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COBRA RE-INVENTS

THE REMOTE CB.

The first remote CBs were nothing
more than a CB transceiver that you
locked in your trunk and an oversized
mike that could barely fit in your hand.

Such was the state of the art when the
first remotes were introduced. Which
was why Cobra spent till now improving
the state of the art.

Introducing the result. The Cobra
62XLR. Small enough to go under the
seat or on the firewall as well as in the
trunk. Strong enough to take the
bounces and jolts those early remotes
couldn't Powerful enough to punch
through loud and clear.

The receiver has automatic gain
control, switchable noise limiting, plus
Dual-Gate Mostfet and Monolithic Crystal
Filter to keep interference to a minimum.
So the voice you hear always comes
through loud and clear,

The streamlined mike puts all the
controls at your fingertips. Speaker,
channel selector and squelch are built
right in. So there's no fiddling around
while you're driving around.

And with Cobra's reputation for
building them right and our nationwide
network of Service Centers making sure
they stay that way, you can be pretty
sure that nobody's ever going to improve
on the 62XLR.

Cobra may not have been the first to
make a remote. But wgwere the first

to do it right g
( obra

Punches through loud and clear.
Cobra Communications Products
DYNASCAN CORPORATION

6460 W. Cortland St., Chicago, lllinois 60635

. Write for color brochure
EXPORTERS: Empire * Plainview, N Y+ CANADA: Atlas Electrorics + Ontario
CIARCLE NO. 10 ON FREE INFORMATION CARD

AmericanRadinHietary Com



It's really a shame. The watch shown above
is a copy of the Seiko chronograph alarm.

Seiko is one of the world's most respected
watchmakers, having literally taken over the
quartz watch industry. Their quality is out-
standing, and they have produced many great
innovations in the digital watch industry.

The Seiko chronograph alarm sells for
$300. The watch costs jewelers $150. And
jewelers love the item, not only because of the
excellent reputation of the Seiko brand, but
because it's probably America’s best-selling
new expensive digital watch. And Seiko can't
supply enough of them to their dealers.

The Mercury copy shown above looks
almost exactly like the Seiko and costs dealers
approximately $50. Most dealers are selling it
for $100, and they're selling them as fast as
they get them.

LABOR EXPENSIVE IN JAPAN

Unlike the Seiko watch which is made in
Japan, the Mercury is manufactured under
special contract in Hong Kong by a prominent
American watch manufacturer. The watch
uses basically the same components as the
Seiko, but the differences lie mainly in the
labor. Hong Kong's labor costs are far less
than in Japan. An average Japanese watch
assembler makes the equivalent of $75 per
day whereas the equivalent employee in Hong
Kong makes only a few dollars per day.

The value of the yen has skyrocketed while
the Hong Kong dollar has changed little in
comparison to the U.S. dollar. So all Seiko
products have become even more expensive
to export.

W All the features of the Seiko watch are dupli-
cated in this digital watch. It is an excellent
example of the fierce competition in the
United States.

BOTH BACKED BY SERVICE

The Seiko is backed by a national network of
service centers. The Mercury is backed by a
very efficient service-by-mail center. Since the
latest crop of space-age digital LC watches
require very little service other than battery
replacement, which any jeweler can do, ser-
vice has become less a concern.

Why then would anyone want to buy a copy
of the Seiko? For several reasons:
Savings JS&A has obtained sufficient quan-
tities of the Mercury to offer you the item for as
low as $69.95.
Support Mercury is a division of Leisurecraft
Industries, a public company that specializes
in obtaining the best digital watches and insur-
ing their value with excellent service, support
and quality.
Quality You'll be amazed at the excellent
quality of the Mercury, especially compared
side by side with the Seiko.
Accuracy The Mercury is guaranteed accur-
ate to within 15 seconds per manth, although
much greater accuracy can be expected.

THE BEST FEATURES

The alarm chronograph has an alarm that
really wakes you up. Its chronograph mea-
sures time to one hundredth of a second and
has three settings: split which continues
counting the split seconds while you freeze the
time for reading, add if you want the total time
of several periods, and lap which starts
counting from zero when you press the button.

You have hours, minutes, seconds, day of
the week, the month and date. The Mercury
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The watch shown here is a copy of the
world famous Seiko chronograph alarm.
Unfair? You be the judge.

DUPLICATION TECHNOLOGY

Quartz LC also remembers the days in a
morth and automatically recycles to the cor-
rect first day of the next month.

EXAMINE THE FEATURES

Order the Mercury from JS&A on a trial
basis. Compare it feature for feature with the
Seiko. Compare its accuracy, its alarm, and its
chronograph functions.

If after a truly side-by-side comparison, you
arer’'t convinced that its accuracy, quality, and
features make it a truly outstanding value, re-
turn it within 30 days for a prompt and cour-
teous refund. We promise to accept the return
of your watch with absolutely no questions
asked and even refund the $3.50 postage and
handling.

AMERICA'S LARGEST SOURCE

JS&A is America’s largest single source of
space-age products —further assurance that
your modest investment is well protected.

The new crop of digital watches rarely mal-
function, but if service is ever required, it is
reassuring to know that there is a prompt
service-by-mail facility, a one year limited war-
ranty and two substantial companies backing
your modest investment.

To order your Mercury Quartz LC, send your
check for $69.95 for the silver-tone model or
$79.95 for the gold-tone along with $3.50 per
order for postage and handling (lllinois resi-
dents, please add 5% sales tax) to the address
shown below or credit card buyers may call our
toll-free number below.

Is it unfair to copy a popular expensive
watch? America’s growth can be traced direct-
ly to the principle of open competition. Open
competition has not only been the catalyst for
innovation, but it is also responsible for bring-
ing better value to a free marketplace. Unfair?
Maybe if you were Seiko it would be. But then
we're all not that lucky.

Your timing is perfect. Why not order the
Mercury LC at no obligation, today.

o NATIONAL
Q/ SALES
@ W\ GROUP
Dept. PE One JS&A Plaza
Northbrook, IIl. 60062  (312) 564-7000
Call TOLL-FREE ........ 800 323-6400
Inlllincis Call ........... (312) 564-7000
©JS&A Group,Inc.,1978




Brand New.

LCD
Alarm

Chronograph! |

This spring and summer, our LCD Alarm
Chronograph was a runaway best seller. It's
sold out in fact. For this reason, we've improved
it. Made it even bolder and more exciting, with
‘extra convenience features and forless money!

How? By placing one of the largest watch
orders in our history. ..and passing the quan-
tity savings along to you.

Truly Extraordinary

This new LCD Alarm Chronograph is truly
extraordinary. It does more and does it better
than any other watch. With an impressive,
dramatic appearance that reflects its uncom-
mon ability.

Remarkable Value

The only thing about it that’s not extravagant
is its price. It's actually over $200.00 less than
the nationally advertised watch that comes
close to its usefulness and accuracy.

Correct time
is 6:53.44
on Tuesday

Quartz Crystal Time...The LCD Alarm
Chronograph gives you accuracy to + 60 sec-
onds a year. Quartz crystal accuracy that would
have been considered sensational per month in
earlier micro-electronic watches. And is still not
available in models selling for as much as
$500.00 to $1000.00.

The Electronic Calendar...So you always
have exactly the right time on display—the
hours, minutes and running seconds, plus the
day of the week. Then, at a touch, you can
replace the time with the month and date. Of
course, the electronic calendar adjusts au-
tomaticalty for the number of days in the month.
Then, so you can see when it's dim or you're in
the dark, the face lights up.
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24 Hour Alarm

Of allthe features available in digital watches
today, an alarm system like this is the one that's
most wanted. And no wonder. it will wake you;
remind you of your appointments, phone calls
and meetings (or break one up that's been
going on too long). It's really important enough
alt by itself to warrant your getting a new watch.

You can set this alarm for any minute of any
hour. Day or night. In all, 1440 positions are
available—easily and instantly. Then, unless
you change or deactivate it, the alarm will
sound for a full minute at the same time every
day. With an insistent, though pleasant, beep.
When the alarm is set, an A appears on the
face. To check the time it'll go off, just touch the

You can’t wear a

more accurate watch
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The Chronograph System

As to the chronograph, or split-second timer,
it's precision is so fine, it borders on the in-
finitesimal. Imagine, it enables you to time an
event for up to an hour to one-hundredth of a
second. .. and beyond that, for a full 24 hours,
to the second! On top of which, you can time an
event in memory, keeping the regular time of
display until you need the chronograph
readout. Then, as you'll see in the explanation
to the far right, the chronograph measures or
stops time, in an extraordinary variety of waés.

his exceptional versatility makes the LCD
Alarm Chronograph with its highly sophisti-
cated micro-computer chip the ideal instrument
for doctors, pilots, motion picture directors and
photographers, sound and efficiency en-
gineers, sportsmen of course, and every
executive who wants the ability to command
time to stand still.

Only $70

Right now, only the Seiko among nationally
advertised brands has all these features. And it
regularly sells for $299.95. Well over two
hundred dollars more—even though its
chronograph is accurate to only a tenth of a
second.

This incomparable value (proved after
exhaustive quality control tests) is what really
impressed us. And we're one of the oldest and
largest mail merchandisers in America.

30 Day Trial

What is more, buying by mail, you can prove
all this to your own satisfaction without riskin
one cent. You have thirty days to put the LC
Alarm Chronograph to the test—to confirm it
won't gain or lose five seconds a month, prove
the convenience of the alarm, satisfy yourself
that the LCD Alarm Chronograph is as useful
as itis easy to operate. More, to compare it with
any watch at any price, and to send it back for a
complete refund if the value is not as great as
we say, if it doesn't arouse the admiration and
fascination of your friends, win your own plea-
sure and satisfaction.

Silver-tone or gold plated

... With the spilit
second precision
of the finest
Swiss stopwatch
...Plus a24-hour
alarm & personal
reminder system.

bracelet. Your watch comes with a full ONE
YEAR Limited Warranty. Remember, too, the
printed circuitry eliminates all moving parts and
normal servicing, and assures you of years of
trouble-free performance.

800-325-6400
OPERATOR #19

(Missouri residents call 800-342-6600)
In operation 7 days a week

To order by credit card, call the toll free
number above. Send your check to Douglas
Dunhill at the address below. (New York and
llinois residents add the appropriate sales tax.)

We Multi-Function Chronograph System

No other instrument, at any price, gives you greater
| precision than the 1/100th of a second accuracy of the
new LCD Alarm Chronograph, or greater versatility
and flexibility in timing an event from a fraction of a
second to 24 hours. Only with the micro-electronic
revolution could you have a multi-function chronog-
raph, a chronograph that can be put in memory, in a
sleek, thin, superbly styied timepiece like this.

Timed to
54 minutes and
14.85 seconds
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#1 Add Time...is the stop watch mode. You'll use it
to time everything from a phone call to the length of a
meeting. How long your car's been at a parking meter,
the time you've been jogging or exercising, even the
time it takes a quarterback to set up and throw. With
Add Time, you can stop when necessary, like a time
out in basketball, and start again when the action
begins. Try it the next time you prepare a speech.

#2 Split Time.. . is the mode you'll use to getthe time
of each contestant across the finish line, or to get the
time for the Ya or the %2 or any interim. On Split Time
the chronograph is actually stopped and running at
the same time, so you can use itto figure the time of a
pit stop, for example, and still get the over-all time of
the race.

#3 Twin Timing. .. Most extraordinary of all, you can
actually combine these functions, using your chrono-
graph as both a stopwatch and split timer. For exam-
ple, a television producer would start timing a show,
he then stops and starts the chronograph to get the
time of the commercial, writes down the figure, and
starts the chronograph again, which jumps ahead to
the total elapsed time. With an ordinary or analog
stopwatch, you'd need two sets of hands to do this—
and would probably have to pay more for just a stop-
watch than for the LCD Alarm Chronograph.

You'll find the chronograph so easy to use, you'll
master it in minutes, and in days find innumerable
business and personal uses. Take 30 days to prove it
to yourself.

Be sure to specify white or gold. You'll have the pre-
cise time, absolute control over time, plus ampte warn-
ing when it's time to do anything. And the pride that
comes with wearing a watch that's second to none.

© Douglas Dunhill Inc. 1978
\)G\_FIS DUNHI,

alarm button. )
So order your LCD Alarm Chronograph to- 57 °
sumoture wrn s B Set to day. The price, including shipping, handling, ° °
' ’ :YGp ring at insurance and a handsome gift case is just v 5 Dept. 81-2321
11:45 PM. $70.00 with chrome case and stainiess steel N & 4225 Frontage Road
bracelet, or $80.00 in gold plated case and OrnpasLE auPY Qak Forest, IL 60452
2 CIACLE NO. 18 ON FREE INFORMATION CARO POPULAR ELECTRONICS

AmericanRadioHicetory Com



NOVEMBER 1978

VOLUME 14, NUMBER 5

Coming
Next
Month

® ACOMPUTER-VS-YOU
CHESS GAME

® SECURITY PROJECTS:

AN IR INTRUSION SYSTEM

AN ELECTRONIC
INTRUDER ALARM

@ POPULAR ELECTRONICS
ANNUAL EDITORIAL INDEX

® TEST REPORTS:
Lafayette AM/FM Stereo
Receiver
Dual 819 Cassette
Deck
Crown DL-2 Audio
Control Center

Cover Art by George Kelvin

POPULAR ELECTRONICS, November 1878, Vol
ume 14, Number §. Published monthiy at One Park
Avenue, New York, NY 10016, One year subserip-
tion rate for 1.5, and Possessions, $13.00; Cana-
da, $16.00, all other countries, $18.00 (cash or-
ders only, payable in U.S, currency). Second Class
postage paid al New York, NY and at additional
mailing offices. Authorized as second class mall by
1he Post Otfice Department, Ottawa, Canada, and
for payment ol postage in cash

POPULAR ELECTRONICS including ELECTRON-
{CS WORLD, Trade Mark Registered. Indexed in
the Reader's Guide to Periodical Literature

COPYRIGHT « 1978 BY ZIFF-DAVIS PUBLISH-
ING COMPANY . ALL RIGHTS RESERVED

Zift-Davis also publishes Boating, Car and Driv-
er. Cycle, Flying. Popular Photography, Skiing,
Steren Review, Electronic Experimenter's Hand-
book, Tape Recording & Buying Guide, Stereo Di-
rectory & Buying Guide, and Communications
Handbook.

Material in this publication may not be repro-
duced in any form withou! permission. Regquesis
for permission  should be  directed to Jerry
Schnalder, Rights and Permissions, Zit-Davis
Publishing Co.. One Park Ave,, New York, NY
10016

Editorial correspondence: POPULAR ELEC-
TRONICS, 1 Park Ave., New York, NY 10016, Edi-
torial contributions must be accompanied by re-
furn postage and will be-handled with reasonable
care; however, publisher assumes no responsi-
bility for relurn or safety of manuscripts, art wark,
or models

Forms 3579 and all subscription corre-
spondence: POPULAR ELECTRONICS,
Circulation Dept, P.O. Box 2774, Boulder,
CO BO30Z2. Please allow at least eight weeks
for change of address. Include your old ad-
dress, enclosing, il possible, an address label
from a recant Issug

The publisher has no knowledge ol any
proprietary rights which will be violated by the
making or using of any items disclosed inthis
issue.

4 re =
- >
_\_ 2
e Mamber Audit Burssu

ot Circulations

Popular Electronics

22

64
70

71

81
83

106

20
112

117
119

122

24
33
44

118

14
125
127
146

WORLD'S LARGEST-SELLING ELECTRONICS MAGAZINE

Feature Articles

MICROPROCESSORS IN AUDIO COMPONENTS / Jutian Hirsch
A BASIC GUIDE TO DIGITAL LOGIC PROBES, CLIPS, & PULSERS / Clayton Hallmark

COMPARING AUDIO ""CLICK"* AND ""POP’’ SUPPRESSORS / Julian Hirsch
Getting higher fidelity with the new noise-removal audio components.

DATA PROCESSING QUIZ / Robert P. Balin

Construction Articles

A PERSONAL MICROWAVE COMMUNICATIONS SYSTEM—
THE MINI-WAVE, PART 2 / Robert B. Cooper, Jr. & S. K. Richey

ADD A “'TICK-TOCK'’ TO YOUR DIGITAL CLOCK / Wiltiam D. Kraengel, Jr.

CONTROL YOUR MODEL RAILROAD WITH AUDIO TAPE / Spencer Bostwick
Let a cassette tape take the place of your train’s engineer.

BUILD A UNITY GAIN INDICATOR / James Barbarello
Inexpensive level detector for audio applications.

Special Focus on Computers

THE "EXPLORER" 8085-BASED MICROCOMPUTER / Martin Meyer
Expandable, single-board computer is compatible with 8080 software.

“CORONA’’ 256-COLOR PERIPHERAL / Jeff Lowenson, Robert Marsh, & James Spann
A CASSETTE CONTROL SYSTEM FOR COMPUTERS / A. A. Mangieri

A TIC-TAC-TOE GAME FOR YOUR ELF COMPUTER / Edward M. McCormick

16-BIT VS 8-BIT MICROPROCESSOR / Gordon Letwin & Hampton Miller

HOW TO CARE FOR DISKETTES / Leslie Solomon

Columns

STEREQ SCENE / Ralph Hodges
New Maps of Sound.

EXPERIMENTER’S CORNER / Forrest M. Mims
The 74150 Multiplexer.

HOBBY SCENE Q & A / John McVeigh

DX LISTENING / Glenn Hauser
Radio Clarin.

COMPUTER BITS / Hal Chamberlain
Computer Arithmetic—Floating Point

Julian Hirsch Audio Reports

PIONEER MODEL CT-F900 STEREQO CASSETTE DECK
LUXMAN MODEL R-1120 AM/FM STEREO RECEIVER
SIGNET MODEL TK7E STEREO PHONO CARTRIDGE

Electronic Product Test Report
J.I.L. MINICOM SX-100 SCANNING MONITOR RECEIVER

Departments
EDITORIAL / Art Saisberg
POPULAR ELECTRONICS at the White House.
LETTERS
NEW PRODUCTS
NEW LITERATURE
SOFTWARE SOURCES
ELECTRONICS LIBRARY
OPERATION ASSIST

AmericagRadioHistory.Com



Popular Electronics

JOSEPH E. MESICS
Publisher

ARTHUR P. SALSBERG
Editorial Director

LESLIE SOLOMON
Technical Director

JOHN R.RIGGS
Managing Editor

IVAN BERGER
Senior Editor

ALEXANDER W. BURAWA
Features Editor

EDWARD I. BUXBAUM
Art Director

JOHN McVEIGH
Assistant Technical Editor

ANDRE DUZANT
Technical Ilustrator

CLAUDIA TAFARO
Production Editor

RUTH POLSKY
Editorial Assistant

Contributing Editors
Hal Chamberlin, Lou Garner, Glenn Hauser
Jullan Hirsch, Ralph Hodges, Forrest Mims

CARMEN VELAZQUEZ
Assistant to the Editor

LINDA BLUM
Advertising Service Manager

KATHERINE REINHARDSEN
Executive Assistant

EDGAR W. HOPPER
Publishing Disector

ZIFF-DAVIS PUBLISHING COMPANY
Philip B Korsant, President
Furman Hebb, Executive Vice President
John R. Emery, Sr. Vice President, Finance
Phillip T. Heffernan, Sr. Vice President
Edward D Muhllteld, Sr. Vice President
Philip Sine, Sr. Vice President, Secretary
Lawrence Sporn, Sr. Vice President, Circulation and Marketing
Arthur W, Butzow, Vice President, Production
George Morrissey, Vice President
Sydney H. Rogers, Vice President
Sidney Holtz, Vice President
Albert S. Traina, Vice President
Paul H. Chook, Vice President
Edgar W. Hopper, Vice President
Robert N Bavier, Jr . Vice President
Selwyn Taubman, Treasurer

W. Bradlord Brnggs, Vice Chairman

ZIFF CORPORATION
William Ziff, Chairman
|. Martin Pompadur, President
Hershel B. Sarbin, Executive Vice President

ZIFF-DAVIS PUBLISHING COMPANY
Editorial and Executive Offices
One Park Avenue, New York, New York 10016
212-725-3500
Joseph E Mesics (725-3568)
John J. Corton {725-3578)
Bonnie B. Kaiser (725-3580)

Midwestern Office
Suite 1400, 180 N. Michigan Ave.,
Chicago, IL 60601 (312-346-2600)
Midwest Representative: Buzz Vincent

Western Office
9025 Wilshire Boulevard, Beverly Hills, CA 90211
213-273-8050; BRadshaw 2-1161
Western Adverusing Manager: Bud Dean

Westemn Representative: Norm Schindler
Suite 205, 20121 Ventura Bivd.
Woodland Hills, CA 91364 (213-999-1414)
Japan- James Yagi, Oji Palace Aoyama,
6-25, Minarmi Aoyama, 6 Chome, Minato-Ku,
Tokyo. 407-1930/6821, 582-2851

> Editorial

POPULAR ELECTRONICS AT THE WHITE HOUSE

I spent aninteresting day at the White House afew weeks ago, together with a
small band of other magazine editors. This included a half-hour session with Presi-
dent Jimmy Carter.

The energy problem is clearly one of the uppermost challenges with which the
administration is grappling. At this time, though, it appears that a distinct energy
substitute for il is not at hand. Rather, a host of other energy-resource avenues
are being explored, solar being one. But solar energy, though glamorous, is costly:
about $81 per equivalent barrel of oil compared to $14 for fossil fuel and $25 for
other sources.

Our energy crunch—when oil demand exceeds productive capacity—is expect-
ed to be reached sometime between 1982 and 1988. Extending this date by con-
servation and substituting other fuels such as natural gas and coal is a primary
goal, giving the U.S. time to fully develop energy alternatives. One alternative,
says Jim Bishop, chief spokesman for the energy department, is restoring to serv-
ice hydroelectric turbines in disuse since the 30s and 40s, when oil was cheap.
Moreover, the U.S. is encouraging use of small dams for electric generation, where
there’s a potential generating capacity of more than 54,000 megawatts.

Walking onto a balcony at the Executive House with Energy Secretary James
Schiesinger, | asked him what he thinks | should do when my 25-year-old oil burner
passes on. He suggested the possibility of substituting a heat pump, though hesi-
tating to make a firm recommendation for the refrigerant system that uses a revers-
ing valve to provide both heating and cooling. Seems that the pump is advanta-
geous when proper factors are present, such as having a satisfactory duct system,
when electric-resistance heating is available, when it doesn’t get terribly cold out-
side, and where electricity costs are not outrageously high. Solar heating, evenfor
hot water only, is not around the corner for me either since I'm living in the North
and solar costs are still quite high. Schlesinger pointed out, though, that there will
surely be a solar energy tax break bill passed soon and, besides, it will be retroac-
tive to April 20, 1977. He also noted that nuclear breeder reactors are OK, though
fusion types are not.

On another subject of interest, | tried to find out what alternatives the U.S. had in
the eventthe rumored “Third World” attempt to take frequencies away from the
amateur radio and CB bands does indeed occur at the upcoming WARC meeting
in '79. Rick Neustadt of the Domestic Policy Staff was aware of the rumors, saying
that our embassy people in each country are trying to persuade the foreign govern-
ments that it would be in their own best long-term interests not to do this. He de-
clined to answer my question about the U.S.’s planned posture should the coun-
tries decline to follow the industrial nations' lead, however.

There were many more subjects covered at this meeting in Washington, D.C.,
but the foregoing are of special interest to PE readers, | know.

Reflecting on the energy problem reminded me of an article reprint | read recent-
ly in which the author observed that energy alternatives are needed, determined
long-range trends, and analyzed available resources and future possibilities that
deserve research efforts to forestall the inevitable. Solar radiation, he concluded,
would be the great source of energy for the future. The author's name: Charles P.
Steinmetz. The date: June 27, 1918.

POPULAR ELECTRONICS
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The Age of Affordable Personal
Computing Has Finally Arrived.

Ohio Scientific has made a major breakthrough in small com-
puter technology which dramatically reduces the cost of per-
sonal computers. By use of custom LS| micro circuits, we have
managed to put a complete ultra high performance computer
and all necessary interfaces, including the keyboard and power
supply, on a single printed circuit board. This new computer
actually has more features and higher performance than some
home or personal computers that are selling today for up to
$2000. It is more powerful than computer systems which cost
over $20,000 in the early 1970's.

~ Thisnew machine can entertain your whole family with spec-
tacular video games and cartoons, made possible by its ultra
high resolution graphics and super fast BASIC. It can help you
with your personal finances and budget planning, made possible
by its decimal arithmetic ability and cassette data storage capa-
bilities. It can assist you in school or industry as an ultra powerful
scientific calculator, made possible by its advanced scientific
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Ohio Scientific offers
Challenger

video monitor

For electronic buffs. Fully
assembled and tested. Re-
quires +5V. at 3 Amps
and a video monitor or TV
with RF converter to be up
and running.
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—Standard Features

B Uses the ultra powerful 6502 microprocessor
B 8K Microsoft BASIC-in-ROM
Full feature BASIC runs faster than currently availasle
personal computers and all 8080-based business com-
puters.
B 4K static RAM on board expandable to 8K
B Full 53-key keyboard with upper/lower case and user
programmability
B Kansas City standard audio cassette interface for high
reliability
B Full machine code monitor and 1/O utilities in ROM
B Direct access video display has 1K of dedicated memory
(besides 4K user memory), features upper case. lower
case, graphics and gaming characters for an effective
screen resolution of up to 256 by 256 points. Normal TV's
with overscan display about 24 rows of 24 characters;
without overscan up to 30 X 30 characters.

Extras

B Available expander board features 24K static RAM (addi-
tional), dual mini-floppy interface, port adapter for printer
and modem and an OSI 48 line expansion interface.

B Assembler/editor and extended machine code monitor
available.

Interested in a bigger system? Ohio Scientific offers 15
other models of microcomputer systems ranging from
single board units to 74 million byte hard disk systems.

NOVEMBER 1978

Fully packaged with power
supply. Just plug ina
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math functions and built-in "'immediate’’ mode which allows
complex problem solving without programming! This computer
can actually enter:ain your children while it educates them in
topics ranging from naming the Presidents of the United States
to tutoring trigonometry all possible by its fast extended BASIC,
graphics and data storage ability.

The machine can be economically expanded to assist in your
business, remotely control your home, communicate with other
computers and perform many other tasks via the broadest line of
expansion accessories in the microcomputer industry.

This machine is super easy to use because it communicates
naturally in BASIC, an English-like programming language. So
you can easily instruct it or program it to do whatever you want,
but you don't have to. Ycu don't because it comes with a com-
plete software library on cassette including programs for each
application stated above. Ohio Scientific also offers you
hundreds of inexpensive programs on ready-to-run cassettes.
Program it yourself or just enjoy it; the choice is yours.

you this remarkable new computer two ways.

1P $349

or TV

A BUALLENGER 1p Ay

: ey 0

AAAE

233

-

~ORDER FORM —_
! Order direct or from your local Ohio Scientific dealer. |
| O I'm interested. Send me information on your:

[ Personal Computers [ Business Systems
O Send me a Superboard |l $279 enclosed
[J Send me a Challenger 1P £349 enciosed
0 Include 4 more K of RAM (8K Total) $69 more enclosed

Name

Address

City State VAlo)
Payment by: BAC(VISA) __ MasterCharge ___ Money Order

Credit Card Account #

Interbank #Master Charge)
Ohin Residents add 4% Sales Tax

TOTALCHARGEDORENCLOSED
All orders shipped insured UPS unless otherwise requested. FOB Aurora, OH

Expires

OHIO SCIENTIFIC

America’s Largest Full Line Microcomputer Company
1333 S. Chillicothe Road ¢ Aurora, Ohio 44202 (216) 562-3101
5



Letters

DX BOOSTER

| can't begin to tell you how much | enjoyed
reading Harry Helms' articles on DXing. Be-

ing a DXer myself, | find his articles invalu-
able. Among my favorites are "Ending that
Utility Futility" (July 1977) and “DX Catches
from Africa” (July 1978). | would certainly en-
joy seeing more articles by Mr. Helms. Inci-
dentally, | am also a Glenn Hauser fan.
—David Reed, Jr., WDX4DR, Miami, FL.

CAR STEREO NR & CRO»

Thanks for "How to Get Hi-Fi Sound in Any
Auto” (July 1978). After reading this article,
however, two questions came to mind. First,
will tapes recorded on one deck with Dolby
noise reduction (at home, for example) be
properly decoded by another Dolby deck

COMPUTERS

COULD SAVE
YOU MONEY

= Finally, an objective look at the top

24 micro systems sold throughout the world! ONLY

* Honest pros and cons of each system, plus a

straightforward look at the micro computer
industry as it relates to youl

= Written in plain English for the layman. If you are
considering the purchase of a personal
computer, this book will save you money!

SAMPLE CONTENTS

= Don't Get Hung up on the Chips « Now, about
the hardware = What? No softwarel « Helpful g
suggestions before spending money
READ UP ON COMPUTERS BEFORE YOU 4 AY
PUT YOUR MONEY DOWN!

ONLY $4.50 PER VOLUME

TELEPHONE TOLL FREE:

800-327-6543—

or send this coupon!
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$ 450

PER VOLUME JF

(such as in a car)? Secondly, why don't the
cassette players in car radios have provisions
for CrO2 tapes and why do so few of them
have Dolby noise-reduction systems?—Rick
Whiting, WOTN, Hopkins, MN.

The answer to your first question is "yes."
The tracking of Dolby noise-reduction circuits
from deck to deck is quite close. The answer
to your second question boils down to a mat-
ter of marketing. If manufacturers feel that
there are enough people out there who want
CrOp and other tape formulations besides
“standard,"” they'll likely start producing them.
Also, improved tape formulations and the
noise-reducing benefits of a Dolby system
may not always be justified in an automotive
environment, where ambient noise might
mask tape noise and other advantages en-
joyed at home.—Ed.

SWR CLARIFIED

SWR continues to be misunderstood. In
“Build a Low-Cost SWR Tester" (June 1978),
there was a chart relating SWR to reflection
loss and antenna power. The chart gives the
impression that, with 4 watts of transmitter
output power, antenna power will be 4 watts if
the SWR is 1:1. This would mean that it
makes no difference whether one uses a
short length of low-loss feedline or a long
length of lossy feedline as long as the SWRis
1:1. This is not so. The reflection losses due
to the SWR must be added to the losses of
the line. SWR is only one of the contributing
loss tactors.—John J. Duda, Erie, PA.

SERVICE BY MAIL

In “Personal Computers for Small-Busi-
ness Applications” (August 1978), the state-
ment *'. .. service from manufacturers is obvi-
ously not a satisfactory route to take" is open
to challenge. In my own experience, | have
had excellent service from a computer manu-
facturer, from initial purchase, to help with
programming, to repair and debugging my
computer—all conducted by mail. Within a
week of placing my order, | had my burned-in
computer. After that, | never had to wait more
than three days for a response to my letters.
This is excellent service from a company lo-
cated more than 600 miles from where |
live.—Art Baldwin, Dallas, TX.

Your experience, though not unique, is not
commonplace. Even so, computer down-time
for as short a time as one day can be very
frustrating (not to mention costly for small
businesses).—Ed.

Out of Tune

In"The Versatile Keypad” (August 1978) in
Fig. 3, the left side of IC11 was incorrectly la-
belled 3, 4, 5 from top to bottom. The correct
sequence shouldbe 3, 5, 4.

POPULAR ELECTRONICS




NEW PRODUCTS

Blood

Pressure
computers

More Americans are taking their own blood
pressure with today’s new electronic marvels.
Here's a report on two of the newest and
lowest priced quality models.

There's a new way to take your blood
pressure. Scientists have developed elec-
tronic systems that wrap around your arm,
require no stethoscope, and don't even
require rolling up your sleeve.

When a doctor reads your blood pressure,
he uses his skill and a stethoscope to de-
termine your systolic and diastolic readings.
Now a computer can do this in the con-
venience of your home and on a regular basis.

DOCTORS ENCOURAGE USE

It's a good idea to know your own blood
pressure. Doctors estimate that 25 million
Americans suffer from hypertension and yet
only half know about it.

Hypertension is high blood pressure, and
high blood pressure usually goes unnoticed
until serious symptoms develop—often too
late to correct.

Doctors encourage their patients to regu-
larly monitor their blood pressure, and the new
electronic models make monitoring easy
enough for everyone to do. Even if your health
has been perfect, hypertension or high blood
pressure can occur at anytime.

EASY TO USE

Taking your blood pressure is quite simple.
Just slip your hand through a self-tightening
velcro cuff, slide the cuff up your arm, pull the
tab, and attach the tab to the velcro material.
The tab will stick automaticaily without {oos-
ening. Then squeeze the rubber bulb to inflate
the cuff, and read your blood pressure on the
dial.

The two units shown above are two of the
most advanced models available. The JS&A
Model 10 sells for $49.95 and the Model 11
shown to the right sells for $69.95.

Both units use three integrated circuits and
a microphone transducer. The microphone
picks up pulses in your artery, and the
integrated circuits measure the puises and

relay the information to a meter which visually
displays your two blood pressure readings.
There is no expensive stethoscope required,
no guesswork or complicated steps to follow.

The Model 10 has a separate bulb to inflate
whereas the Model 11 has the bulb built into
the handle making the process a one-handed
procedure. The deluxe Model 11 also has a
self-bleeding release valve and a more attrac-
tive carrying case.

The units shown above also flash an LED
signal and an audible tone at the two blood
pressure readings to assist the hard-of-hear-
ing or those with poor eyesight.

signed to easily slip over your arm and tighten
with the self-tightening bar and the velcro
material. Just pull the flap and press.

Both models represent outstanding value. if
you are looking for the lowest priced electronic
monitor available, we recommend the Model
10. If you are looking for a more deluxe unit, we
recommend the Model 11. In either case, you
will own the finest.

SOLIDLY BACKED
The JS&A units are powered by a readily-
available 9-volt battery supplied with each

AmericanRadinHicetary Com

The Model 10 at $49.95 represents the most
\outstanding blood pressure computer value.

The Model 11 at $69.95 is one of the most
deluxe blood pressure models available.

unit. The units use solid-state electronics so
service should never be required. But if ser-
vice is ever required, JS&A’s prompt service-
by-mail center is as close as your mailbox.
JS&A is America’s largest single source of
space-age products—further assurance that
your modest investment is well protected.

We recommend that you at least try a blood
pressure computer without obligation for 30
days. Order one. When you receive it, see how
easy it is to slip the cuff on your arm, tighten,
and inflate. See how easy it is to read and
monitor your blood pressure regularly. If, for
any reason, you decide that you would rather
return your unit within the 30 day trial period,
please feel free to do so, and we will be happy
to refund your money and even the $2.50
postage and handling. There is no risk.

To order your blood pressure computer,
simply mail your check for $49.95 for Model 10
or $69.95 for Model 11 pius $2.50 per order for
postage and handling (lllinois residents add
5% sales tax) to the address shown below.
Credit card buyers may call our toli-free
number to order.

We will promptly ship you your blood pres-
sure computer, batteries, carrying case, com-
plete instructions, and your 90 day limited
warranty.

Space-age technology has made it easy to
monitor your own blood pressure. Order a
JS&A blood pressure computer at no
obligation, today.

o) NATIONAL
o SALES
@\ GROUP

Dept PE One JS&A Plaza
Northbrook, ll. 60062 (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
In Minois Call .......... (312) 564-7000

© JS&A Group,Inc.,1978



New Products

Additional information on new products

covered in this section is available from the

manufacturers. Either circle the item’s code

number on the Free Information Card

or write 1o the manufacturer at the
address given.

B.I.C. Two-Speed
Cassette Deck

B.1.C/Avnet's Model T-3 cassette deck
features two speeds—the standard 1% ips
and a new 3% ips. The higher tape speed
is said to improve frequency response,
wow and flutter, and S/N. The three-head

hl

unit is claimed to have frequency re-
sponses of 25-19,000 Hz = 3dB at 1% ips
and 25-22,000 Hz =3 dB at 3% ips. Its
transport system has primary and second-
ary capstans and pinch roller assemblies
in a closed-loop system. Four separate
Dolby circuits allow simultaneous encode
and decode of left- and right-channel sig-
nals. Wind or rewind time on a C60 tape is
45 seconds. A BIAS switch provides a se-
lection of HI, NORMAL, AND LO; equaliza-
tions of 70 or 120 microseconds can also
be chosen. Peak-reading meters have an
extended range of 45 dB. $499.95. Ad-
dress: B. I|. C./Avnet, Westbury, NY
11590.
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location and presses the plunger. The tool
features heavy chrome plating throughout
and a terminal lug for attaching a ground-
ing strap for reliable static dissipation and
safe handling of MOS devices. $7.95. Ad-
dress: OK Machine and Tool Corp., 3455
Conner St., Bronx, NY 10475.
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Empire Scientific
Record
Cleaner

Disco Film trom Empire Scientific Corp. is
a new record cleaner that forms a peel-off
film to remove dirt and grime from record
grooves. Disco Film is water-soluble and
harmiess to viny!. (It should not be used on
old shellac records.) It is applied to the rec-
ord surface with a built-in sponge applica-
tor. When dry, a flexible film is formed that
is easily peeled off with adhesive tape.
One container of Disco Film will clean up to
70 vinyl LP record sides. $29.95. Address:
Empire Scientific Corp., 1055 Stewart
Ave., Garden City, NY 11530.
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OK IC Insertion Tool

The new Model MOS-40 DIP IC insertion
tool from OK Machine and Tool Corp. han-
dles all TTL and MOS ICs in standard 36-
and 40-pin packages with 0.6" pin-row
spacing. This tool also aligns bent-out IC
pins. A twist of the handle compresses the
pins to the proper 0.6” spacing and locks
the IC into the tool. To insert the IC in its
socket or directly on a pc board, the user
simply places the tool over the appropriate

JVC Portable
SW Receiver

JVC's new Mode!l FR-6600JW portable
communication receiver features AM, FM,
and four shortwave bands, the last span-
ning a 1.6-to-30-MHz range. The dual-con-
version receiver is designed to operate on
ac, D cells, or car batteries. The control
complement includes: r-f gain, indepen-
dent bass and treble tone, audio filter for
noise reduction on AM and SW, afc switch,

~

S

bfo switch, pitch control, and main-tuning
and vernier-type SW-tuning controls. A ca-
libration signal produces a beat sound at
250 kHz. The afc switch doubles as a dis-
tant/local switch on AM. The bfo frequency
can be adjusted over a +3-dB range. Oth-
er features include a built-in 5" (12.7-cm)
speaker; jacks for earphones, head-
phones, recording output, and external dc
input; and swivel telescoping and ferrite-
core antennas. Size is 12.9"W X 8.4"H X
3.9"D (32.7 X 21.3 X 10 cm) and weight is
6.4 b (2.9 kg). $149.95. Address: JVC
America Co., 4875 Queens Midtown
Expwy., Maspeth, NY 11378.
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Pace Mobile CB
AM Transceiver
Only 5% inches deep, for tight installation,

the new Pace 8016 CB AM transceiver
features a digital LED display with manual

dimming, a front-panel microphone level
control, and switchable ANL. Specifica-
tions include harmonic supression of —70
dB at 100% modulation. Other features are
an edge-mounted S/r-f meter and switcha-
ble PA facilities. Dimensions are 74" W x
2%" H x 5Y4" D (19 X 6 x 14 cm). $99.95.
Address: Pathcom, Inc., 24049 S. Framp-
ton Ave., Harbor City, CA 90710.
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Microcomputer
Light Pen

A new, low-cost light-pen for microcomput-
ers is available from Esmark. Called the
"Vidiet-Stik” (for Video Integrated Elec-
tronic Tracking), the light pen is touched to
a CRT display screen at any desired point
to indicate that point to a computer. Typical
applications include hand-drawn computer
graphics, interactive games, keyboard
substitution, program "“menu” selection,
and educational drills for pre-schoolers.
Designed for virtually all mini/micro sys-
tems with at least one paralle! /0 line, the
light-pen is supplied with software for 8080
and Z80 systems. Only three electrical
connections are required: +5V, ground,
and a single, TTL-level signal line. The

AmericanRadinHictory Com
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Osborne & Associates, Inc.

The World Leaders in Microprocessor Books

If you want information on microprocessors, read the Osborne books.

An Introduction to Microcomputers

Volume 0 - The Beginner’s Book

If you're not familiar with computers, but
would like to be, then this is the book for
you. Computer logic and terminology are
introduced in a language the beginner can
understand. Computer software, hardware
and component parts are described, and
simple explanations given for how they
work. Text is supplemented with creative
illustrations and numerous photographs.
300 pages.

Volume 0 #08-X $7.95

Volume 1 - Basic Concepts

A must for anyone in the computer field,
this best selling text explains hardware
and programming concepts commion to all
microprocessors. Its universal appeal is
reflected by its having the greatest yearly
sales volume of any computer text. 350
pages.

Volume 1 #02-0 $8.50

Volume 2 - Some Real Microprocessors
Volume 3 - Some Real Support Devices
and update subscriptions

These two books provide complete
descriptions of virtually every
microprocessor and most support devices.
There are no other books like these; they
provide detailed part descriptions from an
independent source.

To cope with the rapid evolution of
microprocessor products, Volumes 2 and 3
have been printed in loose leaf form; each
volume has its own series of six bimonthly
updates, allowing you to remain current
with all parts as soon as they are really
available. Updates sold separately.

These two books replace the 1977
edition of Volume II - Some Real
Products.

Volume 2 with binder #14-4 $20.00
Volume 3 with binder #17-9 $20.00

Volume 2 update only $25.00/yr.
Volume 3 update only $25.00/yr.
Volume 2 and 3 updates $40.00/yr.

Assembly Language Programming

8080A/8085 Assembly Language Programming
6800 Assembly Language Programming

These books describe how to program a
microcomputer using assembly language.
They discuss classical programming
techniques, and contain simplified
programming examples relevant to today's
microcomputer applications. 400 pages
each.

8080A /8085 #10-1 $8.50
6800 #12-8 $8.50

Program Books Written in BASIC

Payroll with Cost Accounting
Accounts Payable and Accounts Receivable
General Ledger

These books feature complete, quality
applications software for small-to-medium
sized businesses. Each book includes fully
documented program listings, sample
printed reports, installation instructions
and user’s manual. Written in an extended
Wang BASIC (write to ask us about our
CP/M CBASIC version and other
conversions). 375 pages each.

Payroll  #09-8 $15.00
AP & AR #13-6 $15.00
G. Ledger not yet available, see order form

Some Common BASIC Programs

76 short practical programs, most of which
can be used on any microcomputer with
any version of BASIC. Complete with
program descriptions, listings, remarks
and examples. 200 pages.

SCBP #06-3 $8.50

Programming for Logic Design

8080 Programming for Logic Design
6800 Programming for Logic Design
Z80 Programming for Logic Design

These books describe the meeting ground
of programmers and logic designers;
written for both, they provide detailed
examples to illustrate effective usage of
microprocessors in traditional digital
applications. 300 pages each.

8080 #04-7 $8.50
6800 #05-5 $8.50
280 #11-X $8.50

Osborne & Associates, inc.
P.O. Box 2036, dept. A3
Berkeley, CA 94702 USA

(415) 548-2805
TWX 910-366-7277

BOOK # & TITLE

PRICE QUANTITY | AMOUNT

NAME

ADDRESS

ciIry

Please send the following information:
O Becoming an O&A dealer

STATE ZIP PHONE

O School discounts

O List of foreign distributors

O More information on O&A books

O Notice when General Ledger is available

Payment in ed: must be d for pi
of up to $70.00. Invoicing U.S. purchases over $70.00
ilable upon app | of your . All foreign

orders must be prepaid in U.S. dollars drawn on 8 U.S.
bank.

SHIPPING {Shipping for large orders to be arranged)

Vol. 2 and Vol. 3 update subscnptions:

O Al foreign orders $4.00 per 6-issue subscription for armail
O No charge in the U.S. - 4th class mail ONLY

Books:

O All foreign orders $3.00 per book for armail

O $0.35 per book 4th class {allow 2-3 weeks in the U.S)

O $0.75 per book UPS i the U S. {allow 10 days}

O $1.50 per book special tush shipment by ar in the U.S.

California residents tax

shipping

TOTAL AMOUNT ENCLOSED

Calif. residents add 6% sales tax.
S.F. BART residents add 6-1/2 % sales tax.

F11

NOVEMBER 1978

CIRCLE NO 49 ON FREE INFORMATION CARD

nRadioHistorv Com




10

Needle in the
hi-fi haystack

Even we were astounded at how
difficult it is to find an adequate
other-brand replacement stylus fora
Shure cartridge. We recently
purchased 241 random styli that were
not manufactured by Shure, but were
being sold as replacements for our
cartridges. Only ONE of these 241
styli could pass the same basic
production line performance tests
that ALL genuine Shure styli must
pass. But don’t simply accept what
we say here. Send for the documented
test results we've compiled for you in
data booklet # AL548, Insist on a
genuine Shure stylus so that your
cartridge will retain its original
performance capability—and at the
same time protect your records.

Shure Brothers Inc.
222 Hartrey Ave., Evanston, 1L 60204

In Canada: A.C. Simmonds &) Sons Limned

Manufacturers of high fideinty components,
microphones, sound systems and related circuitry.
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software occupies less than 1K of memory,
and is relocatable to any address. $40,
plus $1.50 postage and handling. Address:
Esmark, Inc., 507% E. McKinley Highway,
Mishawaka, IN 46544,
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Heath
Logic Probe

Heath's new Model IT-7410 (kit)/ST-7410
(wired) logic probe is designed for in-cir-
cuit testing of TTL and CMOS integrated
circuits. 1t features switch-selectable thres-
holds for either TTL or CMOS circuitry and

lamps that turn on when the input voltage
crosses the appropriate levels. A memory
circuit is incorporated to turn on a LED
when either threshold is crossed. The
probe is designed to detect pulses as short
as 10 ns. Upper frequency limits are 100
MHz for TTL and CMOS devices at 5 volts
and 80 MHz for CMOS at 15 volts. Power
for the probe is obtained from the circuit
under test via a pair of insulated alligator
clips. A ground lead is provided for
high-frequency operation. The probe is
protected for up to 50 volts continuous and
175 volts dc for 5 seconds. Price is $39.95
kit, $64.95 assembled. Address: Heath
Company. Benton Harbor, Ml 49022.

CIRCLE NO 90 ON FREE INFORMATION CARO

«t BEEN - 0
as VRN N A

amplifier; and 117/220-volt ac switchable
voltage. A switch is provided on the front
panel for outboard sound processors. Also
provided are impedance and capacitance
selectors for cartridge/system compatibil-
ity and an electronic protection system to
prevent a short circuit from damaging the
amplifier or speaker system. $449.95. Ad-
dress: H.H. Scott, Inc., 20 Commerce
Way, Woburn, MA 01801.
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Sylvania
Power Microphone

The Sylvania Model SDX-400 power mi-
crophone for CB base-station applications
has 20-dB gain available and is continu-
ously adjustable via a slide control. The
mike's output impedance ranges from O to
2500 ohms, and maximum sensitivity is
—45 dB. A 9-volt battery powers the mike's
transistorized amplifier and an on-the-air
LED indicator. There's a built-in compres-
sor circuit in the amplifier for high transmit-
ter modulation levels. The push-to-talk
switch has a lock-on position and the mike
head can be adjusted for optimum pickup.
Address: GTE Sylvania Inc., 1 Stamford
Forum, Stamford, CT 06904.
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H. H. Scott
Integrated Amplifier

H.H. Scott’s top-of-the-line Model 480A in-
tegrated amplifier, rated at 85 watts con-
tinuous power/ch at 0.03% THD, has two
independent phono preamplifiers with sep-
arate input and record capability. This per-
mits the user to record from any one func-
tion while simultaneously listening to any
other source. The amplifier also features
active subsonic and high filters; base, mid-
range, and treble tone controls that can be
bypassed for flat response; dual logarith-
mic dBW power meters; dc OCL power

Altec Lansing
Model Eighteen
Floor-Standing Speaker

Altec Lansing's Model Eighteen, a floor-
standing speaker system, utilizes its

604-8H driver combination. The latter con-

sists of the "Tangerine” phase plug, “Man-
taray” horn, and a new dual equalizing net-
work. The phase plug transmits high fre-
quencies beyond 20,000 Hz, while the

AmericanRadioHictory Com
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fact:

we call it a Dynamic Stabilizer .
...critics call it a major innovation

True, the device on the front of a V15 Type [V cartridge
bears a superficial resemblance to a cleaning brush.

In reality, it is a complex, exquisitely engineered
subassembly which performs several complex functions
: that measurably enhance the quality of
record reproduction!

Each one of its 10,000 conductive carbon fibers is
positively grounded to discharge ever-present static
electricity from the surface of your records. This eliminates
static clicks and pops, as well as the tracking distortion
produced by the varying electrostatic attraction between
the record surface and the tone arm.

What's more, the Dynamic Stabilizer incorporates
Shure-developed viscous damping that results in a
uniquely efficient suspension system which maintains
precise cartridge-to-record distance and uniform tracking

force—even on severely warped records. The stabilizer
also acts as a shock absorber to cushion the stylus in case
you accidentally drop the tone arm onto the record.

Finally, the tiny carbon fibers are so fine that 10 of them
can fitinside a single groove to sweep free minute
dust padicles.

This integrated approach to pure sound reproduction
extends throughout the design of the V15 Type V.

It sets @ new standard of high trackability at ultra-low
tracking forces—even on records that are warped, dusty,
and charged with static.

If faithful reproduction of all your recordings is of
paramount importance to you, we invite you to audition
the V15 Type IV with the Dynamic Stabilizer. Or, write for
the complete story (ask for AL569).

V15 Type IV...the stabilized cartridge

SSHURE §

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204, In Canada: A. C. Simmonds & Sons Limited
Manufacturers of high fidelity compconents, microphones, sound systems and related circuitry.




horn is said to provide improved horizontal
dispersion. The Model Eighteen is a tuned,
vented enclosure which reproduces more
than 100 dB (SPL) from one watt at one
meter. It is available in a hand-rubbed oak
cabinet with a black semi-transparent grille
fabric. Address: Altec Corp., 1515 S.
Manchester, Anaheim, CA 92803.
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Electro Scientific
DMM

Electro Scientific's Calcumeter 4100 is
a fully CMOS-microprocessor-controlied
315-digit DMM that sells for less than $400.
It can automatically and directly scale and
offset; sort with high/low limits; average
noise away; measure dBV directly; display
in percent deviation; and troubleshoot by
sound. It can measure and hold a million
times on a single 9-volt battery, control and

datalog remotely with an accessory printer,
and perform math conversions with 11
special keys. It can also store measure-
ments and/or calculations in five different
memory locations; operate with autorang-
ing, autozeroing, and autopolarity; and dis-
play in scientific, engineering, and fixed-
decimal formats. Its ranges are: 10-pV
sensitivity through 1000 V dc, 750 V ac; 10
pA sensitivity up to 200 mA (20 A with
accessory shunt); 0.1-ohm resolution
through 20 megohms. Basic accuracy is
0.25% dc V. Address: Electro Scientific in-
dustries, Inc., 13900 N.W. Science Park
Dr., Portland, OR 97229.
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rections. Also featured is an ultra-low-
mass professional straight tonearm and a
headshell molded of carbon fiber. The
tonearm has viscous cueing and facilities
for adjusting the antiskating force. Other
features include: microswitch electronic
controls, electronic speed and pitch con-
trols, die-cast aluminum platter, and a re-
movable hinged dust cover. Address:
BSR(USA) Ltd., Rte. 303, Blauvelt, NY
10913.
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Telequipment
Dual-Trace Scope

The Telequipment Model D66A is a 25-
MHz dual-trace oscilloscope. Features
pushbutton operation for all standard trig-
ger operations, and a TV trigger switch for
TV servicing. Calibrated sweep speeds

range from 20 ns to 2 s/division; vertical
sensitivity ranges from 10 mV to 50 V/divi-
sion across the 25-MHz bandwidth of the

scope. A 1-mV/division sensitivity can be

ADC Turntable

The ADC Professional Products Group of
BSR(USA) Ltd. has introduced a new se-
ries of turntables with resonance-cancel-
ling bases and energy-absorbing reso-
nance-tuned suspension feet. Topping the
line is the Model 1700DD quartz direct-
drive PLL semiautomatic turntable. An
electronic phase comparator monitors
speed changes and makes immediate cor-

selected, but the bandwidth would then be
15 MHz. Address: Marshall Pryor, 43-000,
Tektronix, Inc., P.O. Box 500, Beaverton,
OR 97077.
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triggered, gated or one-shot pulses. Pulse
repetition frequency is continuously vari-
able from 0.5 Hz to 5 MHz, in seven, over-
lapping decade ranges. Duty cycle, pulse
width and pulse spacing are variable over
a range of 107:1, from 100 ns on/1 second
off to the reverse. Pulse output amplitude
is variable from 0.1-10 volts, with sufficient
output current for a TTL fanout of 40. Ex-

ternal triggering to 10 MHz is accepted,
and a push-button is provided for one-shot
use. A separate sync output pulse leads
the main pulse output by approximately 20
ns. $130. Address: Continental Special-
ties, 70 Fulton Terrace, New Haven, CT
06509.
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Continental Specialties
Pulse Generator

The CSC DM-4 Design Mate pulse gener-
ator produces a wide range of repeated,

Sonus Phono
Cartridges

Sonic Research, Inc., has developed two
new series of high-definition phono cart-
ridges to suit a wide range of record-play-
ing needs. The premium Sonus Gold se-
ries consists of three models with identical

bodies and stylus assemblies. They differ
from each other only in their diamond sty-
lus shapes. The $140 Blue Label is spe-
cially designed for discrete 4-channel play-
back. The $125 Red Label is fitted with an
elliptical stylus. And the $110 Green Label
has a spherical stylus. All three cartridges
are designed to track at from % to 1%
grams. The Sonus Silver series consists of
the Silver P ($75), which is a modestly
priced version of the Blue Label, and the
Silver E, which has an elliptical stylus. Both
are designed to track at between 3 to 12
grams. Address: Sonic Research, Inc, 27
Sugar Hollow Rd., Danbury, CT 06810.

CIRCLE NO. 100 ON FREE INFORMATION CARD
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The priceless gift of learning now has a
price: $599. And a name: the Radio Shack
TRS-80™ Microcomputer. And now, at last,
your child has a chance to discover
Tomorrow on Christmas morning.

“Tomorrow” is an electronic world, based on computers — and it's already here. In
it your child can be a number in a machine. A robot. Because he or she does not
understand either the number or the machine. Or your child can be pleasurably

elevated into this brave new world with a gift that has only become affordable in recent
months,

Quotes from Fascinated Customers

The Radio Shack personal computer surely ought to be on the gift list of every
concerned parent, despite that $599 — though less than a moped — is costlier than an
electric train. A father writes to tell us “this investment is one of the most significant in
value to our family and to the future education of our child that we have ever scen.”

A Californian, aged 12, writes to tell us that he's “too young to go to work for Radio
Shack ... but maybe we could work a deal where I could write some programs for
you.” An educator thanks us for “making possible the tapping of human innovation and
creativity on an unprecedented scale.”

Advice for Parents Who Care

In your lifetime the possibility of owning or giving a computer — up to now — was
unthinkable. A computer? That can teach? Remember? Display on its own screen?
Play games? Complete with a standard typewriter keyboard? Unthinkable — up to now.

But now the Tomorrow Machine is not only thinkable but practical, affordable and
available at every Radio Shack store and participating dealer. The TRS-80 personal
computer system? For the kids? For Christmas? Crazy? Like a fox!

Radie fhaek

The biggest name in little computers™

A Division of Tandy Corporatios
Fort Worch, Texas 76102
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TR5-80 manual, written
by an educator, is 232
pages of instruction for
a beginner.

R
TRS-80 system includes
everything in this
picture and, of course,
the manual.

TRS-80 1s expandable
and can grow in power
and utility. Everyone in
the family becomes
involved, entertained,

\ informed.
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When you

discover

A P Products,

you’ve got it made.

To electronics hobbyists, A P
Products are a “find"” every time.
You'll see.

You'll find yourself building and
testing your circuits faster and
easier than you've been able to
before. And with optimum elec-
tronic integrity.

Part of it is the practical, sensible,
useful design of our solderless,

reusable breadboards and inter-
connectors and testing devices.

The other part is quality. Superior
materials. Superior manufacture.
Everything pretested. You can truly
depend on A P Products.

Item: Qur connectors are moided
onto the cable, not just crimped on.
They just don't pull loose. Try one
and see.

Where? Call (toll-free) 800-324-9668
for the name of your local A P store.
And ask for our complete A P cata-
log, The Faster and Easier Book.

AP PRODUCTS
INCORPORATED
Box 110 e 72 Corwin Orive
Painesville, Ohio 44077

Tel. 216/354-2101

TWX: B10-425-2250

Faster and Easier is what we're all about.

CIRCLE NO. 4 ON FREE (INFORMATION CARD
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New Literature

ITT POMONA TEST
ACCESSORY CATALOG

An 86-page test accessory catalog from ITT
Pomona Electronics lists products such as
molded patch cords, cable assemblies, test
socket adaptors, spaced molded accesso-
ries, molded test leads, connecting leads and
banana and phone plugs. The catalog in-
troduces 23 new products and includes cable
and wire description and metric conversion
charts. Address: ITT Pomona Electronics,
1500 E. Ninth St., Pomona, CA 91766.

CB INTERFERENCE FLYER

“CB Interference Cures” is a flyer describing
common FM, TV, and audio interference
problems and cures. Topics covered include
ac power lines, stereo speaker leads, phono
inputs. For a free copy ask for Flyer CB-1 and
enclose a SASE. Address: Electronic Spe-
cialists, Box 122, Natick, MA 01760.

WESTINGHOUSE SEMICONDUCTOR
MOUNTING DATA

Proper mounting methods of power semicon-
ductors is the topic of new application data
from the Westinghouse semiconductor divi-
sion. The seven-page data sheet gives
procedures for applying all types of devices—
lead mount stud type, flat base and disc.
Thermal resistance considerations, surface
requirements, cleaning procedures, optimum
mounting pressures, hardware considera-
tions, and heat-sink recommendations are
covered. The data sheet, entitled "Mounting
Power Semiconductors,” includes diagrams
and tables. Address: Semiconductor Divi-
sion, Westinghouse Electric Corporation,
Youngwood, PA 15697.

TAB BOOK CATALOG

A new 1978 catalog is available from Tab
Books. More than 600 current, new, and
forthcoming technical and do-it-yourself titles
are listed. The 52-page catalog is fully illus-
trated. Address: Tab Books, Blue Ridge
Summit, PA 17214,

TANDY COMPUTER CATALOG

The Tandy Computers 1978 mail-order cata-
log lists a full line of popular microcomputers
and accessories. Kits as well as assembled
microcomputers are described, along with
software, literature, and parts. The 52-page,
four-color catalog can be obtained by calling
(toll free) 1-800-433-1679 or writing to the
company. Address: Tandy Computers, Dept.
R7, Box 2932, Fort Worth, TX 76101.

POPULAR ELECTRONICS



B&K-PRECISION's new digital probe

ACTUAL
SIZE

Reveals
pulse presence
to 50MHz
and costs only $50

Most logic probes do a satisfactory job of indicating logic
status; some also display low frequency pulses, but now
B&K-PRECISION offers more. The new DP-50 Digital Probe

actually displays pulse presence to 50MHz. In addition, the inten-

sity of its PULSE LED is directly proportional to the duty cycle of
of the signal observed, up to a 10:1 ratio.
For high-speed or intermittent pulses, the DP-50 offers a MEM-
ORY mode to "‘freeze’ and store the pulse display. In the PULSE
mode, pulses as short as 10 nanoseconds (typical) are “'stretched
for a clear visual indication. A 2-megohm input impedance ensures
that the DP-50 will have no effect on the circuit under test. This im-
pedance is significantly higher than ordinary logic probes.

The DP-50 is a multi-family device, compatible with TTL, DTL, RTL,
HTL, CMOS, MOS and high-noise immunity logic (HiNIL). As a result,

the DP-50 simplifies the analysis and troubleshooting of any digital
circuit by clearly displaying in-circuit logic activity. The DP-50 is a com-
pact and lightweight instrument, yet it outperforms conventional logic
probes. Like other B&K-PRECISION instruments, the DP-50 is fully over-
gj‘;'zggCAN load protected.

TION At only $50, the DP-50 is the most cost-effective high-performance

digital probe available. All together, the DP-50 offers much more than just
DP-sn logic. Butisn't that logical? It's from B&K-PRECISION.

DAY I8ene3n

Available from your local etectronics distributor.

- DYNASCAN
DKP RECISION CORPORATION
6460 W. Cortland Street+ Chicago, IL 60635 - 312/889-9087

In Canada. Atlas Electronics Ontario
International Sales: Empire Exporters. Inc. 270 Newtown Road. Plainview. L1 N.Y 11803
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Now NRI makesit

TV/Audiohome

Side-by-side

equipment comparison

of NRI and two

to be a problem. Catalogs are radically
different and some are not too clear as to
what you actually get for your money. So

other leading schools
shows what you get
for what you pay.
When you have to pay
as much as $985 more

for another school’s course,

you should carefully
consider your tuition
investment.

When you sit down and try to pick
out the school that's best for you, it gets

NRI has done a lot of the work for you.
And put the prices right up front so you
can make your own judgment.

Of course, we can’t compare every-
thing. Lesson clarity and content vary.
What one covers here, another covers
there...or not at all. The material one
school breaks down into eight lessons
may be four at another. And the qualifi-
cations and abilities of instructors are

another question.

NRI SCHOOL A SCHOOL B
COURSE TITLE Master Course in TV, Audio, | Master Course in Color TV Electronics Technology and
and Video System Servicing | Servicing Advanced Troubleshooting
&1
CASH PRICE $1295 $1539 $2280
(terms available)
TV SET NRI designed-for-learning Heathkit GR-2001 25" Zenith model G4020W 19”
kit. Dual speaker 25" (diagonal) color TV (diagonal) color TV (fully
(diagonal) color TV (cabinet extra) assembled)
with cabinet
OSCILLOSCOPE | NRI designed-for-learning Heathkit 10-454t 5" Heathit [0-4541 5"
kit. 5" (8 x 10 cm) (8 x 10 cm) triggered (8 x 10 cm) triggered sweep
triggered sweep sweep (not given until
after graduation)
COLOR BAR NRI designed-for-learning Elenco SG-200 (kit) Elenco SG-200 (fully
GENERATOR kit. 10 patterns 10 patterns assembled) 10 patterns
FREQUENCY NRI designed-for-learning
COUNTER kit. Complimentary metal
oxide semiconductor digital
type
METER NRI designed-for-learning Heathkit (part of TV kit) Private label multimeter
kit. Transistorized AC/DC DC only, IK Ohm/volt
volt-ohm meter
AUDIO NRI designed-for-learning Private label pocket transis-
kit. Four-channel high- tor AM radio kit and AM-
fidelity AM/FM tuner with FM-SW solid-state portable
speakers radio kit
TRAINER NRI Discovery Lab Breadboard Experimental
Electronics Lab
MISCELLANEOUS EICO Digital Logic Probe
EQUIPMENT
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All data as shown in each school's catalog as of September 1, 1978.
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One Million Students,
Over 60 Years’ Experience

So we can only tell you what NRI
has to offer. We've been in education
since 1914, starting as a radio school six
years before commercial broadcasting
was even on the scene. Since then, we've
kept right up with the times, improving
techniques, adding material, creating
new courses to help people improve their
skills and income.

Early on, we learned to keep our
lessons compact....thoroughly covering a
subject, but not so much that students
would be overwhelmed. We call them
“bite-size” lessons because they're easy
to digest.

Learn by Doing
with “Hands-on” Training
And, we pioneered the concept
of “hands-on” training. NRI goes far
beyond theory and textbooks to give our
students actual bench experience and
prepare them for the realities of electronic
servicing. Every piece of equipment in
our Master Course in TV and Audio Ser-
vicing is designed for learning. As you
assemble the kits we supply, you build a
highest-quality, up-to-date 25” (diagonal)
color TV, a 4-channel amplifier and tuner
with speakers, your own oscilloscope,

Learn as you build with “hands-on” training,

POPULAR ELECTRONICS



easy 1o compare

study courses.

digital frequency counter, and other
instruments you'll use in your course,
use later to earn good money as a TV/
Audio technician.

The point is, none of this equip-
ment is hobby-kit or commercial assem-
bly line units with lessons “retro-fitted”
to what was at hand. NRI has designed
each so you get invaluable training and
experience you just can't get any other
way. As you build, you study operation
of circuitry, see how sections interact,
perform “power-on” experiments only
possible with NRI. This total training is
exclusive with NRI...no other school,
home study or resident, offers it.

Instructors
Who Know Their Business

NRI instructors are thoroughly
qualified, with both technical and educa-
tional experience. Most of them helped
develop NRI courses, lessons, and equip-
ment, so they really know what they're
talking about. They're interested in their
students, always ready to help with a
question, a problem...give good advice
to help you reach your goals.

It's instructors and training like
this that have made NRI the choice of
professional TV servicemen who have
taken home study courses. As a national
survey shows (summary on request), they
recommend NRI by a majority of three to
one over any other school.

So how does NRI give you all this
and still cost so little? We keep costs down
by designing our own training kits,
eliminating the middleman’s profit on
hobby kits or commercial units. And by
offering our training by mail only. We
have no sales force, no commissions to
pay. You make up your mind in your own
time, without pressure, let the facts speak
for themselves. We pass these savings on

to you in the form of lower tuitions, more |

equipment, carefully designed courses
and effective lessons.
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Send for Free Catalog,

No Salesman Will Call

Send for our free catalog today and
get all the details. See every piece of
equipment and kit you get...a complete
listing of fully described lessons...expla-
nations of each and every experiment you
perform. Read about NRI's background
and qualifications. ..career opportunities
...what NRI graduates say about their
training...costs and monthly payment
plans for the courses that interest you.
Then compare NRI value and results and
make your decision. Like the million
that have gone before you, we think
you’ll choose NRI. Send the card today.

-

Build and keep 2-meter transceiver, test equipment
for a communications career.

Orcheckout NRI
value-training in Computer
or Communications/C
Equipment Servicing.

If vou're interested in learning how
to service and maintain digjtal computers,
check out our NRI course. You learn at
home, in your spare time, and actually
build a programmable,
integrated circuit, dig-

ital computer with
expanded memory.
Or maybe your
interest is CB or
the expanding world
of communications. ..
mobile radio, microwave,

AmericanRadinHietary Com

TV broadcasting, and much more. NRI
can help you there, too, as you build
and experiment with your own digitally
synthesized 2-meter transceiver. For these
and other NRI home study courses, just
check the postage-paid card and mail
today. If card is missing, write to:

N"‘ X 3939 Wisconsin Avenue

€ e Washington, D.C. 20016
Hull'

NRI Schools
McGraw-Hill Continuing
Education Center
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NEW MAPS OF SOUND

HATEVER happened to the great

tube vs. transistor debate, the TIM
(transient intermodulation distortion)
uproar, the showdown between moving-
magnet and moving-coil phono car-
tridges, and all the other provocatively
controversial issues that were once
ready grist for this column’'s mill? This
was the first question to pop into my
mind when | recently reviewed a few
years' worth of these columns in search
of new directions.

Not many years ago, it was widely be-
lieved that new conceptual models for
nonlinear phenomona—TIM, for exam-
ple—and new test techniques for study-
ing them would finally explain what it
was that so many seemed able to hear
but unable to measure. After all, it ap-
peared certain that these phenomena
were being heard, not only by audio-
philes but by credentialed engineers.
Surely the application of enough intense
study to things that were perceptually
detectable would ferret out their secrets
in time, and give us a means of deter-
mining why one amplifier seemed to
sound good and another not so good.

Well, the march toward the great son-
ic truths has not been as orderly or inevi-
table as it was hoped it would be back
then. TIM has been defined and rede-
fined, measured this way and measured
that. Yet, a clear-cut correlation between
what looks good in the laboratory and
sounds good in the listening room
eludes us. Moving-coil cartridges contin-
ue to measure not especially better nor
especially worse than moving-magnet
designs—at least according to presently
applied tests—and no one can be defi-
nite about why some ears seem to pre-
fer them. Several of the original true be-
lievers in “esoteric” distortions have ac-
tually recanted. Many of those who re-
main dedicated to the cause are either
perplexed by the lack of good ear-instru-
ment correlation or have safely tucked
themselves away in a world of abstrac-
tion in which they envision future tests
that will reveal the whole elephant rather
than just its trunk, leg, or tail.
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By Ralph Hodges

The Whole Elephant. The favorite
argument (and it's beginning to sound a
little bit like an apology) of researchers
who cannot find revealing measure-
ments for what they hear is that all our
present-day measurements are dimen-
sionally limited. We plot distortion
against frequency or against power out-
put but ignore many time- and phase-
related considerations in the measure-
ment. In another test—rise time, per-
haps—we'll attack some time-related
phenomenon directly, but without relat-
ing it in a sophisticated way to the fre-
quency and power output domains. It
has long been the view of many re-
searchers that a properly chosen test
signal such as an appropriate square
wave can enable you to make virtually
any significant amplifier measurement
you choose. These would include fre-
quency response, effective power out-
put, phase shift, rise time, slew rate,
general transient and overload behavior,
and—by using modern spectrum-anal-
ysis techniques—harmonic and inter-
modulation distortion. But the problem,
according to the critics of present-day
measurements, is that we continue to
look upon all these amplifier characteris-
tics as separate, independent entities.
What is necessary, the critics further
suggest, is an agreed-upon system of
mathematical transformations by which
all these parameters can be plotted or
“mapped” against a set of common (if
complex) coordinates, so that their vital
interrelationships can be observed. For
example, slew rate and high-frequency
power output tend to be inversely relat-
ed; as power output goes up, undistort-

Fig. 1. Due to quick travel through
cone, sound from A reaches the
listener sooner than from B, where
output is supposed to originate.
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ed high-frequency response falls off.
Something of a trade-off is involved
here, and it's presumably important for
us to know how much we can balance
the requirements of bandwidth and out-
put capability to obtain audible results
for most musical material. Present spe-
cifications do not even indicate that this
critical interrelationship exists. There-
fore, we need new “maps,” or so the ar-
gument goes.

Maps to Where? Speaking before a
convention of the Audio Engineering So-
ciety in Hamburg, Germany early this
year, Henning Mgller put forward some
practical remarks as to how present spe-
cifications for many audio components
are deficient. A Dane, but hardly a mel-
ancholy one, Mgller believes we are now
at the point where, with the proper mea-
surements properly interpreted, mean-
ingful correlation between test instru-
ments and ears is just barely possible,
Mgller (whose connection with Briiel &
Kjaer would seem to put him in a posi-
tion of authority on these matters) pro-
poses six domains of evaluation for an
audio system:

(1) 1/3-octave-band steady-state re-
sponse measurements of the system's
acoustical output, taken either in the ac-
tual listening environment or in a "stand-
ard"” room representative of typical envi-
ronments. Only frequencies from 20 to
2,000 Hz need be considered here.

(2) Free-field (anechoic) evaluations
of amplitude and phase performance
from 2,000 to 200,000 Hz. This is essen-
tially an examination of the transient be-
havior of the system, and would reveal
aberrations in phase/time coherence.

(3) Amplitude measurements from
200 to 20,000 Hz on varying time bases.
“Gating” techniques would be used to
examine the system’'s behavior subse-
quent to stimulation by a pulse or a tone
burst of specific duration. Mgller lays
particular emphasis on what happens up
to 1 millisecond after the cessation of
the burst, as well as on spurious “early”
reflections that may actually precede the
proper output of the system.

(4) Measurements from 2 to 20 Hz,
particularly on record players and other
program sources involving mechanical
operation. This frequency range is the
“tonearm resonace, flutter, and rumble
domain,” and the problems to be ex-
pected are time-base fluctuations (“fre-
quency smear”) and intermodulation ef-
fects extending up into the audio range.
Mgller is certainly not alone in believing
that a turntable flutter measurement is

POPULAR ELECTRONICS



much more an evaluation of the tone-
arm/cartridge combination than an
assessment of the platter drive.

(5) Swept two-tone intermodulation
measurements from 20 to 20,000 Hz.
These are suggested as a more reveal-
ing substitute for traditional steady-state
THD and IM tests.

(6) Similar swept two-tone tests from
2,000 to 200,000 Hz. These are intend-
ed to be revealing of a system’'s tran-
sient performance and its ability to slew
with adequate speed.

Rationalizations. It is strongly em-
phasized that these tests are tentative,
awaiting further confirmation of their
useful correlation with perceived sound
quality. And beyond that will come the
business of standardizing procedures,
weighting various parameters for their
subjective importance and “trade-off”
values, and establishing some scheme
(if possible) whereby overall “figures of
merit” can be awarded. But what, speci-
fically, do these tests have to recom-
mend them?

The first test is a traditional steady-
state evaluation of spectrum, with a little
more emphasis on interface with the ac-
tual listening environment than has been
usual. Tests 2 and 3 begin to occupy us
seriously with controversial time and
phase considerations, which Mgller evi-
dently takes quite seriously. For exam-
ple, he speaks of a situation (Fig. 1) in
which the transmission time of an im-
pulse through the material of a speaker
cone is so much faster than the speed of
sound through air that a spurious “pre-
echo” of a transient can actually reach
the listener sooner than the signal from
the cone’s “acoustic center.” Compound
these effects with (in the case of loud-
speakers) the better recognized driver
and cabinet resonances as well as dif-
fraction phenomena and we can see
that any abrupt impulse a loudspeaker is
called upon to reproduce is not likely to
be very well defined in time. Mglier con-
siders this a very audible faulit.

Test 4 gets us into more-or-less
steady-state time modulation where we
can expect to see distinct spurious fre-
quencies generated as the result of con-
stant infrasonic disturbances in the sys-
tem. And the remaining two tests look
for similar distortion products, this time
generated by audible and ultrasonic sig-

nals passing through the system. Mégller
states that the two-tone swept IM mea-
surements over a 200-kHz bandwidth
typically reveal distortion levels of 10
percent in tuners, phono preamplifiers,
and tape decks. These distortions fre-
quently consist of difference products
that crop up in the audio band, although
they are generated by signals well
above itin frequency.

One of the arguments that has been
repeatedly leveled at wide-band (200-
kHz or more) distortion measurements
is that there is no reason to believe that
frequencies much above 15 kHz ever
find their way into an audio system; and
if they never get in, there is no point in
worrying about just what they might do if
present. Lately, however, there has
been some evidence to dispute this
view. Tuners and tape recorders both
make use of ultrasonic signals and, so-
phisticated filtering notwithstanding,
their effects can be clearly heard under
the proper conditions (for example, a
high-leve! frequency sweep on a cas-
sette deck can almost always be made
to give you a very audible beat with the
bias oscillator, descending in frequency
as the test signal ascends).

Even record players, traditionally
thought to be severely bandwidth-limit-
ed, can present some surprising inputs
to a phono preamplifier. With a scanning
electron microscope, George Alexan-
drovitch of Pickering/Stanton has mea-
sured frequencies higher than 40,000
Hz at levels exceeding 40 centimeters
per second on some records! How on
earth did such horrendous signals ever
get there? It seems unlikely that they
have anything directly to do with the mu-
sic that was being recorded, but they are
there nonetheless. Furthermore, since
we know that a record player can and of-
ten does have a bandwidth exceeding
40,000 Hz (that's what enables CD-4 to
work), it is no longer safe to assume that
a sound system will merely ignore this
sort of recorded information.

Mgller presents additional data that
persuasively argue for the presence of
unexpected levels of ultrasonic energy
in phono reproduction. Through the use
of a small accelerometer (rather than a
test record) B & K has been able to take
a closer look at the square-wave re-
sponses of various phonc cartridges.
Figure 2 shows "typical” results for mov-
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ing-magnet and moving-coil devices.
The rise time for the moving-coil sample
is an astonishing 5 microseconds (the
moving-magnet  achieves a  20-
microsecond rating), testifying to an am-
ple bandwidth. The question now arises
as to whether the moving-coil cartridge,
with its obvious ability to inflict significant
amounts of ultrasonic energy upon the
phono preamplifier, should really sound
better than the moving-magnet device.
The question remains to be answered.

Good Enough? Setting aside the in-
terpretive criteria that will have to be ap-
plied to this battery of tests, and not
even considering how the various re-
sults might be brought together into a
“multi-dimensional” panorama of overall
system performance, we can still ask
how well each test seems to meet the
requirements others have suggested for
good subjective correlation. In this re-
spect, Moller's proposals seem to stack
up fairly well. In some respects they may
be too stringent. Extending measure-
ments to a bandwidth of 200 kHz (the
traditional order of magnitude better
than the 20-kHz bandwidth of interest)
might just be stretching things a bit for
practical power amplifiers. Careful lis-
teners seem satisfied with a usable
bandwidth of 80 kHz or so, provided itis
free of TIM and related effects. This
would make the job of the amplifier de-
signer significantly easier.

Mgller's emphasis of time-related per-
formance factors seems to be right on
the money. Luckily, now is just the mo-
ment for the world to “discover” time-
base aberrations in audio equipment be-
cause the instrumentation is at last be-
coming capable of measuring it with real
authority. Beyond that, there is one seri-
ous practical difficulty that Mgller’s tests
fail to solve: the matter of appropriate
performance for individual components,
and the problem of interfacing said com-
ponents. As it stands the program ap-
plies itself to the system as a whole, in-
cluding the listening room. This is un-
doubtedly the right way to go about the
evaluation procedure, but it doesn’t suit
the marketing realities of high-fidelity
equipment in the U.S. very well. It also
doesn't address itself directly to the
questions that prospective purchasers
of audio equipment desperately need
answered. Let us hope that someone
with resources comparable to Mdller's
gets excited by these proposals for new
test procedures and begins to present
the results, tempered by experience, in
a form we can truly make use of. o
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“It is as though
we have been
handed a
‘universal
solution’

and merely have
to find the
problems for

it to solve!”’

Julian Hirsch

HIRSCH/HOUCK LABORATORIES

Audio Report

Microprocessors in Audio Components

In the few years since it first appeared,
the microprocessor—the “‘computer
on a chip”—has made impressive in-
roads into consumer products. The list
of applications grows daily: microwave
ovens, automobiles, TV receivers, scan-
ning receivers, video games, CB trans-
ceivers, and countless others. High-
fidelity components are also a part of
that list. Considering the “novelty ori-
ented” nature of many audiophiles, it is
surprising that we have not seen even
greater use of microprocessors in this
popular field.

The range of possible uses for the mi-
croprocessor is limited only by one’s
imagination. It is as though we have
been handed a ‘“‘universal solution”
and merely have to find the problems
for it to solve! The first use of a micro-
processor in a high-fidelity component
was in the ADC Accutrac 4000 turnta-
ble. This unit can be programmed to
play the various bands of a record in
any desired sequence, receiving its in-
puts from an optical system in the car-
tridge that counts the blank spaces be-
tween recorded bands as the pickup
scans the record under motor control.
ADC followed up the Accutrac 4000
with the lower priced Accutrac +86, a
record changer with many of the same
control features. After a considerable
delay, it is only now reaching the mar-
ketplace. Although the Accutrac play-
ers have been available for some time, it
is only recently that competitive re-
cord-playing products have been an-
nounced.

In cassette recorders, the first micro-
processor control appeared in the
Sharp RT-3388 (and the nearly identi-
cal Optonica 6501). Originally, Sharp
had a relatively simple feature of count-
ing the quiet spaces between recorded
selections on a tape. Thus, it was able
to “skip” unwanted selections and go
at high speed directly to the desired

AmericanRadioHictory Com.

program segment. Sharp has now ex-
tended this system to include all the
tape indexing and counting functions
plus real-time tape timing, with its
memory rewind and cueing system
linked to the digital counter system.
Even a quartz-controlled clock is built
into the Sharp cassette deck.

The Pioneer CT-F900 cassette deck,
tested in this issue, also uses micro-
processors, but in a somewhat different
way than was used by Sharp. Its capa-
bilities include the various memory in-
dexing and rewind features, but there
has been no attempt to include a user-
programmable ‘‘signal seeking’ feature
or digital clock. In this regard, it should
be noted that even the Sharp decks can
only be programmed to scan a tape in
one direction (either forward or re-
verse) looking for a specific selection,
but they are not able to be programmed
to scan in either direction so as to play
sections of a tape in any order (as can
be done with the Accutrac record play-
ers). Pioneer's most effective use of a
microprocessor (so far, unique to its
machine) is as an analog-to-digital sig-
nal processor for driving the level dis-
play tubes.

The Sherwood Micro CPU 100 FM
tuner is among the most advanced ap-
plications we have seen of a micro-
processor in an audio product, with its
digitally synthesized tuning and 48 sta-
tion memory. It also has call letters that
appear on the alphanumeric display
together with the frequency of each sta-
tion. In addition, Sherwood’s “on
board”’ computer, by insertion of a spe-
cial test ROM, can check all its own cir-
cuits and those of the tuner section in a
matter of seconds. It will identify any
incorrectly operating component or
semiconductor by circuit symbol num-
ber on its alphanumeric display. Con-
sidering the complexity of so much of
today’s hi-fi equipment, this sort of self-

POPULAR ELECTRONICS
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This compachk enormrously ve-setile tes- and t-cuble-
shooting aid is bke a pencil-sizedscope a: vour “ingerties
Simply connectits clip leads to~Fe circuit € powe- supply,
set a switchto the proper logic iamily,and :ouzhthe prot:e
t p to the nod= under test.

LP-1'sunique circuifry does -n2work of a level datector
gulse detector, pulse stretcher =rc memor-y. Hi LEC
indicates Icgic 1,’ LOLED, logiz *@,"and &ll piise
t-ansitions —positive and negetive, as nar-
r=w as 50 nanoseconds—are siretched tc
1:/3 second anc displayed on the-FLLSE
LED. One-shot low-rep-rate narsow pulses
—nearly impossibletosee ever wth a fast
scope, are easily detectable and vis ble. Ard
you can indefinitely store singl=-snot as
well as low-rep-rate esvents.

At frequencies above 1 MHz “tereis
an additionalirdication with ursvnmetrical
pulses: duty cycles of less tham&C%, lightthe
LD LED; over 72%,theH| LED. ral] modes
andcircuit states, LP-1's high irpet
impedance virtually eliminatesloacing

. problems. The unit alsc features overvoltage
and reverse-poalarity p-otectiomn, rter-
changeable probe tips, cablesand
other optional eccessories.

* Ordertoaay. Call
203-624-3103 (East Coast)
or 415-421-8872 (West
ioast): 9 am.-3 p.m.local
time. Major credit cards
accepted. Orsae yourCSC
dealer. Prices slightly h:gher
autside USA.

Logic Family Switch—
TTL/DTL or CMOS3 matches
Logic 1" ang "0 fevels; CNOS
2osition also compatible w th
~TL, HiNIL and MDS logic_

SULSE/MEMORY Switcn&
LED—PULSE postion detects
and stretches pulses as ner-
-ow as 50 namcseconds to 1/3
sec.; MEMORY stores single-
shot and low-rep-sate everts
ndefinitely; HIJLC LED's remain actise
«1/LO LED's —Display lewel (Hl-logi= " 1’
LD-logic "0'"t of signal actis ty.
Interchangeable probe kips — Straicht §p :
‘supplied; opzional alligator clip and insJlatad A
guick=-connexct ng <lip avai able, Optizra isput ~
ground lead.
Plug-in leads— 36" suprlied, with dlgator
clips. Virtually anv length leads
may be conracted via phoo jack. ————
Ve

*Mir.’s rec, resale. Slightly higher
outside U.S.
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Specialties Corpcration

High Speea Probe LP-|

ESER contivn Soecraltes Corporation

CSC’s multi-family Logic Probe 1 with memory.
Already the industry standard for performance and value.

Specifications
Input impedance: 100,000

Thresholds (switch selectable) DTL/TTL HTL/CMOS
logic 1" thresholds (HI-L=D) 2.25Vx .15V 70% Vcc= G%
logic 0" th-esholds (LC-LED] 0.80V+.10V  30% Vcc=10%

Min. detectable pulse width SOnsec. guaranteed
Pulse detector (PULSE _ED) in 2ULSE position of PULSE.
MEMORY switdh, Ya-sec. pulse stretcher makes hxg-
soeed pulse tramorsingle events (+ or — transitiors;
v sible; in MEMORY position, first transition Eghts arc
latches LED
Operating temrperatuse 0-50°C
Physical size _| x w x d)
g8x1 0x07”{l4"x 254 x 17.8mm)
Weight 30z. (GESKQ)
Fower leads removable 56" (314mm) with color-
coded insulated clips; others available
Input protectian cverlozd, £ 500V continLous;
17 VAC for less than 15 sec.; reverse polarity, 50\;
power leads rererse-vcitage protected.
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LED ON.
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CONTINENTAL SPECIALTIES CORPORATION

70 Futan Terrece, Box 1492, New Haven, €- €65C9
203-624-3103 TWX T10-4€5 1227

WEST COAST 351 Cal fornia St., San Francisco, CA €41C4,
415-421-8872 TWX 910-372-7982
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Feltham, Middkesex, Englaad
01-890-0782 Int'} Telex: 851-361-3669
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checking ability would seem to
represent a very healthy trend.

In audio amplifiers, the closest
we have seen to a microprocessor-
controlled device is the Crown
DL-2 preamplifier. It differs from
others we have mentioned in that
it has no built-in microprocessor.
Instead, it has been designed to in-
terface with a computer. (The
Sherwood Micro CPU 100 has this
potential capability, but there are
no connections for the interface.
The Crown has the connectors as a
standard feature and an interface
board will shortly be made avail-
able by Crown.) Using this option,
the DL-2 can be used to control a
sound system, including both pro-
gram selection and level selection,

completely under computer con-
trol.

To do this, its basic operations
have been converted to a digital
basis. In the case of switching, the
change has been relatively simple
since switching is inherently digi-
tal in nature. The volume adjust-
ment is handled by a reed-relay at-
tenuator system. Volume is nor-
mally controlled by a voltage ad-
justed by a human operator, but
it is obviously just as adaptable to
a direct computer input.

We have no doubt that many
other products will be appearing
in the future that employ some of
these features and (we hope) many
more that can only be guessed at.
In the products we have seen so

far, we find a curious mix of genu-
inely useful features and the other
kind—the “solution looking for a
problem.” Some of these, to be
sure, are obtained “free” when one
incorporates a microprocessor. If
they are available at the touch of a
button, they cost essentially noth-
ing and can add to the appeal of a
product. Still, most of the products
we have tested so far leave us
slightly dissatisfied in their con-
trol flexibility. They seem to be
able to do so much, yet each of
them has some obvious and often
irksome limitation. If these are also
perceived as drawbacks by the
general public, they will likely be
corrected in future models, or in
competitive products.

audio fest reports:

automatic rewind is a
control function of the
built-in microprocessor

HIRSCH Some interesting
'I%UGK- new features
. ; highlight Pion-
i eer's Model CT-

F900 three-head,
two-motor cassette deck. For instance, it
has replaced VU meters with fluorescent
level indicators; and it has electronic
memory controls, a duai-capstan drive
system operated through a micro-
processor-controlled logic system, and a
“double Dolby” system that allows pro-
grams to be monitored just as they will
sound with noise reduction.

This is a relatively large cassette
deck. it measures 16.5"W x 14.5"D x
7.38"H (42 x 36.8 x 18.7 cm) and
weighs 24.25 Ib (11 kg). An optional rack
mounting adapter permits the deck to be
installed in a standard 19" (48.3-cm) EIA
rack. The suggested retail price of the
Pioneer CT-F900 is $475.

General description. Since the cas-
sette well extends beyond the front pan-
el, the status of the tape on a cassette
being played is clearly visible at all

24

double Dolby, dual-capstan, and
fluorescent level indicator in

the Pioneer Model CT-F900
stereo cassette deck

times. When it is first inserted, the ma-
chine goes into REWIND for an instant,
taking up any slack in the tape so that
the portion between the two capstans
will be under the proper tension. A
hinged cover can be swung up to protect
the heads and capstans when no cas-
sette is in place.

The tape transport employs a servo-

AmericanR acdkialld

controlled dc motor for the capstan drive
and a mechanical governor-controlled
dc motor for the hub drive. The transport
is controlled by solenoids that are ac-
tuated through a logic system by light-
touch buttons located on a black panel
below the cassette well. Rectangular
transport control buttons are grouped
functionally.

{Continued on page 31)




TO FULLY APPRECIATE
PIONEERS NEW DIRECT-DRIVE
TURNTABLE, YOU HAVE TO TAKE APART
THE COMPETITION.

When you compare what goes into most $175"high-tidelity turntablesto 2~
what goes into Pioneer’s new PL-518, you'll find there’s no comparison.

Moschigh- ‘ :
ﬁdeli;ly_ wrntables
i

have flimsy plastic

ormeratheadshells that can distort the music
Pioneer’s is made of glass tiber, a substance
with far greater mass yet bess weight, which is
unaftecred by resonance.

e ) S

On many turniables, the motor is suspended from the base itself, where the slightest
vibration can be picked up by the stylus. The PL-518's direce-drive motor is anchored to a
metal plate beneath the base, where this is far I=ss likely to happen

-
«

T 77 O ¢ Ire

Some rely on

i 3 balt bearings
A lot of turntables have skinny plastic legs cher merely £ tor stability i
support the weight of the turntable. The leet of the "8 the tone arm
PL-518 are spring-mounied which helps reduce acous shaft
Some turntables are held tic teedback. So you can play your music toud enough to but Pione
togecher by staples, which can ratele the walls without ractling che turncable uses 34. |
work themselves loose. Pioneer <
uses aluminum screw s o seal % ’
the base to the base plate. ' o

i Some wirntables get by with a commor. plastic or
sheetr metal base which is susceptible ro vibration

and can cause acoustic feedback. Not the base of the PL-518.
It's made of two solid blocks of compressed wood, which
when joined eliminate feedback.

What you see here will tell you
a lot about Pioneer’s PL-518.

Il not only tell you what kind
of care and engineering went into it,
but also the kind of exceptional
performance you can expect to get
out of it. Performance free of audible
distortion, acoustic feedback and rumble.

Because at Pioneer, we believe that to get the most
out of every piece of music, you've got to get the most
out of every part of the turntable. WPIONEEIR Wwe bring it back alive.

U.S. Ploneer Elecironics Corp.. High Fidellty Components
85 Oxtord Drive, Moonachie, N.I 07074

*Manutacturer’s suggested retail price. CIRCLE NO. 69 ON FREE INFORMATION CARD
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If you’re interested in learning how to fix air
conditioners, service cars or install heating
systems —talk to some other school. But if
vou’re serious about eclectronics, come to
CIE —The Electronices Specialists.

B A

Spcceial Projects Director
Cleveland Institute of Electronics
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y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you'll always be
in demand.”
I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
seta broken bone, either. Would you?
For these things, you’d want a
specialist. And you'd trust him. Be-
cause you'd know if he weren’t any
good, he’d be out of business.

Why trust your education
and career future to
anything less than a
specialist?

You shouldn’t. And you certainly
don’t have to.

FACT: CIE is the largest inde-
pendent home study school in the
world that specializes exclusively
in electronics.

We have to be good at it because
we put all our eggs in one basket:
electronics. If we hadn’t done a good
job, we’d have closed our doors
long ago.

Specialists aren’t for
everyone.

I'll tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

But if you think you have the
cool —and want the training it takes
—to make sure that a sound blackout
during a prime time TV show will be
corrected in seconds — then answer
this ad. You'll probably find CIE has
a course that’s just right for you!

At CIE, we combine
theory and practice. You
learn the best of both.

Learning electronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is interesting be-
cause it’s based on some fairly recent
scientific discoveries. It’s built on
ideas. So, look for a program that
starts with ideas—and builds
on them.

That’s what happens with CIE’s
Auto-Programmed® Lessons. Each
lesson uses world-famous
“programmed learning’ methods to
teach you important principles. You
explore them, master them com-
pletely. .. before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the electronics gear to actually let
you perform hundreds of checking,
testing and analyzing projects.

In fact, depending on the course
you take, you’ll do most of the basic
things professionals do every day—
things like servicing a beauty ofa
Zenith color TV set. . . or studying a
variety of screen display patterns
with the help of a color bar generator.

Plus there’s a professional quality
oscilloscope you build and use to
“see” and “‘read” the characteristic
waveform patterns of electronic

the exams get their Licenses. You
may already know that an FCC
License is needed for some carecers
in electronics —and itcanbe a

equipment. valuable credential anytime.

You work with experi- Find out more?! Mail this

enced specialists. card for your FREE
When you send us a completed CATALOG today?

lesson, you can be sure it will be
reviewed and graded by a trained
electronics instructor, backed by a
team of technical specialists. If you
need specialized help, tyou get it fast

If the card is gone, cut out and
mail the coupon.

I'll send you a copy of CIE’s
FREE school catalog, along with a
complete package of independent

... in writing from the faculty spe- home study information.
cialists best qualified to handle For your convenience, I'll try to
your question. arrange for a CIE representative to
People who have known contact you to answer any questions
us a long time, think of us  you may have. )

the “FCC License Remember, if you are serious
as the 0 about learning electronics. .. or
School. building upon your present skills,

your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine), 1776 East 17th
Street, Cleveland, Ohio 44114.

We don’t mind. We have a fine
record of preparing people to take. ..
and pass. . . the government-
administered FCC License exams.

In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

Patterns shown on TV and oscilloscope screens are simulated.

r---------‘--------l

1ClI

d YES... John, I want to learn from the specialists in electronics — CIE.
Send me my FREE CIE school catalog —including details about troubleshooting
courses — plus my FREE package of home study information.

Cleveland Institute of Electronics, Inc.

1776 East 17th Strees. Cleveland, Ohio 44114
Accredited Member National Home Study CouncH

PE-77
Print Name. - R _ S
Address. S - - _ __Apt. -
City____ - I S S
State _ _ _ _ Zip. : -
Age. T’hone (area code) . S — B
Check box for GG L. Bill information: [] Veteran ] Active Duty

Mail today?
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2 The I’rince On -Board |

You heard right!

17L.

1 6.
(Make sure your Santa hears about i é)
1 9.4
20

FEES

TIME ALARM

You heard
it was coming.

\,

UPDATE

2

. |* Computer. You'veread:-

| ~about digital computers‘ %
being available soon
from Detroit. Now the
first universal driver-
operated automotive
computer is available!
It's a revolutionary elec-
tronic brain that’s un-
questionably going to be
the ULTIMATE OPTION for '79.

What it will do for you. The
Prince On-Board Computer
provides more than two doz-
en different kinds of informa-
tion at the touch of a button.

The On-Board Computer measures
only 10.5"x 28" x 1
and mounts easily in any vehlcle.

Data such as vehicle location
(10/20to CB'ers). Miles-to-go
on a trip. Estimated time of
arrival. Miles per gallon and

~

-

cost-peramile. Plus five-
menrories to store mile-+
age points with unique-.
| audio alarm ‘remind-
 ers — and more!

Test drive one today.
Yournew car dealer can
| arrange for a test ride in
a Prince On-Board Com-
puter-equipped car
today. Cr you can contact
your local ARA. distributor*
for more information. And if
you're nct inthe market for a
79 right now, the POBC can
be installed on your present
car, van or truck.

Prince on-board computer

)
F Manufactured by Prince Corporation,
Holland, Michigan. Frince and On-Board are

trademarks of Prince Comporation.
Patents pending.

CIRCLE NO 57 ON FREE INFORMATION CARD

*Look in the Yellow Pages under Automotive
Air Conditioners, or write Mr. Al Beandimarte, ARA.,

P.O. Box 870, 606 Fountain Parkway, Grand Prairie, Texas 75050.

Call toll-free 800-527-7914 (USA ). In Texas: 214-647-4111




{Continued from page 24)

Product Focus

Although the Pioneer Model CT-F900
1s not the first cassette deck to employ a
microprocessor for certain of its func-
tions. 1t 1s the first to our knowledge to
use one as a signal processor for operat-
ing a digital level display. The instruction
manual for the deck does little more than
state that the “brain’ of the level indicat-
iNg system is a 4-bit parallel processing
chip. The schematic adds a hittle more in-
formation. and shows that the micro-
processor 1s a 28-pin LS| device

The audio levels, as they appear at the
LINE outputs of the recorder are ampli-
fied and detected, and the rectified audio
1s supplied to the LS! chip, where itis ap-
parently sampled at a high rate (an LC
tuned oscillator circuit 1s connected to the
IC); digital equivalents of the instantane-
ous analog levels are generated The
outputs of the LSI chip go to the many
terminals of the Digitron level display
tube, a 20 segment device whose square
fluorescent “dots" are controlied by the
digital signals applied to it.

The on/off nature of the display seg-
ments removes the ambiguity that de-
tracts from the accuracy and usefulness
of most LED peak level indicators. As the
level is increased slowly, there comes a
point when the next higher segment,
even if only 1 dB above the last one to be
luminated, lights abruptly, with no inter-
mediate state of partial brightness The
selection of either PEAK or AVERAGE
response is made before the signals go
to the microprocessor by changing the
signal circuit’s ime constant.

Although many of the functions of the
Pioneer level dispiay can be done with
conventional LED systems, we found the
very bright, visible, and unambiguous
blue Digitron display to be both more
useful and more attractive than any of the
LED displays we have seen
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Small, colored indicators near the but-
tons light when the buttons are actuated.

The logic system makes it possible to
operate the controls in any sequence
without damage to the tape or the deck.
Pressing any control while the tape is in
motion momentarily stops the deck be-
fore executing the change of mode. The
transport shuts off and mechanically dis-
engages when the tape stalls at the end
of a cassette, or in the event a tape
should break.

At the upper right of the panel is a
large recording INPUT level control that
consists of two concentric knobs cou-
pled by a slip clutch. Below it are two mi-
crophone jacks (for dynamic or electret
microphones), a stereo headphone jack
for low-impedance phones, and a small
concentric knob control for adjusting the

NOVEMBER 1978

playback ouTtpPuT level. In the lower cen-
ter of the panel are a number of push-
button switches. Two are for selecting
the program that appears at the LINE
outputs (SOURCE or TAPE playback) in
the rear. The recording input can be
transferred from the rear LINE jacks to
the microphone inputs by one of the but-
tons (the two sources cannot be mixed,
however). One button turns on and off

easy-to-read

signal level is shown
on a fluorescent
vacuum-tube display

the Dolby system, and another selects
the recording bias and record/playback
equalization. In the AuTO (out) position
of this latter button, the recorder auto-
matically selects the bias and equaliza-
tion for any ferric (STD) or chromium di-
oxide (CrOo or a “chrome equivalent”
tape such as TDK SA, Maxell UD-XL
1, etc.) tape. This is done by a sensor

that detects the special notch in the back
of achrome cassette.

When the TAPE button is pushed in,
the bias and equalization are set for fer-
richrome (FeCr) tape. A small BIAS knob
near the TAPE button can be used to trim
the bias over a limited range to optimize
the recorder for any specific brand of
tape within the three basic categories.

Some of the most novel features of
the Model CT-F900 are contained in a
square indicator and control subpanel in
the center of the front. Across its top are
two horizontal rows of level indicators
from a fluorescent Digitron vacuum tube
display that creates a row of blue-lighted
squares that moves to the right with in-
creasing signal level. There are sepa-
rate rows of level indicators for the two
channels. Between the rows is a cali-
brated scale that covers a —20-to-+7-
dB range. Below the level-indicator dis-
play is a large three-digit TAPE COUNTER
display made up of 8-mm high-Digitron
numerals that can be seen easily from a
considerable distance.

Twelve small pushbuttons on the sub-
panel control the unique operating fea-
tures of the CT-F900. The deck has a
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AM/FM stereo receiver

novel afc
circuit i1s
especially effective
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geveral AM/FM
stereo receivers
were added to
Luxman’s line re-
] cently. The most
powerful of these is the Model R-1120. It

AmericanRadioHistaory Com
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the front panel of the receiver an unclut- |
tered appearance without sacrificing any
of the operating and control versatility
expected of such a deluxe product.

The Model R-1120 is supplied in a
rosewood-veneered wooden cabinet. It
measures 19%"W x 16%"D x 7W"H (49
x 41.5 x 18 cm) and weighs 37.41b (17
kg). Its suggested retail price is $395. An
optional Dolby FM decoder module that
plugs into the inside of the receiver and
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flattest overall frequency response.)
Scotch Master Il was used for the

Performance Specifications

“chrome” tape. This is a cobalt-treated
ferric tape, designed for chrome bias

F Spclaqcification Rating Measured and 70-pus equalization. Sony Ferri-
fel )] AL i limi chrome was used for the FeCr tape and
: - limits
St?;ga;;i églotzpe;. 30-15,000 Hz +3dB Within limi Memorex MRX3 for the STD tape.
- Z 3
' e At a —20-dB recording level, the fre-
. - . i ts
Cr}gaom;l;rggé)o:d)e tape: 30-17,000 Hz +3dB Within Ilml quency response was within the man.
-19, z -
Ferrichrome Tape: 30-17,000 Hz +3 dB Within limits ufacturer's limits of =3 dB over a range

2Nn.1Q NnNN H7)

of 30 to 15,000 Hz for STD tape and 30

8 m— ———— e

about 7 seconds. After this stabilization
period, the speaker outputs are activat-
ed and the LED extinguishes. If an over-
load or short circuit should occur in the
output during operation, the speaker
outputs are instantly disabled and the
LED commences flashing until the fault
is corrected.

The remaining control knobs are in a
single row across the bottom of the front
panel. The INPUT SELECTOR switch has
positions for AM, FM, PHONO 1, PHONO 2,
and Aux inputs. The smaller bass and
treble TONE CONTROL knobs are continu-
ously adjustable and have center de-

amplifier output
is displayed via
LED indicators
at six levels

is controlled by a front-panel switch is
available for $55.00.

General Description. The front pan-
el and control knobs of the receiver are
finished in a pale bronze tone. The con-
trasting dark-brown dial section is cov-
ered by a clear glass window. Behind
the window are the long AM and FM
scales, separate tuning meters for rela-
tive signal strength on AM and center-
channel tuning on FM, and a number of
LED indicators. One LED, labelled
DOLBY FM, is functional only when the
Dolby FM decoder module is installed.
When the poLBY FM button is pressed,
the FM tuner's deemphasis is changed
to 25 ps, the Dolby decoder is activated,
and the LED indicator comes on. if the
Dolby module is not installed, pressing
the DOLBY FM button silences the tuner’s
output (the LED remains off).

Near the Dolby LED is another LED
labelled sSTEREO FM. This LED comes on
only when a stereo-FM signal is being
received.

In the lower right of the dial area are
two horizontal rows of LED's that make
up the peak power indicator. Each of the
receiver's two channels is assigned six
LED's that indicate 0, -6, —9, —12,
—15, and —18 dB, relative to the rated
120-watt output of the ampiifier. A push-
button switch on the front panei can be
pressed to increase the sensitivity of the
display by 12 dB so that the —18-dB
LED comes on when the output is only
120 mW. A switch on the rear apron per-
mits the power display to be defeated if
desired.
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A large tuning knob bisects the lower
edge of the dial cutout and operates a
very smooth flywheel tuning mech-
anism. Above the dial scales is a row of
small control knobs and pushbutton
switches that are inconspicuous be-
cause of their sizes and the fact that
their brown color blends with the panel’s
background. They inciude pushbuttons
for the poLBY FM system, FM MUTING
OFF, tape MONITOR, and tape Deck 1/2
select. The last connects the monitoring
inputs to either of two tape decks. A
smail knob switch is provided for inter-
connecting the tapes for dubbing from
one deck to another. A similar control is
used to select the receiver's operating
mode, for which there are STEREO,
MONO, and REVERSED STEREO.

switch provides
dubbing capability
for two tape decks

Other pushbutton switches are provid-
ed for switching in and out LOUDNESS
compensation, a SUBSONIC filter, Low
CUT and HIGH cuT filters; changing the
sensitivity of the power display; and
switching on and off the POweER. When
power is first applied, the speaker out-
puts are silenced and a red LED near
the POWER switch flashes on and off for

+10) T
ol 1T i
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FREQUENCY IN Hz

Frequency response and crosstalk
averaged for both FM channels.

tents. Also, pulling out on the knobs
changes the turnover frequencies by
one octave. (The bass frequencies are
200 and 400 Hz and the treble are 2000
and 4000 Hz.)

The VOLUME CONTROL is concentric
with a center-detented BALANCE ring.
The SPEAKERS selector switch can be
used to connect either, both, or neither

Product Focus

Although in most respects the Luxman
Model R-1120 foliows conventional re-
ceiver design practice, we found, to our
surprise. that it has a novel afc system
that is not mentioned as such in the in-
Structions or specifications Our only clue
to its existence came from a study of the
functional block diagram n the instruc-
tion manual. which showed a connection
from the detector output, through a “'ser-
vo amplifier” block, to the FET r-f amplifi-
er stage. This might have been an ampli-
fied agc system, except that the agce
function was clearly shown as a separate
part of the circuit, and a switch on the
'servo amplifier” was identified as “FM
Tuning Lock " (This is not a physical
switch that can be seen on the receiver,
however.) We suspected that this was
some form of afc. which should have
been shown as going to the local oscilla-
tor instead of to the r-f amplifier. A hittle
experimenting confirmed this.

Although this afc system is nondefeat-
able, and as a rule we consider a non-
defeatable afc to be highly undesirable,
as used in the Model R-1120, it proves to
be a strong "pius” feature. It is actually
disabled electronically at all umes. ex-
cept when the receiver is tuned very
close to the center of a channel (so that
the tuning meter’s pointer has entered its
center segment). At that point, the afc
takes over and imperceptibly pulls the
tuning all the way to its correct point. This
Ssystem prevents the afc from interfering
with tuning in a weak signal adjacent to a
channel occupied by a strong signal, yet
it makes mistuning virtually impossible.

POPULAR ELECTRONICS
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Performance that’s easy to handle.

The Motorola® Sys-
tem 500 Remote CB. The
first full-featured Remote
that’s easy to handle. It’s
designed to feel natural.
To operate effortlessly.
With about as much
thought as you give to
shifting gears.

But what good is a
Remote that fits your
hand, if it doesn’t fit your needs? The Motorola
System 500 Remote features a 2-speed channel
selector. A local/distance switch that reduces inter-
ference and background noise. A channel 9 emergency
switch that puts you in touch with help instantly when
you need it.

You also get the CB features you've come to expect
from Motorola. Like a phase lock-loop synthesizer.
Power mic. Phosphorescent control labels for easy
identification. Hot-last channel memory. L.E.D. channel
readout. And an optional relay which interrupts radio
audio as CB messages are received.

As easy as it is to handle and operate, this CB
is tough to steal. The transceiver chassis is compact —
easily hidden away in the trunk, under the seat, or
mounted on the firewall.

The complete, uncomplicated Motorola System
500 Remote. Because when you're driving, you've got
enough to handle.

MOTOROLA

CcB IRCLE NO 40 ON FREE INFORMATION CARD

To find the dealer nearest you, write: Market Relations Manager, Motorola, Inc., Automotive Products Division, 1299 East Algonquin Road, Schaumburg, Iilinois 60196.

Motorola is a registered trademark of Motorola Inc.
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World’s biggest and best source of top-quality electronic kits!

Look at what’s new in our new just-off-the-press catalog!

NEW Sl

Computerized
Weather
Monitor

If you need weather information for ANY
purpose, the ID-4001 is the way to get it!
This microcomputer-based weather
instrument displays — time of day in 12
or 24-hour format; wind direction and
‘magnitude; indoor and outdoor tempera-
ture; barometric pressure; even wind chill
factor! What's more, the computer’s
memory stores the highest and lowest
data for each function so you can recall
it for easy and accurate record keeping.
Chart recorder and computer outputs
provide even more versatility!

NEW

Rack-Mount Stereo
Components

Heath has developed
an entire new line of
sophisticated audio
equipment designed
to offer the striking
good looks and versa-
tility of rack mounting combined with speci-
fications and performance capabilities that

are the equal of the finest components avail-

able today! The AA-1600 Stereo Power

Amplifier features 125 watts, minimum RMS,
per channel into 8 ohms, with less than 0.05%

total harmonic distortion from 20-20,000 H

The AD-1700 provides a graphic LED display

of power output to monitor system perfor-
mance and help prevent overioads. Other
components soon to come will be a ver-
satile, low-distortion stereo preamplifier,
and a deluxe digital FM-AM Stereo Tuner.

NEW e
Digital
Readout Car X
Clock with Trip Timer

Versatile clock/timer for any vehicle shows

time in hours and minutes, has 24-hour

timer that reads to nearest second. Bright,

easy-to-read display, low-power circuit
doesn't drain battery.

NEW

Deluxe
Dual-Trace
Oscilloscope
Low-priced
dual-trace scope
ideal for audio and TV servicing.

Features outstanding sensitivity, extra-bright
traces, selectable triggering, 7-position vari-

able time base, DC to 5 MHz bandwidth.

NEW

Hand-Held 2-Meter
Transceiver

Superb features
specifications
and a greatlow
price make

the VF-2031

a terrific buy
in a hand-held
two-meter transceiver, Features

2. 8-channel simplex with +600 kHz offset
using one crystal per channel, minimum

2 watts out, and 0.5 uV sensitivity for

20 dB quieting. Includes built-in antenna,

nickel-cadmium batteries and battery

charger. An optional tone encoder and

other accessories also available,

=| NO PREVIOUS
EXPERIENCE NECESSARY
= Thousands of people with
no electronics experience
whatsoever — people who
= have never handled a sol-
| dering iron before — have
&| proved that you can build
any Heathkit product you
want — and enjoy every
moment of it! Simple step-
by-step manuals make it
easy as 1-2-3, and every
Heathkit product you build
will be a source of pride
and satisfaction for years
to come as you say “l built
it myself”!

800000000900000000000¢

1000000000009

Heath Company, Dept. 010-470
Benton Harbor, Michigan 49022

HEATHKIT ELECTRONIC CENTERS* PROVIDE SALES AND SERVICE

* Units of Schlumberger Products
Corporation. Retail prices on some
products may be slightly higher.

Opening Soon:
Salt Lake City, Utah; Oklahoma City, Okla.
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ARIZONA — Phoenix, 85017, 2727 W. Indian School Rd.
602-279-6247.

CALIFORNIA — Anaheim, 92805, 330 E. Ball Rd.
714-776-9420; El Cerrito, 94530, 6000 Potrero Ave.
415-236-8870; Los Angeles, 90007, 2309 S. Flower St.
213-748-0261; Pomona, 91767, 1555 Orange Grove Ave. N.
714-623-3543; Redwood City, 94063, 2001 Middlefield Rd.
415-365-8155; Sacramento, 95825, 1860 Fulton Ave.
916-486-1575, San Dlego, (La Mesa, 92041), 8363 Center
Dr. 714-461-0110; San Jose (Campbell, 95008), 2350

S. Bascom Ave. 408-377-8920; Woodland Hills, 91364,
22504 Ventura Blvd. 213-882-0531.

COLORADO — Denver, 80212, 5940 W. 38th Ave.
303-422-3408.

CONNECTICUT - Hartford (Avon, 06001), 395 W. Malin St.
(Rte. 44) 203-678-0323.

FLORIDA — Miami (Hialeah, 33012), 4705 W. 16th Ave.

305-823-2280; Tampa, 33614, 4019 West Hillsborough Ave.
813-886-2541.

GEORGIA — Atlanta, 30342, 5285 Roswell Rd. 404-252-4341,

ILLINOIS — Chicago, 60645, 3462-66 W. Devon Ave.
312-583-3920; Chicago (Downers Grove, 60515),
224 Ogden Ave. 312-852-1304.

INDIANA — Indianapolis, 46220, 2112 E. 62nd St.
317-257-4321.

AmericanRadioHistorvy Com

KANSAS — Kansas City (Mission, 66202), 5960 Lamar Ave.
913-362-4486.

KENTUCKY — Louisvlile, 40243, 12401 Shelbyville Rd.
502-245-7811.

LOUISIANA — New Orleans (Kenner, 70062),

1900 Veterans Memorial Hwy. 504-722-6321.
MARYLAND - Baltimore, 21234, 13, E. Joppa Rd.
301-661-4446; Rockvllle, 20852, 5542 Nicholson Lane.
301-881-5420.

MASSACHUSETTS — Boston (Peabody, 01960), 242 Andover
St. 617-531-9330; Boston (Wellesley, 02181), 165
Worcester Ave. (Rt. 9 just west of Rt. 128) 617-237-1510.
MICHIGAN — Detroit, 48219, 18645 W. Eight Mile Rd.
313-535-6480; E. Detroit, 48021, 18149 E. Eight Mile Rd.
313-772-0416.

MINNESOTA — Minneapolis (Hopkins, 55343), 101 Shady
Qak Rd. 612-938-6371; St. Paul, 55108, 1645 White Bear
Ave. 612-778-1211.

MISSOURI — St. Louls (Bridgeton) 83044, 3794 McKelvey
Rd. 314-291-1850.

NEBRASKA — Omaha, 68134, 9207 Maple St. 402-391-2071.
NEW JERSEY — Fair Lawn, 07410, 35-07 Broadway

(Rte. 4) 201-791-6935; Ocean, 07712, 1013 State Hwy. 35.
201-775-1231.

POPULAR ELECTRONICS
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if you want quality...value...and pride of craftsmanship

getthe NEW HEATHKIT CHRISTMAS

/
- '

COAST-TO-COAST

NEW YORK — Buffalo (Amherst, 14226), 3476 Sheridan
Dr. 716-835-3090; Jericho, Long isiand, 11753, 15 Jaricho
Turnpike. 516-334-8181; Rochester, 14623, 937 Jefferson
Rd. 716-244-5470; White Plains {North White Plains,
10603), 7 Reservoir Rd. 914-761-7690.

OHIO — Cincinnati (Woodlawn, 45215), 10133 Springfield

Plke. 513-771-8850; Cleveland, 44122, 28100 Chagrin Blvd.

216-292-7553; Columbus, 43229, 2500 Morse Rd. 614-
475-7200; Toledo, 43615, 48 S. Byme Rd. 419-537-1887.
PENNSYLVANIA — Philadelphla, 19149, 6318 Roosevelt
Blvd. 215-288-0180; Frazer {Chester Co.) 19355, 630
Lancaster Pike {Rt. 30) 215-647-5555; Pittsburgh, 15235,
3482 Wm. Penn Hwy. 412-824-3564.

RHODE ISLAND — Providence (Warwick, 02886),

558 Greenwich Ave. 401-738-5150.

TEXAS — Dallas, 75201, 2715 Ross Ave. 214-826-4053;
Houston, 77027, 3705 Westheimer, 713-623-2090;

San Antonio, 78216, 7111 Blanco Road. 512-341-8876.
VIRGINIA — Alexandria, 22303, 6201 Richmond Hwy.
703-765-5515; Norlolk (Virginia Beach, 23455), 1055
Independence Blvd. 804-460-0997.

WASHINGTON — Seattle, 98121, 505 8th Ave., N.
206-682-2172.

WISCONSIN — Milwaukee, 53216, 5215 W, Fond du Lac.
414-873-8250.

NOVEMBER 1978
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CATALOG!

o

DISCOVER THE FUN
AND SATISFACTION
OF BUILDING YOUR OWN
ELECTRONIC PRODUCTS
FOR HOME, AUTO, SHOP
AND HOBBY ...

SEND FOR YOUR
FREE HEATHKIT

=

Heath Company, Dept. 010-470

Schiumberger Benton Harbor, Michigan 43022

Please send me my FREE Heathkit Catalog. | am not on your mailing list.

Name

Address

City. State.
GX-354 Zip.

NOTE: This FREE Catalog Coupon can also be redeemed at any of the Heathkit Electronic
Centers* nationwide. (See list at teft)

CIRCLE NO S ON FREE INFORMATION CARO

e [ v o o o o o o ol
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switched), and the various input and out-
put jacks, including a DIN socket that
duplicates the functions of one set of
tape connections. In addition to termi-
nals for externa! antennas, there is a
hinged AM ferrite rod antenna and a
switch that attenuates the FM antenna
input near powerful stations that might
overload the front end of the FM tuner.

(20-ms burst at 1000 Hz)
IHF slew factor

FM Section

IHF sensitivity
Mono (across 300 ohms)
Stereo ” " "

50-dB quieting sensitivity
Mono (across 300 ohms)

10.3dBf (1.8 pV)
17.2 dBf (4.0 nV)

14.1 dBf (2.8 uV)
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SINE-WAVE POWER OUTPUT PER CHANNEL IN WATTS FREQUENCY IN Hz (CYCLES PER SECOND) e
Total harmonic distortion and 60/7000-Hz distortion. Harmonic distortion at three power levels.
of two speaker systems to the amplifier's Performance S pecifications
outputs and has an additional position
for driving a separate pair of electrostat-
ic speaker systems through their own
separate output terminals on the rear Specification Rating Measured
apron. The labelling for the front-pane! Power output 120 W at 0.03% THD Confirmed
switches is on the dial window above the (8 ohms, 20-20,000 Hz)
respective knobs. (The fluted metal IMdistortion 0.03% Confirmed
knobs do not have clearly visible index '"‘:‘; AR os V(120 W oo VW
lines, which is one of the few sacrifices onoe Sl ) 0.22m
de in the interest of style in the Model Aux 160mv 155 mViTw
L) Phono overload 160 mV 162 mV
R-1120)) S/N
On the receiver's rear apron are in- Phono 72 dB (re 120 W) 61dB (re 1 W)
sulated connectors for the speaker out- Aux 88 dB 61dB(re 1 W)
puts, two ac convenience outlets (one Dynamic headroom Not specified 2.13dB

2.21

11.0dBf (1.9 pV)
15.7 dBf (3.3 pV)

12.8 dBf (2.4 wV)

Stereo " " " 36.8 dBf (38 V) 38 dBf (44 V)
Alternate-channel selectivity 8C dB 69 dB
S/N at 65 dBf
1000'HZ THD WaS Mono 74 dB 73dB
0 Stereo 70 dB 69.5 dB
Only OO" /0 Frequency response (stereo)
50-10,000 Hz +0.2/-1.5dB +0.6/-0.3dB
at rated 120 watts 20-15,000 Hz +0.2/-1.5dB +0.6/-0.9dB
1-kHz distortion at 65 dBf
Mono 0.1% 0.09%
Laboratory Measurements. The Stereo 0.2% 0.19%
one-hour preconditioning period at one- Capture ratio at 65 dBf 1.3dB 1.7dB
third power left the top of the receiver Image rejection 80dB 86dB
above the output section very hot. How- AM suppression =Eiele I
ever, the receiver was comfortable to Stereo separation: :?(?_‘Hz :g gg :3 :g
the touch elsewhere. It delivered a clip- 6 kH; 42dB 37548
ping OUtp'_Jt of 144 wat’ts/chgnnel at Subcarrier product ratio 60 dB 78dB
1000 Hz into 8-ohm loads, with both
channels driven. (The IHF Clipping AM Section
Headroom was 0.8 dB.) Into 4- and 16- i Frequency response Not specified 250-4500 Hz
ohm loads, the output clipped at 159 and (—6-dB points)
40 POPULAR ELECTRONICS

AmericanRadioHicstory Com




We’ve done the impossible again!
A versatile and superior
frequency counter kit for only $89.95

Now you can forget about price/performance trade-offs
when you select a frequency counter. In Sabtronics’
Model 8100 you get features you once expected to pay
several hundreds of dollars for. But you pay only our low,
low price of $89.95!

Dare to Compare. This frequency counter, using LSI
technology, has the performance and input character-
istics you demand. Note the specifications: You will see
that the frequency range is guaranteed all the way to
100 MHz; and a high or low input impedance allows you
to select for high-frequency operation. And you'll see a
sensitivity that holds well over the frequency range; con-
venient selectable gate-time for best resolution; and
selectable attenuation; and even an optional pre-scaler.
Note the highly accurate time base, and its excellent
ageing and temperature characteristics. And a full 8-digit
LED display with floating decimal point, leading zero
suppression, and overflow indicator.

You would expect to find all these features together only
on a much higher-priced instrument. But Sabtronics’ ad-
vanced digital technology combines with your own skill
— you assemble this kit from our easy-to-follow instruc-
tions —to make it possible for you to have this fine
frequency counter at a fraction of what you would other-
wise expect to pay.

Free 10-day trial

Examine the 8100 Frequency Counter Kit for 10 days. If
not completely satisfied, return unassembled for full
refund of $89.95 purchase price.

sabtronics

INTERNATIONAL INC.

13426 Floyd Circle - Dallas, Texas 75243
Telephone 214/783-09394

Brief Specifications

e Frequency Range: 20 Hz to 100 MHz guaranteed (10
Hz to 120 MHz typical) e Sensitivity: 25 mV RMS, 20 Hz
to 70 MHz (20 mV typical), 45 mV RMS, 70 MHz to 120
MHz (30 mV typical) e Selectable Impedance: 1 Mq at
25 pF, or 50 Q e Selectable Attenuation: X1, X10, or X100

e Accuracy: = 1 Hz plus time-base accuracy e Ageing
rate: = 5 ppm/yr e Temperature stability: = 10 ppm, 0°
to 50°C e Selectable Gate-time: 0.1 sec, 1 sec., or 10
sec. e 8-digit LED display with floating D.P., overflow
indication e Input: 9-15 VDC, 350 mA (550 mA with op-
tional prescaler) e Input protection: 150 V RMS, 20 Hz to
10 kHz; 30 V RMS to 2 MHz; and 3 V RMS to 100 MHz
e Optional prescaler extends frequency range to 650 MHz.
(Available soon)

P D D D N D S S S S S SN SN S G S S G SD SR SN S S S S

1
To: Sabtronics International, Inc. pe-11 |
13426 Fioyd Circle, Dallas, TX 75243 |
Please send me Sabtronics Model 8100 I
Frequency Counter Kit(s) at $89.95 each $ 1
Texas Residents add Sales Tax 3 i
Shipping and handling, $5.00 per unit 1
(USA only)* |
Payment enclosed s 1
Charge my Master Charge ] =
|

|

|

|

i

|

|

|

1

-

Visa O
Account No.
Name S -
Street S S
City S

State - _ Zip
*Canada $6.50. All other countries $19.00 Airmail.

R

CIRCLE NC 60 ON FREE INFORMATION CARD
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97.5 watts, respectively. The 1000-Hz
THD was less than 0.01% up to 100
watts output, and was only 0.011% at
the rated 120 watts and 0.02% at 140
watts. IM distortion was 0.03% at the rat-
ed 120 watts and 0.02% at 140 watts. IM
distortion was 0.03% at 0.1 watt. It
dropped to 0.017% at 100 to 120 watts
and was only 0.04% at 150 watts.

The THD at the rated 120-watt/chan-
nel output was less than 0.02% from 40
to 6000 Hz. It rose to 0.036% and 0.04%

muting action
of FM tuner
was ideal

at 20 and 20,000 Hz, respectively. The
distortion at reduced output levels was
lower, but followed a similar characteris-
tic. To drive the amnlifier to a reference
output of 1 watt, as called for in the new
IHF-A-202 standard. required an Aux in-
put of 15.5 mV or a PHONO input of 0.22
mV. The A-weighted S/N in both cases
was 61 dB, referred to 1 watt. The PHO-
NO input overloaded at a safe 162-mV
level at 1000 Hz.

The amplifier's dynamic headroom,
when driven by a 20-ms toneburst at
1000 Hz, was 2.13 dB, since it could de-
liver just shy of 200 watts into 8 ohms
under this condition. The amplifier was

stable with capacitive loads as great as:

2uF in parallel with 8 ohms through its
normal speaker outputs. We made no
measurements through the electrostatic
speaker outputs, which are driven
through an RC network, presumably to
improve the amplifier's stability margin.
The IHF slew factor was 2.21.

The peak-power indicators proved to
be very accurate, and their instantane-
ous response made them highly effec-
tive indicators of the true peak power
output in each channel. The R-1120's
tone-control curves were conventional
when the 400- and 2000-Hz turnover
frequencies were used, but were much
more useful with the 200- and 4000-Hz
frequencies. These allowed the re-
sponse to be adjusted at the frequency
extremes. This is of importance because
here's where this correction is most like-
ly to be needed, without affecting the
midrange response or the overall sonic
balance.

Audio filters had the desirable 12-dB/
octave slopes, with —3-dB response fre-
quencies of 45 and 6000 Hz. They were
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considerably more effective than most
filters in their ability to reduce noise with-
out undue loss of program content. The
effect of the subsonic filter was below
our measurement range, but it reduced
the 20-Hz response by only 1 dB. The
loudness control boosted both low and
high frequencies by an amount we feel
was much too heavy-handed. RIAA pho-
no equalization was accurate within +0/
-1 dB from 50 to 20,000 Hz. It was
down 3 dB at 20 Hz. There was a very
slight interaction with the phono car-
tridge inductance, which boosted the
output by about 0.5 dB in the 5000-
t0-20,000-Hz range.

FM tuner performance ratings and our
measurements are shown in the Specifi-
cations table. The AM frequency re-
sponse, reasonably good at high fre-

RIAA phono
equalization

was accurate
within +0/-1 dB
from .50 to 20,000 Hz

quencies, was severely reduced at low
frequencies for no apparent reason.

User Comment. As the test data
shows, the Luxman Model R-1120 re-
ceiver met or exceeded virtually all of its
specifications. Some of the apparent
discrepancies resuited from differences
in test conditions, but none of them
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affected the usefulness or actual perfor-
mance of the receiver.

The receiver had the “feel,” smooth-
ness of operation, and overall elegant
quality that we found to be characteristic
of Luxman products we have used in the

operating smoothness,
elegant appearance
are evident in

overall design

past. This is one of the intangibles that
one expects to enjoy in any premium-
priced product like this Luxman receiver.
The muting action of the FM tuner was
ideal, with no trace of noise when tuning
through a station and a barely percepti-
ble time delay in the unmuting.

The Model R-1120 does not have
separate preamplifier outputs and power
amplifier inputs, but this was just about
the only significant omission among its
features. It is easy to forget how ver-
satile this receiver actually is because
s0 many of the controls that contribute to
its versatility are small and are designed
to blend with their background.

At first glance, the Luxman Model
R-1120's price might seem rather high
on a watts-per-dollar basis. But consid-
ering its performance and features, its
styling and flexibility, and the very solid
and conservative design and construc-
tion that is in evidence throughout it, the
R-1120's cost is not at all excessive.
Clearly, it's a premium product.
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Technics Linear Phase SB-4500A. St
For people with an ear for wavetorm fidelity,

And an eye for beautiful cainetry.

If you keep up with the latest in hi-fi
successes, you already know about

Technics Linear Phase Speaker Systems.

5o Sl e I |
T Li“?

The Technics speaker systems with wave-

form fidelity: The abilicy to reproduce a

n:.l.‘;

—

musical waveform tha-'s virtually a mirror

image of the original. Now you can

know Technics Linear Phase Speakers for

something else: Beautiful simulated walnut

wood cabinetry. [ntroducing the SB-4 500A.
Like our other Linear Phase Speakers,

Live Pianc Wavetorm.

the SB-4500A is capckle of achieving not
only a wide frequency response, but also
flat amplitude and precise linearity.

And if seeing is believing, look at the
waveforms. On top is the oscilloscope |
recding (the fingerprint) of a live piano
waveform.

IR | EiD

The other, the piano waveform as
reproduced by the Technics Linear Phase

5B-4500A. That's waveform fidelity you
can see as well as hear. And that souncs

petter than good. That sounds live.

How did we do it? First by conducting
axhcustive amplitude and phase studi=s in
acousrically perfect chambers. Then by
developing a unique new

—1—+— "phase-ccntrolled crossover network that rot

on'y compensates for the time delays caused
by diFerent frequencies, but simultaneously
corrects any acoustic differences in the
drivers. And finally by stagcering each
driver unit for the optimum acoustic
pcsition.

Technics Linear Phase SB-4500A. Your
ecrs will love the way it sounds. Your eyes

will love the way it looks.

Piano Waveform
reproduced by SB-4500A,

Technics

Professional Series
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frequency response is
less dependent on
load conditions than
other cartridges

Signet phono car-

ml Dmll Cl(- tridges are premi-
um-quality prod-
~ ucts made by a di-

vision of Audio-
Technica. The Signet series employs a
dual-magnet transducer design. There
are two models for stereo and one for
CD-4 quadraphonic reproduction. Both
of the stereo versions, one of which is
the Model TK7E reviewed here, have a
tapered aluminum cantilever with a
0.2-x-0.7-mi!l elliptical nude diamond
stylus. The Model TK7E has a special
“Micro-Mass” cantilever and diamond.
Its coil windings have minimal induc-
tance and resistance, making the car-
tridge’'s frequency response less de-
pendent on external load conditions.
Suggested retail price for the Model
TK7E phono cartridge is $150.

General Information. The typical
moving-magnet cartridge has a single
magnet on its cantilever. The flux of this
magnet is distributed between the pole
pieces for the two channels as the stylus
moves in the record groove. This gener-
ates a voltage in each winding, propor-
tional to the magnitude of the magnet’s
excursions between the pole pieces.
This Audio-Technica dual-magnet de-
sign employs two separate magnets
mounted on the cantilever at an angle of
90° to each other. The combined mass
of the two magnets is claimed to be less
than the mass of the single magnet used
in typical cartridges. In addition, the
moving magnets are located as close as
possible to the cantilever’s pivot point to
reduce their contribution to the effective
moving mass at the stylus tip.

The cantilever tube in the Signet se-
ries of cartridges is tapered to achieve
optimum combination of low mass and
high rigidity. The Signet cartridges are
normally supplied with styli that have
aluminum cantilevers. However, the
wide variety of accessory styli available
gives the user considerable latitude in
choosing the parameters of his stylus.
These styli can be ordered from any Au-
dio-Technica dealer and are the same
price as the standard replacement styli.
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premium-quality,

dual-magnet design in
the Signet Model TK7E
stereo phono cartridge

The styli can be replaced by a user
with ease. The Signet stylus itself is a
square-shank nude diamond installed
through a square hole in the flattened tip
of the cantilever tube. This system accu-
rately positions the stylus surfaces rela-
tive to the record groove walls. it has a
minimum effective mass, owing to its
small size and the fact that it is bonded

three stylus shapes
are available for
greater versatility

to the cantilever instead of being mount-
ed with a metal holder. In the accessory
series, each cantilever material is of-
fered with a choice of three stylus
shapes: 0.5-mil spherical, 0.2-x-0.7-mil
elliptical, and Shibata. There is also a
low-mass aluminum cantilever with a
0.5-mil spherical tip and a heavier alumi-
num cantilever with a 2.5-mil spherical
tip for playing 78-rpm discs.

Laboratory Measurements. We
tested the cartridge in the tonearm of a
Dual Model 701 record player. The in-
stallation instructions did not list a spe-
cific load capacitance for the cartridge,
but it did suggest keeping the capaci-
tance to a minimum. We loaded the car-
tridge with 280 pF across the recom-
mended 47,000-ohm load, since this is a
typical circuit capacitance in stereo sys-
tems. We did, however, check the effect

of load changes on the frequency re-
sponse.

With a fixed 47,000-ohm load, chang-
ing from 190 to 280 pF had negligible ef-
fect on the frequency response. An in-
crease to 420 pF produced a peak at
10,000 ohms, after which a rapid drop-
off in output was observed. With a fixed
280-pF load, the flattest response was
obtained with 47,000 ohms. An increase
to 100,000 ohms caused a rise in output
beyond 5000 Hz, to a maximum of +4
dB at 20,000 Hz. All basic performance
and listening tests were performed with
a tracking force of 1.25 grams.

Using the CBS STR100 test record,
the cartridge had a response of 40 to
20,000 Hz =1 dB. The high-frequency
and midrange output levels were the
same, but there was a broad dip in the
range between 3000 and 5000 Hz.
Channe! separation was about 20 dB in
the midrange, 18 dB at 10,000 Hz, and
11to 12 dB at 20,000 Hz.

styli are easily
replaceable by
the user

The cartridge’s output measured 3.65
mV at a 3.54-cm/s velocity, and the
channel levels were matched within 0.2
dB. The vertical stylus angle was 22°.
The combined low-frequency tonearm/
cartridge resonance was about 7 Hz at
an amplitude of 8 dB.

{Continued on page 50)




The last word. We thought we’d said it last year. But it
turns out we spoke too soon.

The reason for our premature announcement is the Touch
K500. It’s not just more to say, it’s almost a whole new
vocabulary in scanners. With totally new words to
describe totally new features. For example.

RAM* Scanning: Program in frequency numbers. Enter

them into channels. Then scan the channels to hear a call.

Simple concept. Monumental capability. Because the
Touch K500 gives you 40 channels to scan any of 15,757
different frequencies. You need never even mention the
word “crystals”.

ROM* Scanning: There
are no words or numbers
required. Just choose
from the three sets of
frequencies: police, fire,
or marine and weather.
Then tap the symbol that
corresponds to the sct
you’ve chosen. The red
light symbol is for police,
the flame means fire and
the boat will get you
marine, weather and
mobile phones. Next, get ready. The Touch K500 will
promptly scan through every common frequency in the
ROM set. So you can actually scan police calls without
ever knowing the frequencies. just remember that the red
light symbol calls the cops.

Search and Store: Witl. a conventional radio you turn the
tuning dial to seek new signals. With ours you search
automatically. Besides being easier, our system has some
definite performance advantages. Because the Touch
K500 not only covers each frequency individually, it also
remembers where it heard a call. You can go on searching
and enjoying. Then later, you can ask the radio to go
back and recall the frequencies it heard. As always, it
will respond instantly to your touch.

Et Cetera: There’s a lot more to say about our Touch
K500: like priority, programmable scan delay, channel
activity count, remote equipment switching, Weather
Alert®, and even digital clock with alarm. But enough of
our speech. There’s something more important you
should hear. That is:

The Good Words: Try it. When you go to your Regency
retailer, to see the Touch K500, the best thing he can say
is: “Try it”. Because after just one touch, you'll know
you're listening to the scanner from the company that’s

said it all; Regency. \27

Touch K500

ast year we introduced
the last word in scanners.
This year
we’ve got more to say.

MORE—2591 Channels, Search, Store, Time—MORE

Regency Electronics, Inc. » 7707 Records St. Indianapolis, IN 46226

*RAM: Regency Alterable Memory *ROM: Regeney Organized Memory
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Advanced Electronic Career

ANNOUNCING
... A New
CREI Program:

Minicomputer &
Microprocessor
Technology
Including A
Microprocessor
Laboratory

Now you can learn at home
the new technology that is
revolutionizing electronics
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The microprocessor has ushered in the
age of microtechnology and electronics
will never again be the same. The micro-
processor has made possible the placing
of an entire computer on a silicon chip
one quarter inch square. The microproc-
essor “‘miracle chip™ is in the process of
changing the world. Soon all technical
personnel in electronics will have to un-
derstand and work with the microproc-
essor. It is invading virtually every area
of electronics. And itis profoundly affect-
ing your electronics career.

Brand New
Program

CRE] has a brand new program to help
you learn how to work effectively with
this revolutionary electronics develop-
ment. CREI's new program in Minicom-
puter and Microprocessor Technology is
designed to prepare you for this field by
giving you the education and practical
experience you need.

The program provides solid prepara-
tion in electronics engineering technol-
ogy with a specialization in minicomput-
ers and microprocessors. In addition,
it includes a microprocessor laboratory
which features a fully programmable
microcomputer which utilizes the Mo-
torola 6802 microprocessor chip. This
is an extremely important element of
your program.

Programming
Essential

As you may well know, you must learn
how to program the microprocessor in
order to design, service or troubleshoot
microprocessor electronic systems.
There is only one effective way to learn
this all-important skill of programming,
and that is by actually doing it. CREI’s
new program gives you this opportunity
as you work with the exciting micro
processor laboratory.

Programming
Is Easy

With CREI's new program, learning the
skill of programming is simple. Within a
few hours you'll be programming the
microprocessor and in a short time you'll
learn how to program it in three lan-
guages: BASIC. assembly and machine
languages. In addition, you will learn
how to interface the microprocessor
with other systems and to test and debug
specialized programs.

POPULAR ELECTRONICS



Preparation at Home

Wide Choice
of Programs

Please note, however, that CREI's new
program is only one of 16 state-of-the-
art programs in advanced electronic
technology offered by CREI. So even if
you choose not to specialize in micro-
processor technology. CREI has an ad-
vanced electronics program to meet your
needs.

With CREI, you may choose from any
of the following areas of specialization in
advanced electronics:

Microprocessor Technology
Computer Engineering
Communications Engineering
Digital Communications
Electronic Systems
Automatic Controls

Industrial Electronics
Television Engineering
Microwave Engineering
Cable Television

Radar and Sonar

Nuclear Instrumentation
Satellite Communications
Aeronautical and Navigational
Solid State Theory

Nuclear Engineering

Unique Lab
Program

An exclusive option available with CREI
programs in electronic engineering tech-
nology is CREI's unique Electronic De-
sign Laboratory program. It gives you
actual experience in designing practical
electronic circuits., It also helps you
to understand the theories of advanced
electronics and gives you extensive ex-
perience in such areas as tests and mea-
surements, breadboarding, prototype
construction, circuit operation and be-
havior, characteristics of electronics
components and how to apply integrated
circuits. Only CREI offers this unique
Lab Program.

Practical

Engineering

CREI programs give you a practical en-
gineering knowledge of electronics. That
1s, each part of your training is planned
for your “‘use on the job.” By using your
training, you reinforce the learning proc-
ess. And by demonstrating your in-
creased knowledge to your employer.
you may qualfy for faster career ad-
vancement.

NOVEMBER 1978

Free Book

There isn’t room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite you
to send for our free catalog. This fully
illustrated, 56 page book describes in
detail the programs, equipment and serv-
ices of CREL

Qualifications

You may be eligible to take a CREI
college-level program in electronics if
you are a high school graduate (or the
true equivalent) and have previous train-
ing or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level
programs in electronics

g1 Home Study Programs in

RONIC

ENGINEERING TECHNOLOGY

CRE! Introduces
Program 680:
MINICOMPUTER &
MICROPROCESSOR
TECHNOLOGY

~LUDING MICROPROCESSOR
e LABORATORY PROGRAM

cR

\
\
\
\
\
\

CAPITOL
RADIO
ENGINEERING

INBTITUTE

cGraw-Hil
Continuing
Education Canter

Wasnington. 0.C.
2008

Mail card or write describing qualifications to Gl Bill
CREI programs
CAPITOL are approved
RADIO Sfor training of
ENGINEERING veterans and
.\'(’I'\'i('(’"l(’” llII([(’I'
INSTITUTE the G.1. Bill.

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue Northwest
Washington, D.C. 20016

Accredited Member National Home Study Council
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Tracking tests revealed that the car-
tridge had outstanding tracking abilities
over the full audio range. Using the Ger-
man Hi Fi Institute record, the 60-micron
level of the 300-Hz tones could be
played at the cartridge’s 0.75-gram mini-
mum rated force. At the 1.25-gram force

| we used, the 90-micron level could be
played without audible mistracking (very
few cartridges can do as well). At 1.5
grams, the cartridge could play the rec-

ord's 100-micron maximum level.

Our

other high-level test records could be
played at forces from 0.75 to 0.9 gram.

outstanding tracking
ablilities over the
full audio range

We measured tracking distortion with

F S—

Performance Specific

Specification
Frequency response
Tracking force
Channel balance
Channel separation: 1 kHz

10 kHz
Output @ 5 cm/s
Stylus tip
Vertical tracking angle
Recommended load impedance
Cartridge inductance
DC resistance
Cartridge weight

I 23 - e -

MORE Hobby Electromc Projects from

HEP "

CODE PRACTICE
OSCILLATOR

HeP ' I

PROGRAMMARLE
TIME DELAY

1irm senes v 221

HEP ° Il

DHGITAL
MULTIMETER

HEP °

99-MINUTE
COUNTBOWN TIMER

Rating
5-30,000 Hz
0.75-1.75g

0.75dB

30dB
22dB
2.7mV
0.2 x 0.7 mil
20 degrees
47,000 ohms
370 mH
500 ohms
6.8g

AT o5 2O

SOLID STATE

HEP °

DAWN. ¥O-[
LIBHTING WNTROL

EE 0-

AMATEUR RABIO B0 WATT.
2-METER AMP

the Shure TTR102 and TTR103 records.
The TTR102 is a conventiona!l IM test
record, with frequencies of 400 and
4000 Hz recorded at velocities ranging
from about 7 to 27 cm/s. The measured
IM distortion was between 0.8% and
0.9% (which we believe to be the residu-
al of the test record) for velocities up to
15 cm/s. It increased smoothly and
gradually to 2% at 23 cm/s and 3.5% at
27 cm/s.

With the high-frequency tracking tests
of the TTR103 test record, which has
shaped 10,800-Hz tone bursts at a
270-Hz repetition rate; the repetition-
rate distortion was very nearly as low as
we have ever measured. It varied be-

Measured tween 0.7% and 1.1% as the velocity in-
40-20,000Hz +1dB | creased from 15 to 30 cm/s. These
1.25¢g measurements were made at 1.25
0.2dB grams and clearly illustrate the Model
20dB TK7E's very excellent tracking ability.

18 dB The square-wave response with a CBS
51mV STR112 test record revealed a single
cycle of ringing, with a small overshoot

22 degrees at a frequency we estimate to be at

47,000 ohms/280 pF

e TR R IR K T R

Yeu loved our first six HEP Projects . . . so
we've made it an even dozen!

about 15,000 to 20,000 Hz.

User Comment. Our measurements
left little doubt that the Signet Model

AR R T SN

INFRERED
INTRUSIDN ALARM

C8 TONE
SQUELCH ALERT

s e g o
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Six more exciting and functional electronic
projects for home or lab.

Six more ways to explore tomorrow through
superior technology.

More complex.
More challenging.

And HEP Projects give you a big head start
by providing a printed circuit board, complete
instructions and parts list.

The new HEP Projects made easy:
Digital Multimeter
Amateur Radio 80-watt, 2-meter Amp
99-Minute Countdown Timer
Dawn-to-Dusk Lighting Control
Infrared Intrusion Alarm
CB Tone Squelch Alert

And more on the way!!!

Available at your nearest authorized HEP Distributor.
For mail order information, write: Motorola Mail
Order Sales, P.O. Box 27605, Tempe, AZ 85282 or
circle reader information card.

&)

MOTOROLA

Semiconductor Products Inc.

e e

—
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| TK7E was an outstanding stereo phono
| cartridge. Just how outstanding, how-

| ever, can be determined only by listen- §

ing. First, we played the Shure Audio %

Obstacle Course tracking test records. &
| With the older Era lli record in this series & !
| of records, only a trace of "sandpaper” ;ﬁ;

quality at the highest level of the sibi- | -

lance test prevented the cartridge from

| achieving a perfect score. Even this
slight mistracking was corrected by in-
creasing the tracking force to 1.75
grams.

Although we have less experience
| with the newer Era IV test record, it has
" revealed that it is a much more severe

test for high-frequency tracking than the
' older record, to say nothing of being far
' more demanding than almost any com-
mercially pressed music disc. In view of

|

& 3 . A
29 100

o 7 8 6 1 ? 3
1000

5 ¢ 1 80 »
10000 20000

FREQUENCY (Hz})
Composite response and crosstalk using CBS STR100 test record.

this, we were most impressed to discov-
er that the Signet cartridge could track
everything on the record without audible
signs of distress. After this ordeal, listen-

—_—

ing to conventional records was almost |

anticlimactic.

Rarely have we heard a cartridge
whose sound had such total ease,
smoothness, and lack of coloration.
Especially noticeable was the silent
background. Record hiss was distinctly
lower than we have heard from the
same records with most ofher car-
tridges. Lest one get the impiession that
this cartridge must be heard under the
most demanding conditions to be ap-
preciated, we hasten to report that we

were struck with how unstrained the
sound was with every record we played.

It is interesting to observe that, with
the possible exception of our tracking
distortion measurements, there was
nothing in our test data that clearly and
unequivocally correlated with this car-
tridge’s sound quality. To be sure, all the
test data was first rate, but we have
used cartridges that “tested” as well as
or better than this one, yet did not have
the listening quality of the Model TK7E.
Only a few moments of listening to it are
enough to place this cartridge in its prop-
er place among the very few “finest” on
the market today.

CIRCLE NO. 103 ON FREE INFORMATION CARD
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CAN YOU OUTSMART
UR COMPUTER?

Don't be too sure. The computer built into
Parker Brothers game Code Name: Sector™
is capable of making thousands
of calculations per second. It's as
powerful as early computers that filled @
entire rooms and sold for millions of
dollars. And, while it gives you
cluesto track down and sink a
hidden electronic submarine, it
also helps the sub escape and
counter-attack. That's the
catch that makes every game
areal challenge. Whether
you're playing alone or
against others, your
toughest opponent isthe \
computer. Code Name:
Sector™, the electronic
board game from

Parker Brothers. It'sa
game with amind of its own.

SHPARKER
BROTHERS

©1978, Parker Brothers, Beverly, MA
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Basic

Guide
to pigital

Hewlett-Packard Model 548A Logic Clip and 548A Logic Putser.
NOVEMBER 1978

Logic

Probes,

AmericanRadinHictary Com

BY CLAYTON HALLMARK

How to use
low-cost digital
test equipment

ROUBLESHOOTING digital logic

circuits can often be simplified by
the use of low-cost testers especially de-
signed for this purpose. These include
logic probes, clips and pulsers. Every
modern-day electronics experimenter,
designer and service technician should
know how to work with these important
digital testers, as well as have an under-
standing of the sundry attributes.

Homebrew Testers. The most com-
monly used logic testers are the probe
and pulser. Very basic versions of these,
suitable for building in a test lead, ball-
point pen, or spark-plug tester, are
shown in Fig. 1.

The logic probe (Fig. 1A) is a state
checker. It tells whether an input or out-
put pin of an IC is “high” (logic 1) or
“low” (logic 0). The clip lead attaches to
the positive supply. The LED comes on
when the probe is touched to a point at
ground potential (low or logic 0) but re-
mains off for a high state. You could also
use a voltmeter, bearing in mind that for
TTL, high is greater than 2.4 volts and
low is less than 0.8 volt; but it is simpler
to use a logic probe. It is also safer be-
cause it lets you keep your eye on the IC
you are probing to avoid shorting adja-
cent pins and possibly damaging the IC.

It is generally convenient to trigger a
logic circuit manually during trouble-
shooting, using a logic pulser. To use
the one shown in Fig. 1B, clip one end of
the capacitor to ground and touch the
other end (prod) to the positive bus to
charge the capacitor to the bus voltage.
Then touch the prod to the input of a
gate to be tested; the capacitor will dis-
charge, creating a positive pulse. Now
monitor the output of the gate with a log-
ic probe.

The homebrew instruments just de-
scribed are very crude, of course, but
they do illustrate some fundamentals of
the commercial instruments. For exam-
ple. the simple LED state checker gives
an unambiguous reading for only one
state. The probe’s LED lights for the low
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state and remains off for the high state.
Unfortunately, it also remains off in the
case of an open in the circuit or IC. A
good commercial logic probe, in con-
trast, gives a positive indication of a low
state or high state, as well as detecting
bad levels (between high and low), sin-
gle pulses, and pulse trains.

Logic Probes. A logic probe is much
simpler to set up and use than a scope
or meter. One simply connects the
probe’s clip leads to the power supply of
the circuit being tested, touches the
probe to the circuit point to be tested,
and looks for an indication on the probe.

There are a host of different logic
probe designs available. Continental
Specialties and Kurz-Kasch probes
have three indicators (LEDs for CSC
and red, white, and blue tamps for Kurz-
Kasch) to indicate highs, lows and
pulses. AVR probes have two LEDs that
indicate highs and lows and flash for
pulses. Hewlett-Packard probes have a
band of light all around the tip for omnidi-
rectional viewing. The light is at full bril-
liance for highs, half brilliance for opens
or poor levels, and off for lows. Produc-
tion Devices probes indicate highs and
lows with high- and low-frequency audio
tones, and a new audio-visual model
has LEDs as well.

When the power leads of a logic probe
are connected to a circuit's power sup-
ply, circuitry inside the probe automati-
cally programs the logic thresholds. For
the TTL family, the circuitry sets logic
thresholds at about 16% of the supply
voltage for lows, and 48% for highs.
Hence, a low indication occurs for po-
tentials less than 0.8 volt, and a high in-
dication occurs for potentials greater
than 2.4 volts. There's a “no-man’s”

Fig. 1. How to
construct your
own logic probe (A)
and pulser (B).

land between the thresholds (Fig. 2)
where the absence of a light or tone indi-
cates an open circuit or bad level.

Figure 2 shows how the HIGH and Low
LEDs indicate negative pulses from a
high level or positive pulses from a low
level. A probe can also indicate the duty
cycle of puises in a train (percent of time
the logic level is high), since this deter-
mines the amount of time the LEDs are
on (and thus their relative brightness).

Probes sometimes have a PULSE in-
dicator. For continuous trains of pulses
within the frequency limits of the probe,
the PULSE LED blinks at a steady rate,
typically of 3 or 10 Hz. For displaying
short single-shot pulses, probes usually
have a pulse-stretcher circuit that de-
tects pulses of 200, 50, or even 5 ns,
turning the puLse LED on long enough
to make a visible flash.

Probes sometimes even give a rough
idea of pulse frequency. For square-
wave pulses of 50% duty cycle, the CSC
probe, for example, flashes its PULSE
LED and turns on both HI and Lo state
LEDs if the frequency is below 100 kHz,
or neither state LED if the frequency is
above 100 kHz.

The ability of some probes to detect
pulses as short as 5 ns and to handle
frequencies of 50 or 100 MHz shames
some very expensive oscilloscopes.

Buyer’'s Guide. In evaluating a probe,
consider these capabilities:

Single Pulse. Look for an ability to
catch short, intermittent single pulses
and detect “glitches™ (noise transients).
The minimum detectable pulse width of
probes varies widely. Some are capable
of detecting pulses as narrow as 5 or 10
ns, something that is difficult to do with
even a high-performance scope.

Memory. Some probes have a switch-
selectable memory mode in which the
leading edge of a pulse latches a flip-
flop on to keep the PuLse LED lighted.
This means you do not miss a short
pulse because you blinked or turned
your head when the LED flashed. It also
means you can clip the probe in place
and wait as long as necessary to trap a
troublesome glitch. Or you can hang the
probe on a backplane, make a change
to the circuit under test, and come back
to see if anything has happened. Best of
all, a probe with memory costs a fraction
as much as a memory scope.

Input Impedance. The input imped-
ance of a probe must be high enough
not to affect your measurements. For
example, a low resistance into a
Schottky gate will overload a low-power
output in the low state.

Overload Protection. Most probes
have input-overioad protection that pre-
vents damage even if the probe is
plugged into a wall socket for 15 to 30
seconds.

Bad Levels. A probe should be able to
detect bad levels between logic high and
low. ldeally, it should be able to distin-
guish between highs, bad levels, and
high impedance in three-state logic.

Multifamily Use. Some probes are
compatible only with TTL and DTL. Oth-
ers are compatible with TTL/DTL at one
switch setting, and with CMOS and high-
threshold families at another setting. In-
terestingly, the AVR probe requires no
switch setting to go from one logic tamily
to another.

When a logic probe is connected to
the power supply of a circuit to be test-
ed, circuitry inside the probe automati-
cally sets the thresholds for high and low
according to the supply voltage. For
TTL, the thresholds for high and low are
typically 48% and 16%, respectively, of
the supply voltage. For other families
they are typically 70% and 30%, al-
though they may be 60% to 70% and
15% to 30%. Figure 3 shows how to
connect a probe for various families. Al-
ways connect the positive (red) clip to
the more positive power-supply terminal
and the negative (black) clip to the more
negative terminal.

(Continued on page 61)
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ALABAMA

Cropweil Tucker Bros

Huntsville Industrial Electronic Supply
Mobile Lafayette Radio Electronics
ALASKA

Anchorage Electronics Corp of Alasky
ARIZONA

Filaystafl Jim's Audio & Stereo Reparr
Fountan Hilis P & C Coinmunications
Tempe Computecworid Inc

Sierra Vista B & S Electronics
Yuma Yuma Electronics
CALIFORNIA

Bellflower Earl’s Hobby Shop
Berkeley Al Lasher Electromcs
Brea Century Electronics
Cypri'ss SCR Electronics
£l Monte Kimball & Stark
Fontana Fontana Electronics
Fullerton Orvac Electronics Inc

Glendale Eagle Electromcs
Harbor City Buff's Electronics
Lake Tahoe, South CatPine Electronics
Lancaster Consumer Electroaics
Long Beach Scotr Radio Supply inc

Mission Viejo Tower Electronics Corp.
Modesto Computer Magic
Modesto Pacihic Radio
Monterey 2ackit
Morro Bay Morro Bay Electronics
Oceanside Etectrome Center
Paimidaie Radio Shack A.S.C Palmdale
Palo Alto 2ack Electromcs
Pasadena Dow Radio Inc

Riverside Computer Crenter
Sacramento Heathkit Etectronic Conter
Sacramento The Radio Placr

Sacramento Zackit
San Bernardino talund Computer & Elvctronics

San Carlos J & H OQutivt Stor-
San Dicgo Radio Shack A'S C Mira Mesa
San Drego Radiro Tronics Inc.

San Frenando Electronics
San Francisco Zack Eicctronics
San Francisco Zemth Distributing Corp.
San Jose Peniasuly Electronic Supply
San Jose Qurment Electronics
San Luis Obispo Mid State Electrome Supply

San Fernando

San Rafael Electromes Plus
Sarrtu Barbarg Lombard Electronics
Suntu Cruz Santa Crue Electronus
Sante Muria Cups Electromics
Susti Morica Mission Control
Suisan Cuy Byte Shop
Sunnyvale Sunnyvali Electronics
Torsunce SE Emcrrnmcs
Valiejo Zackit
Van Nuys Thrilty Electromics Supply
Ventura Lombard’s Elrctronics Inc.

Walnut Creek
Westrninstes

Byte Shop of Walnut Crerk
JK Electronics

Whittire D & S Elrcromes
Whnttier Whit et Etctromes Co
COLORADO

Aurora Com Ca Eircriomes
Denver Mt Co n Distribrning Co

Strambout Springs Nonn's TV & Elrectronses
CONNECTICUT

Brdyepaort Bridgeport Conyrutes

FLORIDA

Fi Laudridite Computess For You
Guninesvitie I atoyr te Ratha
Luke tand Lok elaned Sprc vy Fivetronn s
QOrtundo Altar Compitrr Conter
Prnsacol Grico Etey tromes tnn
Tampa AMF R.adio
T Microcompuoter Systems
GEORGIA

Atlarita Atigents Compuates Mart
HAWAL

A Drictuns Hawaer
Honntalu tntegrgted Crit uit Supply
IDAHO

Bose Crstom Fircironics
Caotdwrll A Geanr Supply Inc
tdaho Falls Auvdhotinnis
ILLINOIS

Carboiddale Laylayrite Radio
Evanston Ity Bitty Machne Co
Evanston Tri Statre Etectromc Corp
Granite Crty Comynater Systrems Conter

Grovelnd Moy s Elrctronmics
Mount Prospect Ter Stute Electronic Cnip
Nilvs Computer Land
Quk Pyrk Spectromes Ine
Protrg Warren Radin Co
Robson Radio Shack
Rockiard Impernit Cnmiputerr Systems

Schaumburg Dt Domarn
INDIANA

East Chicayo Acro Electronics Corp
Harumond Meade Etnctronics
1owaA

Chnton Brdgr Etec Computrr Center
Davinpart Computer Store of Davenport

electronic components

P R One-Stop
IM-pak component Center

I0WA {Continued}

Des Mowmes Radio Trade Supply Cn

indianola Etectromix Limited
KANSAS

Kansas City Elrctronic Surplus Sales
Manhatian Commurications Specialties Ltd.
Wichita Amateur Radio Equipment Company
KENTUCKY

Lexwmngton Rathio Electronic Equipment Co.
LCUISIANA

8qtont Rouae Davis Elcctromics Supply Co
Baton Rouge Menard Electromcs Inc.
New Qrieans Wwm. 8 Alien Supply Co.
MARYLAND

Baltimore Computers Unlimited
Baltimore Computer Workshop of Baltimore
Batumore Everything Electronic
La Vale J& M Electronics
Rockville Computer Workshop
Rockwille Heathkit Electranic Center
Silver Spring Computers Etc

Tovsson Baynesville Etectronic inc

Towson Computers Etc

MASSACHUSETTS

Mudtord Tults Etectronics
North Adanis Electroncs Supply Center
Waltham Computer Mart Inc

Worcester RM Electromcs inc

MICHIGAN

Ann Arbor Airway Electrome Communications
Fimet Hobby Etectronic Center
Grand Raprds Micro Computer World
Lansing Fulton Radio Supply Co.
Mudland Computronix Corp.

The Computer Store
H R Electroncs

M Clemens
Muskeqon

W EEEKITS

® 4 DIGIT {.379 HT.)

® SEOUENTIAL FLASHING COLON

® 12 OR 24 HOUR OPERATION

® EXTRUDED ALUMINUM CASE

® HOURS, MINUTES & HOLO PRESSURE
SWITCHES

® INCLUDOES ALL COMPONENTS, CASE &
WALL TRANSFORMER

JE730 $14.95

AVAILABLE AT YOUR DEALER TODAY!!

MINNESOTA

Duituthr Narthwe st Radie 0 Duluth
Eagan Computer Room ine
Hapkiny Hrathkie Elecironic Center
St Pout Heathkit Electronc Centes
MISSOURI

E1 Dorado Spiigs
Flnessant

Beckman Electsunmicy
Cormputer Country

Potkvith Computer Workshop o' Kansas City
MONTANA

Biitings Conley Rudio Supply
Bnermon Etectiomic Servicr & Distrihuting
Groat Foltix At Electron s
NEBRASKA

Loren o Altar Computin Centes
Linenin Scott Elnctrnn Supply Inc
North Praeer Scott Radio Supply Corp
Onvaha Hrathkit Eivctrome Contrr
Onviba Omahyg Computer Storr
NEVADA

Las Vrgus Centucy 23
NEW JERSEY

Rayvilie A R S Commurucations Services
Brick tawe Radio Shack A:sociate Storr
Chuorey Hilf The Computer Emporium
Hoboken Hoboken Computer Works
Paterson . All tronics
Pompron Lake Computer Corner ol New Jorsey
Ramisry Typetrome Computer Store
NEW YORK

Albany Fort Orange Electronics
Kirgston Greylock Electronics
New York Cornputer Mart o+ New Yark
Rensseiner Com-Tech Electronics

AUTHORIZED DEALERS

NEW YORK {Conunued)

Rochuster
Trov

Utica

Whyte Plains
Wiiliamsville

NORTH CAROLINA

Durham
Greeosboro

Ralergh
NORTH OAKOTA

Fargo

Fargo

OHIO
Bucyrus
Cwncinnate
Columbus
Daymon
Reyroldsburg
OKLAHOMA
Guymon
Oktahoma City
Tulsa
OREGON
Atbany
Beaverton
Coos Bay
Medord
Ontario
Portiand
Salem

PENNSYLVANIA

Drexv] Hill
Ere
Hershey
Murcysville
Phoeaixville
Preisburgh
Pittshurgh
Wiikesbare
York

RHOOE ISLANO

Cranston
Pawrucket

SOUTH CAROLINA
Nor# Charleston

TENNESSEE
Chartanooya
Clarksville
Cookeville
Knoxville
Mersiphss
Meruphis
Nast:ville

Oak Ridge
TEXAS
Amerillo
Daltas
Houston
Houston

San Antomo
UTaH

Proro

Salt Luke Crty
VIRGINIA
Aler andng
Alesandria
Alexundrig
Chaiotiesville
Haraton
Nor‘olk
Ricamaond
Richmond
Roanoke
Spraigheld
Virpma Beach

WASHINGTON

Evererr
Konirraw ok
Longview
Pusi o
Riuchiand
Seattic
Segetie
Seztiv
Sea tie
Spokane
Tacoma

WEST VIRGINIA

Margaritown
Morgantown
Ripley
Wheeling
CANADA

Alberty (Calqary )
Ontano (Witlowdale!
Quebec (Montreal}

PANAMA
Parama Crty
Panama City
Panama City
FRANCE
Pawss
SINGAPORE
SINGAPORE

2001 Microsystems
Trojan Electronics
Am-Corn Electronics
The Computer Corner
Hirsch Sales Co

Futureworld
B8yte Shop
By te Shop of Raleigh

The Computer Company
S&S Electronics

Mead Electromcs

Digrtal Design

Heathkit Electromc Center
Altair Computer Center
Universal Amateur Radio

Sound Service
Brts, Bytes & Micros
High Technology

Oregon Ham Sales
Norvac Electronics
Herrick Electronix
Portland Radio Supply
Miuiter Electronics
Porttand Radio Supply
Computer Pathways

Kass Electronic Distributors
Warren Radro
Microcomputer Systems Inc.

Computer Workshop of Pittsburgh

Stevens Electronics
Heathkt Electromc Center
Tydings Company

Hamline Electronics

G Y.C. Company

Jabbour Electronics City
Jabbour Electronics City

Techmcal Services Inc.

Withiam's Data Comp Divistan
Masstronics

Wagnon's Stereo Center

Byte Shop

Biult Crty Etectromics

Sere-Rose & Spencer Electronics
Eddie Warner's Parts Co.
Computer Denn

Computer Encounters Inc.
CompuShop

Altarr Cornputer Center
Interactive Computers

Sherman Electromcs Supply Inc.

Alpme Elecromc Supply Co.
Best Distributing

Computer Hardware Store
Computers Phis Inc.
Heathkit Electronic Center
Lalayetr Electronics
Lafayette Radio

Avec Etectronics Corp.
Avic Elrctromics Corp
Computers-To-Go

The Computer Place

Campoter Workshop of North Virgina

Heathkit Electromic Center

ABC Communications
C & J Electronics
Progress Electromcs
Riverview Electronics
C & J Eiectronics

ABC Communications
Amateur Radio Supply
Com

Empire Electeornics
Personal Computers
Northwest Rado Supply

The Computec Corner
Electro Distributing Co
Thompson's Radio Shack
Lafaverte Radio Asso. Store

The Computer Shop
Home Computer Centre
Wang's Microcenter

Electrotecma S.A.
Somitel, S.A.
Tropeico, S.A.

Computer Boutique
Inter-Trade {PTE) Lid.
Systemns Technology Lid.

SEE YOUR LOCAL Jiz=2=k DEALER TODAY!

For Dealer Information, write or phone JIM-PAK® 1021 Howard Ave., San Carlos, California 94070 (415) 592-8097
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Train with NTS for the

MicroComputers, digital
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The world of electronics is daily becoming more background in electronic systems. Kits and lessons
challenging. Technology is growing more specialized, are designed to work together to demonstrate

and the importance of digital systems increases electronic principles and applications. The kit-building
every day. Test instruments, home entertainment not only shows you how electronic hardware

units and industrial control systems are all going functions, but how various circuit designs accomplish
digital. And now, NTS training programs include a different purposes. Your lessons guide you through
wider choice of solid-state and digital equipment than any number of experiments associated with many
ever before offered in any home study course: projects. This is the Project-Method, and it works.
Advanced NTS/Heath digital color TV (25" diagonal Step-by-step, you learn how and why digital

with optional programming capability), NTS/Heath electronics has become a part of our world, and the
microcomputer, digital test equipment, digital stereo even bigger role it is sure to play in the future.

receiver (70 watts per channel), NTS compu-trainer,
plus much more state-of-the-art equipment to make
your training exciting and relevant.

Whether you are looking for training in Consumer,
Commercial, or Industrial electronics, NTS offers
fourteen courses, some basic, many advanced, in
The equipment you receive with NTS training several areas of electronics. An all-new full-color
programs is selected to provide you with a solid NTS catalog shows you what each course covers,
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electronics of the future.

systems and more...from

in home study.
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and every piece of equipment included.

Send for it today, and see for yourself what'=.« #ly
happening in electronics training technolg
Find out how much has changed, and v
directions the field is taking. You'l!
be a part of it.

It's free. Just mail the card or

Lnew
dably want to

apon. Today.

NO OBLIGATION. N SALESMAN WILL CALL.
APPROVED F© « VETERAN TRAINING.

NATIONAL GEed SCHOOLS

anirs
TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 South Figueroa St., Los Angeles, Calif. 90037

NOVEMBER 1978
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At NTS.
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NATIONAL TECHNICAL SCHOOLS Dept. 205-118
4000 South Figueroa Street, Los Angeles, California 90037

Please send FREE Color Catalog and Sample Lesson.

O Color TV Servicing

£JB & W TV and Radio Servicing

O FCC License Course

O Electronic Communications

O Electronics Technology

O Audio Electronics Servicing

[J Digital Electronics

0 MicroComputers/MicroProcessors

Name ___ S -
Address S S S
Apartment Numbsar B Age S
City T —— ——
State I 2Zip

COCheck if interested in G.1. Bill information.
OCheck if interested ONLY in classroom training In Los Angeles.
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TWO sources

of perfection in
siereo sound.

W e

- PICHERING

XSV 3000

s

Match one 16 your euipmet. -

“The right Pickering Cartridge for your
equipment is the best Cartridge money
can buy.”

We've been saying that for years; and
tens of thousands of consumers have pro-
fited by applying this principle in assembling
their playback systems.

If you have a fine manual turntable, the
XSV/3000 is a perfect choice.

If you have a high quality automatic turn-
table, then installing an XV-15/625E in its
tone arm is a perfect choice.

The XSV/3000 is measured and praised
in 8 Reviews (the XV-15/625E gets its acco-
lade in one of them) — so we have pub-
lished all 8 Reviews in a single brochure for
you to read and evaluate. Be sure to get
your free copy.

Pickering’'s new XSV/3000 is a remark-
able development. It possesses our trade-

marked Stereohedron®™ Stylus Tip, de-
signed to assure the least record wear and
the longest stylus life achievable in these
times with a stereo cartridge. Its frequency
response is extraordinarily smooth and flat;
its channel separa-
tion is exceptional,
its transient re-
sponse affords su-
perb definition. It
represents a whole
new concept of ex-
cellence in stereo
cartridges.

Your Pickering dealer has your
free copy of the

“8 Great Reviews" brochure,
Or write to Pickering & Co., Inc.
Dept. PE, 101 Sunnyside Bivd.

Plainview, New York 11803
@ PICKERING

“for those who can the difference”

BcreaT REVIEWS AGREE!

FREE!
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(Continued from page 54)
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olds, connecting the grounds of the two
supplies together.

Logic Clip. A logic clip is another
easy-to-use digital tester. Unlike the log-
ic probe, it checks a number of points si-
muitaneously. You just clamp it over an
IC DIP package and two rows of LEDs
instantly indicate the logic states of alt
pins. There are no controls to set—not
even any power leads to connect. The
clip’s circuitry automatically locates the
positive and ground supply pins, which-
ever way you connect the clip. You can-
not connect it incorrectly. In contrast to
these advantages, clips do have some

~0{0 TO -6V) a A
RED L = relative shortcomings, as follows.
PROBE 4 - Logic clips cannot test many circuits
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—
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Fig. 4. Using a
logic probe and a
pulser to test
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Fig. 5. Checking a 7490 decade counter with a logic clip and pulser.
(A) Shows IC pins and pulser signal injection points.
(B) Illustrates clip’s expected display.

that probes can, though they can give in-
dications faster with static or slow-
changing signa! conditions (one simply
can't monitor many fast-changing LEDs
at the same time). Some clips are limited
to 7 volts, while others can be used with
ICs that have up to 15 or 18 volts be-
tween any two pins without suffering
damage. Clips operate with positive-
voltage logic families (TTL, RTL, DTL,
CMOS, etc.), which means that they will
not work with some MOS ICs and ICs
with three supplies (such as —12 volts,
ground, and +5 volts).

A logic clip has a single threshold, for
logic high. it does not have a low thresh-
old and, therefore, cannot indicate a bad

61



I L

'T
kg

/—‘—Y— c

ML —

level. The latter shows up as a high state
on a clip. A clip also lacks pulse-stretch-
ing circuitry, so it cannot indicate narrow
single-shot pulses. For viewing these or
high-frequency pulses, you will need a
probe.

Depending on the supply voltage and
how many LEDs are on, a logic clip may
draw 100 or 200 mA. This can tax some
power supplies, especially if the clip is
left in continuous operation.

The logic-high threshold of most clips
is about 1.5 to 2 volts, which is compat-
ible with TTL and DTL. In comparison,
the costiier H-P Model 548A, has a
threshold that is 34% to 46% of the sup-
ply voltage, and is also compatible with
CMOS and other positive-voltage logic
families.

A logic clip is usually used with a puls-
er to check sequential-logic ICs such as
flip-flops, latches, counters, shift regis-
ters, and adders. A clip is sometimes
useful for testing gates, too. For exam-
ple, if the clip shows that the output pin
of a 4-input NAND gate is constantly low
and that the NAND gate's inputs are not
all high, then as a look at a NAND truth
table will reveal, the output must be
shorted to ground.

The Kurz-Kasch Model 670 probe has red,
white, and blue lamps to Indicate

logic states. Switches

choose logic family and memory.

Continental Speclalties’ LP-1 uses
LEDs for state indicatlon.

Switches choose loglc family and
memory or bullt-In pulser.
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TO OTHER
IC INPUTS
Fig. 6. Five steps to
follow in isolating
TO OTHER
1¢ NpUTS  the most common faults
in digital logic circuits.
TO OTHER
IC INPUTS
~.5V
(BAD LEVEL)

Logic Pulser. A commercial logic
pulser is much more than a capacitor in
a probe, as in our earlier home brew ex-
ample. It is (or should be) a high-quality
pulse generator with the versatility of a
laboratory pulse generator minus the
complicated controls. Just clip the puls-
er's leads to the power supply of the cir-
cuit under test, touch the pulser to the
point to be stimulated, and press the
PULSE button. All circuits connected to
that point, outputs as well as inputs, are
briefly driven to their opposite state.
There is no need to unsolder any pins.
Whether the test point is high or low, the
pulser drives it to the opposite state
each time you press the button. Holding
down the button produces a series of
pulses. The pulses should be bounce-
less, safe for the circuit under test, capa-
ble of overriding the state of any normal
(unshorted) circuit node, and tailored to
the logic family being tested.

Usually, the pulser is teamed with a
probe for testing logic gates, and either

a probe or clip for testing sequential cir-
cuits such as flip-flops and counters. To
test a gate, the pulser drives the input
while a probe monitors its transmitted
pulses at the output. (A probe is required
because a clip cannot monitor the puls-
er's narrow output pulses.)

Assume that the output of NAND gate
G1in Fig. 4A is being held high, causing
the output of G2 to be low (refer to the
NAND truth table). When its button is
held down, the puiser overrides the high
output state of G1 and places a train of
pulses on the input of G2. Accordingly, a
train of narrow logic-high pulses ap-
pears at the output of G2. The PULSE
LED of the probe flashes, indicating
pulse activity and the Low LED glows
continuously to indicate a low that is go-
ing high. Although the output of G2 is
stuck at a low level, the gate is not de-
fective since it does indeed transmit
pulses from the pulser.

Next, assume that the probe and puls-
er are moved to the positions shown in
Fig. 4B. The pulser now applies a series
of high pulses to the input of G1. Note
that the pulser automatically supplies
pulses of the proper polarity with no in-
tervention by the operator. If the PULSE
LED of the probe does not respond, gate
G1is defective and is the likely source of
the stuck level at the output of G2.

Assume now that a 7490 decade
counter sequential circuit is to be

checked with a logic clip and pulser (Fig.
5). First, attach the 16-pin clip to the 14-
pin IC (Fig. 5A) (the top or bottom two
LEDs are not connected). Touch the
pulser to the reset input and press the
PULSE button once to inject a zero pulse
into the IC and zerothe outputs (Q1, Q2,

In AVR's “Catch -A-Pulse,” two LEDs

indicate high and low states and flagh for pulses.
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Q4, Q8). The display should be as
shown at the left in Fig. 5B. Next, move
the pulser to the clock input and single-
step the counter through its decade cy-
cle (0 to 9 decimal, 0000 to 1001 binary).
After the first clock pulse, the LED for Q1
lights, indicating a count of 1. After the
second clock pulse, the LED for Q2
lights and the LED for Q1 goes out, in-
dicating a count of 2. Continuing this
way, you can check the counter over its
entire cycle of operation.

A probe is often all you need for test-
ing sequential ICs. The circuit in which
the IC is used can provide the pulses.
For example, if there is a clock signal on
a decade counter and the enabling in-
puts (usually reset lines) are enabled,
the output should be counting. You can
check this by monitoring the clock and
enable inputs with a probe. If the probe
indicates pulse activity on the outputs,
you can assume that the IC is operating
okay. When ICs fail, they usually do so
completely and produce a circuit node
stuck at a high, low, or bad level. Usual-
ly, itis not necessary to observe the tim-
ing relationships of the signais in a cir-
cuit under test, which would require an
oscilloscope. An indication of pulse ac-
tivity by a logic probe is normally suffi-
cient evidence of proper operation.

Checking Logic Circuits. The most
common defects found in digital circuits
are shown in Fig. 6. The following five
steps, performed in the sequence
shown, will isolate the trouble quickly.

1. Narrow down the area of possible
trouble by testing for bad nodes with a
probe. A node is simply a circuit junction

Micronta
three-LED
Digital
Logic Probe

NOVEMBER 1978

point common to two or more gates or
other elements. A bad node may be
stuck at logic high or low or somewhere
in between. Service literature for the
equipment under test, or a knowledge of
the equipment, will usually suggest
points to monitor with a probe.

2. Check for an open bond in the IC
driving the failed node. An open output
at A in Fig. 6 would cause the node at B
to float to a bad level of 1.4 to 1.5 volts.
Inputs connected to B would interpret
this as a high level, but a logic probe
would not be fooled! It would indicate a
bad level. The IC driving the node
should be replaced.

3. If the node is not at a bad level,
then test for a short to V+ (point C) or
ground (D). Inject a pulse at the suspect
node while monitoring the same node
with a probe. The pulser is powerful
enough to override even a low-imped-
ance TTL output, but it is not sufficiently
powerful to cause a change of state on
the V+ or ground bus. Therefore, the
absence of a puise indicates that the
node is shorted to V+ if it is high or to
ground if it is low.

In case of a short, examine the circuit
board for solder bridges, shorted-togeth-
er pins, etc. If this does not isolate the
short, then it is equally likely to be an in-
ternal short in any of the ICs attached to
the node. Try replacing the IC driving the
node and then each of the other iCs until
the problem disappears. (Sometimes
there may be a shorted capacitor or re-
sistor attached to the node.)

4. Check for a short between two
nodes (E in Fig. 6). Pulse one failing
node and cbserve each of the other fail-

Production Devices’ Model 95 indicates
highs and lows with audio tones.

ing nodes with a logic probe. If there is a
short between the pulsed and probed
nodes, the probe will detect the pulse.
To verify the short, transpose the probe
and pulser and check again. As a further
check, you can remove the circuit board
from the system and investigate the
short with an chmmeter. The most com-
mon short between nodes is a circuit-
board short caused by a solder bridge,
loose wire, or other visible defect. Only if
the two shorted nodes are common to
one IC can the failure be inside the iC. If
the short is not visible, replace the IC.

5. If you still have not isolated the
problem, check for an open input bond
(F in Fig. 6), a failure of the internal
steering circuitry of the IC, or an open in
the circuit outside the IC (G in Fig. 6).

With an open input bond (F), a signal
appears at the input pin of the gate, but
the gate responds as if a static high
were applied. A failure of the steering
circuitry will cause the output of an IC to
be stuck high or low. In the case of a cir-
cuit open, inputs attached to the left side
of the break will be driven normally,
while inputs to the right will float to a bad
level that looks like a static high.

In Conclusion. Logic probes, clips,
and pulsers provide a digital answer to
digital problems. Many of them cost less
than you would pay for a multimeter.
There are times, however (especially in
complex computer circuitry), when a log-
ic comparator is desirable because it
can check out a host of logic levels si-
multaneously under dynamic conditions.
But comparators are costly and require
a large inventory of good ICs. o

CSC's 16-LED
Logic Monitor
clip displays
states of all

IC ping at once.
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COMPARING

URING the past year or so, a new

type of audio signal processing
accessory has made its appearance.
Usually called a “click and pop” sup-
pressor, its function is to remove or
greatly reduce the audible transient
sounds resulting from scratches and
blemishes on the surface of a phono-
graph record. Although nothing can be
done to restore to perfect condition a
scratched disc, it is possible to greatly
reduce the annoyance from the resulting
clicks. “Pops” are another form of rec-
ord noise, which usually result from disc
imperfections and the ever-present elec-
trostatic charge (with its attendant crack-
ling sounds) on the disc.

The designer of a noise-reducing
accessory must first determine how to
recognize noise and to distinguish it
from program material. Fortunately, a

L

“GLIGK”
AND “POP”
SUPPRESSORS

AUDIO

record scratch has several unique char-
acteristics that distinguish it from the
music: (1) It usually produces a vertical
displacement of record material thereby
generating an out-of-phase record mod-
ulation. (2) It has a very fast attack and
decay time. This contrasts with normally
slow action of musical sounds (even
high-frequency percussive sounds de-
cay slowly, though attack time is fast).
(3) The transient will be brief in duration,
lasting no more than one or two mil-
liseconds. Musical sounds are always of
greater duration. Although commercially
available suppressors differ in most of
their circuit details, all operate on the
same general principles.

Once a transient noise is identified,
the next step is to remove it without af-
fecting the program. Though the audio
signal can simply be blanked out for the
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The SAE Model 500 impuise noise-reduction system.
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duration of the noise pulse, this leaves a
“hole” in the program that can be just as
audible as the “spike” of noise. Hence,
each click and pop suppressor has been
designed to fill in the holes in the pro-
gram as unobtrusively as possible. 1t is
necessary, therefore, for each system to
pass the program through a time-delay
circuit, since a finite time is required for
the sensing circuits to determine that a
noise pulse is present. Any suppression
that occurs must be applied from the be-
ginning of the transient.

The incoming program in Ssuppressors
is split into two paths. One path delays
the signal for a short time before passing
it through a gate or other circuit that is
used to remove the transient. The other
path passes the signal with no delay to
the sensing circuits that control opera-
tion of the gate. Each of the competing
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Garrard’s Model MRM 101
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suppressors on the market is claimed to
use a different method for filling in the
hole left by the removat of the noise tran-
sient, but the manufacturers are vague
about the details of their techniques.
External measurements on a device
like a click and pop suppressor {or any
dynamic signal processor, for that mat-
ter) are at best an incomplete and un-
satisfactory method of judging its perfor-
mance. We chose, therefore, to depend
mostly on subjective side-by-side com-
parisons, using measurements only
where they could be truly informative.
Let us take a close look at the pres-
ently available click and pop suppres-
sors and compare them on the basis of
published specifications (see Table).

SAE Model 5000. The first click and
pop suppressor to reach the market was

Music Recovery Module.
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audio components

BY JULIAN HIRSCH

the SAE Model 5000 impulse noise-
reduction system. This compact black

_box has input and output jacks as wel

as a second set of tape recorder input
and output jacks that duplicate those on
the amplifier used for connecting the
suppressor into an audio system. IN-
VERT, DEFEAT/NORMAL, and MONITOR
switches are at the top of the front panel.
The DeFEAT switch bypasses the sup-
pressor circuits entirely, while the MONI-
TOR button has the same function as the
monitor button on the amplifier, except
that it processes the signals going to the
tape recorder through the impulse-noise
suppressor circuits to remove transient
noises from a disc program being copied
onto tape.

The INVERT switch is used with a SEN-
SITIVITY slide control to adjust the oper-
ating threshold. When INVERT is en-

Now you can step up to higher
fi with a new breed of
record noise-removal

gaged, the output from the system con-
sists of only the noise pulses removed.
As the SENSITIVITY control is moved up
from zero, clicks and pops on the disc
will be heard emerging from a silent
background. if it is advanced too far,
portions of the program will be heard as
well. Hence, the correct adjustment
point is obtained when only the pops are
heard. Then, releasing the INVERT
switch allows the program to be heard.

SAE's literature states that portions of
program material immediately preceding
and following the noise pulse are eval-
uated and substituted for the chopped-
out portions. It also states that since this
takes less than a millisecond, the substi-
tution cannot be heard.

Burwen Model TNE 7000. This
transient noise eliminator is manufac-
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The Burwen Model TNE 7000 noise eliminator.
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CLICKS and POPS Fis-1

continued

L
it

tured by KLH. The design is based on
the premise that noise transients last no
more than 2 us; that they have attack
and decay times of 50 to 200 ws; and
that they have high-energy content in
the ultrasonic region from 20 to 50 kHz,
where there is little or no music.

When the Burwen device senses the
presence of impulse noise, using the
above criteria, it cuts off the direct pro- Fig. 2
gram for the duration of the noise pulse.
However, instead of a delay of several
milliseconds, the Model TNE 7000 has a
very short 40-us delay in its signal path.
It is much faster in operation than the
other suppressors and is able to blank
the signal for a period as brief as 80 u.s.
A smoothing circuit that substitutes a
smoothly varying signal for the program
is used to fill in the hole instead of the
abrupt transition of the noise gate to
make the suppression inaudible.

This is a fairly large component. Like
the SAE Model 5000, it has no power
switch and is meant to be switched on
and off by the amplifier's switched con- Fig. 3
venience outlet or left on continuously (it
draws negligible power).

In the center of the front panel are
pushbutton DEFEAT and TAPE MONITOR
switches. The latter replaces the amplifi-
er's tape monitor switch, since the de-
vice connects to the amplifier in the
same manner as does the SAE device.
The DEFEAT button allows one to bypass
the noise-suppression circuit when it is
not needed.

A large SENSITIVITY control is at the
left of the panel, and next to it is a LED
jabelled HIGH FREQUENCY CALIBRATION.
The control is used to adjust the sensi-
tivity of the suppressor to high-frequen- .
cy signals (in the vicinity of 30,000 Hz) Fig. 4
that are used to actuate the noise-blank-
ing gate. When the control is cortectly
set with relation to the noise “floor,” the
LED noticeably dims. At the right of the
panel is another control labelled
THRESHOLD, accompanied by a LED la-
belled TRANSIENT NOISE ELIMINATION. AS
the control is turned clockwise, transient

Test results in Figs. 1-4 are for SAE 5000, Figs. 5-7 are for

Burwen 7000. Time base is 1 ms/div., except 1 ps/div.

for Fig. 7. Test signal is 10,000-Hz tone burst on

10,000-Hz sine wave. Fig 1 shows 0.4-ms burst input
(Continued above on following page.)
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(Continued from preceding page.)

and output with suppressor defeated. Fig. 2 is same
with suppressor in use. In Fig. 3, burst is 3 ms,
suppressed for only 2.7 ms. Fig 4 shows output with
INVERT switch activated. Figs. 5 and 6 can be compared
to Figs. 2 and 3. In Fig. 7, lack of fill-ins is shown when
burst is shortened to 100 us.

noise causes the LED to flash, which in-
dicates that the noise is being removed
from the signal.

Since the Model TNE 7000 uses noise
impulse energy in the vicinity of 30,000
Hz to trigger its circuits, it is desirable to
use it with a cartridge that has extended
high-frequency response. A CD-4 car-
tridge is ideal, for example, but the sys-
tem will function properly with any rea-
sonably good cartridge.

Garrard Model MRM 101. Garrard’s
suppressor is named, somewhat crypti-
cally, a “Music Recovery Module.” Un-
like the other suppressors, which are de-
signed to connect into an audio system
via the amplifier’s tape-monitoring loop,
where it can be used to remove transient
noise impulses from any program
source, the Model MRM 101 can be
used only on phono sources. It contains
its own RIAA-equalized preamplifier,
whose output can be connected to a
high-level (aux) input on an amplifier or
receiver,

The Model MRM 101 identifies tran-
sient noises by using the same criteria
employed in the Burwen and SAE sys-
tems. The decision time of the Garrard
device's logic is 0.4 ms, and a 2.7-ms
program delay is used so that the device
can suppress a transient from its onset.
The program delay is accomplished with
a 256-stage “bucket-brigade” IC. In-
stead of attempting to fill the hole left in
the program by the deleted pulse, the
pulse is blanked to a depth of 34 dB with
a smoothly operating optical attenuator.
A LED/photoresistor circuit reduces the
gain smoothly and relatively slowly, in
contrast to an abrupt cutoff action, while
another LED/photoresistor circuit re-
turns the gain to its original level after
the transient passes. This cycle of pulse
recognition, gain reduction, and gain
restoration takes about 2.5 ms and falls
within the 2.7-ms program delay period.
Because of the smooth change in gain,
the action is relatively inaudible.

At the left of the Model MRM 101's
front panel is the POWER switch. At the
right is the sUPPRESSOR on/off switch; a
red LED lights when the suppression cir-
cuits are switched in. The remaining
control is simply labelled mMIN and MAaX at
its rotation extremes. Near it is a red
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CLICKS and POPS continued

LED labelled SUPPRESSOR ACTIVITY.

It is not necessary to turn on the sup-
pressor circuits to use the Model MRM
101 solely as a phono preamplifier. If a
record has impulse noise, the suppres-
sor circuits can be switched in and the
MIN/MAX control advanced clockwise
until the SUPPRESSOR ACTIVITY LED be-
gins to flash, indicating that the suppres-
sor is acting on the noise impulses.

Laboratory Tests. Most convention-
al laboratory performance tests on click
and pop suppressors are uninformative.
We simply verified the devices’ max-
imum output capabilities, distortion fig-
ures, and noise levels. In the case of the
Garrard Model MRM 101, we also mea-
sured the performance of its phono
preamplifier.

The Garrard suppressor’s preamplifi-
er was affected considerably by whether
or not the noise-elimination circuits were
switched in. Without suppression, it
overloaded at a safe 135 mV at 1000 Hz
and could deliver an 8.8-volt output.
With the suppressor switched in, the
overload limit was a marginal 47 mV and
the maximum output voltage was 2.8
volts. In both cases, a 4.5-mV input was
needed to develop the rated 300-mV

output. The unweighted noise level in
the output was —66 dB without suppres-
sion and —60 dB with suppression, re-
ferred to the 300-mV nominal output.
Both figures are quite acceptable for a
phono preamplifier. (They would be im-
proved by slightly more than 4 dB if re-
ferred to the IHF standard output level of
0.5 volt.)

The 1000-Hz THD was very low with-
out the suppressor, measuring only
0.0025% at 1-volt output. It increased to
0.1% when the suppressor was activat-
ed. The RIAA phono equalization was
accurate to within =0.5 dB from 30 to
20,000 Hz without the suppressor, and
there was no interaction with cartridge
inductance. The suppressor circuit
rolled off the response above 10,000 Hz
to —6 dB at 20,000 Hz and introduced a
rise of about 1.5 dB from 70 to 250 Hz.

It must be remembered that, even if
some of the preamplifier specifications
deteriorate when the suppressor is
used, this condition would exist only
when records in substandard condition
are being played. There would be no
reason to use a transient suppressor
when playing a record of high quality.

Aside from the measurements of the
phono section of the Model MRM 101,

Performance Specifications—Click”and " Pop”

Suppressors
SAE Burwen Garrard
Specification 5000 TNE 7000 MRM 101
Harmonic distortion 0.1% 0.2% 0.01% DIRECT
(20-20,000 Hz, 0.1% SUPPRESSED
rated output, (1 kH2)
unless specified)
IM Distortion 0.1% NA NA
S/N (output V) 90 dB 96 dB 100 dB (DIRECT, 8 V)
(2.5V) (2.5V) 80dB (SUPPRESSED, 2.5 V)
Rated output 2.5V 25V 300 mV
Maximum output 9V 7V 8 V (DIRECT)
2.5V (SUPPRESSED)
Frequency response +1dB +0.5dB +1.5dB (from RIAA)
(20-20,000 Hz)
Inputimpedance 75,000 ohms 40,000 ohms 47,000 ohms
Load impedance QOver 600 ohms 5000 ohms 10,000 ohms
Gain +0/-1dB 0.0dB NA
Power consumption 7W 8w TW
120V
Dimensions (in.) 10% x 9% x 3 | 16% x 7% x 2% 14% x 113% % 2%
(W x D x H)
Suggested retail price $200 $300 $200
68

the only objective tests we made on all
three noise suppressors were with simu-
lated transient signals to determine how
suppression affected the total signal
waveform.

Interpreting Oscilloscope Pho-
tos. The oscilloscope photos we took
during our tests reveal some significant
differences between the Burwen and
SAE suppressors. The test signal was a
10,000-Hz sine wave on which was su-
perimposed a 10,000-Hz tone-burst sig-
nal of adjustable duration. We adjusted
the amplitude of the burst so that it
would reliably operate the suppressor
circuits. (About 6 dB greater than the
steady-state level was a suitable level,
although the suppressors could be ad-
justed to operate over a very wide range
of levels.)

On all photos, except that in Fig. 7, the
time base is 1 ms/division. In Fig. 1, we
see a 0.4-ms burst signal at the top of
the photo and below it the same signal
at the output of the SAE Model 5000
with the suppressor defeated. Except for
the approximately 100 us required for
the burst to build up and decay, the sig-
nal was unmodified by its passage
through the SAE system.

In Fig. 2, the suppressor is in use, with
the sensitivity adjusted so that the burst
is recognized as a “noise.” Two things
are apparent here: the off time is much
longer than the noise pulse by about 2.7
ms and there is no sign of any “fill-in”
signal during the off interval. In Fig. 3,
the length of the “transient” has been in-
creased to about 3 ms, which is some-
what longer than any real click or pop
would last according to the criteria ac-
cepted by all three manufacturers. The
suppression interval is still only 2.7 ms
and about 0.3 ms of the pulse passes
through at full amplitude. This suggests
that the signal-path time delay in the
Model 5000 is about 2.7 ms.

In Fig. 4, we see the output of the
Model 5000 with the INVERT switch ac-
tivated, using a short burst of 200 ps. As
claimed, the signal is suppressed in the
output and only the noise pulse is pres-
ent, which makes it very easy to set the
operating threshold. Note, however, that
the INVERT output continues after the
noise pulse at roughly the steady-state
program level for another 0.7 ms. This
time remains constant when the dura-
tion of the noise pulse is varied over
wide limits.

The performance of the Burwen sup-
pressor with the same signals used in
Fig. 1 and Fig. 2 for the SAE device is
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shown in Fig. 5. In this case, the off time
is the same as the duration of the noise
pulse. It maintains this relationship until
the duration of the pulse exceeds about
2.5 ms, after which the pulse is no long-
er suppressed (see Fig. 6). To judge
how effectively the Burwen device dealt
with very short pulses, for which it had
supposedly been optimized, we short-
ened the burst to 100 us (one cycle of
the 10,000-Hz signal). The result is
shown in Fig. 7 on a time scale of 100
ws/division. It can be seen that the
100-us transient causes the program to
be suppressed for about 200 us. It also
appears that, as was the case for the
SAE device, it has no visible fill-in action
while the signal is interrupted.

We did not test the Garrard Model
MRM 101 with this composite signal, be-
cause of the manner in which this sup-
pressor is connected to the amplifier.

Listening Comparison. The tone-
burst tests are interesting, but they're
hardly comprehensive enough to prop-
erly evaluate the suppressors. Such
tests can be made only by subjective lis-
tening comparisons to genuine record
clicks and pops. Tone bursts, however,
do tell us something about the range of
transient durations over which the sup-
pressors can operate, the duration of the
signal-blanking interval, and the nature
of any “fill-in” signal during the interval.
(We found no evidence of a fill-in signal
with any of the suppressors.)

Most of our listening evaluation was
done with records, since they are the
prime source for which these products
were designed. Several different phono
cartridges were used, including CD-4,
low-cost moving-magnet, and some
moving-coil cartridges. We found no sig-
nificant performance differences with
different cartridges.

For our listening tests, we made a
“demonstration” record by using a razor
blade to cut radial “scratches” in a
spoke pattern on a record. When we
played the record without suppression,
the scratches generated a fusillade of
loud pops with each revolution. This kind
of record makes for a very effective,
though potentially misleading, demon-
stration of a click-and-pop suppressor.

In our judgment, the Garrard and SAE
suppressors were very nearly equivalent
in their ability to eliminate the audible ef-
fects of such “scratches.” Depending on
the severity of the razor scratches, there
might be a complete suppression of the
noise, or the “hole’ might be heard as a
soft low-frequency “thump.” Even the
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latter was far less objectionable than the
original transient in every case.

The Burwen device had aimost no ef-
fect on the noises from the massive
gouges made by the razor blade. At first,
we wondered if the system was operat-
ing properly, but a telephone call to de-
signer Richard Burwen clarified the mat-
ter. The Model TNE 7000 is designed to
deal with “real-world” scratches, which
are almost invariably much more shal-
low and produce briefer and less audible
transients than the arifically spoked
discs. The Burwen circuitry has been
designed specifically to suppress these
short-duration transients.

We had to ferret out some of our discs
with shont, sharp ticks to evaluate the
Burwen suppressor. Some of these
discs produced little more than a crackle
in the sound, akin to the sound from dust
particles and electrostatic discharges.
The SAE suppressor cleaned up the
sound fairly well, but tended to leave au-
dible thumps. (This is explainable by the
constant duration of its blanking action,
which treats all transients alike, regard-
less of their duration.) The Garrard sup-
pressor removed the ticks fairly well,
with little or no trace of residual thump.
The Burwen system proved to be by far
the most effective of the three suppres-
sors in this situation. The only clue that a
transient was present was the flashing
of its LED indicator.

We tested the three suppressors with
an off-the-air FM program that contained
the effects of scratched records. Though
the Garrard system cannot do anything
about this, the other two systems can, at
least potentially. The few times we en-
countered FM broadcasts of scratched
records, we were unable to make any
real comparisons between the Burwen
and SAE suppressors because the
noises did not last long enough and
were not under our control. However, we
did find that both suppressors could do
at least a fair job of removing clicks from
FM signals. In addition, the very fast re-
sponse of the Burwen system made this
suppressor surprisingly effective in re-
moving automobile ignition interference
to the FM signal.

In Conclusion. The applicability of
click-and-pop suppressors for a home
music system must be decided on the
basis of how many seriously scratched
records one has. Of course, one can buy
a lot of replacement discs for the $200 to
$300 cost of a suppressor. If you are en-
gaged in making tape copies of old,
scratched discs for which there are no
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replacements, a suppressor can certaif-
ly be an invaluable accessory.

The Garrard system has the advan-
tage and disadvantage of containing its
own phono preamplifier. When its sup-
pressor is in use, its preamplifier is not
the equal of those found in moderately
priced amplifiers and receivers, and criti-
cal listeners might not wish to use it in
lieu of an existing preamplifier (although
when the suppressor is defeated, the
preamplifier in the Garrard system is of
very good quality). On the other hand,
the Model MRM 101 does provide one
with an additional magnetic phono input
when it is connected to an amplifier’s
AUX inputs. As we see it, any deficien-
cies it might have are of little importance
when one is faced with the alternatives
of listening to a scratched disc “as is”
and not playing it at all.

if one decides to keep his present
phono preamplifier, the SAE Model
5000 comes close to equalling the per-
formance of the Garrard system in sup-
pressing clicks and pops. Either system
will do a very impressive job of suppres-
sion with relatively little effect on the pro-
gram itself. The worse the click, the
more effective these systems will be in

removing it.
The Burwen Model TNE 7000 is much
more refined in its action. f razor

gouges are a good approximation of the
condition of your discs, this is not the
system to buy. For dealing with most
real, accidentally caused clicks, manu-
facturing defects, and electrostatic
crackles, whether, on your own discs or
in FM broadcasts, however, the Burwen
system was the most effective of the
three we tested.

All three systems were easy to adjust
for good suppression without audible
distortion, although excessively high
settings of the threshold controls on the
Burwen and SAE systems could pro-
duce an unpleasant “hashy” distortion.
Since it is easy to set the controls cor-
rectly, this is no cause for concern. We
were unable to make the Garrard sys-
tem produce audible distortion or over-
load over the entire range of its thresh-
old control.

Keep in mind that none of the devices
detailed here will do anything about rec-
ord hiss, rumble, or any record noise ex-
cept transient sounds that satisfy their
recognition criteria. When used for the
intended purpose, they can be effective
and useful additions to any music sys-
tem in which the quality of the records
does not match that of the individual
playing components. o

69




DIRECT FAOM JAPAN'S BIGGEST | ELEETH!]HIES SUPPLIER

Any and all ._ufn;u

ese makes

838

Lo
£ bt

a&:::séss'-::

TV, RADIO, STEﬁéO, SPARE PARTS

KITS (with beautiful fitted case) DIPAG TES‘

CLIP 16P

$300

EXTRA LENGTH TEST CLIPS
NI

Weat clips for
pracision testing
of _components

© TRANSISTOR Set
ATYPE(BS species. 123 pes) g;:z
B8-TYPE{114 1pecies.123pes) -
© DIOOE Set $ 5000 —m——
C IC Set {27 pes} $14000 | 1 REOD, on PC bosrds or
© CR Set {479 pes) $100.00 | 1 BLACK $ 1.00 chansa 3"each

Mot Orders shipped tame day. Minimum order US$20.00. Send pomtsl or bank money order
only. Please acdd USS3 50 foc swr stuprung and handhing per order. Dealer inquicies

COMPLETE
COURSE

KIT CONTANS: LOCK MCKS, CAR OPENMQ TOOL, LOCKS. FILES 4 SEYS
COURSE COVERS: LOCK MCKING, MASTER KIYWG. KEY REXETNO

Today a trained Locksmith can just about
write his own ticket. Locksmiths average
$15.00 an Hour. Learn athome - Earn as you
learn. Fast easy course that trains you by
doing. All keys; locks; picks; car tools and
special equipment supplied. Zooming
crime is everywhere, everyone is seeking
greater protection. Cash in at once, train
at home - Earn extra $8$ right away. Send
for exciting facts and a Free Lesson - No
obligation or Send $39.95 for complete Kit
& $1.75 shipping & handling. Texas resi-
dents add sales tax. C.0.D. accepted. 10
day money back guarantee.
8350 PARK LANE, SUITE 265 j

I DALLAS, TEXAS 75231

[2] SEND COURSE [] SENO INFORMATION
AND FREE LESSON I

— — — —
I NATIONAL LOCKSMITH SUPPLY

NAME
| ADDRESS I
I ary I

STATE

zip I

$39.95 & 1 75 shipping - Texas Remdents add 5% Tax
- COD accepled
— e e———

CIRCLE NO 42 ON FREE INFORMATION CARD

70

D: Data
rocessing

BY ROBERT P. BALIN

UulZ

(4) (F)
—
(8) (6)
(C) (H)
(D) (1)
(E) (J)

Digital logic circuits are designed to han-
dle the “and” and “or” relationships that
exist not only in mathematical processes
butin everyday life as well.

To test your ability at understanding
logic, see if you can match the following
common situations (1 to 10) with the
analogous circuits (A to J).

1. To win a prize, you must send in a
coupon and also get at least one of the
questions right.

2. Today's luncheon special consists
of a ham sandwich with either soup or a
salad, but not both.

3. You can paint the walls blue or
pink, but paint the ceiling white, even if
you don't do the walls.

4. A pair of Jacks or a pair of Queens
will win the hand.

5. They will rent the apartment to a
couple or a single person, but not to
both.

6. On this TV set, you can get the
sound and picture separately or together
on channel 5, but the sound only on
channel 8,

7. To get in, you must have either
$4.00 and a discount card, or come up
with another dollar.

8. You must attend at least one morn-
ing or afternoon session of either day of
the conference.

9. If you take a course in Law or Soci-
ology, or both, you must also take one in
either English or History, but not both.

10. You can play doubles at tennis
there; but if a player on either team fails
to show up, the game is called off.

{Answers on page 119)
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A PERSONAL MICROWAVE
COMMUNICATIONS SYSTEN

THE NI - WAVE

Construction,
alignment, and
setup details

AVING examined the Gunnplexer

microwave module and its transmit
and receive support circuits in Part 1,
last month, this concluding part will fo-
cus on assembly and alignment of Mini-
Wave communications gear, selection
of antennas, and how this choice affects
communications range. Other topics to
be discussed are licensing your Mini-
Wave system and safety considerations
in the use of microwave devices.

Construction. The use of printed-cir-
cuit construction techniques is recom-
mended. A carefully designed pc board
will minimize instability due to parts
placement and lead positioning that can
occur in a high-gain, high-frequency
stage such as the receiver i-f. Suitable
etching and drilling and parts placement
guides for the receiver, optional audio
subcarrier generator/modulator and de-
modulator boards are shown in Figs. 5,
6, and 7, respectively. (The transmitter
without the optional audio subcarrier
generator/modulator is so simple that
no circuit board is required.)

The receiver contains a number of
hand-wound inductors. Air-core coils
can be wound on a pencil, a piece of
plastic tubing, or a coil form made speci-
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fically for that purpose. Several coils are
lengths of very fine (No. 30) enamelled
copper wire wound on Ferroxcube ferrite
shielding beads. The edges of the beads
should be smoothed so that the enamel
insulation is not inadvertently scraped
oft when the coils are wound, either by
tumbling the beads in a lapidary tumbler
or with a fine grade of sandpaper.

When components are mounted on
the printed circuit boards, attention
should be paid to the polarity of elec-
trolytic capacitors and diodes and pin
basing of transistors and IC's. The mini-
mum amount of heat and solder consist-
ent with good connections should be ap-
plied to each solder joint. Also, the
boards should be scrutinized for un-
wanted solder bridges between adjacent
foils. Interconnections between the
boards, Gunnplexer signal ports, and in-
put and output jacks should be made
with small-diameter coaxial cable such
as RG-174/U. Hook-up wire can be
used for other connections.

The author’s prototype transmitter is
shown in Fig. 8 with the cover of its en-
closure removed. Video and audio level
and Varactor tuning voltage controls, in-
put jacks, the power switch and fuse-
holder are mounted on the rear of the
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enclosure. Terminal strips and point-to-
point wiring are employed in the power
supply and non-audio portions of the
transmitter. The Gunnplexer is bolted di-
rectly to the front of the enclosure. The
entire assembly forms a neat, relatively
compact unit that can be mounted on a
carnera tripod or other support. If it is in-
convenient to mount the entire transmit-
ter or receiver at the antenna site, the
Gunnplexer alone can be installed there
with coaxial lines to other circuits.

The enclosures that come with the
Mini-Wave kits are not intended for per-
manent installation outdoors. The major
problem is moisture. One very simple
solution to this problem is to cover the
entire transmitter or receiver package,
including a 17-dB gain horn antenna if
used, with a large plastic bag equipped
with a downward-pointing plastic tube
that will allow “breathing” and the es-
cape of condensed moisture. Of course,
adequate measures should be taken to
keep the 117-volt ac power line isolated
from the environment. Alternatively, low-
vokage ac derived from a step-down
transformer can be applied to a remote
Mini-Wave transmitter or receiver by
means of a suitable length of multicon-
ductor cable approved for outdoor use.
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Alignment. For best performance,
Mini-Wave communications equipment
must be properly aligned. This is espe-
cially true in the case of the receiver, au-
dio subcarrier generator/modulator and
audio subcarrier demodulator. The
transmitter, however, requires almost no
alignment at all, owing to its simplicity.
Instrumentation required includes a volt-
meter, an oscilloscope and a frequency-
swept signal generator.

Align the receiver in the following
manner (see Fig. 9). First, disconnect
the coaxial cable running from the
Gunnplexer's i-f output to the receiver pc
board. This is most easily done by dis-
connecting the cable from the Gunn-
plexer rather than from the pc board.
Next, couple signals to the coaxial cable
from a frequency-swept signal generator
via a 100-pF silver mica or disc ceramic
capacitor. The generator's controls
should be adjusted so that the output
signal is at a relatively low level (0 dBm
or 1 mV) and sweeps to beyond 60 MHz

Fig. 6. Etching and drilling and
parts placement guides for audio
subcarrier generator/modulator.
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