which then
can be adjusted for half-scale meter de-
flection on the X1 ohm range during
calibration of the completed unit.

Since R10-R15 are difficult precision
resistors to obtain, T made the following
modification. Do not connect R10-R16
across the terminals of switch S3. Sub-
stitute the following values: R10. 10
megohms; R11, 1 megohm; R12, 100k
ohms: R13, 10k ohms: R14, 1k ohmg
R13, 100 ohms; R16, 9.7 ohms or low-
value pot, all % watt 1%. Connect one
lead of each resistor to the “+7 termi-
nal of Bl and connect the other lead
of the resistors to the appropriate ter-
minals of §3 as indicated in the sche-
matic. T was able to obtain inexpensive
surplus resistors in the listed values as
accurate as 0.1%.

A panel ohm-adjust pot is a desirable
feature in a v.o.m. but was not inclnd-
ed in the article. T used a 50k-ohm pot
in series with R24 to provide a panel
ohis adjust.

I recommend 2 watts or better rat-
ings for R33 and R34 since the voltage
drop across them is considerable and
they get quite hot.

You cannot appreciate this solid-state
v.o.m. unless you have been using a
v.t.van. for years and have had to wait
five minutes after turning it on to usc
it because of warm-up drift.

Bruce S. SciwanTz
Interlaken, N.J. A

June, 1970

FM-2400CH (New)

e Tests Predetermined Fre-
quencies 25 to 1000 MHz

¢ New Extended Range
Covers 950 MHz Band

e« Pin Diode Attenuator

FM-2400C

e Tests Predetermined Fre-
quencies 25 to 500 MHz

The new FM-2400CH and the
FM-2400C provide an accurate
frequency standard for testing
and adjustment of mobile
transmitters and receivers at
predetermined frequencies.
The FM-2400CH with its ex-
tended range covers 25 to 1000
MHz. The Model FM-2400C
covers 25 to 500 MHz. The fre-
quencies can be those of the
radio frequency channels of
operation and/or of the inter-
mediate frequencies of the
receiver between 5 MHz and
40 MHz.

25
to
500 MHz

FM-2400
FREQUENCY
METERS

Frequency Stability: with built-
in thermometer and temper-
ature corrected charts.
+.00025% from +25° to
+125°
(.000125% special 450 MHz
crystals available)

Both the FM-2400CH and the
FM-2400C are self contained in
small portable cases. Com-
plete solid state circuitry. Re-
chargeable batteries.

FM-2400CH (meter only). $595.00

RF crystals (with temperature
correction) -a..ooeoaeeen. 24.00 ea.

RF crystals (less temperature
correction)....o.oceeien . 18.00 ea.

IF crystals............ catalog price

FM-2400C (meter only) ....$445.00

RF crystals (with temperature
COPFeCtion) ceveeeeeeeeee. 24.00 ea.

RF crystals (less temperature

Frequency Stability: = .0005% correction)........e.....o
from +50° to +104"F IF crystals............ catalog price

Write for catalog .
”’)g —i

INTERNATIONAL

e . -
CRYSTAL MFG. CO,, INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102
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18.00 ea.
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HIi-FI PRODUCT REPORT

EW LARB TESTED
by Hirsch=-Houck Labs

Concord Mark ll} Tape Recorcer
For copy of manufacturer’s brochure, circle No. 1 on Reader Sercice Card.

HE Concord Mark 111 tape recorder
is a three-speed, three-head ma-
chine with separate recording and plav-
back electronics. The playback ampli-
fiers use JC’s in their input stages, and
the rest of the electronics employs stan-
dard transistor circuits, The bias oscil-
lator operates at 200 kHz, the highest
frequency we have seen in a home audio
tape recorder.

The recorder uses new pressure-
sintered ferrite heads, which are claimed
to be extremely wear-resistant, and have
an extremely wide frequency response.
Our tests certainly confirmed the latter.

The Mark IH also has a unique
switchable noise-reduction circuit. From
the schematic, it appears that it attenu-
ates the line-output levels in the absence
of a signal in the plavback svsten.

The tape transport uses a single hyvs-
teresis-synchironous motor for capstan
drive, with belts and mechanical brakes
ooerating the take-up and supply reels.
The operating tape speeds are 74, 3%,
and 1% in /s,

When we measured the over-all re-
cord-playhack frequency response of the
recorder, the advantages of its new heads
were innmediately apparent. \With 33/

Es

type 202 tape operating at 7% in/s, the
response was impressive: about =2 dB
from 23 to 20,000 Hz on one channel,
and about =1.5 dB from 30 to 20,000 on
the other. The NAB plavback response
at 7% in/s with an Ampex test tape was
within =1 dB over its full range from 30
to 15,000 IIz. The 3%-in s test tape re-
sponse was =2.5 dB from 50 to 7500 Hz.

At 3% in’s, the record-plavback re-
sponse of the better (right) channel was
=2 dB from 40 to 15,500 Hz. The other
had some high-frequency roll-off and
measured =3 dB from 25 to 11,500 Hz.
The 1%-in s speed fell somewhat short
of the rated 9000-Hz response. It was
+2.5 dB from 235 to 3500 Hz, and was
down about 7.5 dB at 5000 Hz relative
to the lower mid-range level.

The wow and flutter were, respective-
ly, 0,015 percent (the residnal level of
our test tape) and 0.05 percent, among
the lowest figures we have ever mea-
sured on a tape machine. Operating tape
speeds were exact, and about 2% min-
utes were required to handle 1200 feet
of tape in the fast-forward and rewind
speeds.

At maximum gain, a signal of 0.17
volt at the high-level inputs produced a
0-dB recording level, with a correspond-
ing playback output of 0.7 volt. Har-
monic distortion was 2 percent at this
level, rising to the standard 3 percent
reference level at +3 dB (nearlv the
maximum meter reading). The signal-
to-noise ratio referred to this level was
better than 60 dB with the Range Ex-
pand circuit operating, and about 30
dB with it off.

With a Dblunk tape, we observed a
drop of more than 10 dB in noise when
the circuit was activated. The circenit
drops the over-all plavback gain by
about 10 dB in the absence of a signal,

CONCORD MK II
RIGHT CHANNEL
| RECORD-PLAYBACK RESPONSE | !

1
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Concord Mark Il Recorder
Advent Loudspeaker System

effectively eliminating all audible hiss
(which is already a very low —50 dB
level) during pauses in the program.
Any signal present in the playback am-
plifiers restores the gain. By listening at
high volume levels, we could hear the
hiss drop out about 2 seconds after the
end of a recorded program. The recorder
provided one of the quietest Dback-
grounds in the absence of signal that we
have heard (or should we say “not
heard”™?).

In all other respects, the unit was
equally satisfving. Its frequency re-
sponse and over-all cleanness of sound
left little to be desired. The Mark 111 is
casy to use and comes installed on an at-
tractive wooden base with a removable
plastic dust cover. The best news of all
is its price—under $260. A

Advent Loudspeaker System

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

IN view of the fact that Henry Kloss
was a co-founder of Acoustic Re-
search, and the “K” of KLI, it is not too
surprising to find him heading a new
company with an imaginative approach
to high-fidelity product development.
Advent Corporation has announced its
first product, a loudspeaker system with
several noteworthy features, and there
is promise of several other interesting
items (not speakers) in the near future.

Building on vears of experience in de-
veloping speakers, the company has de-
voted its initial efforts to producing a
relatively low-cost system with perfor-
mance rivaling far more expensive units.
It is an 8-ohm, two-way system, using an
acoustic-suspension woofer in a relative-
Iy lurge sealed enclosure. Its dimensions
of 23%” by 1454”7 by 11%” are probably
the largest that could be accommodated
on a bookshell, even a specially designed
one. However, it is equally adaptable to
Hoor mounting, in which case its size can
he considered as an advantage, from an
aesthetic standpoint.

The woofer diameter is nominally 10
in. The cone surround is a specially proc-
essed polvurethane, instead of the rub-
ber-like materials used on most highly
compliant cone suspensions. The tweeter
has a 2-in phenolic-impregnated paper
cone, oflering wide polar dispersion and
extended frequency response. A three-
position toggle switch on the rear of the
cabinet selects normal high-frequency
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If the antenna’s off, the color's off!

The key to color TV
‘b reception is antenna

== rotation to exact de-
grees, no give or
take about it. And
Channel Master builds Antenna Rotators
that point you in the right direction
every time!

2 motors in synchronization position
heavy duty TV antennas on the exact
axis required for peak color reception,
and built-in steel thrust bearings make
sure they'll turn under heavy loads. Over-
size brake pads keep them on the beam
at winds up to 70 mph!

We eliminate hidden wire costs by using
3 conductor wire instead of 4 or 5, and
build our rotators to keep on turning

CIRCLE NO. 145 ON READER SERVICE CARD

antennas to any of the 360 degrees you
want for years to come.

With a 90 day free replacement and 4
year prorated guarantee, we’re not Kid-
ding when we say there’s no finer an-
tenna rotator than the one that comes
from Channel Master. Most of the in-
stallers must agree because they’ve made
our automatic the nation’s Number 1
selling rotator.

CHANNEL MASTER

DIV. OF AVNET, INC., ELLENVILLE, N.Y. 12428
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CATALOG
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HOUR
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CLOCK MOVEMENTS

DIGITS RESETTABLE INDIVIDUALLY

Available in 50, 60 <y., all vaoltaoges,
approved motar, cord. One Year Guarontee.

#130....12-HOUR #1131, ... 24-HOUR

AC. UL

Complete Line: Deloy, Interva
and Cycle Timers, Digital Computers

PENNWOOD NUMECHRON CO.
TYMETER ELECTRONICS :

7229 FRANMKSTOWN AVE., PITTSBURGH, PA 15708

CIRCLE NO. 127 ON READER SERVICE CARD

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plan available,

NAME___ —
ADDRESS

cITy

GIVE ZIP CODE__

STATE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also

0LSON ELECTRONICS

Dept. EF, 260 S. Forge Street, Akron, Ohio 44308

CIRCLE NO. 129 ON READER SERVICE CARD

%0

response, or reduced or extended highs
to suit the user’s preference. The high-
frequency adjustment  is moderate,
amounting to about =2 dB at fre-
guencies above a few kilohertz, but is
clearly audible in its effect.

The indoor frequency-response curve,
obtained by averaging eight micro-
phones throughout our test room. is note-
worthy for its smoothness and extended
range. 1t is diffienlt, if not impossible, to
sepurate the effects of the room at low
frequencies from the true response of the
speaker. but even without atteripting
this. the response measured within +3
dB from 20 to 13.000 Hz (ignoring a
slight peak at 120 Hz which we conld
definitely attribute o the room). The
shape of the curve above 6 Kz corre-
sponds almost exacthy to the calibration
curve of our microphone. which indi-
cales that the true response of the
speaker is virtnally flat to well bevond

IBRNIVA

The low-frequency performance of
the speaker svstem is even more impres-
sive than its high end. The flat. excoded
response to helow the lowest audible fre-
quencies Is genuine, not the result of
added distortion prodnets which ¢
make an inferior speaker seem better
than it really is. The harmonic distortion
of the speaker, with a T10-watt drive
level. remains under 10% all the way
down to 20 Hz, and is only 6% at 30 2.
Heretofore, we have measured this order
ol bass distortion only with the most
expensive  acoustic-suspension  speaker
svstems. or with other types such as
horn-loaded speakers which are still
costlier.

The tone-burst response  of the
speaker, in keeping with its smoothness
(a requircment for good over-all tran-
sient response) is very good. The ex-
amples shown are tvpical of its behavior
throughout its range.

In designing this speaker, the manu-
factimer had the goal of producing a
speaker comparable in performance to
the best acoustic-suspension types pre-
viously available, at a  substantially
lower price. We listened to the speaker
by itself. and in A-B compuarisons with
some considerably more expensive types,
and we feel that the company has es-
sentially achieved its aims. I has a silky
smooth, balanced sound with well-dis-
persed highs. und lows which can really
be felt, rather than merely heard. We
can't recall having heard another speaker
in its price class that can mateh it
(though obviously we haven't heard
them alll nor have we compared it side-
by-side with more than a few). und
would consider that it ranks in sHund
auaadity with most speakers at twice its
price. By all means listen to the speaker
il vouare contemplating purchase of any
compact speaker system in the $100 to
$250 price class.

The Advent speaker svstem is priced
at 112 A
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SIMPSON 260-5°P

Outstanding features: reset button pops out
to indicate overload . . . circuits cannot be
reset while overload is present . . . does
not require massive overloads to activate

. all ranges protected . . . has new Taut
Band Movement for precision accuracy and
repeatability.

only $97.00

(
!
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[ TNSTRUMENTS THAT STAY ACCURATE
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J. P. Prufer, Director
of the General Electric
SCR Service Schools,
shown with one of the
recent student groups.

Battery Truck Servicemen

f;' i‘(’—v_eﬁf ‘Ff oo
RUGGED!

o fe
UULY .

Battery Truck Servicemen gave Simpson’s 260-5P VOM
the “acid test.” Since 1965, about 4000 battery truck
servicemen have used these VOMs in General Electric’s
schools for repair and service of SCR controls on elec-
tric powered vehicles. Mistakes did happen, but the
overload button worked every time. Sent back to Simp-
son Tor a calibration check, they tested out with like-
new accuracy and perfect operation. Virtually 100 %
protected, the Simpson 260-5P once again proved its
rugged dependability.

AVAILABLE "'"OFF - THE - SHELF”" DELIVERY.

""" ON ELECTRIC

~ g~
JIHIVIF 9 Kio ~ UIVIF AINT

5200 W. Kinzie Street, Chicago, Illinois 60644 « Phone (312) 379-1121

EXPORT DEPT.: 400 W. Madison Street, Chicago, lliinois 60606. Cable Simelco
IN CANADA: Bach-Simpson Ltd., Ontario « IN INDIA: Ruttonsha-Simpson Private Ltd.,
International House, Bombay-Agra Road, Vikhroli, Bombay
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I Send for free Catalog 20-556
NAME
ADDRESS
CITY STATE ZIP

the set choice is yours...

the antenna choice is...

FINCO

NEW “70 SERIES
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COLOR SPECTRUM

TV ANTENNAS

THE FINNEY
COMPANY

34 WEST INTERSTATE STREET
DEPT. EW-6
BEDFORD, OHIO 44146
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By JULIAN D. HIRSCH / Hirsch-Houck Laboratories

Results of laboratory measurements on 17 units, from five manufacturers,
meriting hi-fi use. Relatively minor performance differences were found;
higher prices reflected more convenience features and small refinements.

r N spite of the widespread availability of stereo-FM broad-
casts and pre-recorded reel or cassette tape programs,
the phonograph record continues to be a favorite source

of good music in the home. Reflecting the popularity of rec-
ords is the constantly expanding automatic-turntable market,
with literally dozens of models to choose from over a wide
range of prices.

The name “automatic turntable” at one time was applied
to record changers whose performance and features com-
pared favorably with the separate arm-and-turntable combi-
nations which were popular among critical audio enthusiasts.
It was rightly Dbelieved that cheap mass-produced record
changers, with unbalanced tonearms tracking at forces of six
grams or more, would destroy one’s records in short order.
Cartridges were available, even in pre-stereo days, that could
track at less than 3 grams, but many record changers had trip
mechanisms that imparted a considerable side thrust to the
arm and required even greater forces for proper antomatic
operation. In terms of the basic operating parameters of
speed accuracy and constancy, rumble, and tonearm tracking
errors, the ordinary record changer left much to be desired.

In the so-called “automatic turntable,” these deficiencies
were reduced or eliminated in a straightforward manner.
Better balance of all rotating parts, especially the motor and
revolving platter, drastically reduced rumble. Heavier turn-
tables minimize rapid speed fluctuations, known by their
audible effects as “wow” and “flutter.” In most models, the
arm is balanced by an adjustable counterweight, often isolat-
ed from the arm proper by a resilient material to damp the
low-frequency arm resonance. Tracking force is applied by
a spring, generally with a calibrated scale reading directly
in grams. Tracking error is minimized by longer arms and, in
many types, the cartridge position can be adjusted for mini-
mum tracking error with cartridges of diflerent dimensions.

Most modern automatic turntables, regardless of price,
embody practically all of these design chavacteristics. In fact,
one would be hard put to find any ordinary “record changer”
in current catalogues. We prefer to look at an automatic turn-
table as a record plaver, capable of manual or single-play
operation, but with the ability to play a number of records
automatically. For some people, no doubt, the reverse order
of emphasis would apply—an automatic record changer which
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can be conveniently used to play records singly with manual
arm positioning.

Two other features, once found only on the most expensive
units, are now offered on virtually every automatic turntable.
Anti-skating correction, which compensates for the side
thrust on the cartridge due to friction with the record surface,
is now included in all but the least expensive players. Cueing
controls, which raise or lower arm without the operator ac-
tually handling it, are now found over the whole price range.

Faced with so many makes and models of automatic turn-
tables, whose prices span a range of about 4 to 1, the con-
sumer cannot be blamed for his confusion. Many manufac-
turers offer a broad line of turntables, often without a clear
indication of the differences among them. Then, at any given
price level, there may be several competing products. How
does one make an intelligent choice?

Tests Performed

We have approached the problem by testing and evaluat-
ing some 17 automatic turntables, from five manufacturers.
This group includes most of the turntables meriting serious
consideration for high-fidelity use. Our laboratory measure-
ments were made under as nearly identical conditions as
possible. The same test records and imstruments were used
for all models tested. Whenever possible, the same cartridge
was used. We chose a Shure V15 Type I, as representative
of the best performance currently available from phono car-
tridges. Although this cartridge cannot be operated at forces
greater than 1.5 grams, we felt that a top-quality automatic
turntable should be able to function properly at that force.
Two of the lowest priced models tested (the Garrard 40B
and SL55B) required slightly more tracking force, so a good-
quality medium-force cartridge (the Grado FTE) was used
with them, operating at 2 to 2.5 grams. The three BSR Mc-
Donald units were supplied as complete playing systems,
with Shure Type M44 cartridges installed, and were tested
in that form at the recommended force of 2 to 3 grams.

Our tests were limited to the basic performance parame-
ters of the turntables. We did not judge their durability, re-
liability, or ease of servicing. However, all the manufacturers
are reputable, and we have no reservations about the quality
of any of the units we tested. Our comments on the subjective
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DUAL AUTOMATIC TURNTABLES

HE Dual line includes three automatic turntables, which, de-

spite considerable difference in price, have very similar basic
performance. All are three-speed players, with a vernier adjust-
ment of +3% about each speed (our measurements showed
it to be nearer £29%). The vernier is mechanical, sliding the
idler wheel along the tapered sections of the motor shaft.

Although their changing mechanisms appear to be identical.
the three models have few other parts in common. Their arms,
motors, and platters are different, as well as design details.

The lowest priced model is the 1212. In contrast to the
chrome and glitter of many audio components, it is finished in
flat black. The automatic spindle both supports and drops the
records. In manual play, a short spindle is inserted, which
revolves freely with the record to reduce center-hole wear.
Manual operation is very simple—merely lifting the arm from
its rest starts the motor. The finger lift is satisfactory, although
we found it a little slippery to grasp at times.

The arm is a light aluminum extrusion with an "A’* shaped
cross-section. The adjustable counterweight is isolated from the
arm by a compliant material to damp the resonance. The
tracking-force dial is calibrated from O to 5% grams at 1/, -gram
intervals. Anti-skating is built in, coupled with the tracking force
adjustment. The cueing lever works smoothly, with damped
lowering of the pickup.

The cartridge slide is slotted to permit longitudinal adjust-
ment of cartridge position for lowest-tracking error. A plastic
jig is supplied with the unit for this purpose. We found the
installation of a cartridge in the Dual units to be a relatively
inconvenient procedure, since there is not a tapped hole to
receive the screw. All Dual changers mute the cartridge output
during the change cycle.

The platter of the 1212 is a heavy, two-piece drawn unit and
is idler-driven by a four-pole induction motor.

The 1209 is a somewhat huskier and more attractively
finished version of the 1212. Its arm is a tube of circular
cross-section. Its elastically decoupled counterweight, instead
of sliding along the arm, rotates for adjustment, with click
stops at 0.01-gram intervals. The tracking force dial is similar
to that of the 1212, but there is a separate anti-skating dial on
the motorboard. calibrated from O to 5, grams in red (for
conical styli) and from O to 314 grams in black (for elliptical
styli). The motor of the 1209 is similar to that of the 1212,
but is slightly larger and in our tests was less affected by line-
voltage variations. It drives a heavy cast platter.

The model 1219 is the top unit of the line. Its arm (one of
the longest of any automatic turntable), is a slim aluminum
tube with a circular cross-section. It has the same click-stop
counterweight as the 1209. The 1219 arm is supported by a
true gimbal structure, using four identical pivots. It is claimed
that this results in the very low (and unmeasurable, by us)
friction of 0.007 gram vertically and 0.015 gram horizontally.

A unique feature of the 1219 is its adjustable arm height.
In order to obtain the correct 15-degree vertical stylus tracking
angle, it is necessary for the arm to be parallel to the record.
When playing a stack of records, an arm cannot be parallel to
more than one disc. In the 1219, a lever at the base of arm
lowers it for manual (single) play so that it is parallel to a single
record on the turntable. For automatic (muitiple-play) operation,
the lever raises the arm so that it is parallel to the middle of
a full 6-record stack. When so positioned, the vertical error
will be less than 1.5 degrees at the first or last record, which is
negligible.

To reduce the chance of improper operation, if the arm is in
the single-play position with the changer spindle in place,
records will not drop and the arm will not leave its rest. In the
multiple-play position, the cueing lever does not function.

The 1219 is powered by a husky synchronous induction
motor, which drives a 7-pound cast platter. The cueing control
action is damped in both directions, eliminating bounce or over-
shoot when lifting the pickup as well as providing a slow, gentle
descent.

Vertical arm friction was obviously very low on all the Dual
units. The tracking force of the 1212 and 1209 increased by
0.20 to 0.25 gram over a record stack, while the 1219 showed
a change of only 0.05 gram—the smallest of any of the group
of turntables tested.

The 1212 and 1209 had similar wow and flutter measure-
ments, but the 1219 was measurably superior. To our surprise,
there was little difference between the 1212 and 1219 in rumble
level. All rumble figures were quite low.

The anti-skating compensation of the 1212 was not sufficient
for the elliptical stylus in our test cartridge, although previous
experience with this unit indicates that the compensation is
approximately correct for a 0.7-mil conical stylus. The 1209
and 1219 both required about 1 gram more anti-skating than
the recommended setting.
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characteristics, such as ease of cartridge installation, tonearm
finger-lift “feel,” and general operating ease reflect a purely
personal reaction.

The following test sequence was performed on all units
(some of the initial setup was omitted with the readv-to-play
BSR maodels). Each unit was unpacked and installed on the
base supplied by its manufacturer. This proved to be a simple
procedure in all cases. The cartridge was installed in the
prescribed manner, and the arm balanced according to the
manufacturer’s instructions. A subjective appraisal of vertical
arm friction was made, by noting how freely the arm “float-
ed” in a balanced condition. and during the measurement
of tracking force.

The actual downward force at the stvlus was measured at
indicated settings of the force adjustment from 1 to 5 grams,
using a balance gage accurate to 0.03 gram. To determine
how much the force increased from the first to the last record
of a stack, we set the force to 1.00 gram (wherever possible)
at the turntable height, and re-measured it with the stvlus
raised about 12” to simulate the height of a stack of records.
For all subsequent tests, the force was set to between 1 and
L5 grams (with the Shure V15 Type 11) or 2 to 3 grams
(with the Grado FTE or Shure M44).

Using a special protractor, the angular tracking error was
measured at distances of 2 to 6 in from the record center.
The anti-skating correction was evaluated with a record
having 30 cm/'s burst of 1000-11z tones. With insufficient
compensation, there was visible waveform distortion (using
an oscilloscope) on the cartridge output corresponding to the
outer groove wall chammel, Excessive compensation caused
distortion on the opposite channel output. When the anti-
skating adjustment was optimized, both channels had identi-
cal waveforms. The setting of the anti-skating dial or indica-
tor required for optimum correction was noted. This test can
also be made easily and accurately, without use of instru-
ments, by means of the STereo Review SRI2 test record.

Tumtable operating speeds were checked with a strobo-
scope disc, while a record was being plaved. Line voltage
was varied from 95 to 135 volts and any effect on speed was
noted. The stroboscope disc had two additional sets of dots
corresponding to speed changes of +2%, which were used to
check those tumtables having variable speeds.

Wow and flutter (r.mus.) were measured at each operating
speed with a special test record and a Donner 2800 wow and
flutter meter. Rumble (unweighted) was measured at 33'%
r/min, using a special record developed by Acoustic Re-
search. The RIAA low-frequency equalization characteristic
was used for this measurement. The rumble is expressed in
decibels below a reference level of 1.4 emy/s at 100 Hz, which
is the NAB standard. We made a measurement on the output
of a single channel and on the paralleled output of both chan-
nels. The first figure includes both vertical and lateral com-
ponents of rumble (V+L), and the second is essentially the
lateral (L) rumble. If the two numbers are essentially equal,
one can infer that the rumble is all lateral; the relative pro-
portions of the vertical and lateral components can be esti-
mated by the difference hetween the two figures. The audible
significance of the two rumble components is that the vertical
component can be eliminated by switching to mono in the
amplifier, as when plaving mono records, while the lateral
component will always be present.

The CBS Labs STR100 test record was used to make a
sweep from 200 Iz down to 10 Hz to reveal any resonances
in that region. In almost every case, no resonance was found,
indicating that the main arm cartridge resonance was below
10 Hz, or very well dumped, or hoth.

The distance from the arm horizontal pivot to the turntable
was measured, as an indication of ar length. The turntable
platter was removed and weighed. Each turntable was used
briefly, both in automatic and manual modes, to verify proper
operation of its dropping, indexing, and cueing mechanisms.

It must be understood that the numerical test data which
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SUMMA

RY OF TEST

RESULTS

Tracking-force error = between 1.00 and 3.00 grams.
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BSR-McDonald ] |
400 16,33,45,78 | Slightly fast none 10% 2 0.20 | 0.07 24 30 6 61, no no 0.67 N.A. 50
500A 16,33,45.78 | Slightly fast none 10% 2 0.20 0.05 29 33 6 | 6l ‘ no no 0.40 N.A. 60
600 16,33,45,78 | Slightly fast none 10% 3Y% 0.11 | 0.04 31 35 6 61/ yes no 0.80 | 0.85 75
+ | [ I —
Duai |
1212 33,4578 Adjustable 1% 10% | 3% | 0.10 0.03 38 40 6 7Y% yes yes 0.40 0.20 90
1209 33.45.78 Adjustable none 10Y, 4 0.10 | 0.035 35 43 6 | Y% yes yes 0.80 0.10 | 130
1219 33,45.78 Adjustable none 12 7 0.06 “ 0.03 39 40 6 8 yes | yes 0.40 0.25 175
|
_ S I ; |
Garrard |
408 33,4578 Exact 2% 10% 1% 0.20 0.06 35 38 8 63 no no 1.0 N.A. 45
SL558 33,4578 Exact none 10% 1% 0.08 0.055 35 38 8 6% no no 1.0 N.A. 60
SL65B 33.4578 Exact none 10V, 2 0.15 0.04 27 30 8 7 yes no 1.0 0.25 80
SL72B 33,45,78 Exact none 10V 1% 0.07 0.035 38 43 8 7Y, yes no 0.40 0.30 90
SLasB 33,4578 1 Exact none 11% 3 0.07 | 0.03 i 39 43 6 7Y, yes no 0.80 0.15 130
|
S S i | — —
Miracord 1‘ |
620 16,33,45,78 | Slightly fast none 101 3 0.12 0.04 | 35 37 10 7% yes yes 0.50 0.10 110
630 16,33,45,78 Exact none 10% 5 0.08 0.035 38 40 10 27 yes | yes 0.60 0.15 ‘ 130
750 16,33.45,78 | Slightiy fast | Very slight 12 51, 0.03 0.035 38 39 10 7Y% yes yes 0.80 0.18 150
50H 16,33,45.78 | Exact none 12 5, 0.10 0.04 37 39 ‘ 10 7% yes yes 0.50 0.05 | 170
_ - 1 { 1 l | 1_ ]
Perpetuum-Ebner . l | | I }
2038 33,45,78 | Adjustable | Very slight 10Y, 4 | 0.08 0.05 32 37 8 7% yes yes 0.70 0.05 115
2040 33.45,78 Adjustable | Very slight 11% 7(est.) | 0.08 0.04 39 42 8 7% yes yes 0.67 0.15 145
| | | | | -

NOTES: Arm length = turntable center to arm horizontal pivot; Tracking error = between 2.5 and 6" radius. in degrees/inch; N.A.=not applicable;

we obtained cannot. in general, be compared with similar
data obtained by manufacturers or other testing agencies.
Test records. cartridges, and instrument characteristics can
have a profound cffect on measurcments of turntable charac-
teristics. This is especially true in the case of rumble measure-
ments, where many of the tumtables we tested have rumble
levels very close to the residual rumble of our test record.
Diflerences of one or two dB in our rumble figures cannmot be
considered as significant, since a subjective judgment must be
made of a meter reading which is fluctuating by several dB.

However, for purposes of comparison among the models
we tested, our test data is valid. and we believe it to be
unique in providing the consumer with a meaningful survey
of the automatic turntable market.

General Comments

Reviewing the mass of data resulting from our tests, we
were impressed by the relatively minor diflerences among
most of the turntables we evaluated. In general, of course,

the more expensive units tended to have better performance

HE PE Models 2038 and 2040 appear to be essentially similar

to the former Models 2018 and 2020. The units have some
interesting and unique features. Perhaps the most noteworthy is
the adjustable vertical cartridge angle. A small knob on the end
of the cartridge slide tilts the entire cartridge so that it can be made
parallel to any record being played, whether it be a single disc or
any of a stack of from 1 to 8 records high being played auto-
matically.

Both PE automatic turntables use the same motor and drive
system. It is a 4-pole induction motor, providing a £29%, vernier
adjustment about each of its nominal speeds. The adjustment is
mechanical, by sliding the idler wheel along a tapered section of
the motor shaft. The 2038 has a heavy cast platter; the 2040 has
an even heavier platter. We were unable to remove it for weighing,
but estimate its weight at about 7 pounds.

The arms are identical; they have a circular cross-section, with
a resiliently mounted counterweight that rotates for balance ad-
justment. A small knob on the side of the pivot structure adjusts
tracking force O to 6 grams, with calibration at l4-gram intervals.
The anti-skating contro! of the 2040 is on the motorboard, and
is calibrated arbitrarily from O to 10. A table in the instruction
manual gives the recommended settings for different stylus dimen-
sions and force settings. On the 2038, the anti-skating dial is
concentric with the stylus force dial, and is calibrated over the same
range of O to 6 grams.

The PE arm had extremely low pivot friction, resulting in an
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unambiguous balance condition. The error of the stylus force dial
was exceptionally low. less that 0.15 gram at any setting. The
change in force over a record stack was 0.20 to 0.25 gram. The
maximum tracking error was 0.7 deg/in at a 3-in radius. The anti-
skating adjustment of the 2038 had to be set 2 grams higher than
the tracking force for optimum compensation. The 2040 did not
have sufficient compensation available, even when tracking at 1.5
grams with the dial set to its maximum of 10.

The cueing action of the units was very gentle, and damped in
both directions. We noticed a slight tendency for the cartridge to
drift outward during the drop, under the influence of the anti.
skating force. These turntables have a unique single-lever operating
control (in addition to the speed-selector knob and its concentric
vernier control), The removable manual spindle rotates with the
records for low center-hole wear.

If there is no record on the turntable, the arm cannot leave the
rest, so that accidental stylus damage from operating the player
without a record on the platter is impossible.

The mechanism of the turntables is one of the most ‘‘automatic’’
we have encountered. We used it extensively in our tests and found
it to be truly fool-proof. Underneath, the mechanism seems to be
rather more complex than most automatic turntables, but not
unusually so.

In their basic performance, both PE units were excellent. Wow,
flutter, and rumble were low for both units. The heavier model
2040 was even better with respect to rumble.
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HE three BSR McDonald turntables were supplied to us as com-

plete record players, with cartridges installed, mounted on a
plastic base, and with a plastic dust cover. All three models ap-
pear to be identical in mechanical design and changing mechanism,
and use the same four-pole induction motor, which drives the
platter through an idler wheel. Interchangeable automatic and
single-play spindles are provided. The turntables feature a unique
automatic arm lock which releases when the unit goes into operation,
and clamps the arm when it shuts off.

The anti-skating dial is calibrated at 2, 4, and 6 grams. The
cueing lever is undamped in either direction, so that smooth control
requires a gradual movement of the lever. The finger-lift is well
designed and easy to use.

The differences among the three units are in their arms and
turntable platters, as well as in the cartridges supplied with them.
(the basic turntables can also be purchased without base or car-
tridge). The 400 and 500A use the same drawn turntable, formed
in two concentric sections, and a Shure M44.7 cartridge. The arm
of the 400 is not fully balanced, and has a fixed counterweight
rigidly attached to the arm. There is no stylus-force scale, so that
a separate gage is required if another cartridge is installed. With
the anti-skating set as recommended, correction was optimum.
At 615 in, this was the shortest arm of the group of turntables
tested. It is an aluminum tube of circular cross-section.

The 500A is identical to the 400, except for an improved arm.

BSR McDONALD AUTOMATIC TURNTABLES

Adjustable counterweights permit the arm to be balanced with
cartridges of different weights. The weights are rigidly screwed
to the arm. The calibrated tracking force dial has click stops at
Y4-gram intervals from O to 6 grams. When we balanced the arm,
we observed some vertical pivot friction, which showed up as a
substantial error in tracking force. With the dial set to 2, the actual
force was 2.60 grams, and anti-skating was optimum at the rec-
ommended setting of 4.

The Model 600 is identical to the 500A, except that the turntable
platter is a heavier two-piece casting, and the cartridge is an
elliptical-stylus Shure M44E. Muting has been added to this unit to
short the cartridge outputs during the change cycle. With the
tracking force set at 2 grams, the actual force was 1.90 grams, and
the anti-skating setting of 4 was optimum.

The relatively short arms of the BSR players had satisfactorily
low tracking errors, with the largest readings falling between 0.4
and 0.8 deg/in, at radii of 2.5 to 3 in. The variations are not
significant. The low-frequency sweep record revealed small reso-
nances (of about 1 to 2 dB) at about 140 and 170 Hz, with the
major arm resonance, also of 1 or 2 dB, at about 13 Hz. The track-
ing force on all three units increased about 0.3 gram at the end of
the record stack, compared to the force on the first record.

The heavier platter of the 600 produced a substantial reduction
in wow, flutter, and rumble. The wow and flutter were about half
as much as in the others, and the rumble was lower.

but even this was not always consistent within any one manu-
facturer’s line. It was apparent that much of the difference
among turntables was in the realm of convenience features
and small refinements, which might not always justify the
price differential to some users.

Every one of the automatic turntables in this group was
capable of true high-fidelity performance. This impresses us
as a noteworthy situation, in view of the 4 to 1 price ratio
within the group. This is not to imply that all were equally
good, of course. Some of the lower priced units were mar-
ginal in respect to wow (0.2%). We listened critically to
these turntables with piano, and other revealing recordings,

and concluded that even 0.2% wow was not necessarily offen-
sive—~in fact, it could usually only be detected by critical
listening. In some of these same units, rumble was typically
5 to 10 dB worse (lower —dB figures) than in most of the
medium and high-priced models, but was not obtrusive un-
less a high listening level was combined with considerable
bass boost. Flutter was negligible on all units, being well
under 0.1% on all and generally not more than 0.05%.
Probably the major limitation (from the listener’s stand-
point) of the lowest priced turntables was their inability to
operate with tracking forces less than 2 or 3 grams. This
seemed to be a weakness of arm pivot design, since we ob-

HE Miracord 620 and 630 are essentially similar, differing only

in finish and turntable platter construction. The turntable of
the 620 is of drawn construction, while the 630 has a heavier
cast platter. Both are driven by a 4-pole induction motor.

The turntables use a single-point center record support, with a
removable automatic play spindle. The interchangeable single-play
spindle rotates freely in its mount, minimizing center-hole wear
of records. The units require that the automatic-play spindle be
removed before taking records off the turntable.

The arm of the 620/630 is tubular, with a circular cross-section.
The adjustable counterweight is resiliently mounted. The stylus
force dial is concentric with the horizontal pivot, exceptionally easy
to read and set, and is calibrated from O to 6 grams at l/4-gram
intervals. The calibration proved to be very accurate, within 0.10
gram at all settings on the 620, and with errors up to 0.3 gram
at higher settings on the 630. At a 1-gram setting, the stylus force
increased by 0.2 gram over a Y%-in record stack on the 620 and
by 0.25 gram on the 630.

Around the arm base is a rotating ring which sets the anti-skat-
ing force, on a scale reading from O to 6 grams. We found the
optimum setting, with the elliptical-stylus cartridge, to be about 2
to 2.5 grams greater than the stylus force setting.

The removable plastic cartridge mounting slide has an integral
finger lift, which we found exceptionally easy to use. The cartridge
position can be adjusted longitudinally for minimum tracking angle
error. In the 620, the stylus is aligned with two white dots on the
edge of the slide during installation. In the 630, turning a screw
on the end of the slide moves the cartridge until the stylus is
aligned with a retractable post on the motorboard. When the in-
stallation is complete, a brush fits over the post and removes dust
from the stylus every time the arm returns to its rest.

The 620 and 630 had low tracking errors over the entire record.
Arm friction was low, which probably accounted for the notable
accuracy of the stylus-force indication.

Single-play operation is very simple, since merely lifting the
arm from its rest starts the motor, and it returns to rest auto-
matically after playing the record. The cueing lever (on all Mira-
cord models) is damped in both directions, providing exceptionally
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smooth control of the phono pickup during cueing operation.

On the 620, we measured low wow and flutter. The 630, because
of its heavier turntable, had even less wow and flutter. Rumble
was very low for the 620, and was 3 dB lower for the 630.

The two deluxe models of the company’s line have many points
of similarity, and differ in their details from the 620 and 630. The
models 50H and 750 are identical except for their motors and
minor finish and trim details. Both use large, heavy cast platters
The motor of the 50H is an outside-rotor, constant-speed hys-
teresis-synchronous type, while the 750 uses a 4-pole induction
motor similar to that used in the 620 and 630.

The 50H and 750 use a slightly longer arm than most of the
other models. It has a square cross-section, and uses the same
adjustable cartridge slide (with its very good finger lift) and re-
tractable stylus positioning guide as the 630. The arm has a resili-
ently mounted rectangular counterweight, whose position is adjusted
by a knob on its side (the 620 and 630 have a threaded weight
which is rotated for adjustment). The stylus-force dial, in line with
the vertical pivot axis, is calibrated at l/4-gram intervals from O
to 614 grams. Anti-skating is controlled by a knob on the motor-
board, calibrated from O to 6. No distinction is made between the
different settings required for conical and elliptical styli.

The arms of the 50H and 750 have very low friction, and are
among the most unambiguous and accurate in balancing and
stylus-force adjustments. When it is balanced so that a small index
mark on the arm is aligned with the “0”" calibration of the stylus
force dial, the dial calibration is sufficiently accurate so that no
external gage is required. The 50H was accurate to within 0.05 gram
from 1 to 5 grams, while the 750 was accurate within 0.15 gram
from 1 gram to more than 4 grams. The change in force over a
record stack was less than average, about 0.13 to 0.15 gram.

Both the 50H and 750 use the same basic push-button-control
system as the other Miracord models. Their mechanisms are
identical. On both units, the optimum anti-skating setting was about
3 grams higher than the tracking force setting.

Wow and flutter were low for the 50H and even lower for the
750. The rumble level of both units was virtually identical, and
very low.
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served vertical pivot friction of 0.5 gram or more on some
arms. The finest cartridges (which cost as much as or more
than the turntables in question) cannot be used in these arms,
but fortunately there are a number of very satisfactory car-
tridges at moderate prices that can.

We were interested to find that there was little correlation
between arm length (which ranged from 6%” to 8”) and
tracking error. However, tracking error was not excessive in
any of the models tested, with typical maximum values of
0.4 to 0.8 degree per inch of radius (the criterion for relating
tracking error to the distortion it produces). The largest
errors (about 1 deg/in) were found in several of the less
expensive units, which have no provision for adjusting the
cartridge position for minimum tracking error. However, the
distortion resulting from even this much error is insignificant

compared to other distortions in the recording and playback
process.

When calibrated stvlus force scales were incorporated in
the turntable design, they were usually quite accurate once
the arm was properly balanced. However, many arms cannot
be balanced visually with sufficient precision to assure
accurate tracking-force settings, especially at low values.
An unbalance generally introduces a fixed error, which may
be several tenths of a gram. This is insignificant at track-
ing forces of several grams, but cannot be overlooked at
1 to 1.5 grams. We found that tracking force error was
less than 0.25 gram in the 1- to 2-gram range with most
of the turntables which were otherwise suitable for use at
such forces. Fortunately, in each case the error was on the
high side, so that one could depend (Continued on page 64)

E tested five Garrard automatic turntables, which clearly in-

dicates the choice of design and performance features offered.
All the players have three speeds and use a common cartridge
slide. Installation of a cartridge is exceptionally easy, but there
is no provision for adjusting the cartridge position for minimum
tracking error. The finger lift, which is identical in all of the record
players, is short and straight and not too easy to grasp firmly since
it lacks a hooked end.

The three lowest priced units (40B, SL55B, and SL65B) have
generally similar appearance and control configurations. At 78
r/min only 10-in records may be played automatically. The 12-in
size can be played manually. Moving the operating lever to ‘‘Man-
ual” starts the turntable rotating, and the arm is picked up and
placed on the record manually.

The 40B, SL55B, and SL65B have a removable automatic spin-
dle that supports the record stack through its center. A swing-away
overarm holds the records level and, by dropping down when the
last record has been played, signals the unit to shut off. For single-
play operation, the overarm is moved to a ‘‘park’’ position in the
rear, and a short spindle replaces the automatic spindle.

All three turntables have a cueing lever, with a damped descent
but undamped elevation of the arm. The arm of the 40B is a tubular
design with circular cross-section and a fixed rubber counterweight.
In general, it operates in an unbalanced condition. Downward
stylus force is applied by a spring, adjusted in nine uncalibrated
steps. There is no anti-skating compensation on the 40B. Car-
tridges of varying weights may be accommodated by adding weights
(supplied) to the cartridge slide when installing a light cartridge.

The 40B has a drawn platter which is idler-driven by a four-pole
induction motor. There is no muting during the change cycle on
this and on the SL55B.

We tested the 40B with the Grado FTE cartridge, tracking at 2.5
grams. The tracking force could be varied in steps of approximately
1 to 1.5 grams, from a negative value to more than 6 grams. A
separate stylus force gage must be used to make this adjustment.
The change in force from beginning to end of a record stack was
greater than 0.5 gram.

The tracking error was low over practically the entire record
surface, reaching a maximum of 1 deg/in at a 6-in radius. The
low-frequency sweep showed slight resonant dips at 130 and 160
Hz, and a 1-dB rise at the 14-Hz resonance.

Wow and flutter were reasonably low for a low-priced turntable
such as this. The rumble was surprisingly low.

The SL55B has the same turntable platter as the 40B, but uses
a ‘‘Synchro-Lab’” motor that operates at synchronous speed and is
not affected by line-voltage changes. The arm is identical to that
of the 40B, but has an anti-skating adjustment calibrated from 0
to 5 to correspond to the tracking force.

In our tests, the tracking error was quite similar to that of the
40B, except that the maximum value of 1 deg/in was reached at
a 2.5-in radius. The arm friction, as with the 40B, was relatively
high, so that a test force of 2.1 grams was used (the closest we
could come to the 2.5-gram figure used with the 40B). The same
small resonances were found, as well as a 1 to 2 dB rise at 14 to
15 Hz. The anti-skating control had little effect.

The improved motor of the SL55B, in addition to providing exact
and constant speed, produced substantially lower wow and flutter
than the induction motor of the 40B. The rumble was exactly the
same as on the 40B.

The next model tested was the SL65B. In general appearance
and control operation it resembles the 40B and SL55B. However,
its turntable uses a slightly heavier drawn platter, driven by a
“‘Synchro-Lab’ motor. The arm of the SL65B is slightly longer than
that of the lower priced models, has an adjustable resiliently
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mounted counterweight, a stylus force scale calibrated from O to
5 grams in 1/ -gram intervals, and an anti-skating dial with cor-
responding calibrations.

The arm friction was considerably lower in the SL65B so that
we were able to use the Shure V15 Type Il cartridge operating at
1 to 1.5 grams. The actual tracking force was 0.15 to 0.50 gram
greater than the scale reading, and increased by 0.45 gram from
beginning to end of a stack of records. The anti-skating compensa-
tion required settings about 1.5 grams higher than the tracking
force for optimum results.

Tracking error was moderate, with the maximum of 0.8 to 1.0
deg/in occurring at radii of 2.5 to 3 in. No resonance was found
during the sweep test. The cartridge outputs are shorted for muting
during the change cycle on this and the more expensive Garrard
models.

The wow and flutter of the SL65B were very low although the
rumble was higher than that of any of the other Garrard turntables.
The figures are satisfactory for a moderate-priced turntable, and
are not audible in ordinary listening unless considerable bass boost
is used.

The next unit tested was the SL72B. In its physical design and
operating controls, it is quite different from the lower priced mod-
els, and is almost identical to the top-of-the-line model SL95B.

An upright lever operates the cueing function, with damping on
the descent of the pickup. The pickup outputs are shorted during
the change cycle (as they are also on the SL95B).

The record support and drop system of the SL72B (and SL95B)
differs from that of the other Garrard models. In automatic play,
the stack is supported at the center and on one edge, at a slight
angle to the horizontal. In single-play operation the spindle is free
to rotate with the record, minimizing center-hole wear. The turn-
table platter is of single-piece drawn construction, idler-driven by
a '‘Synchro-Lab'’ motor.

The arm is tubular, with a hexagonal cross-section. A resiliently
mounted counterweight is used for balance, and the stylus force
scale is calibrated from O to 5 grams in 1l-gram intervals. Anti-
skating compensation is applied by a lever which is tilted up
as the arm moves toward the center of the record. A sliding
weight on the lever sets the anti-skating force. There are two
scales, calibrated O to 5 grams for conical styli and 0 to 3 grams
for elliptical styli.

The tracking error of the SL72B was very low over the entire
record surface, and essentially zero at the inner portions of a
record. The increase in tracking force over a record stack was
0.4 gram from a l-gram starting point. The anti-skating setting
for optimum performance was 1.5 grams greater than the tracking-
force setting.

Wow and flutter were low and rumble was very low.

The SL95B is the company’s top automatic turntable. The arm,
although the same length as that of the SL72B, is a rectangular
cross-section “‘U'’-shaped aluminum extrusion, filled with Afror-
mosia wood, which is not only visually attractive but is claimed
to provide additional damping of arm resonances. The stylus force
scale is calibrated 0 to 5 grams at 1l-gram intervals, with click
stops every !4 gram. The anti-skating device is similar to that of
the SL72B, and like it had to be set 1.5 grams higher than recom-
mended for best results.

The SL95B turntable is a heavy cast platter with the same
record-handling mechanism as is used in the SL72B.

The tracking error was low over most of the record surface,
reaching its maximum at a 6-in radius. The change in force from
beginning to end of a stack was 0.2 gram. The arm friction was
very low, so that it floated freely in a balanced condition. Wow
and flutter were low and rumble was very low.
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Recent
Developments
in Electronics

Digital Data Transmitter for Police Cars. (Top left) A sys-
tem that can handle 100 data transmissions in the same time it
takes for one voice message is being tested by the San Francis-
co Police Department. Twelve routine codes can be digitally
transmitted and received by mobile units and license-plate
checks can also be made. Shown in the photo is a police officer
sending a message simply by dialing the correct numbers on a
control panel and then activating the transmit button. The mes-
sage is sent over the regular radio frequency to a computer
which displays it on a dispatch console for action. An acknowl!-
edged signal appears on an illuminated dashboard display in
the car. In addition to reducing congestion on police radio chan-
nels, the digital system also provides greater efficiency in the
assignment and control of patrol cars. The system has been de-
veloped by Sylvania Electric Products. The company claims that
the system can be expanded to include a car-locator feature
that can be employed to automatically keep track of the exact
location of every patrol vehicle that has the equipment installed.

CRT Display Terminals for Airline Reservations. (Center)
More and more airlines are starting to use high-speed cathode-
ray tube display terminals for passenger reservations and flight
information. One of the latest that we have heard about is this
installation of over 50 such display terminals at the Honolulu
reservation office of Hawaiian Airlines. Information is depicted
on television-like screens within several seconds after requests
are initiated via the terminal keyboards. The reservations net-
work utilizes a central data base located in Dallas, Texas,
where the required flight and reservation information is stored.
Information on flight schedules, fares, seat availability, and
other data for all the airline’s flights can be displayed. The
terminals have been installed by Sanders Associates, Inc.

High-Voltage Feedthrough Capacitors. (Below left) The unusual
looking components shown in the photograph are high-power,
high-frequency, non-radiating feedthrough capacitors. The flat
disc construction of the new capacitors results in extremely
low inductance and very high self-resonant frequency. What
is more, the special flange and core design not only facilitates
mounting and dismounting in circuits, but enables any number
of capacitors to be assembled in parallel. The components are
said to be highly stable because of an unusual combination of
metals and plastics used in their construction. The dielectric
is a type of epoxy plastic with the metal electrodes forming an
integral part of the dielectric structure. Capacitance values of
500 pF and 1000 pF at voltages ranging from 5000 V to 25,000
V are available as standard items while 2000-pF units have
also been made. The new capacitors, made by Polyflon Corp.,
are designed for use in high-power broadcast and communica-
tions transmitters, radars, and ground-support transmitters.
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Bank Computers Generate Graphic Displays. (Top right)
This is the master control room that overlooks three main con-
ference rooms of a new Management Communicatioris Center
at the First National Bank of Chicago. Here an operator con-
trols sound, lighting, communications, and displays which are
generated for management groups by the bank’s computers. Ex-
tensive use is also made of closed-circuit TV in the new system.
Control circuits for displays are solid-state, with tone-control
encoders and decoders like those in push-button phones.

Electronic Scale for Jet Cargo. (Center) A heavy baggage
cargo container is propelled onto the floating platform of a
transporter which will carry it to a jet plane for loading. The
transporter platform is part of a new solid-state electronic
weighing system which gives digital readout of cargc weights,
and aids faster turnaround of bigger aircraft. Digital informa-
tion can be used with computers, accumulators, card-punch
units, or for other automated systems. Readout is in kilograms
with a range from O to 2268 kg (0 to 5000 Ibs). Weighing sys-
tem was developed by Semtrol Electronics (Western Gear Corp.).

Waveguide for Laser Beam. (Below left) The laser bgam
shown entering the glass plate is being bent downward by a
newly developed laser waveguide or lightguide. This is a thin
glass or crystal strip—about 100 times thinner than a human
hair—deposited as a film on a glass plate. The width of the
film is about ten times its thickness, so that an entire laser
circuit could fit on a plate the size of a nickel. Such a circuit,
relatively unaffected by heat, noise, or vibration, will enable
scientists to manipulate laser light as though it were a current
in an electronic circuit. The lightguides have been developed at
Bell Telephone Laboratories as part of a continuing research
program investigating use of lasers for communications.

Electronic Map Reader. (Below right) The U.S. Forest Ser-
vice at Berkeley, Calif. is using a new electronic instrument
to record coordinates from maps, charts, and photos and feed
the information into a computer. The instrument, the Datagrid
Digitizer developed by Bendix, employs a free-mov ng cursor
which the operator simply moves over the map to be ‘read.”
Information is stored on magnetic tape so that it can be ana-
lyzed or reproduced as needed. With the reader, an unskilled
operator can, in a period of three months, record the size and
location of all water rights in one of the six National Forest
System’s western regions. Previously, it took two experienced
draftsmen six times as long in order to complete the same job.
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The 4-pole
is prealigned and then sealed.

band-pass filter

OST manufacturers of andio equipment have tended
to neglect AM almost completely. However, there
are many programs on AN that are not available

on I'ML What is more, many AM stations are transmitting
high-quality signals with fidelity that is comparable to FM
broadcasts.

A rapidly growing mass market and increasing demand for
AM/FM tuners and receivers resulted in hi-fi mannfacturers
adding AM sections to their existing FM equipment, The
performance of these “added on” AM sections were, in most
cases. no match for the FM sections.

This unsatisfactory situation has been changed by a new
line of H.H. Scott receivers (Models 382-C, 386. and 3900).
The AM sections of these new ANI/FM receivers were de-
signed around  statc-of-the-art circuitry to give superior
performance.

FET Front-End

Let us look at a block diagram of the AM tuner section and
see where circuit improvements have been made (Fig. 1).
The receivers use a ferrite loop antenna which helps to re-
duce clectrostatic interference. This type of antenna is de-
signed to select the magnetic components of the radiated
field and thus eliminate most types of man-made noise (as
from neon lights. machinery, etc.). For the ferrite coil an-
tenna to be most eflective, it must have a high Q and there-
fore should not be loaded by the first r.f. stage. The design
achieves this with a fully neutralized FET stage that serves
as a combined amplifier and mixer, that is, a mixer with gain.
This presents an extremely high input impedance to the an-
tenna at the operating frequencies. A conventional, bipolar
transistor stage or even an un-neutralized FET amplifier
would result in a lower loaded Q of the ferrite antenna with
a corresponding decrease in performance. A further advan-
tage of this type of antenna lies in its directional properties.
Since the ferrite antenna can be rotated without moving
the receiver, it can be helpful in selecting weak stations,

Fig 1. Block diagram of the new AM tuner section of receiver.
Whistle filter eliminates 10-kHz adjacent-channel interference,
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High-Quality
~ AM SECTION

in New
Hi-Fi Receiver

By KLAUS J. PETER / Project Engineer, H. H. Scott, Inc.

Design of tuner section that narrows quality
gap betiween AM and FM. A 4-pole filter, FET
front-end, and IC i.f. strip are employed.

reducing strong stations, and minimizing local interference.

In order to keep unwanted magnetic fields from reaching
the ferrite loop antenna, the power transformer has a low
flux density (10,000 gauss maximum at 60 Hz) plus a copper
strap to minimize the radiated field. If a strong alternating
magnetic field were allowed to reach the antenna, which
conld happen if the power cord is placed close to the ferrite
element, the incoming r.f. signals may be modulated by the
60-11z line frequency. This will only happen if the field is
strong enough to drive the ferrite loop into its non-linear or
saturated regions during alternate peaks. Fortunately, this
condition can be easily rectificd by moving the power cord
away from the antenna or, in rare cases, changing the location
of the receiver.

The main advantage of an FET v.f. amplifier-mixer lies in
its excellent noise characteristics and superior overload capa-
bilitv. The FCC requires a station to produce a typical signal
strength of 5 to 10 mV/mmeter in a primary service area and
0.5 mV/meter in a secondary service area during the day-
time. The FCC also specifies that only 1% of the population
in a given area can be in a location resulting in a signal
strength of 1 V/meter. The large a.g.c. range of which these
receivers are capable allows the reception of signals ranging
in signal strength from 200 V/meter to 2 V/meter with
equal volume.

The a.g.c. voltage derived from the detector is applied to
the gate of the FET to maintain its ideal square-law charac-
teristics during all types of signal conditions. (See December,
1965 issue of ELEcTrRONICS WonLp, “Tield-Effect Transistors
for FM Front-Ends,” by Daniel R. von Recklinghausen,
Chief Research Engineer, H.H. Scott, Inc.) A minimum
number of spurions signals and cross-modulation products
give rise to cleaner sound with minimum interference be-
tween stations. Bipolar transistor r.f. stages are inherently
easier to overload and cross-modulation as well as spurious-
response characteristics can cause strong stations to appear
at several points on the dial.

The 4-Pole Filter

Following the mixer, but still inside the shielded r.f. as-
sembly, is a band-pass filter constructed of four inductively
coupled, individually tuned LC circuits. This is referred to
as a “4-pole filter.”

Since there may be dozens of AM signals present at the
receiving antenna at any one time, the selectivity of the tuner
will determine how well one station can be selected while all
others are rejected. The r.f. amplifier-mixer stage, if it is
tuned, will do a certain amount of preselection, but the band-
width resulting from one or even two tuned stages is far too
wide to separate two stations close together.

The over-all selectivity is therefore determined mainly by
the band-pass characteristics of the i.f. amplifier. The pri-
mary function of the i.f. band-pass filter, then, is to reject all
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unwanted signals while accepting the selected one without
attenuating its sidebands, hence uflecting its fidelity. These
two requirements can only be met by means of careful filter
design.

Even though the IFCC provides a maximum frequency sep-
aration of 40 kHz between local AN stations, signal condi-
tjons at night often change and more closely spaced distant
signals may be picked up. There are still over twice as many
AN stations as FM stations in the U.S. with roughly the same
number of channels assigned to them.

If two AM stations situated 20-kIIz apart modulate their
carriers with 8-kHz sine waves, their frequency spectra after
the mixer (but before the filter) will look like Fig. 2. Assume
the receiver is tuned to the lower of the two frequencies.
Since the two adjeent sidebands are separated by only
1 kHz, the band-pass filter must have very steep skirts to
attenuvate the unwanted sidebands while aceepting the de-
sired ones. The ideal filter would have vertical slopes while
the top remains perfectly flat; unfortunately such ideal filters
exist only o puper.

The curves of hand-pass filter designs shown in g, 3
were computer-generated for several nmumbers of tuned see-
tions or poles. The measured response of the i, strip was so
close to the predicted curve of the G-pole filter that it is not
shown separatelv on the graph. The over-all response of the
receiver, including r f. section. showed a slight improvement
in selectivity over the 6-pole filter curve. (Refer to iuner
curve in Fig. 3.)

The circuit of the 4-pole filter is shown in Fig. -4 Tt consists
of four distincl LC networks, the coils of which are indue-
tively coupled. This network is aligned once and then scaled.
The input coil of the filter is tapped to provide a neutralizing
output which is conmected to the FET gate through a 2.2-pl
capacitor.

After the 4-pole filter, there are two additional timed trans-
formers resulting in a total of six tuned LC networks. As
expected. the over-all if. bund-pass characteristics follow
closely the calculated curve of a G-pole LC filter, as shown
in Fig. 3.

Inimediately following the 4-pole filter is another FET in
a grounded-source configuration, achieving isolation and
gain in one simple step. The prinary of an i.f. transformer
acts as the drain load for the FET. The secondary of the
transformer feeds a new high-gain 1C.

IC LF. Strip

A number of vears ago, we introduced the first consumer
receiver to use an 1C Lf. strip in its FAL section. An improve-
ment in perforniance as well as simplification of the i.f. am-
plifier circnitry resulted. This design technique has now been
applied to AN with excellent results.

The 1C itself. a high-gain low-noise type (Motorola MC-
1330P), containg 16 n-p-n transistors, Half of these transistors
are nsed divectly for if. amplification, two are part of an
a.g.c. circuit, while the remaining six are used to set due.
operating points of all stages. At the output of the TC is the
last timed LC section of the i.f. amplifier. The sccondary of
this transformer provides the if. output for the detector
cireultry,

The monolithic 1C mukes available a Targe amount of gain
in one tiny package so that fewer stages are necessary Lo
achieve the over-all amplification required. Consequently,
the number ol points at which a filter can be inserted in the
circuit have diminished, and a small mimuber of “linmped”
or multiple-pole filters have replaced w larger nimber of
single-pole filters.

All these inmovations and refinements have helped to ele-
vate AN performance from the “also-ran™ position it has
occupied in most receivers. Dne to inherent differences be-
tween AM and 1ML as well as the availability of stereo AL
the latter will alwayvs have a slight edge, but the gap has
narrowed with this new receiver design. A
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Sample of sonic holography using an ultrasonic camera showing (left] object, (center) corresponding hologram, and (right) reconstructed image.

SONIC

HOLOGRAPHY

By FRED W. HOLDER

Sound waves. like laser beams. can produce holograms. Since sound waves
penetrate, sonic holograms give inside 3-D views of solid objects. This
“see-inside” ability of sonic holography suggests many new applications.

N 1947, Dennis Gabor, a British scientist. nudged the

state-of-the-art of optical technology when he conceived

the idea of holography. Iis new concept was good, but
the practical application of holography had to wait until an
adequate source of single-frequency, coherent light was
available. This problem was solved in 1960 with the develop-
ment of the laser, but three more vears passed before the laser
was applied to holography by Emmett Leith in 1963. With
this breakthrough, a workable svstem emerged {rom the lab-
oratory wherein a three-dimensional image of an object can
be reconstructed by illuminating a hologram with the co-
herent light from a laser (Fig. 1).

A hologram is a photographic recording of the interference
pattern formed in a plane by combining the light waves
emanating from an object or scene with the light waves from
a reference source (see Fig. 2). The resulting photographic
image, or hologram. is a nonsensical combination of lines,
swirls, and dots that have little or no resemblance to the
object image. When the hologram is illuminated with light
from a laser, it becomes a “window” through which a viewer
may see the object in vivid, three-dimensional realisin and in
tull depth. The viewer need only move his head to see a
different view of the object or to see behind an object in the
foreground of a scene. You should keep in mind, however,
that there are really two images created during the recon-
struction process; a true image which appears where the
object used to be and a conjugate image which appears on
the other side of the hologram. These images appear in differ-
ent planes so that they cannot be viewed simultaneously.
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Fig. 1. Photographs illustrating the three-dimensional qualities
of a holographic image reconstructed by laser’s coherent light.
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Because the hologram is the recorded interference pattern
of two waves. it may be generated by several types of waves.
This article discusses sonic (or acoustical) holography, which
uses sound waves to construct the hologram. Reconstruction
of the three-dimensional image from a hologram is the same,
irrespective of the method used to construct the hologram
originally.

The advantage of using sound to construct a lologram is
evident from its ability to penetrate solid objects that nor-
mally block light rays. As a result, the reconstructed sonic
image recorded on the hologram gives a three-dimensional
“view inside” the object. It doesi’t take a wild imagination
to predict the far-reaching potential applications of sonic
holography in such fields as medical diagnosis, non-destruc-
tive testing, underwater viewing, and exploration of the earth.
When perfected, such devices will allow us to look into win-
dowless buildings, see submarines as clearly as if they were
on the surfuce, seck out oil deposits deep underground, look
into the human body in search of the source of ailments, and
detect faults in castings.

Constructing Sonic Holograms

Several methods have been developed to generate these
sonic holograms. In general, they full into one of four cate-
gories: (1) water surface levitation, (2) mechanical scan-
ning, (3) electronic scanning, and (4) optical scanuning.
Each of these methods is discussed briefly to give you a gen-
eral idea of what’s happening in the acoustical laboratory.
The simplest method to implement and to understand is
water surface levitation; it is discussed first.

Water Surface Levitation

The water surface levitation method of constructing sonic
holograms works on the principle that a submerged ultrasonic
source will cause the surface of the water to rise until sur-
face tension and gravity overcome the sonic energy. If two
of these ultrasonic sources are submerged in water and di-
rected so that their sonic beams intercept at the surface, a
stationary ripple pattern will form on the surface of the water.
The ripple pattern represents the interference pattern of the
two beams. When an object is placed in one of the ultrasonic
beams, the ripple pattern is modified to form a sonic holo-
gram of the object.

The surface of the water can be photographed to obtain a
photographic hologram for reconstruction by normal methods
or the image can be reconstructed in “real time” by illuminat-
ing the surface of the water with a beam of coherent luser
light. For real-time reconstruction, Fig. 3, the laser illumina-
tion is directed onto the surfuce of the water. Both the true
image of the object and the conjugate image appear along
the optical line of light. These images are formed in different
planes so that only one image can be viewed at a time.

Because the wavelengths of the sound used to generate the
hologram and the light used to reconstruct the object image
differ greatly, longitudinal distortion is introduced. The
amount of distortion is proportional to the ratio of the two
wavelengths used. If, for example, the wavelength of the
wave used to construct the hologram is twice that of the light
used for reconstruction of the image, the object will appear
to be twice as far away as it actually is. In the case of sonic
holography, this ratio is quite large. (For example, in one
experiment, 7-MHz sound having a wavelength of 0.0002
meter was used to construct the hologram. Reconstruction
was made with laser light having a wavelength of 0.00000063
meter. The result was a ratio of approximately 317:1.) The
presence of such distortion causes the image to appear much
smaller than the actual object so that a telescope is needed
to view the reconstructed image.

Dr. A. F. Metherell, Research Scientist at McDonnell-
Douglas Advanced Research Laboratories in Huntington
Beach, California developed a method of overcoming the
need to view the object through a telescope. According to
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Fig. 2. Hologram on photographic plate represents interference
pattern of the light reflected from object and reference beam.

Dr. Metherell, this may be accomplished by inserting an
acoustical lens between the object and the surface of the
water in such a way that the three-dimensional image formed
by the lens is projected onto the surface. The reference beam
remains unchanged and the ripple-pattern hologram formed
on the surface of the water becomes a focused hologram.
When reconstructed, the image appears on the surface.
The water surface levitation method of constructing a
hologram has two major disadvantages: (1) the surface of
the water is very sensitive to vibrations, and (2) the two
beams of sonic energy have to be very carefully balanced to
prevent surface streamiug. Both of these problems cause
break up of the ripple pattern or distort it to some extent.
An improved modification of the water-surface method,
in which the water surface is covered with a thin membrane,
has been used successfully by Byron B. Brenden at the Pa-
cific Northwest Laboratory of Battelle Memorial Institute.
A layer of oil a few millimeters thick is placed on top of the
membrane so that the ripple pattern of the hologram forms
on the oil surface. Using this method, a motion-picture film
was produced of the real-time acoustical holographic image
of a fish. A frequency of 9 MHz was used to construct the

Fig. 3. Sonic hologram formed on surface of water is recon-
structed in real time by illuminating surface with laser beam.
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Fig. 4. Mechanical scanning method used by McDonnell-Douglas Advanced Research
Laboratories to generate holograms in the air. Holograms are produced at fre-
quencies up to 25 kHz by mechanically raster scanning microphone over a plane.

hologram. The resulting motion picture clearly shows the
skeleton of the fish and its denser internal organs.

The water surface levitation method is limited to applica-
tions in which the subject or object can be submerged in a
tank of water. It will likelv find applications in medical diag-
nosis and non-destructive testing. To seek out submarines
and other submerged objects or to explore the earth’s crust,
science must turn to other methods of generating the holo-
grams,

Mechanical Scanning

Although limited to applications where the object is sta-
tionary, mechanical scanning of a submerged plane elimi-
nates the problems of water surface stability present in the
water-surface method. A hvdrophone is mechanically raster-
scanned across a plane below the surface where the two
sound beams combine. The signal picked np by the hydro-
phone is used to control the intensity of a tiny lamp, attached
to the scanning mechanism, which exposes a photosensitive
plate or to control the intensity of the electron beam in a
cathode-ray tube (CRT) while the beam is raster-scanned
in synchronism with the hydrophone. By time-exposure pho-
tography, a hologram may be generated from the face of the
CRT.

When the CRT method is used to expose the photographic
plate, the ultrasonic reference source may be electronically
simulated. This is done by electronically combining. in a mixer
circuit, the sonic image waves arriving at the hvdrophones
with the reference signal from the nltrasonic generator.

Mechanical scanning is not limited to underwater use. It
may be applied to the generation of holograms in air at fre-
quencies up to 25 kHz. McDonnell-Douglas is using such a
method to investigate the properties of acoustical holography
(see Fig. 4). They have found. for instance, that the results
are the same whether the sound source or sound receiver is
scanned. The long wavelengths of air frequencies do not
promise any practical applications at present.

Mechanical scanning is limited because of the time re-
quired to complete one scan cycle and because the hologram

mental svstem.)

dimensions.
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is actually a composite sampling of many
different sonic waves. It appears that
practical, real-time scanning will re-
quire the high-speed techniques avail-
able through clectronic scanning.

Electronic Scanning

Electronic scaming lhas been accom-
plished by the Bendiv Rescarch Labora-
tories, Southfield. Michigan, using an
ultrasonic camera for acoustic detection
and a TV monitor to display the holo-
gram (sec Fig. 5). A sample of the re-
sults of this tvpe ol scanning. using the
ultrasonic camera. is shown in the lead
photograph. The ultrasonic camera is a
Sokolov tnbe which was invented in
1938 and is basically a modified TV
camera in which the faceplate of the
camera tube has been replaced by a thin
resonant pievoelecetric (quartz) crvstal
plate. The crvstal plate is designed to
resonate at the sound frequency being
used. When sound waves strike the crys-
tal’s surface, it vibrates locally to gener-
ate a piezoelectric voltage proportional
to the strength of the sound wave at that
point. The secondary emission from the
faceplate, as the electron beams scans
through its cvcle, is modulated by this
piezoclectric vollage.

The modulated secotdary emission
signal is combined with the ultrasonic

reference signal to gencrate the interference signal necessary
to holography. The frequency of the reference signal used in
this application was shifted slightly from that of the sonic
source to simulate a true physical plane-wave reference beam
of variable inclination.

Proposed System

A method of electronic scanning, which uses a square ar-
ray of hvdrophones to pick up the sonic image, is shown in
Fig. 6. Such a system. using a square array of 100 by 100
elements (or 10,000 sepurate elements) to detect the sonic
image. was proposed by H. R. Farrah, E. Marom. and R. K.
Mueller of Bendix Research Laboratories. (Bendix is cur-
rentlv at work developing an array which will have 20
elements by 20 elements and will be used in an experi-

In the proposed system. high-frequency sound swaves
(kHz range) would be pulsed in the direction of the object
to be viewed. The “bounce” (or retim) signal would be
detected by the hydrophone array, which is electronically
gated and scanned by the receiver. By making the receiver
active for onlv a short period of time. in the microsecond
range. it is possible to establish un accurate ranging system
through the range-gating method. Using this method, the
receiver accepts return signals only when an object is at the
range set into the system. However, some of the holographic
benefits are lost in a range-gated svstem such as this Dbe-
cause the reconstructed image will onlv be seen in two

The sonic image signal is combined with the reference
signal in the receiver to gencrate the holographic video
signal. The hologram is then displaved on the face of the
special tube. By illuminating the tube face with a laser beam,
the hologram is converted to an object image. The image
can be picked up by a TV camera, through suitable optics,
and displayed in real time on a TV monitor. Because of the
relatively short time (about 10 milliseconds) that the image
will be reconstructed for each transmitted pulse, it will be
necessary to use some form of optic memory device to aid
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the operator. A photocathode-phosphor screen diode could
he used to perform this function.

GBS Laboratories, Stamford, Connecticut is working on
what appears to be a similar electronic scanning systen. A
new tube CBS has under development in its laboratory will
be used to display the hologram image. This tube, called the
Lumatron, should be ready for practical application in about
a vear. CBS researchers have studied several arrangements of
about 500 hvdrophones milled on a sheet of barium titanate.
Each hvdrophone would he about one millimeter square. It
is possible to mill up to 230,000 hydrophones on a single
sheet of Larium titanate. but this is not practicable because
an amplifier must be located behind each hydrophone. Most
of the CBS configurations are based on a single line of hvdro-
phones about two feet long.

The CBS svstem would not scan like a PP1 radar hecause
it wonld pick up the interference pattern of the returned sig-
nal and display it on the Lumatron. By illnminating the face
of the Lumatron (which serves as a Hght valve) with a laser,
an image would be constructed in the horizontal dimension.
which exactly resembles the display normally seen on a PPI
radar.

Optical Scanning

High-speed electronic scanning techniques may become
one of the primary methods used to generate sonic holograms
in the practical svstems of the future. At this time. however,
we must not discount other techniques under development.
such as the optical scanming method which has been devised
by A. Korpel,

In the Korpel optical scanning method. Fig. 7. the sound
heam is directed into a block of plastic so that it strikes the
front surface at an angle. The object to be recorded as a holo-
gram is inserted in the sound path inside the plastic block.
The high-frequency sonnd waves striking the surtace cause
a ripple to move up the front surface of the block: the ripple
oscillates at the sound frequency. A laser beam scammed over
the surface of the block is reflected by the ripple. The varia-
tions in reflected light are converted to a modulated voltage
signal by means of a knife edge and a photodetector, The
resulting modulated voltage signal is then mixed with the
reference signal and displaved on a TV monitor as a holo-
gram.

Future

As new hardware is developed to implement the tech-
niques described here. sonic holography will become a useful
tool to “sec” inside of solid objects. For example. it will show
not onlv the bones and denser structures of the human body.
but also the soft tissue and organs as well, Eventually, diag-
nostic machines will be available. using sonic holography,
that far exceed the capability of the hest x-ray machines avail-
able todav. Through sonic holography. three-dimensional
images of the internal structure of inanimate objects will
provide the meuns of locating fuults and flaws to improve the
reliability of the finished product. The oil industry is looking
to sonic holography as a tool to help find the 85 percent
of the world’s il supply which is located in oil sands and
cannot be detected by regular seismic methods. Scientists be-
lieve that these sources of oil can be located by sonic holog-
raphv becanse it will be able to differentiate among the
various earth strata. Such exploration will probably be done
at very low frequencies. ranging from 10 to 100 Hz, and will
probably use mechanical scanming techniques because the
objects to be viewed are essentially immobile.

There are many hardware {ind technological problems
standing between the current state-of-the-art of sonic holog-
raphy and its practical application. Nevertheless, this “in-
fant” science has come a long way since its beginnings in
the mid 1960°s. But as new hardware is developed and
one by one the technological problems are solved, the art
of souic holography moves forward. A
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SCR Controls
for Small Motors

By LAWRENCE FLEMING /Innes Instruments

Highly efficient, switching-type controls for adjusting
the speed of series- and shunt-tvpe universal motors.

HE nice thing about SCR motor controls is that they
are highly efficient because thev operate in the
switching mode. The trouble with them, from the

experimenter’s point of view (also the engineer’s), is that
their designs have a tendency to get complicated. For top
performance in eritical industrial and military applications.
the circuit design becomes complex, willy-nilly. But for mod-
est performance with small motors, such as in a sewing
machine, the civcuit may be very simple indeed.

In the old days, someone found out that vou could control
the speed of one of the small PM hobby-type motors very
nicely by connecting it in the cathode circuit of a thyratron
tube and putting a variuble positive d.c. bias on the grid.
Nowadays, the same sort of thing is done with a power tran-
sistor. FFig. 1A shows this type of arrangement. The transistor
can be practically any type that will stand the voltage and
current. The problem is efficiency. If the motor is running
loaded and slowly, there may be, say, 2 volts across it; and the
other 10 volts of the 12-volt supply is across the transistor. If
the motor is drawing half an ampere, the transistor has to dis-
sipate 5 watts.

The back-e.m.f. of a PN motor is proportional to its speed.
H this back-e.m.f. should become higher than the emitter
voltage of the transistor—set by the pot at, sav, 4 volts—the
transistor will become back-biased and stop conducting. Tt
won't start conducting again until the back-e.n.f. of the
motor drops below about 4 volts, which it will, since the
motor has had its current cut off, and is going to slow down.
Simple transistor controls of this type are inexpensive,
smooth-working, and effective, provided only that you take
care of the heat dissipated in the transistor.

Fig. 1B is the complete circuit of an SCR control for a
small series motor. Since the SCR operates in the switching
mode, heat is no problem. In ordinary intermittent use. with
a motor of the sewing-machine type, it will run stone cold.

It will work on almost any small appliance or portable tool
run by a series or “universal” motor. Maximum power is
about 80 percent of the power vou get when the motor is
directly across the power line. This circuit is used on a com-
mercial coilawinding machine. with a series motor rated
1/15 hp at 5000 r/min, 117 volts a.c.

The circuit in Fig. 1B is a version of one found in the ap-
plication notes of several semiconductor mannfacturers, and
is often called the Singer cirenit. There is a trick in its opera-
tion (but not in its use). Since it is a half-wave circuit,
there is no current at all through the motor during the nega-
tive half-cvcles; essentially, it is disconnected. Since there
is no current through the series field during these negative
half-cveles, there appears to be nothing capable of generating
w back-ean.f. There would seem. then. to be nothing capable
of furnishing the required regulating action, such as was
found in connection with the simple transistor control of Fig.
1A. There is, however. The gimmick is that there is some
residual magnetism left in the iron of the motor field during
the “ofl” half-cvcles, and this is enough to let the motor gener-
ate a sort of d.c. tachometer voltage. If this should be, say,
5 volts and the potentiometer is set to give a gate voltage
above this, the motor will pick up speed when the next half-
cycle comes around. If the pot is set too low, the motor will
coast until its “tachometer” voltage drops lower.

Actually, of course, the pot voltage is not d.c. but a.c., and
the SCR fires at that point in the positive half-cvcle when the
pot output rises above the “tachometer” voltage.

The diode, D2, is important in all SCR applications. The
SCR gate will not stand a reverse voltage of more than 4 or
5 volts. The purpose of D2 is to keep the gate from getting
any reverse voltage, und so guard against blowing out the
SCR. The particular SCR called for in Fig. 1B, the 2N3528,
has an average forward gate-current requirement of 8 milli-
amperes for firing, which is more  (Continued on page 83)

Fig. 1. Some of the circuits used to control the speed of small motors. {A) Inexpensive elementary transistor control circuit for hobby-type
PM motors, (B) simple half-wave SCR control circuit for small series motors, and {C) half-wave control circuit for PM and shunt motors.
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THE TUBE

Behind the Army’s
SCR-268 RADAR

By HAROLD A. ZAHL

The story behind the Eimac 100-TL, the heart of the
Army’s 1936-vintage radar—from one who was there.

of an electron tube. almost invariably the develop-

ment of a new tvpe—be it for higher power, higher
frequency, greater tuning agility, lighter weight—or possi-
bly, even a new design principle and invention. These pa-
rameters were starting points for innovations—be they for
ground, sea, or airborne detection, and/or fire-control sys-
tems. For each of these new tubes, now mellowed with
time, there were stories of adventure and excitement—and
history was being made.

The Army’s workhorse, the SCR-268. was no exception.
Following years of preliminary research, the development
of this set was officially launched in February, 1936, when
the Chief of Coast Artillery provided the Signal Corps with
a set of “military characteristics” describing the desired air-
craft detector, In succession. T-1 and T-2 models were fab-
ricated and tested, as under “Boss” Colton (later Major
General) Fort Monmouth engineers moved on to the T-3
model, of which some 3100 sets would ultimately be dis-
tributed to combat units throughout the world.

BEHIND every World War II radar, there is a story

Maximum Power/Maximum Range

With radar out of the incubator stage, and with war
clouds gathering, our objective at Monmouth was to
achieve, in the least possible time, the highest frequency
possible with easily available tubes and maximum power.
to give maximum ranges on aircraft. Towards this end.
Monmouth engineer Jack Slattery investigated all types of
available tubes and experimented with various circuits, seek-
ing the best combination in the least possible time. Above
200 MHz, he found the going getting harder and harder
with the tube technologies of that dav—so he settled on
205 MHz, leaving the higher frequencies for another day,
when the VT-158 would open up the 600-MHz band and,
even later, when the British-invented multi-cavity resonant
magnetron would usher in the era of microwaves.

Besides transmitters. radars also needed highly sensitive
receivers, power supplies. pulsing techniques, time-measur-
ing devices (down to microseconds), antennas, and all
sotts of electronic circuitry required to probe space for that
mini-pulse winging its way back from a target many miles
away.

To integrate all these bits and pieces into one system,
Paul Watson and his military associates, Col. Colton and
Major Corput, picked Jack Slattery as the Systems Engineer
for the production model of the SCR-268. One of his first
acts was to pass along transmitter development to a young
genius named Melvin Baller, whose new transmitter model
looked as though Salvador Dali were his collaborator.

June, 1970

The VT-127—heart of the
Army’s SCR-268 radar—
which grew out of Eimac's
popular ham tube, 100-TL.

Fregnent visitors to the Fort Hancock Laboratory, Sandy
Hook, New Jersey. were two enterprising voung electron
tube engineers from San Bruno. California. These men, Bill
Eitel and Jack McCullough. had built up a small business
making quality tubes for the ham market. A key to their
success was the use of tantalum for anodes, a material
which could be brought up to white-heat during pump-out.
When sealed off, these tubes would seem to run forever,
the plate at red-heat—gas problems, negligible (paradoxi-
cally. they did have some gas problems when the plates
ran at lower temperatures—lower tube life). One of their
most popular tubes was a triode which seemed to possess
considerable merit for the pulse operation planued by the
Signal Corps—an operation with a power input which would
drive the plates to incandescence.

With this West Coast affiliation, then followed one of the
most unusual sagas in electron-tube R&D history; one as-
pect of which was the low development cost to the govern-
ment. As Melvin Baller worked on his multi-tube transmit-
ter; following the pattern set earlier by Jack Slattery, either
Bill Eitel or Jack McCullough would show up at Sandy
Hook. pockets bulging with variations of their 100-TL. As
the visitors watched. these new tubes would be tested im-
mediately, generally with the plates and grids of adjacent
tubes being connected through half-wave transmission-line
tuned circuits. With this type of circuit, one could avoid
putting the tube capacitances in parallel—thus allowing for
the generation of high peak-power slightly over 200 MHz.
As Baller made tests with each new batch of tubes, the
visitor from San Bruno (either Jack or Bill) would take
careful notes. Then. on the next visit, the substance of
these notes would be translated into samples. During this
quite informal procurement arrangement, I seem to re-
call that the Army was charged an off-the-shelf price of
about $13.00 for each of the tubes delivered. With round-
trip fare from California about $400, this obviously was not
a high-paving venture for Eimac. . . . but a good gamble.

Design Finalized

Since Baller and Slattery were having a lot of fun, this
search for perfection might have gone indefinitely—or at
least until the fiscal collapse of Eimac. Suddenly, however,
this blissful electronic adventure came to an end at the in-
stigation of Lt. Col. Roger B. Colton, then Lab Director.

“Baller,” he said one day, “this is Friday afternoon. At
8:00 a.n. this coming Monday morning, whether you know
it or not, your R&D on this transmitter job will be finished.
Your latest model will be twrned over to our Spec and
Drafting people to make production drawings. You have all
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weekend to finalize your thinking!”

“But, Colonel,” T seem to remember
Baller protesting, “cai’t T have just one
more whole week?”

Legend has it that Col. Colton looked
at his wateh and said, “You have &1
hours starting right now. Play like von
are single. skip church. skip sleep. cat
on the go—and if yvou have a dog, ask
vour neighbor to feed him:; I meun
Monday at 8:00 a.m. Gel going.”

With this pronunciamento, the SCR-
268-T-3 was given a scheduled birth-
day—64 hours away, and the final la-
bors had started. Simultancously. the
latest model of the Eimac 100-TL, he-
came the Army’s VT-127 (with a mil-
lion or so tubes like them with this des-
ignation to follow), as the set waus
groomed for war.

While the original 8-tube ring cir-
cuit gave fair ranges, field use of the
first production Tot indicated the de-
sirability of a much greater range—
which in electron-tube language meant
mcreased power. The quick-fix was to
double the mumber of tubes—and soon.
a I6-tube transmitter was on the air
and in the field. We had to gamble a
bit on performance, for the emergency was very great.

Technieal Problems

With a major war imminent, it was guite natural that re-
search, development, and production would merge into a
single activity. To accomplish this, as the Western Electric
production line started turning out sets, we kept a repre-
sentative. number for testing purposes, so that changes
could be made if and as necessarv—for we had moved rather
rapidly from innovation status to assembly line. 1 seem to
recall that at one time we had about 20 SCR-268’s running
mmtermittently at Sandy Tlook to observe both weuaknesses
and strengths—all to make the thousands of sets to come
better.

During this early testing period. we would project the
beam at a large gas tank on Couey Island, observing the
height and constuncy of the echo from the target some 20
miles away. For other tests on the transmitter alone. power
was fed into a rather unique load designed and built locally,
The load was a wired rosette of many incandescent light
bulbs of the household variety. These bulbs were de-based
and the loose wires thereby exposed soldered into a small
two-conductor ring=some 10-15 light bulbs. which when
comnected to the output of the transmitter, would glow like
a Christmas wreath—the amount of illumination being a
measure of how well the transmitter was working.

But, besides the techuical problems, we had one which
was non-technical. Since these light bulbs were made for
60-I1z operation, and not for a few hundred Mz, their
life was very shorl. Army regulations required that the
Laboratory requisition these bulbs as common stock items
through the Quartermaster Corps—which we did, for a
while. But as gross after gross were burned out in the
Sandy Hook radar area, people within certain Army requisi-
tion areas started growing suspicious and thonght that
somewhere in our local military environment, someone was
engaging in a lucrative private business—selling Government
purchased light bnlbs.

Radar still being too secret to talk much about. a ruling
suddenly descended upon ns that light bulbs for the Sundy
Hook operation had been rationed. But to the engineers and
scientists. busily engaged in trying to help in the refinement
of radar and demonstrate its wartime practicability, this
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posed no serious problem—for it was the scientific Drain
pitted against a supply clerk trving to do his job and en-
force regulations. The decision was made to stop using light
bulbs.

From Sandy Hook, a series of procurement requisitions
started coming out reading: “Urgent, required immediately,
10 gross, luminous resistors—tvpe Mazda (or equal) 50
watts.”

These our local procurement people conld purchase from
any electric shop. with deliveries made by GI-truck pick-
up. We reasoned that while the Quartermaster Corps right-
fully should buy all the Army’s light bulbs, it was equally
correct that the procurement of resistors, luminous or non-
luminous. was well within the purview of the electronics-
oriented Signal Corps.

But there were other problems. \WWar being a 24-hour-a-
day, T-day-a-week atlair, the number of tubes needed for
the SCR-268 became astronomical. a situation made worse
by a little thing called “grid-emission.” With gradual con-
tamination, the grids of these tubes would start emitting
electrons in competition with the filaments. This, of course.
would throw the cireuit out of balance. The only solution
at the time wus to replace the tubes—perhaps after every
50 hours of operation, sometimes less. Simple arithmetic
shows, assuming an average of 1000 sets operating around
the clock. that to keep 16 sockets filled would require 230,-
000 tubes for each month of the war—and it looked like a
long war during those dreary days of early 1942,

LEimac engineers worked feverishly to increase tube life
and thus lower consumption rate. Finally they made a small
Lreakthrough, but an expensive one. It was found that if
the grids were made of pure platimun wire. contamination
il any. was deferred. Operating life appeared to jump an
order of magnitude. Accordingly, this change was made in
the assembly line. I'or a time it looked as though all plati-
min jewelry might have to be tumed in to make platinum
wire by the mile for the desperately needed VT-127 and
other tubes.

The Roof Falls In

But after a brief period of seeming success, the roof fell
in on the platinum grid. The bomb was dropped by none
other than General of the Armies Dounglas MacArthur, A
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The SCR-268 radar op-
erating near Nettuno,
ltaly. This is a combat
situation. Up to 3100
sets were made and
used widely in virtual-
ly all war theaters—
including the Pacific.

curt priority message came winging its way across the Pa-
cific reading somewhat as follows: “I am sending back two
C-54"s loaded with useless vacuum tubes, all having grid-
filament short circuits. Do something, 1 repeat, do some-
thing.”—signed, MacArthur,

When this message arrived at the Camp Evans office of
Col. R. V. D. Corput, it suggested to him that perhaps
something should be done.

“Zahl” Rex said as I panted into his office, “you are tem-
porarily relieved of whatever you may be doing. You are
now in procurement and production” . . . and he showed
me the MacArthur message.

“As you know,” he continued, “we sensed such a message
was coming and I have already started action. Here are
letter-authorizations from our four Procurement Agencies
giving you full power-of-attorney to make changes on the
spot in any of our $40,000,000 contracts for tubes on the
West Coast. You know the platinum wire story. I want you
to leave for California this afternoon accompanied by a law-
ver from the Monmouth Procurement Agency.”

After a few “yes, Sirs” and a brisk salute, within hours
we were priority passengers on a DC-3 enroute to San Fran-
cisco. Yes, I knew what the problem was. Platinum grids
stopped grid emission, but pure platinum was a very soft
metal. With careful handling during shipment, once in their
sockets, the tubes worked beautifully—and gave long life.
But in the Pacific Theater, lacking docks, frequently the
unloading process from cargo ships meant pushing water-
proofed boxes overboard near the beach, and the boxes
then drawn or pushed to land. The shock of a 30-40 foot
fall, even into water, was enough to cause the soft platinum
grids to bend a bit and muke electrical contact with the
nearby filament, making the tube useless.

Our first stop on the West Coast was at the San Bruno
plant of Eimac, as this company held the bulk of the con-
tracts about which we were concerned. It turned out that
Bill Eitel and Jack McCullough had already received the
word about the MacArthur message and we had, of course,
wired our arrival. They were waiting—and ready.

Losing no time, we went downstairs to the shipping de-
partment and, in a friendly gesture, Bill threw a cardboard
box at me. I missed the catch and the box fell hard on the
cement floor. I knew there were tubes in the box.

June, 1970

“No harm done.” Bill and Jack grinned. “The VT-127’s in
that box have new grids. We found that if we mixed plati-
num with 4% tungsten, electronically it was just as good—
but for strength, it was much, much better.”

The box was then opened, the tubes tested—all perfect.

“Let me show you something else now,” Jack smiled,
“and this one will interest you particularly. It’s the way we
now package the tube you invented—the VT-1538," and he
opened a package.

This tube, of very complicated design, was really four
triodes within one glass envelope and, in addition, resonant
grid and plate circuits in the same envelope—peak power
250.000 watts at 600 MHz—and very expensive. There in
the box it was suspended with metallic springs so that shocks
to the box would be dissipated in the springs, and not passed
on to the sensitive parts of the structure.

Then for 30 minutes, we playfully tossed tube-containing
boxes around like footballs, even kicking some of them.
Hopefully, we were simulating any treatment a Gl in a
combat area could inflict, without a sledge-hammer. Later
inspection of the brutally treated tubes showed no damage
—the problems were solved by the 96% platinum 4% tungsten
grid wire and, for several of the larger tubes, the use of coil-
spring suspensions in packaging for shipment.

The “X-Grid”

But Bill and Jack had even more to show me—and it was
a “company secret.”

“Harold,” Jack said, “what we have shown you represents
only what we call an interim solution to the problem. The
real solution would be to get rid of the expensive platinum
alloy entirely—and we think the boys in the lab are just
about ready to do that very thing. We call it our "X-Grid.’
It is a strong wire, and try as we may, we just can’t make
it emit electrons. It won’t bend under shock, and there
should be no grid-emission—might make 1000-hour tubes,
mavbe much better. Of course, it’s a lot cheaper than plati-
num. With a few more tests, I think we’ll be ready to put it
on part of our assembly line.”

I grinned happily—and knew better than to ask what ele-
ments were in their new secret alloy. The discovery had
come so rapidly that the Eimac patent office also had a
little homework to do.

Months passed. We heard no more from General MacAr-
thur, and there were no more re-shipments of faulty tubes
from the combat areas. In the meantime, however, Procure-
ment personnel routinely kept orders for the VT-127 going
at the high rate they were used to during the period when
the tube life was very short. So the buying continued and
the storage people kept piling up boxes filled with VT-127’s
—even as requests from the field for new tubes fell off to a
mere trickle. Yes, inter-department communications were
very slow, and there were no million-dollar computers to
call attention to this over-purchasing.

The system just didn’t seem able to comprehend that the
50-hour tubes had suddenly been replaced by tubes having
an order of magnitude, or more, life. But procurement
rolled on and on.

But now some sadness.

My responsibility within the electron-tube environment
involved mostly R&D, but this also included nurturing the
first production runs of tubes for which the specifications
were yet incomplete, and for which the techniques for rou-
tine mass-production had not yet been worked out. For
these “pilot runs” I had many field engineers reporting di-
rectly to me as they made their inspections in various
plants. Dollar volume for tubes of this type, at one point
in the war, was about $200,000,000.

With this responsibility, it behooved me to also keep in
touch with the over-all picture of the mass-production tube
world. As part of this, about once a month I would send
Max Markell down to Washington (Continued on page 59)
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IME measurement, like so many other techniques,
has evolved at an incredible speed in recent vears, up-
setting traditional concepts regarding precision, sta-
bility, deterioration, and even the uses of time-keepers.
Time today is no longer what it was twenty years ago and
observatory clocks have only their name in common with
those in existence before \Vorld War 1I.
The use of quartz oscillators, followed by atomic resona-
tors, has increased the precision of time measurement to

such a degree that the mind can no longer fully grasp it.”
Sports timing, where time is recorded in hundredths and

thousandths of a second, is the limit of what the average
man can imagine, and the practical utility of infinitely more
accurate equipment is difficult to conceive. The ignorance
of most people regarding the constantly increasing needs of
science und industry is perfectly understandable since this
subject is not included in courses traditionally taught in
schools and universities. Also, the subject demands a great
deal of study and research.

Modem science and technology require a degree of accu-
racy situated at the extreme limits of possibility. In fields as
varied as aviation, navigation, astronomy, radar, and com-
munications, accuracies within one part in 10% to 10*
have become mandatory. To meet these requirements. there
has been a profound upheaval in time-keeping und time
measurement. In the last twenty years we have witnessed a
change from traditional timing methods to completely differ-
ent ones, having recourse to particularly stable phenomena,
such as the internal resonances of matter. The spectacular
Improvement in time measurement obtained by these revolu-
tionary methods has enabled science and technology to
make impressive strides forward. Certain fundamental defi-
nitions have also had to be challenged as a result. The time
standard, for instance, based for centuries on the earth’s
rotation around its axis (second = 86,400th part of the aver-
age mean solar day) has been found inadequate.

Recent measurements carried out by atomic clocks demon-
strate that this rotation is less regular than the stability of
these clocks.

Time Standard Re(leﬁqe(]

In 1956 a new definition was prepared basing the time
standard on a tropical year (one second = 1/31556925.9747
of the tropical year for 1900 January 0 to 12 hours of ephem-
erous time.
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Highly accurate time standard now being used where
precise time measurements are required. Accuracy is
one microsecond per day or one second in 3000 years.

Fig. 1. A cesium-beam atomic clock, the Oscillatom, described in this article.
Clocks of this type will play important role in future space and jet travel.

Finally, in 1967, the thirteenth General Conference of
Weights and Measures estimated that the atomic cesium-
beam frequency standard had been extensivelv tested and
was sufficiently accurate to serve as a time base. The sec-
ond was then defined as follows: “The second amounts to
9.192.631,770 Hz of the radiation corresponding to the tran-
sition between the two hyperfine levels of the fundamental
state of the cesium-133 atom.” .

Like all other tyvpes of clocks (except for statistical chro-
nometers), the cesium-beam atomic clock is based on the
application of a periodic phenomenon; the use of atomic or
molecular oscillators that nature has conveniently provided.
The vibration of the quartz crystals is stabilized by that of
an atomic transition. As the latter is unaffected by pressure,
temperature, deterioration. and shock, it is clear the atomic
clock is insensitive to the chief factors that affect the rate of
other types of clock. It surpasses all existing timekeepers
{quartz clocks, molecular clocks, nuclear clocks) for exacti-
tude, reproducibility, and stability,

Atomic Clocks

The Oscillatom (I7ig. 1), an atomic clock built by the
Oscilloquartz Department of Ebauches, S.A., Neuchatel,
Switzerland, and developed in cooperation with the Swiss
Laboratory of Horological Research, guarantees a relative
margin of error below 107% second per day or one second in
3000 vears (an accuracy of 1 part in 1011)

A simplified description of the Oscillatom follows: A small
furnace, F (Fig. 2). produces a beam that consists of cesium
atoms of which slightly more than half are in.the lower-
energy level and the rest in the higher-energy level. The
cesium atoms, behaving like small magnets, produce a mag-
netic torque. When the cesium atom enters the heterogene-
ous magnetic field produced by the state selector, SE, each of

Fig. 2. Diagram of the cesium-beam tube used in the clock.
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the atoms will undergo a deflection dependent on its energy
state. The systemn is so designed that after passing between
the pole pieces of the state selector, the cesium atoms in the
higher of the two hyperfine levels pass through the resonator
cavity, C, while the cesium atoms in the lower hyperfine level
form a divergent beam which does not pass through the
resonant cavity. Inside the cavity, an oscillating field is pro-
duced by means of the external oscillator, causing some of
the atoms in the higher level to fall to the lower level, emit-
ting an electromagnetic wave.

As the quartz oscillator Os is less stable in frequency than
the cesium-beam atomic standard, it is necessary to provide
a device for changing the quartz oscillator frequency so that
the frequency of the excitation signal is always exactly the
same as the transition frequency. Under these conditions the
optimum stimulated emission is produced.

Some of the atoms in the cesium beam leaving the resona-
tor cavity C have undergone a transition while others have
not.

A magnet A, called an analyzer, and similar to the state
selector, enables these atoms to be sorted according to their
quantum state. The magnet disperses the atoms which have
not undergone a transition and directs those that have to an
atom detector, D. The detector consists of an ionizer, a mass
spectrometer, and an electron-multiplier tube.

The ionizer is formed by a tungsten wire heated to about
1832° F and a plate to which a negative potential has been
applied. When the cesium atoms come in contact with the
heated tungsten strip they lose a surface electron and leave
the tungsten strip in the form of positive ions. The ions thus
produced are accelerated by the negative plate and, when
the ion current is at its maximum, resonance occurs. The
ionizing surface of the tungsten jonizer must be spotless and
to avoid the production of ions from the impurities in the ion
current a mass spectrometer is used to separate the cesium
ions from the others.

The mass spectrometer makes it possible to gather the
cesium ions on the input dvnode of the electron-multiplier
tube. Electrons are liberated by the dvnode when it is bom-
barded by positive cesium ions. The secondary electron
multiplier must have a sufficient number of stages to supply
@ usable output current. A frequency-controlling device, As,
enables the frequency of the quartz oscillator Os to be con-
stanthy regulated so that the signal collected at the output of
the detector is ahvays at its maximum.

A general diagram of the Oscillatom svstem is shown in
Fig. 3. It is characterized by two control loops. The first
synchronization loop (on top in the diagram) serves to syn-
chronize the frequency of the excitation quartz generator
G1 at a value corresponding to the maximum resonance.
The atomic frequency standard is made up of the cesium-

| VARIAN BLR2 tube l“
Frequency- astion
multiplier system
Quartz oL
generator
G,
Frequency standard mtvieri::eive
unit

Output 6305 kHg

Synchronization by | Adjustable nominal
digital comparator error

Quartz
genarator SMHz
G,
Dividers and il Synchronized
output amplifiers clock
Dial
SMHz 100kHz is

IMHz

Fig. 3. Block diagram of the cesium-beam atomic clock.

beam tube, the quartz generator (G1), the synchronization
system (first loop), and the frequency multiplier. It supplies
an extremely stable frequency of 6305 kHz. The Oscillatom is
not only an atomic frequency standard but also an absolute
time standard (atomic time) in which several time scales can
be established (universal time, atomic time, etc.). A synchro-
nized clock (bottom of diagram, Fig. 3) has been added to
the atomic frequency standard to meet these requirements.

The quartz generator, G2, is controlled by means of a
digital comparator which has excellent short-term stability
and gives the time plus a series of standard frequencies
(5 MHz, 1 MHz, 100 kHz, etc.) rigorously synchronized
with the atomic standard.

Comparing Time Standards

As mentioned previously, modern science and technology
demand accurate timing where variations do not exceed one-
millionth of a second per dav or less. However, there is
at present no transmission system (Continued on page 67)

Tropical year: the time required for the sun to increase
its mean longitude by 360° in relation to the true
equinox.

Ephemerous time: is the standard of time based on
the tropical year at 1900 which is used in the legal
definition by the Comité Permanent des Poids et
Mesures.

Transition between two hyperfine levels: according to
the theory of quantum mechanics an atom can only
exist in certain determined energy states. It under-
goes a transition when passing from one state to an-
other. The cesium-beam atomic clock makes use of
the frequency of electromagnetic waves correspond-
ing to a well-chosen transition of the cesium-133
atom.

Molecular clock: made up of a molecular frequency
standard producing an electromagnetic oscillation of

GLOSSARY OF TERMS

very stable frequency coming from a beam of the
rotation spectrum, the vibration or inversion of a par-
ticular molecule (ammonia molecule), and a count-
ing device.

Nuclear clock: made up of a radioactive source where
the mean interval of time between two successive
disintegrations provides the time base.

Exactitude: degree to which the oscillator frequency is
the same as that of a standard accepted as such, or
the degree to which an oscillator frequency corre-
sponds to an accepted definition of frequency.

Reproducibility: degree to which an oscillator repro-
duces the frequency of another model of the same
type.

Stability: degree to which an oscillator produces the
same frequency over a certain lapse of time once the
clock is started.

June, 1970

June, 1970
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STATION 2

Fig. 5. Geometrical method of determining location of ve-
hicle. T.”-T\ and T.-T.’ represent hyperbolas that describe
all possible locations of vehicle between stations 1 and 2
and 2 and 3, respectively, The actual location of vehicle is
at intersection of the two hyperbolas, indicated by the /X",
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Fig. 6. Block diagram of the transponder used in vehicle.
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Fig. 7. Block diagram of the basic functions performed at
the central control station when receiving relayed signals.

with the most recent vehicle location for each vehicle in the
system. When a dispatcher receives a request for help. he
simply enters the street address into the computer which then
selects the nearest available vehicle. The location and vehicle
number are displayed and the dispatcher can then call that
particular patrol car by voice radio.

The AVM Equipment

In order to make the AVM system economically practical,
the cost of the transponder in the vehicle must be minimized
and this means the equipment must be simple. The block
diagram of the transponder is shown in Fig. 6. It consists of
an L-band receiver and transmitter operating between 900
and 1500 MHz. Although two separate antennas are shown,
a single antenna can be used with a suitable duplexer. The
receiver front-end is a passive preselector with a crystal mixer
and a solid-state local oscillator. A 60-MHz preamplifier,
Lf. amplifier, and filter drive the video detector which. in
turn, feeds the logic circuits. When the two synchronizing
pulses are detected, clock pulses are gated to a counter which
is preset to the time-slot number of the particular vehicle.
When this time slot is reached, the transmitter is enabled.
The status code is either generated by manual switches or, in
the case of a taxi, by the meter flag, and, together with the
location pulse, modulates the L-band transmitter.

To prevent the transponder from being triggered by other
transponders, the timing clock continues to run and inhibits
the sync detector until after the last timing slot. The r.f. and
i.f. portions of the transponder will be similar to those cur-

44

rently used in aircraft transponders and the logic portion will
consist of IC’s, mounted on printed-circuit cards. Hazeltine
hopes to be able to manufacture these transponders, in quan-
tity, for less than $1000 each.

Each of the fixed stations has an antenna with about 7.5
dB of gain and an omnidirectional radiation pattern and a
receiver which is essentially the sume as that used in the
transponder. The only difference will be that the bandwidth
of the receiver is somewhat broader. In some imstallations it
will be practical to use a microwave link from the fixed station
to the central control station and this will be a standard, com-
mercially available, microwave link. Where coax cable is
used, it will be the same as closed-circuit TV or CATV cable.
In metropolitan areas, such as New York, the coax cable is
expected to be leased from the Bell System.

The transmitter at the central control stations is basically
the same as that used in each transponder, except that more
power may be required. The basic functions at the central
control stations are shown in Fig. 7. At the receiver, the
relayed signals are detected and amplified sufliciently for
the signal processor, This unit contains the logic circuits
controlled by timing signals derived from the synchronizing
pulses. Processor logic determines the vehicle number accord.
ing to the time slot in which the reply is received, measures
the time differences, subtracts the fived time delays, and
converts the result into a binary number which is supplicd
directly to the computer.

The computer then performs the calculations required to
locate the vehicle and draws on the data file to convert the
coordinate information into the correct street address. Most
general-purpose computers can be programmed to accom-
plish this. The address is then shown on the display. The
types of displays will depend on the requirements of the
particular AVM system. One kind of display may be a print-
out of the vehicle number, street address, and status. An-
other type of display may be a large map of the area with
arrays of small lamps behind it.

For police purposes, both types of displays will be used in
combination, while for a taxi fleet only the print-out may be
required. The dispatcher may want to see all the vehicles
that are available at a given time or else he may simply enter
an address into a computer and request the available vehicle
that is closest to that address. When an emergency condition
is reported, the computer will automatically display and
print out the location and identity of the vehicle, together
with an audible and visual alarm.

The New York City Police Department has a semi-auto-
matic dispatching system, the “Sprint” svstem, which already
uses a computer to mouitor police activity in every area of
the city. By adding the information obtained in the AVM SVS-
tem, the existing computer can provide an automatic, instan-
taneous location. identification, and status display.

Field Test Results

In field tests conducted in New York during January, 1970,
the central control station and one buse station were located
at the Essex House on Central Park South, with two other
base stations located in New York’s Upper East Side. An
arbitrary coordinate system was superimposed over the test
area and 278 test locations, one at each intersection and one
at each mid-block location were established. The transpon-
der-equipped vehicle was interrogated and its replies were
evaluated at each test point. When the computed locations
were compared with the actual locations, it was found that
in 77% of the tests the computed location was within 175
feet of the actual location and in 95% of the tests was within
300 feet.

Considering the nature of the test area, shown in lead
photo, these results are remarkable. At a demonstration held
for city officials and other interested parties, a police officer
directed the test vehicle through the tangled traffic and re-
ported the actual street location of (Continued on page 52)
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Prototype of four-decade add-subtract decimal
counter described in article. A schematic dia-
gram of the physical layout is shown in Fig. 3.

MOS IC

Decimal Counter

By DONALD E. LANCASTER

Use this 0-9999 decimal counter to construct many practical digital
instruments. RTL-compatible MOS IC alone performs all functions
of counting, storing, decoding, and driving the fluorescent readouts.

NEW MOS integrated circuit has been introduced
A which will single-handedly add-subtract decimal
count, store a count, decode that count, and drive a
fluorescent 7- or 9-bar segmented readout. Besides these
features, the same IC may be set to zero or any other count at
any time, may be internally gated “on” and “off,” and can
have its display blanked or unblanked without disturbing the
counting or” storage actions.

Maximum count rate is 500 kHz and the system is actually
cheaper than many competitive counting schemes, partic-
ularly when the add-subtract feature is important. One IC
and one readout per decade ure all the parts required.

Four of these IC’s (Type MEM 1056 from Genceral Instru-
ments Semiconductor)have heen combined with four vacu-
um fluorescent readouts and some logic translators to produce
the 0-9999 add-subtract decimal-counter assembly described
here. The assembly has RTL (Resistor-Transistor-Logic),
TTL, or DTL (Diode-Transistor-Logic) compatible logic
inputs and is easily converted into a calculator, digital volt-
meter, digital panel meter, frequency counter, electronic stop-
watch, digital servo, or positional control. A number of low-cost
RTL module kits are available which can be used to convert

June, 1970

the basic assembly into many practical digital instruments.
Features

The counter assembly has five inputs, called In (Clock),
Reset, Gate, Blank, and Add-Subtract. The Count input ad-
vances or retards assembly one count per input pulse. The
Reset input instantly returns the assembly to count 0000.
The Gate input conditions the assembly to either accept or
ignore input count pulses. You can make a simple frequency
counter by connecting a 1-second square wave to the Gate
input and working out a Reset scheme. The Blank input
either lights or extinguishes the display without affecting
the counting or storage section. Finally, the Add-Subtract
input “tells” the counter assembly whether the next series
of input pulses will be added or subtracted to the tally already
in the assembly. In the interests of simplicity, several other
features have been omitted from the prototype. As we'll
shortly see, these are easily added at the expense of PC board
jumpers and extra translator transistors.

Maximum assembly counting speed is 500 kHz with a four-
place accurate (0.01%) answer taking a maximum of 20 milli-
seconds. Input data must, of course, also be equally precise
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Fig. 2. The Tung-Sol DT1704A (left} and ltron DG12C (right)
vacuum fluorescent readouts used with the MEM1056 MOS IC.

|

to achieve this accuracv. Extra stages are easilv tacked on
the end for more accunracy.

Advantages and Disadvantages
o o

There are many presently popular approaches to decimal
counting, decoding. and readout. Irrespective of a manu-
facturer’s cluims, no one counting svstem is “ideal” nor is any
one syvstem suitable for all possible counter and display
applications. In the case of this system, there are both ad-
vantages and disadvantages te its use.

Its greatest advantages are its simplicity and the add-sub-
tract feature. Onlv Lwo or three parts—an 1C, a readout, and
possibly a socket are needed per decade. Assembly on a
single-sided, multiple-decade PC board with only 13 holes
and two jumpers per stage is possible, especially if a slightly
wider-than-normal numeral spacing is acceptable.

The Add-Subtract feature is offered on veryv few competing
svstems, and then only at considerably higher cost and com-
plexity. On the other hand, the subtract operation is rarvely
vsed in digital instruments and is accomplished in a different
(parallel) manner in calculators and computers; it is un-
essential for practically  everything but predelermining
counters, positional controls, and very simple arithmetic
operations.

The display is a pleasing green and is visible over a wide
angle. It does not have exceptional brightness and a tetally
dark area behind the display is reconunended, along with
a filter. The “boxiness” of the characters is probably objec-
tionuble to a “Nixie -oriented instrument market. A more
legitimate objection is the off-center “1” and awkward “4”
presented by the display, and the resultunt “holes” in a
numeric sequence. This mayv be overcome by using u nine-
bur display and an external transistor or two. The output
voltages and currents of the IC are only compatible with
vacuum fluorescent readouts.

The greatest disadvantages are undonbtedly the rather
“weird” supply voltages required: —27 volts, --13 volts,
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and a 1.6-volt, 43-90-mA filament voltage referenced to the
—27 volts. Simple translators have been included in the as-
semblv. Each of these consists of a p-n-p transistor and two
resistors and allows the assembly to be driven from conven-
tional 0- to 4+3-volt RTL or DTL logic signals.

Other disadvantages include the limited speed which is
partially oftset by today’s low-cost decade scaler circuits.
The slower specd does buy better noise performance, partic-
nlarly in industrial environments. The 1C, being u MOS tvpe,
can be damaged instantly by reversed supply power, ex-
tremely careless handling, or by very large line transients.
Protection has been included both inside the 1C and on the
prototype assembly for normal static, imstallation, and
liandling.

The readout has several failure modes, and thus has a
limited, but probably quite uacceptable life. At least one
reacdout manufacturer has “beeled up” its readouts consider-
ably to make them more immune to vibration. Sockets are
probably a worthwhile addition for heavy-use applications.

The readout is also electrostatic-sensitive, with the glow
dancing around if you bring a finger near the displav. A
phvsical barrier (such as a color filter) and some anti-static
spray takes care of this particular problem. A newer Tung-
Sol readout is availuble that is smaller, more rugged, and not
electrostatically sensitive.

One big objection experimenters and technicians will have
is the steep pricing structure of both the IC and the readout.
Only in very lurge quantities can the counter be built for less
than $7 per decade. In small quantities (1-99) cost will run
around $29 per decade (S24 per IC und $5 per readout).

Commercially available competing decimal-counter kits pres-
ently range from $10 to 330 per decade in small quantities,
depending upon the readout and the speed of operation;
none of these is as simple or has the subtract feature.

A block diagram of the MEN1056 is shown in Fig. 1. This
is a MOS integrated circuit and comes in a 24-lead flat pack
that operates olf two negative supply voltages of —27 and
—13 volts. The input logic swings from 0 volt (“0” or “No”)
to —27 volts (“1” or “Yes™).

There are four main parts to the 1C: the up/down decade
counter, the storage register, the decimal-to-seven-bar logic
converter, and the output drivers. The up/down decimal
counter can accept either series (a sequential series of count
pulses) or parallel (simultaneous appearance of count pulses)
data.

To count serially, 0- to —27-volt pulses are applied to the
Clock input. The clock is a “two-phase” type. The number in
the counter changes as the Clock input goes from —27 to
ground. Some first-decade conditioning is needed; the Clock
mput signal must have rise and fall times faster than 20
microseconds, and all mechanical contact or push-button
inputs must be made “bounceless™ to prevent contact noise
from causing erratic operation.

The serial-input clock pulses are controlled by the Count
Disable and the Count Down inputs. If the Count Disable
input is at —27 volts (logic “17), all input clock pulses will
be ignored. 1f the Count Disable input is grounded (logic
“07) input pulses are accepted. The Count Disable input is
used to gate the counter for frequency or period measure-
ment. The readout that is used remains lighted constantly

Fig. 3. Complete schematic of the four-decade counter assembly shown in the lead-in photograph. Complete
wiring for one of the IC’s and one of the DT1704A seven-segment fivorescent readouts is also included.
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*MEM1056 MOS IC
General Instruments Corp.

ging spring would never give way to warm weather, but

they had. Once more June triumphed over smog. carbon
dioxide, nuclear dust, and all the other air-polluting, weather-
distorting byproducts of man’s fretful activity; and the day
was as fresh and clear and beautiful as early June days have
always been. Luckily for man, Nature is patient and forgiving
—up to a point.

“Mac,” Barney said to his employer working beside him at
the service bench, “do you think there will alwayvs be service
technicians? Can you imagine the world trying to get along
without us?”

“What brings this on?®” Mac countered cautiously.

“The gang over at the parts store was kicking the idea
around, and they decided we were indispensable. As long as
equipment breaks down, there will have to be service tech-
nicians to get it going again.”

“Wel-1-1-1, I'm not so sure,” Mac drawled, “not if you count
the human machine as equipment that malfunctions and
breaks down. My niece, who is taking nurse’s training, stayed
with us last week while her parents were awav, and I browsed
through her magazines. There was an article in the January,
1970, issue of Nursing Outlook written by Leland R. Bennett
that was right to the point of this discussion. The author was
a former instructor of the Medical Service School at Shep-
hard AFB in Texas and is now with the Military Assistance
Command in Vietnam. He has had extensive education and
practice in psychiatric nursing in this country and in England
and Belgium.

“The article was entitled “This I Believe . . . That Nurses
May Become Extinct.” He was making the point that the pro-
fessional nurse today is forced to serve as janitor, receptionist,
laboratory technician, bookkeeper, stenographer, dietitian,
physician, and cook. As long as she performs these jobs with-
out any attempt to change the status quo, she’s helping elimi-
nate the need for professional nurses. To show what may
happen if she does not upgrade her profession, he describes
what could happen in 1999 when a fictitious Mr. Richter has
a heart attack in Florida.

“The ambulance arrives, and Mr. Richter is placed on a
port-a-bed inside a plastic capsule where the temperature is
maintained at a cool 68 degrees, although it’s 100 degrees
outside. Sensors built into the port-a-bed relay information
about his condition to the hospital’s data bank so a differen-
tial diagnosis can be made en route: vital signs are taken,
community health records are summoned from data tapes;
his history, present symptoms, and electrocardiogram read-
ings are instantly matched with similar data in the master
diagnostic bank in Atlanta. Meanwhile, inside the cubicle
Mr. Richter is breathing air that is programmed to contain
just the right amount of oxygen and anesthetic to allow him
to breathe effortlessly and to eliminate conscious awareness
of pain and surroundings.

“When he arrives at the hospital, a print-out of the diag-
nosis and a recommended treatment from the Atlanta com-
puter is awaiting him. An attendant guides his capsule, riding

IT HAD seemed the long cold winter and the foot-drag-
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to go positive by more than +0.3 volt. Permanent damage

will result instantly if positive voltage is applied.

WILL COMPUTERS
TAKE OVER?

If the hospital of the future can operate without
nurses, who can be sure that he is indispensable?

sy John Frye

smoothly, noiselessly. and eflortlessly on a cushion of air, to
the admission department where an employment disc taken
from Mr. Richter’s neck when he was picked up is inserted
into a slot. Automatically his chart is prepared, his demo-
graphic data is entered, and a section in the computer is
reserved for him. Without pause the attendant guides the
capsule to the care-unit room, opens a side panel of the cup-
sule, and guides the port-a-bed through the antomatic door
into the room. He attaches continuous-phase diagnostic and
treatment cells to the patient’s care unit.

“Minutes after his call for help, Mr. Richter is on his way
to recovery. While his wife cannot enter the treatment room,
she is installed in an adjoining room reserved for the family.
She can watch her husband at all times through a glass par-
tition, and the room is comfortably fumished and equipped
with telephone, television. and an intercom through which
she can instantly communicate with the physician assigned to
her husband. In addition, there is a sign over the entrance to
her husband’s unit which indicates his current condition.

“Through an umbilical cord attached to the care unit, in-
formation regarding Mr. Richter’s condition is constantly
flowing into the hospital computer for review by the attend-
ing physicians and instructions are coming back. While the
physician can change the programming at any time, an in-
stant automatic response is made to any change in the pa-
tient’s condition. 1f his heart fails, antomatic defibrillatory
and Pacemaker action is instituted. The air he breathes con-
tains anticoagulants and medications for pain. If the sensors
indicate congestive failure, digitalization is started and con-
trol monitors are activated to sense such problems as digitalis
intoxication.

“He is fed automatically through a Benet-Levine tube
inserted when he entered. Both input and output are care-
fully monitored, and feeding is automatically regulated to
provide proper nutrition and maintain correct fluid and elec-
trolyte balance. His body does not rest directly on a mattress
surface but on a Shealy air-stream mattress that supports the
body on a cushion of air, thus avoiding any possibility of
bed-sores or decubitus ulcers. When excretion occurs, excreta
are whisked away for analysis and subsequent incineration
by automatic disposal devices. Soiled areas of the body are
cleansed by streams of water and non-allergenic cleansing
agents, followed by jets of warm, massaging air currents con-
taining a lanolin base mist.

“Pneumatic devices carefully massage. exercise, and turn
Mr. Richter at regular intervals in order to maintain his mus-
cle and skin tone and prevent calcium loss. When he is dis-
charged, his muscle tone will be as good as, if not better than,
the day he entered. In the meanwhile, he stays asleep and
experiences none of the sensations and anxieties associated
otherwise with his treatment routine. When discharged, he
will remember nothing after the arrival of the ambulance.
Soon the sign over his door will probably read: ‘Prognosis
good, vital signs within normal limits, heart action strong and
regular, condition not critical.” When Mr. Richter is permitted
to awaken, he will have no feeling of weakness or of having
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and a 1.8-volt, 45-90-mA filament voltage referenced to the
—927 volts. Simple translators have been included in the as-
sembly. Each of these consists of a p-n-p transistor and two
resistors and allows the assembly to be driven from conven-
tional 0- to +3-volt RTL or DTL logic signals.

Other disadvantages include the limited speed which is
partially offset by today’s low-cost decade scaler circuits.
The slower speed does buy better noise performance, partic-
nlarly in industrial environments. The 1C, being a MOS type,
can be damaged instantly by reversed supply power, ex-
tremely careless handling, or by very large line transients.
Protection has been included both inside the 1C and on the
prototype assembly for normal static, installation, and
handling.

The readout has several failure modes, and thus has a
limited, but probably quite acceptable life. At least one
readout manufacturer has “beefed up” its readouts consider-
ably to make them more immune to vibration. Sockets are
probably a worthwlile addition for heavy-use applications.

The readout is also electrostatic-sensitive, with the glow
dancing around if vou bring a finger near the display. A
physical barrier (such as a color filter) and some anti-stalic
spray takes care of this particular problem. A newer Tung-
Sol readout is available that is smaller, more rugged, and not
electrostatically sensitive.

One big objection experimenters and technicians will have
is the steep pricing structure of both the IC and the readout.
Only in very large quantities can the counter be built for less
than $7 per decade. In small quantities (1-99) cost will run
around $29 per decade ($24 per IC and $5 per readout).

Commercially available competing decimal-counter kits pres-
ently range from $10 to $30 per decade in small quantities,
depending upon the readout and the speed of operation;
none of these is as simple or has the subtract feature.

A block diagram of the MEM1056 is shown in Fig. 1. This
is a MOS integrated circuit and comes in a 24-lead flat pack
that operates off two negative supply voltages of —27 and
—13 volts. The input logic swings from 0 volt (“0” or “No”)
to —27 volts (“1” or “Yes”).

There are four main parts to the IC: the up/down decade
counter, the storage register, the decimal-to-seven-bar logic
converter, and the output drivers. The up/down decimal
counter can accept either series (a sequential series of count
pulses) or parallel (simultaneous appearance of count pulses)
data.

To count serially, 0- to —27-volt pulses are applied to the
Clock input. The clock is a “two-phase” type. The number in
the counter changes as the Clock input goes from —27 to
ground. Some first-decade conditioning is needed; the Clock
input signal must have rise and fall times faster than 20
microseconds, and all mechanical contact or push-button
inputs must be made “bounceless” to prevent contact noise
from causing erratic operation.

The serial-input clock pulses are controlled by the Count
Disable and the Count Down inputs. If the Count Disable
input is at —27 volts (logic “17), all input clock pulses will
be ignored. If the Count Disable input is grounded (logic
“07) input pulses are accepted. The Count Disable input is
used to gate the counter for frequency or period measure-
ment. The readout that is used remains lighted constantly

Fig. 3. Complete schematic of the four-decade counter assembly shown in the lead-in photograph. Complete
wiring for one of the 1C’s and one of the DT1704A seven-segment fiuorescent readouts is also included.
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*MEM1056 MOS IC A
General Instruments Corp.
Semiconductor Products Group
600 W. John Street
Hicksville, New York

DT1704A and DT1705C 7-Bar Fluorescent Readouts
Tung-Sol Division
Wagner Electric Corporation
One Summer Avenue
Newark, New Jersey 07104

DG19 and DG12C 9-Bar Fluorescent Readouts
Itron Electronics Corp.
Ishimoto Trading Company
3118 W. Jefferson Blvd.
Los Angeles, Calif. 90018

#834 Drilled and Etched PC Board and Accessory Kit
Southwest Technical Products
Box 16297
San Antonio, Texas 78216

*Can be purchased at Terminal-Hudson Electronics,
236 W. 17th Street, New York, N.Y. 10011

Table 1. Sources where the components used in the
Add-Subtract MOS Decimal Counter can be purchased.

irrespective of the condition of the Count Disable input.

The Count Down input determines whether the input clock
pulses will be added or subtracted from the tally inside the
IC; —27 volts (“1”) on this input makes the IC subtract and
grounding (“0”) this input makes the IC add.

The Preset input forces the counter to the 0 count when
—27 volts (“17) is applied, and does nothing when grounded.
The “1,” “2,”” “4,” and “8” inputs may be used in combina-
tion with the Preset input to enter a number in parallel. These
inputs are normally left grounded. To enter a “7,” the Preset
and only the “1,” “2” and “4” inputs are lowered to —27 volts
(“17). The proper combination (a BCD word) is used for
each required count. In this manner, a keyboard or a
selector switch can enter counts without generating a separate
series of pulses for each count. The readout will automatically
produce an “F” indication if a false count (binary 10 through
15) is entered.

Input Protection

Most IC’s are susceptible to damage by static electricity.
The MEMI1056 has built-in static protection and more is
added on the prototype counter assembly. Nevertheless, all
inputs to this IC (everything on the left in Fig. 1) must never
be left floating or unconnected. All inputs should go either di-
rectly to ground, directly to —27 volts, to —27 volts through
a 22k-ohm resistor, or to —27 volts through a resistor/transis-
tor RTL-logic translator, depending upon whether control,
permanent “1’s,” or permanent “0’s” are desired.

Similarly, no input or power load must ever be allowed

Fig. 4. Schematic diagram of RTL push-button circuit used
with electronic counters to eliminate contact bounce, noise.
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to go positive by more than +0.3 volt. Permanent damage
will result instantly if positive voltage is applied.

Storage

The storage register “keeps” a number for the display.
If the Storage Entry input is at —27 volts (“17), the storage
register follows the up/down counter and presents the num-
ber in the counter to the readout. If the Storage Entry input
is grounded (“07”), the storage register maintains the old
rumber for the display. Storage commands are used to dis-
play an old answer while the counter is working on a new
count.

The Blank input may be used to turn the display “on” and
“off”; —27 volts (“1”) turns the display “on”; groumd (“07)
leaves it “off.” Counting action continues even with the dis-
play “off.”

The Converter and Driver blocks convert the stored num-
ber into the proper patterns on a 7- or 9-bar readout. The
output swing is 0 (bar lighted) to —27 (bar out) volts with
an available current of 1 mA. The Dot Input may be used for
optional decimal-point storage.

Two logic outputs are provided, a Carry Propagate and a
Count Zero. The Carry Propagate is connected directly to the
Count Disable input of the next stage and all decades have
their Clock inputs driven in parallel by the input counting
signal. This is called a synchronous counter. The Carry Prop-
agate automatically picks the right count for carrving or
borrowing (a 9 when adding and a 0 when subtracting) and
is inhibited by its own Count Disable input. Thus, gating
applied to the first stage will automatically gate all succeed-
ing stages.

The Count Zero output can be used to provide blanking of
unused zeros in a display. This takes some external logic.

The Readouts

The MEM1056 will only drive a vacuum fluorescent read-
out. Suitable versions are the Tung-Sol DT1704A (0.6”
numeral, no decimal point) and DT1705C (0.6” numeral,
with decimal point) seven-bar types and the Itron Electronics
Corp. DG19 (0.7” numeral, with decimal point) and DG12C
(0.5” numeral, with decimal point) nine-bar tvpes. The DT-
1704A and the DGI12C are shown in Fig. 2, left and right,
respectively. All four readouts cost about the same (around
$5 in small quantities to $2 or so in large volume). The Itron
units have a more pleasing rounded character shape, and by
adding external logic to the IC. the off-center “1” and awk-
ward “4” may be eliminated. The logic takes two transistors
and two diodes and is based on the fact that the top bar is out
only on counts one and four.

Readout Operation

The operating principle of these readouts is similar to the
old 6E5 and 6US5 tuning eyes and their more recent tuning-
indicator offspring. The devices are basically a 27-volt vacu-
um tube with a filument, an optional grid (Itron units only),
and 7 or 9 phosphor-covered, bar-shaped plates. The filament
is a low-temperature one and is not normally visible. It is
powered by 1.6 volts at 45-90 mA. The filament is referenced
to —27 volts and thus one end of a floating supply is tied to
this voltage.

If a plate segment is grounded, there is a +27-volt differ-
ence between plate and filament. Electrons are emitted, strike
the plate and the phosphor, and that segment lights. If a
plate is connected to —27 volts, there is no potential between
plate and filament, and that segment remains out. By choos-
ing the right combination of grounded and —27-volt plates,
any numeral may be obtained. If the readout has a grid, it is
normally connected to —7 volts, or around +20 volts with
respect to the filament. In other applications, the grid pro-
vides an alternate way to blank the display.

The DT1704A is used in the add-subtract counting assem-
bly. It has a 9-pin miniature base, (Continued on page 63)
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Th2 switches flick firmly. The pushbuttoms push back just encugh
before locsing in smartly. Continuous cont-ols (like tunirg, volume.
balancet, f2el 3almost viscous-damped. Your fimgers are guided to function
swiftly. effcrrtlassly. You've experienced a feeling of quality tkat is a kint
t6the perf=rmance youll enjoy once you turn =h these Sony componerts

Taxe the ST-5100. The combination of two tuning meters, a 2.6uV IHF
sensitivity, ard 1.5dB capture ratio zero in on yoar first station. M
sterea you caa feel : :

Now tte TA-1144 Stereo Amplifier.
More sterec ycu can feel. Rich (the TA-
1144 puts ou: 50 watts 1JHF per channel
into 8 ohms, both channels operating).
Clean (less ttan 0.03% IM, 0.05% ha--
monic, &t - wett). And just the way you
like it tthanks tc those subtly-detented,
‘bass anc trekle sliders on each channel).

8o now ycu're wondering, of course,
about the {:’icas. Just $219.50* each; $459* P e i B
the pair. ¥5uZl hardly feel that at all, ' 1% " - ——

3o0ay Corporation cf America. 47-27 NEW SONY*

Van Dam S:. Long Island City,N.Y.11101. AMPLIFIER AND TUNER

*Suggestad Lst




R O TR R
" s - WILL COMPUTERS

ging spring would never give way to warm weather, hut

they had. Once more June triumphed over smog, carbon
dioxide, nuclear dust, and all the other air-polluting, weather-
distorting byproducts of man’s fretful activity; and the day
wus as fresh and clear and beautiful as early June days have
ahways been. Luckily for man, Nature is patient and forgiving
—up to a point.

“Mac.” Barney said to his emplover working beside him at
the service bench, “do vou think there will always be service
technicians? Can yvou imagine the world trying to get along
without us?”

“What brings this on?” Mac countered cautiously.

“The gang over at the parts store was kicking the idea
around, and they decided we were indispensable. As long as
equipment breaks down, there will have to be service tech-
nicians to get it going again.”

“Wel-1-1-1, I'm not so sure,” Mac drawled, “not if you count
the human machine as equipment that malfunctions and
breaks down. My niece, who is tuking nurse’s training, staved
with us last week while her parents were away, and [ browsed
through her magazines. There was an article in the January,
1970, issue of Nursing Outlook written by Leland R. Bennett
that was right to the point of this discussion. The author was
a former instructor of the Medical Service School at Shep-
hard AFDB in Texas and is now with the Military Assistance
Command in Vietnam. He has had extensive education and
practice in psychiatric nursing in this country and in England
and Belgium.

“The article was entitled “This I Believe . . . That Nurses
May Become Extinct.” He was making the point that the pro-
fessional nurse today is forced to serve as janitor, receptionist,
laboratory technician, bookkeeper, stenographer. dietitian,
physician, and cook. As long as she performs these jobs with-
out any attempt to change the status quo, she’s helping elimi-
nate the need for professional nurses. To show what may
happen if she does not upgrade her profession, he describes
what could happen in 1999 when a fictitious Mr. Richter has
a heart attack in Florida.

“The ambulance arrives, and Mr. Richter is placed on a
port-a-bed inside a plastic capsule where the temperature is
maintained at a cool 68 degrees, although it's 100 degrees
outside. Sensors built into the port-a-bed relay information
about his condition to the hospital’s data bank so a differen-
tial diagnosis can be made en route: vital signs are taken,
community health records are summoned from data tapes;
his history, present symptoms, and electrocardiogram read-
ings are instantly matched with similar data in the master
diagnostic bank in Atlanta. Meanwhile, inside the cubicle
Mr. Richter is breathing air that is programmed to contain
just the right amount of oxygen and anesthetic to allow him
to breathe effortlessly and to eliminate conscious awareness
of pain and surroundings.

“When he arrives at the hospital, a print-out of the diag-
nosis and a recommended treatment from the Atlanta com-
puter is awaiting hiin. An attendant guides his capsule, riding

IT HAD seemed the long cold winter and the foot-drag-

. TAKE OVER?

If the hospital of the future can operate without
nurses, who can be sure that he is indispensable?

sy John Frye

smoothly, noiselessly. and eflortlessly on @ cnshion of air, to
the admission department where an employment disc taken
from Mr. Richter’s neck when he was picked up is inserted
into a slot. Automatically his chart is prepared, his demo-
graphic data is entered. and a section in the computer is
reserved for him. Without pause the attendant guides the
capsule to the care-unit room, opens a side panel of the cap-
sule, and guides the port-u-bed through the automatic door
into the room. He attaches continnous-phase diagnostic and
treatment cells to the patient’s care unit.

“Minutes after his call for help, Mr. Richter is on his way
to recovery. While his wife cannot enter the treatment room,
she is installed in an adjoining room reserved for the family.
She can watch her hushband at all times through a glass par-
tition, and the room is comfortably furished and equipped
with telephone, television, and an intercom through which
she can instantly communicate with the physician assigned to
her husband. In addition, there is u sign over the entrance to
her husband’s unit which indicates his current condition.

“Through an umbilical cord attached to the care unit, in-
formation regarding Mr. Richter's condition is constantly
flowing into the hospital computer for review by the attend-
ing physicians and instructions are coming back. While the
physician can change the progranmuming at any time, an in-
stant automatic response is made to any change in the pa-
tient’s condition. If his heart fails. automatic defibrilatory
and Pacemaker action is instituted. The air he breathes con-
tains anticoagulants and medications for pain. 1f the sensors
indicate congestive failure, digitulization is started and con-
trol monitors are activated to sense such problems as digitalis
intoxication.

“He is fed automatically through a Benet-Levine tube
inserted when he entered. Both input and output are care-
fully monitored, and feeding is automatically regulated to
provide proper nutrition and maintain correct fluid and elec-
trolyte balance. His body does not rest directly on a mattress
surface but on a Shealy air-stream mattress that supports the
body on a cushion of air, thus avoiding any possibility of
bed-sores or decubitus ulcers. When excretion occurs, excreta
are whisked away for analysis and subsequent incineration
by automatic disposal devices. Soiled areas of the body are
cleansed by streams of water and non-allergenic cleansing
agents, followed by jets of warm, massaging air currents con-
taining a lanolin base mist.

“Pneumatic devices carefully massage, exercise, and turn
Mr. Richter at regular intervals in order to maintain his mus-
cle and skin tone and prevent calcium loss. When he is dis-
charged, his muscle tone will be as good as, if not better than,
the day he entered. In the meanwhile, he stays asleep and
experiences none of the sensations and anxieties associated
otherwise with his treatment routine. When discharged, he
will remember nothing after the arrival of the ambulance.
Soon the sign over his door will probably read: ‘Prognosis
good, vital signs within normal limits, heart action strong and
regular, condition not critical.” When Mr. Richter is permitted
to awaken, he will have no feeling of weakness or of having
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been ill. He may actually go directly
from the hospital to a picnicl”

“Sounds wild,” Barney commented,
“but I see how it could be possible for
computers and autematic devices to re-
place the routine nursing. You've just
climinated back-rubs, feeding, turning,
giving medications, charting, and bed-
pan carrving., And if youre going to
sleep all the time, there's not much point
in wasting tender loving care on vou.”

“Preciselv.” Mac agreed. “That’s the
point Mr. Bennett was making. e ex-
plained how we arrived at this fictional
state of medical care: Patients had de-
manded, the government had funded.
and the patient had received patient-
centered care of high quality—care that
was both individualized and compre-
hensive.” e warns, “If vou hecome con-
tented with the way things are—someone
or something else will take vour place!””

“I realize he was tulking to nurses,”
Barney said. “but there’s undoubtedly a
niessage for all of ns there. For example,
vou said nothing about doctors, but vou
will note many of the things doctors now
do were taken over by the computers in
that projection of medical care. When-
ever a technician of any kind falls into
the habit of performing his work auto-
matically and routinely, when he in-
stinctively resists change, when he di-
vorces his creative mind from his work
as much as possible, when he stops
thinking of his customers us people, and
when they are not impressed with hin
as an individoal haman being, a com-
puter is breathing hot on the back of his
neck whether he realizes it or not.”

“That Drings to mind a story recently
told me by my friend, Rov Hartkopt,”
Mac said. “The manager of the TV re-
pair department of a big store had a
service call from an elderly lady who
said her set had quit. The only man
available was o likable voung chap who
was not too experienced technically: so
the manager sent him on the call but
told him to bring the set in if it present-
ed any problems he couldn’t handle.
The kid took a look at the set and re-
placed a horizontal output tube and
then accepted the customer’s invitation
for a chat and a cup of tea. The elderly
wonran was so satisfied that she request-
ed the same voung man be sent the next
time her set needed servicing.

“NMore than a vear later the manager
was going through the records and dis-
covered the little old lady had had. in
fifteen months. four service calls. four
friendly chats. four cups of tea, and four
horizontal ontput tubes; so the next time
the set went bad the manager sent an
experienced man who repaired the set
properly. The manager was totally -
prepared for the furious blast {from the
nice old lady. She complained that in-
stead of sending the nice friendly voung
nran they had sent this other incompe-
tent person who just about pulled the

June, 1970

Don't shoot till you see
the tenths of a volt.

Ly

The sure way to troubleshoot
solid state TV is with a scope
that measures DC.

Take Leader’s five-inch
LBO-53B:

[t gives you a drift-free DC
input, so you can see those
tenths of a volt. [t gives you a
bandwidth to 10 MHz. And it
gives you a sensitivity of
:0 mv/cm or better.

Now for the shocker. You can
have a Leader LBO-53B for
just $229, about half the price
ol any other scope with the
same capabilities.

Since the proof is in the
seeing, we direct you to your
Leader distributor. Ask to see
our color bar generators too;
you haven't seen the finest
until you've seen Leader's.

Seeing is believing.

Leader Instruments Corp.
37-27 27th Street, Long Island City, N. Y. 11101, (212) 729-7411
CIRCLE NO. 132 ON READER SERVICE CARD

The brand for all reasons
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BSR (USA) LTD.
BLAUVELT, N.Y. 10913
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City
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SRR |
== Degree
~ ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUDY COURSES IN:

= Electronics Engineering Technology

= Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level
Complete college level courses in Elec
tronics Engineering. We're a forward
looking school. Outstanding lesson ma-
terial—thorough and easy to understand
Engineering taught on the basis of appli-
cation and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the ditference
between a low paying technician job and
a high paying engineering position. Low
tuition cost with low monthly payments
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin J. no sates.
man will call on you

COOK'S INSTITUTE

ﬂf é?ﬁ':'frﬂﬂi’fj ._..-.rl.rf;.urrrfnri
Forest Hill Rowd .
P. 0. Bax 10634
Jackson, Misa, 39209
Established 1845
Farmarly Cook’s School of Electranles
CIRCLE NO. 118 ON READER SERVICE CARD

ABOUT YOUR
SUBSCRIPTION

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

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “Wiiliam Jones, Cedar Lane,
Middletown, Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending
you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing Iabel 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 greatiy reduce any
chance of error, and we will be able to
service your request much more quickly.
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set to pieces and had then gone ofl with-
out hardly talking to her. \When the
manager tried to explain, he merely con-
vinced her he had a grudge against the
nice young man who fixed her set so
easily; and she warned that mmless she
alwavs had the nice voung man she
would take her business elsewhere!”

“And T'll bet she got him!” Barney
said with an appreciative chuckle. “A
cold computer will have a tough time
replacing that warm-hearted kid. More
and more people these davs are uncon-
scionsly hungry for person-to-person re-
lationships. T believe the pendulum has
swung about as far as it is going toward
blind veneration for efficiency and im-
personal dealing. We want to deal with
other human beings and be treated as a
human being. There’s a growing suspi-
cion of and resentment against com-
puters and machines that goes deeper
thun just having to compete with them
for jobs—although that’s bad enough.
We hate doing business with them. That
news story a few months back abont the
man who shot the vending machine that
cheated him struck a responsive chord
in hearts all across the world; and you
know the feeling of satisfaction it gives
to read of a computer that goofs and
writes a check for ten million dollars
rather than one for ten dollars.”

“Trne,” Mac agreed. “The computer
is threatening man’s idea of sclf, and
that’s a basic threat he can’t take lving
down. It threatens to reduce him to a
mere number and to codify all his ac-
complishments and failings into a few
feeble tracings on a piece of tape.

“He must, thongh, learn to live with
computers because thev also promise to
take over most of the drudgery of life.
As I sec it, the trick is to allow the com-
puter to handle boring routine, to inte-
grate details, and to maintain constant,
untiring vigilance without allowing it to
destroy the individual. The more flexi-
ble, imaginative, responsive, and warm-
ly human a person is, the less likely he
is to be replaced by a computer. But the
more stereotyped, impersonal, routine-
bound, and mechanical he is in his work
and his relationships—in short, the more
he bhehaves like a computer—the greater
is the danger a computer will get his

") don’t know how they afford it,
but the computer company has a
repairman here 24 hours a day.”’

Automatic Vehicle Monitoring
(Continued from page 44)

the vehicle by voice radio. Invariably,
the AVN system was able to pinpoint the
vehicle within a few hundred feet of its
actual location.

The Future of AVM

When we think of the possibilities
that the AVM offers a modern city, we
can see many applications, for many
different types of service. Probably the
greatest potential of the AVM is a com-
bination of police. fire. taxi. bus, and
even truck monitoring in a single AV\I
system, because thousands of vehicles
can be monitored by a single central con-
trol station and its fixed base stations.
Referring back to the central control
station block diagram of Fig. 7. it is pos-
sible to take the information from the
signal processor and feed it, over ordi-
nary telephone lines. to different com-
puters, displays, and control consoles at
different locations. The transponder sig-
nals which contain police car identifica-
tion, for example, can be ronted to the
central police dispatching room. Those
vehicles responding with the fire depart-
ment identification code can go to that
control center, taxis can report to the
headquarters of a particular taxi fleet,
buses can be identified and their loca-
tion displayed at the bus company’s
headquarters, etc. The signal processor
can be programmed so that any emer-
gency reply, whether from a police car,
taxi, bus. or truck, is displaved to the
police dispatcher so that he can take
appropriate action immediately.

AVM systems in adjacent areas can
be synchronized so that alternate one-
second intervals are used by each area.
This permits vehicles to travel from one
area to another without loss of monitor-
ing features. Other methods can also be
used to coordinate adjacent AVM sys-
tems.

When the cost, size. and weight of
transponders have been sufficiently re-
duced as a result of mass production, it
will be possible to monitor individual
patrolmen, bank messengers, and others.
Low-power transponders. carried by in-
dividuals can be part of separate, semi-
mobile AVM svstems, whenever a fixed
location, possibly a van. is used to keep
track of individual patrolmen or small
detachments during some special event.

The AVM system described here has
been demonstrated satisfactorily and the
equipment is currently under design for
early production. The basic principles,
however, of a single transmitter, a num-
ber of fixed relay stations, and vehicle
transponders replying during assigned
time slots combined with the loran tech-
nique of locating vehicles, promise to
find wide application in monitoring
vehicles and, eventually, individuals. A
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. A TV raster squeezed near the top would indicate:

. After replacing an HV regulator tube in a color receiver:

. Resistors in parallel with the vertical yoke windings are used mainly:

. The practice of adding a capacitor from anode to cathode of the damper tube is:

. In troubleshooting a vertical oscillator, the picture is rolling *“up.” This indicates:

C.E.T. Test, Section #5
H & V Circuits

By DICK GLASS*

What is your electronics servicing 1.Q.?
You must get 75% on entire exam to pass.

This is the fifth in a series of 12 test sections to be published monthly. While these
test exam sections are not part of the actual NEA C.E.T. examinations presently be-
ing administered, they are similar in nature. Should you find you are able to correctly
answer 75% or better, you might be a candidate to become a registered CET. You
can take the exam in your area but you must show 4 years of experience to qualify.

(Answers will appear next month.)
Answers to last month’s quiz appear on page 82

It is usually unwise to atiempt to measure plate voltages on horizontal and vertical
amplifier tubes because: |
(a) disrupting the signal will damage the tube
(b) the high d.c. voltage will possibly damage ordinary service meters
(c) ordinary service meters change the pulse waveshape, causing transformer
damage
(d) the high a.c. voltage will possibly damage ordinary service meters

Monitoring B+ boost voltage with the yoke connected, then disconnected is: |
(a) a good method of determining a yoke short
(b) likely to damage a good yoke
(c) OK for vertical yoke windings, but a poor practice for horizontal windings
(d) likely to damage the output transformers )

In troubleshooting modern TV receivers you should not disable the horizontal out-
put stage by:
(a) disconnecting the plate cap
(b) disconnecting the control grid

(c) disconnecting the screen grid
(d) disconnecting the cathode

(c) weak vertical sync
(d) open linearity capacitor

(a) output-section trouble
(b) oscillator-section trouble

(c) check high voltage

(a) replace horiz.-out tube too
(d) set high voltage for best over-all focus

(b) check the regulator current

Color-TV horizontal output tube current might be expected to be closest to:
(a) 50 microamps (c) 50 milliamps
(b) 300 microamps (d) 300 milliamps

(a) to compensate for yoke winding resistance increases caused by heat
(b) to improve linearity

(c) to protect yoke from sudden current surges

(d) to prevent ringing

(a) a convenient method of correcting horizontal linearity or size problems
(b) a usual cause of x-radiation problems

(c) never necessary if the "B+"' boost voltage is at specified level

(d) useful only in reducing width

vertical frequency is too high
vertical frequency is too low
nothing of use in troubleshooting
open vertical integrator

(a)
(b)
(c)
(d)

Horizontal a.f.c. phase diodes receive and compare two signals. Their output con-
sists of:

(a) a d.c. corrective voltage

(b) an a.c. corrective voitage

(c) a square-wave pulse in phase with the sync signal

(d) a square-wave pulse in phase with the feedback signal

*Executive V.P,, NEA, 12 South New Jersey St., Indianapoiis, Ind. 46204,
assisted by Lew Edwards, chairman of Test Make-up Subcomm.
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Announcing the

NEW STANDARD

in Stereo Testing!

The All-New Model
SR12 STEREQ TEST
RECORD

The most complete...
most sophisticated...
most versatile Test Disc
available today...

98/

For Just$

Who needs the New Model SR12? You do
Whether you're an avid audiophile, a casual
listener, or a professional technician Ea
the new MODEL SR12 will be the most 1m-
portant disc in your entire collection. MODEL
SR12 has been produced by Stereo Review
Magazine for music lovers who want imme-
diate answers to questions about the per-
formance of their stereo systems and how
to get the best possible sound reproduction.
It is the most complete test record of its
kind—containing the widest range of checks
ever included on one test disc.

Make these important stereo checks BY
EAR . . (no test instruments required)
+ Frequency response ¢ Separation ¢ Cart-
ridge tracking Channel balance Hum
and rumble » Flutter *« Cartridge and Speaker
Phasing = Anti-Skating Adjustment = “'Gun
Shot Test' for Stereo Spread * Multi-purpose
Musician's A" = Equal-tempered Chromatic
Octave * Guitar-tuning Tones,

Attention professionals: For the ultimate in
stereo testing, 7 critical TEST EQUIPMENT
checks . . .

® 1.000-Hz square waves to test transient and high-frequency response
of phono pickups.

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

e Si i bursts to test of pickup.

® |ntermodulation test using simultaneous 400-Hz and 4,000-Hz signals.

e Intermodulation Sweep to show distortion caused by excessive res-
onances in tone arm and cartridge.

e 1,000-Hz refarence tones to determine groove velocity.

e 3,.000-Hz tone for flutter and speed tests.

Sample waveforms—illustrating both accurate and faulty responses are

provided in the Instruction Manual for comparison with the patterns

appearing on your own oscilloscope screen.

I FREE Instruction Manual Includes Detailed

Instructions, Charts, Tables and Diagrama

it N N N N N N N N N _ N §N_ N N _§N_§B]
RECORDS + Ziff-Davis Service Division
595 Broadway * New York, N.Y. 10012
Please send SR12 Test Records
at $4.98 each. postpaid. My check (or money
order) for s enclosed.
(outside U.S.A. please send $7.00 per album
ordered.) New York State residents please add
local sales tax.
EW-6-70
print name

address

city

state

zip
m sm PAYMENT MUST BE ENCLOSED WITH ORDER =m =
53




54

10 Reasons why
RCA Home Training is

your best
iInvestment

forarewarding
career

In electronics:

k
Performing transistor experiments f

on programmed breadboard — using :
oscilloscope.

e e T
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1 LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you
immediately think of RCA...a name
that stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc., a service of Radio Corporation of
America, has been a leader in technical
training.

2 RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,

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

THOUSANDS OF WELL PAID JOBS

ARE NOW OPEN TO MEN SKILLED

IN ELECTRONICS
RCA Institutes is doing something pos-
itive to help men with an interest in
electronics to qualify for rewarding
jobs in this fascinating field. Every year,
literally thousands of high paying jobs
in electronics go unfilled just because
not enough men take the opportunity
to train themselves for these openings.

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 AUTO-
TEXT method of programmed instruc-
tion. Look the list over, pick the one
best suited to you and check it off on
the card.

Construction of Multimeter.

June, 1970

TRAINING
For those already working in elec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
can start on a higher level without wast-
ing time on work you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

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

VARIETY OF KITS YOURS

TO KEEP
To give practical application to your
studies, a variety of valuable RCA In-
stitutes engineered kits are included in
your program. Each kit is complete in
itself. You never have to take apart one
piece to build another. At no extra cost,
they’re yours to keep and use on the job.

8 FROM RCA INSTITUTES
TRANSISTORIZED TV KIT,
VALUABLE OSCILLOSCOPE
Those enrolied in RCA’s television
course or program receive complete
transistorized TV Kit. All students re-
ceive a valuable oscilloscope—both at
no extra cost and only from RCA Insti-
tutes.

5 SPECIALIZED ADVANCED

9 CONVENIENT PAYMENT PLANS

RCA Institutes offers a unique tui-
tion plan that lets you progress at your
own pace. You only pay for lessons as
you order them. You don’t sign a con-
tract ohligating you to continue the
course. There’s no large down-payment
to lose if you decide not to continue.

Construction of Oscilloscope.

However, if vou desire, RCA Institutes
also offers a convenient monthly pay-
ment plan.

10 RCA INSTITUTES GRADUATES
GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
electronics field; many others have their
own profitable businesses. This record
is proof of the high quality of RCA In-
stitutes’ training.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training” on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companics like 1BM, Bell Tclephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Nctworks have regularly
employed graduates through RCA
Institutes’ own placement scrvice.

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

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

RCA INSTITUTES, DEPT. 240-006-0
320 West 31st Street,
New York, N.Y. 10001

Accredited Member National Home Study Council

Temperature experiment with transistors.
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ROBABLY the two greatest dangers which threaten

every home today are fire and theft; yet few homes have

adequate warning systems. By placing the highly sensi-
tive device described in this article in a room you want pro-
tected, the intruder who breaks into your home during the
night and starts darting a flashlight around, is certain to be
in for two things every burglar desperately wants to avoid:
the wail of an alarm and a bright light turned on him.

The alarm can be triggered only by a sudden increase in
room illumination, thus very slow changes in light level, such
as the coming of daylight, do not affect it. In addition, the
circuit is so sensitive that even the striking of an ordinary
paper match, at a distance of six feet in front of the light cell
in a darkened room, will trigger the setup, thus effectively
doubling as a fire alarm.

Once triggered, the alarm can be turned off by operating
a concealed reset switch. To avoid giving away its purpose
as a burglar alarm, the prototype panel (Fig. 1, right) has
been deliberately left unlettered.

How it Works

The fire and burglar alarm, shown schematically in Fig. 2,
obtains its unique sensitivity by combining the sensitive
turn-on characteristic of a silicon controlled switch, Q1, with
the equally sensitive light-responsiveness of a photoconduc-
tive cell, PC1. In the dark, the resistance of the cell is in the
high megohm range. Then when any direct or reflected light
strikes the sensitive area of the cell, its resistance decreases,
causing the junction of PC1 and resistor R1 to go to a more
positive voltage level and the alarm to trigger.

When an increase in light level occurs quickly, a positive-
going pulse is delivered to the cathode-gate of Q1 vie capaci-
tor C1, causing the SCS to turn on. Current flowing through
the turned-on SCS activates both the Mallory Sonalert unit
and relay, RL1, connected in parallel in Q1’s anode circuit.
With RL1 energized, 117 volts a.c. is applied through its
normally open contacts to the receptacle, SO1, into which a
table or floor lamp containing a 100-watt bulb may be
plugged. If desired, this circuit may be used to alternately, or
simultaneously, activate a remote alarm. Turning on of the
lamp, when the unit has been triggered, is intended only to
illuminate the intruder and isn’t essential for the performance
of the circuit.

Once triggered, even if the light source is removed, the
SCS continues to conduct, the Sonalert continues to sound,
and the relav remains energized until the circuit is manually
reset.

To make it difficult for the intruder to turn off the alarm,
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FIRE ALARM
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Protect your home with this light-sensitive alarm that
can be triggered even by the glare of a lighted maich.

Fig. 1. Prototype of burglar and fire alarm discussed in article showing (right)
the front panel with photocell, Sonalert, and 117-volt a.c. receptacle and
(left) rear view (cover removed) with locations of SCS and resistor R1, Son-
alert, electrolytic capacitor C3, relay, and the miniature mercury switch S1.

the prototype unit contains no external reset switch. Turn-
off can be accomplished only by an internally located small
mercury switch, S1, electrically connected in the primary
cirenit of the power transformer and mounted so that it is
necessary to turn the whole unit upside down to open the cir-
cuit. Even at that, reset does not occur until filter capacitor
C3 becomes sufficiently discharged to drop the current
through Q1 to a point below the SCS’s minimum holding
level. Iu the prototype, this occurs about five seconds after
the Sonalert ceases to wail.

Once reset, if there is any light in the room, it is necessary
to place the palm of the hand over the window of the photo-

SONALERT IN3754
sc628 (4)
\
D!
D2
o3
.022 D4
Tl
RLI
12V,10mA. REAY
+ C3 CONTACTS
=< 2504F
25v L
Ga
C)
=
RLI-SIGMA 4F-2500-5/SIL OR EQUIV, T INe4

Fig. 2. Schematic of a.c.-powered burgiar and fire alarm.

Fig. 3. Variations of sensitive burglar and fire alarm show-
ing (A) resistor R1 replaced by 100k-ohm potentiometer
and (B) battery-operated version of highly sensitive alarm.
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Increase Engine Power
Increase Gas Mileage 10-20%
Reduce Engine Maintenance
Instant Starting in All Climates

CAPAGITIVE
BISCHARGE

IGNITION SYSTEM

WHOLESALET® ALL

Breadhoard Kits—"RF" Kis—"PC" Kiis—Perl.
Phenalic Board—Copper Clad Board—Cowl Type
Electronic  Cabinets —Heat Sinks —Solid State

Hobby Kits — Solderless Connectors — Hardware
Kits—Transistor Sockets and many more items.
Send for free catalog from: H. M, C. Sales, P.O.
Box 276—Santa Susana, California 93063




