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The Cobra 50XLR CB has it all.

AM/FM Stereo. Cassette. And
CB. All in one compact unit. Al
engineered to bring you the seme
loud and clear sound Cobra is
famous for.

The remote mike houses the
channel selector, squelch control,
and channel indicator. So all you
need for talking CB is right there in
your hand. The cassette player fea-
tures through the dial loading and
four-way fader control.

Because they're only five inches
deep, there's a Cobra in-dash radio
to fit almost any car with little or no
modification to the dash. This
feature, plus the step-by-step
Installation Manual and Universal

OFF/ VOL <@ TONE

Installation Kit makes them the
easiest in-dash racios to install. And
our Nationwide network of Author-
ized Service Centers makes them
the easiest to service.

There are four Cobra in-dash
models to choose from including
AM/FM/Stereo/8-track/CB. But no
matter which you choose you can
e sure of getting the best sounding
radio going. The utimate car radio.

The Cobra. )

@bra

Punches through loud and clear.

Cobra Coemmunications Products

DYNASCAN CORPORATION
6460 W. Certland St, Chicago, linois 60635
Write for color brochure
EXPORTERS: Empire * Plamvtlew, Ns{, o CAN;DA: Atlas Electronics « Ontari

Subject to FCC type acceptance
CIRCLE NO. 7 ON FREE INFORMATION CARD
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Where superior technology makes the musical
difference: Sansui’s new DC integrated
amplifier and matching tuner.

Sansui is proud to irfroduce the new AU-717 DC
integrated amplifier and matching TU-717 tuner, cesigned
for your Jreatest listening oleasure. We are proud of the
superlat ve specifications that ou- sopkisticated rasearch,
has ach eved. The finest availabl2 at any price.

Eut the best specs clone don't always mec the finest
music reoroduction. And so we are proud that our precision
engineering and superior circuitry cesign create pure and
brilliantly clean tonal quality thats distinctly superior.

_sten to what we offer: Frequer cy response of the
AU-717 from main in, OHz to 200kHz (+0dB, —3dB), (the
widest o any DC integrated ampilif er available). gives
you shard, clean transients and greatly reduced prase
shift protalems. Total harmonic distorticn is astounc ngly
low, less -han 0.025%, from 10-20,000kz 85 waits/channel
min. RM$. both channels driven intc 8 chms. :

Cual independent power suoplies provide truest
stereo ssporoﬂon and a large power réservoir For )

SANSUI ELECTR

ol S

CIRCLE NO 45 ON FREE IMFORMNIATION CARD
. i E e

attenuator level control gua-antees volume pregision.

The matching TU-717 tunar features dual IF oand-
width to let you select for lowest distortion (0.C7% mono,
0.07% stereo) or maximum s=ledtivity (80dB). 5/N &
excellent: 80dB mono. 77dB ster=0.

In addition, the AU/TJ 717's are elegantly gwled,
offer rack mounting adaptos ard are most attractvely
priced. Less than $450* for tke AU-717 and less than $320°
for the TU-717.

Listen to these brilliart re~ components at your
franchised Sansui dealer tocay. When you hear the new
Sansui AU/TU-717's, you will rever again want fc setle
for less than the best.

Sansui. A whole new word of musical plecsure.

*Approximate nationally advertised valus. The actual retail price

will be set by the individual deqler qt his Jphnn

L

¢ Distributors.
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Welcome to the Real World

with the Real-World Interface from The Digital Group

A computer should have a purpose. Or as many
purposes as you can imagine. Because a computer
belongs in the real world

And now, the Digital Group introduces the Real-
World Interface. A system component that’s actually a
system in itself, and specifically designed to help you
get your computer to control all those tasks you
know a computer can control so well

Automate your sprinkler system. Heat and cool your
home. Guard against burglars. Shut off lights It's
all a part of the Real World, easily controlled with the
Digital Group Real-World Interface

Qur Real-World Interface is initially made up of three
basic components — motherboard and power supply,
parallel CPU interface and cabinet — plus three types
of plug-ins: AC controller, DC controller and
prototyping card. The recommended software
nackages are Convers, Assembler or Maxi-Basic, in
that order.

Some of the features include:

Motherboard & Power Supply

® 12 slots — 11 control cards, one for the interface
card

* +5V DC15% @ 1A, +12V DC 5% @ 1A, -12V DC
+5% @ 1A contained on board

® May be free-standing (with care)

Parallel CPU Interface
e All buffering for Data Out (25 TTL loads), Address
(25 TTL loads) and Data In (10 TTL loads)

® [nciudes cable and paddlecard for connection to dual
2 on Digital Group CPU back panel. Two 22-pin
edge connectors included
® Requires two output ports and one input port

AC Controller

e Eight output devices (2N6342A-2N6343A, -12 amp
Triacs); Each output 240V AC max, 12A max RMS

e Control AC motors, lamps, switches, etc.

e Opto-isolated (MCS-2400 or equivalent)

DC Controller

® Eight output devices (2N5055) each output up to
50V and up to SA

¢ Cantrol DC motors, switches, sclenoids, etc.

e May use internal +12V DC for load or external DC
up to 50V DC

Price

¢ For the motherboard and power supply, parallel
CPU interface and cabinet, our kit price is only
$199.50, or $260 ascembled. Now that's down to
earth.

We've only just begun our Real-World Interface
System. There are many more plug-ins and
applications coming along soon. So write or czll The
Digital Group now for complete details.

And welcome to our world

P.O.BOX 6528 DENVER, CO 80206 (303)777-7133

CIRCLE NO. 3 ON FREE INFORMATION CARD
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Popular Electronics

WORLD'S LARGEST-SELLING ELECTRONICS MAGAZINE

Feature Articles

FIDELITY—OR BELIEVABILITY? / Julian Hirsch

MICROPROCESSOR MICROCGURSE / Forrest M. Mims
Part 1: Number systems.

A PRACTICAL GUIDE TO MULTITRACK TAPE RECORDING / James Barbarelio
Techniques and equipment necessary for professional resuits at home.

ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR MAR. & APR. / Richard E. Wood

Construction Articles

EXPERIMENTING WITH CIRCULAR SWEEP / Randall K. Kirschman
Converter for your scope provides fascinating displays.

BUILD A DIGITAL PHOTOTACHOMETER / Waiter Sikonowiz
Measures rotational speeds by dptical coupling.

LOW-COST EPROM PROGRAMMER / Dan Vincent
Part 2: Power supply, construction and checkout.

EXPANDING THE ELF It / Martin Meyer
Provides 8-bit parallel 1/0, 20 mA/RS-232 1/0, cassette read, write, and more.

Columns

STEREO SCENE / Raiph Hodges
The Furor Over (Guip!) Cables.

SOLID STATE/ Lou Garner
Digital Meter Circuits.

EXPERIMENTER’S CORNER / Forrest M. Mims
Three-State Logic.

HOBBY SCENE Q&A / John McVeigh

CB SCENE
Handling Radio-Frequency Interference.

COMPUTER BITS / Hal Chambertin
Microcomputer Memory.

SHORTWAVE LISTENING / Glenn Hauser
Single Sideband Broadcasting.

Julian Hirsch Audio Reports

SONY MODEL PS-X5 TURNTABLE
JVC MODEL P-3030 STEREO PREAMPLIFIER
DAHLQUIST MODEL DQ-1W LOW-BASS MODULE

Electronic Product Test Reports

B&K-PRECISION MODEL 1820 UNIVERSAL COUNTER
SBE KEY/COM 1000 MOBILE AM CB TRANSCEIVER

Departments

EDITORIAL / Art Saisberg
Who Are You?

LETTERS

OUT OF TUNE
“Build ‘Charge!’

NEW PRODUCTS

NEW LITERATURE

SOFTWARE SOURCES

OPERATION ASSIST

ELECTRONICS WORLD NEWS HIGHLIGHTS IN BRIEF
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Editorial

WHO ARE YOU?

Every year | look forward to receiving the results of an in-depth study of PE read-
ers’ attitudes on our editorial content. | find it to be a vital editorial management tool
because it tells me about you in a scientific manner—what you like about PE,
suggestions for improvements, subjects you want more or less coverage on, efc. In
most cases, it reinforces the personal information | glean through correspondence
and telephone conversations with readers all through the year. So my gut feelings
are largely in the right ballpark. However, the study also shields me from over-
reacting to an energetic minority who might want more coverage in a special area
of electronics. And it places an indisputable number on factors that can be com-
pared to reader responses in previous years. Answers to questions such as how
many readers want more coverage on projects, what types of projects, and so on,
are at my fingertips.

Here are some interesting facts from our latest study. See how you compare to
the typical PE readers:

Median age: 31 years.

College educated: 67.8%.

Time reading anissue: 2 hours, 19 minutes (median).

Keep entire issue: 83.7%.

Most popular columns and departments (19 listed): “New Products,” “Experi-
menter’'s Corner,” "Hobby Q&A™ and “Solid State.”

There were no startling revelations in the above. But comparing results to past
years, | know that our typical reader is getting a littie younger (while I'm slightly old-
er) and has gone farther in formal education than ever before. Also, Forrest Mims’
“Experimenter's Comer” was obviously a welcome addition to our pages since it
now ranks #1 among columns in the first year in which it was included in our study.

From the survey, PE subscribers tend tc be most involved in electronic ex-
perimentation (64.9%), kit building (63.8%), audio/tape recording (58%) and mi-
crocomputers (36.7%). Considering the broad range of special interests available
within the electronics field, the typical reader participates in three of them simul-
taneously. But figures such as these can be deceiving since almost 25% partici-
pate in five or more areas. So careful analysis of averages, both mean and median
as well as other breakdown categories, is necessary.

Another salient point emphasized by the results of this and other studies is the
enormous number of PE readers who are involved in electronics as a career as
well as a hobby or in an employment area where such knowledge is valuable
(81.4%,), as well as studying electronics in schools (6.1%). So it's no surprise that
48.7% of respondents replied, “Yes,” when askec if they're involved in company
electronics purchasing.

The voluminous computer readout of the study's reader responses was reduced
to 37 pages of final results. It will certainly help us to plan future issues, and I'd like
to thank all the readers (chosen on a random basis from our subscriber list) who re-
ceived the five-page questionnaire for their wonderful cooperation.

POPULAR ELECTRONICS
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Get Ready

If you thought the pocket calculator started a
revolution in 1971, just wait.

In the next twelve months more micro-electronic
products will be introduced to the consumer than
in any other phase of the micro-electronic revolu-
tion. Many of these products will 1) come from
companies you've never heard of, 2) represent
breakthroughs in micro-electronic technology,
and 3) provide more conveniences and benefits
than ever dreamed possible.

JS&A has been the company most sought after
to introduce these new products. Our national
advertising campaigns and our system of selling
directly to the consumer give high technology
companies the opportunity to introduce new prod-
ucts to the marketplace in the most economical,
quickest and most efficient manner.

This article, written for readers of Popular Elec-
tronics, will tell you how we select products at
JS&A. It will give you tips on how you can evaluate
a new product, and it will give you an insight into
how you can keep abreast of all new and important
product developments.

AN INDUSTRY LEADER

Our role in micro-electronic marketing is a
matter of record. We introduced the first pocket
calculator, and we were largely responsible for
creating a new industry. We were the first com-
pany to nationally introduce the LCD digital watch,
and we are at the forefront of every major new
product introduction including a few you will see in
this issue.

To achieve these results, we have concentrated
our efforts on doing only one thing and doing it
well—selling micro-electronic products directly to
consumers through full-page advertisements in
national magazines and newspapers.

HOW WE SELECT A PRODUCT

We have a comprehensive checklist that we go
through for each product we select. The questions
we ask ourselves include:

1) Does the product use an integrated circuit?
(This has been the primary area in which we have
concentrated.)

2) Is the product a major breakthrough or a new
application of existing technology? (Both are
acceptable.)

3) Is the manufacturer a solid, honest company
providing honest value?

4) Is the new technology in the product different
enough to require the detail we supply in one of our
advertisements? (If it is not, then our pioneering
efforts are not required, and the product may not
be that innovative.)

MARCH 1978

Here is how readers of Popular Electronics
can discover them.

5) Does the product have advantages over the
conventional version? Does it do its job more effi-
ciently, faster and for less money? (“Less money”
is the most important key.)

6) Can the consumer figure out how to operate it
without reading the instructions? If not, how badly
is the consumer willing to read the instructions?

7) Is the warranty and back-up service well
thought out in advance?

8) Is the product at least one year ahead of all

other similar products currently on the market?

9) Is the product a gimmick or an honest and
useful contribution to new technology?

10) Can our company sell enough of the product
to make a decent profit? (If the product appeals to
too narrow a population segment, then we cannot
sell enough of a product to keep our margins low
enough to provide good value.)

DISCOVER OUR PRODUCTS

How do you find out about these products? Until
now, to follow our company and its product intro-
ductions, you had to be a reader of Popular Elec-
tronics or any of 50 national publications we
advertise in or be one of our existing customers.

JS&A will produce its second major catalog list-
ing the newest consumer micro- electronic prod-
ucts that we feel represent the best contributions
to micro-electronic technology.

If you are a JS&A customer, you will automatj-
cally receive one. If you are not, we will be happy
to send it to you. ltis called “products that think”—
a collection of the most advanced micro-electronic
consumer products. If you wish to receive one,
simply send a postcard or a letter to: Catalog Sec-
tion, JS&A National Sales Group, One JS&A
Plaza, Northbrook, lllinois 60062.

On the following four pages in this issue of
Popular Electronics are also a few of the products
we are proud to introduce for the first time—prod-
ucts that we feel represent the quality, value and
the innovation associated with our company.

Finally, we owe a debt of gratitude to our cus-
tomers and to micro-electronics —the science of
the future. We are proud of our position in this field,
and we hope our contribution has helped further
this new technology and made possible the many
conveniences now available to consumers.

O NATIONAL
0 SALES
GROUP

®

There are hundreds of new micro-electronic
products about to enter the consumer market.

© JS&A Group, Inc.,1978
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It's a fact. You reach your physical peak at
age 25 and your mental peak at age 40. From
then on it's downhill. But it needn’t be. A 50
year old who exercises regularly can be
healthier and in better physical shape than the
average 25 year old.

When you're physically healthy, you are
alert and better able to handie stress. You are
better motivated and just plain happier. Jog-
ging can keep you in good physical shape.

THE ADVANTAGES OF JOGGING

Jogging as a regular exercise has gained in
popularity because it does three things for you.
1) It improves the functioning of the hean,
lungs, blood vessels and lymph glands. 2) It
helps control your weight without resorting to
starvation diets, anc 3) Itis one of the few safe,
strenuous exercises that creates the exertion
recessary for good physical conditioning.

A NEW JOGGING COMPUTER

Thereis now a new, fun way to jog. The new
JS&A Computer is a solid-state system that
lets you jog in place in the comfort of your own
home. It's fun, easy to use and convenient.

You simply set the distance and pace you
wish to run and press the start button. An
audible beep tone sounds and you jog in place
to its rhythm. Each stride is registered on a
large LED readout in the control unit so you
can see how far you've run.

You jog on a large pad with sensors which
register each stride. The pad is designed to
feel like grass or soft earth so you can run
either barefooted or with gym shoes. The idea
is to gradually increase your distance and
speed each day to build up your endurance.

Getting yourself to start jogging is often the
hardest step. That is why the JS&A Jogging
Computer is an ideal system for both the
beginner and the experienced jogger.

FOR THE BEGINNER

The first time you step on the Jogging Com-
puter, you run at a pre-selected pace and
distance for approximately five minutes. (A
chart will show ycu which speed to select
based on your sex and ag2.) You then take
your pulse rate for one minute by touching
your wrist. The pulse/rate chart determines
the settings and distance you should run the
next time you jog.

You could be in poor, average or good
shape, and this simple five minute test will
accurately tell you. Start the jogger at the dis-
tance incicated on the chart, and gradually
build up alittle each day. In just one week you'll
notice the difference, feel great. have greater
endurance, and you won't tire as easily. Thatis
what’s sc nice about the system—how easily
and quickly it puts you into better shape.

FOR THE EXPERIENCED
If you jog regularly, you know the many
benefits of jogging. But you also know the dis-
advantages—all overcome by owning a Jog-
ging Computer. For example:

Forget about the ritual You wake up early,
drive to your favorite indoor track, change
clothes, and you're ready to run. With the Jog-
ging Computer, just step out of bed and start
running. The time you save in preparing to jog
can be substantial.

Forget about the boredom Running around a
track can be quite boring. And if you count
laps. how many times have you lost your
count? With the Jogging Computer, you can
forget about counting, as the unit does it auto-
matically for you. You can concentrate on
problems or take flights of fancy — all while you
strenuously exercise.

Forget about the weather Even in summer,
there are days when you can’t jog outdoors.
And in a daily exercise program, you must
resort to the indoor track. Not so with the Jog-
ging Computer. It's always there when you
need it—portable and ready to operate.
Forget about jogger’s heel If you've run on
indoor tracks, you know the pain of jogger’s
heel caused by leaning in around those
curves. Jogging in place is easier on your
whole bedy and eliminates this common jog-
ging problem.

BRING IT ANYWHERE

The Jogging Computer is powered by four
“C" cellbatteries and requires no AC power so
it goes anywhere—on your patio, in the garage
or basement, or at your office. The control unit
can be propped up with its built-in easel or
placed on a wall using the four foot expansion
cord. It's portable, so after you've run a few
miles, just turn it off and put it away. There's no
large exercise device to take up space.

WwWWW americanradiohistorv com

Make jogging fun in the privacy of
your home with a new space-age
indoor exercise system.

" The JS&A Jogging Computer is a total system
& of physical fitness and conditioning.

QUALITY THROUGHOUT

The JS&A Jogging Computer is all solid
state, and the 17"x 22" pad was pre-tested to
take years of constant, hard pounding under
all conditions. Service should never be re-
quired, but if anyth.ng ever does go wrong,
JS&A's service-by-mail center will have it re-
paired and back to you in a matter of days. Be
assured that we stand solidly behind our prod-
uct’s quality, construction anc design. JS&A is
America’s largest single source of space-age
products. We've been in tusiness over a
decade—further assurance that your modest
invesiment is well protected.

We suggest that you order the JS&A Jog-
ging Computer and use it for 30 days. Jog
each day when you get up in the morning or
before dinner. Enjoy the thrill of feeling your
endurance build. Experience the convenience
and fun. See how much better you feel and
how much sharper you think. Then after 30
days, measure your progress. If you don't find
the JS&A indoor jogger a convenient and fun
way to stay trim and healthy, then return your
unit for a complete and full refund including the
$3.00 charge for postage ard handling. You
can'tlose.

Simply send your check for $149.95 plus
$3.00 postage and handling tlllinois residents
add 5% sales tax) to the address below or call
our toll-free number. By return mail, we will
send you the compleate jogging computer sys-
tem with instructiors, charts, personal score
card and a one year limited warranty.

Start today on an organized physical fitness
program using the latest in solid-state, space-
age technology. Order your JS&A Jogging
Computer at no obligation today.

NATIONAL
SALES
GROUP

Dept.PE One JS8A Plaza
Northbrook, Ill. 60062  (312) 564-9000
Call TOLL-FREE ..... 800 323-6400
Inlllinocis Call ...... (312) 498-6900

©JS&A Group, Inc.,1978
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Printer

Hats off to IBM. Their single-element typing
system did away with typewriter keys and
started a new technology.

The new Canon P10-D printing calculator
starts another new technology. Their dual-
element printing system does away with the
standard printing head which required a sep-
arate disc for each column. The Canon has
only two discs—one with digits and the other
with symbols.

The P10-D head weighs only ¥2 ounce com-
pared to 31 ounces in a typical printing head.
lts motor weighs only nine ounces—again
much less than the heavier conventional
motors required to drive larger heads. The
Canon motor is smaller, lighter and more
efficient because it moves less weight.

THE MOST EFFICIENT SYSTEM

The printing head is controlled by an LSI
(large scale integrated circuit). As you press a
key, a pulse is generated from this circuit and
sent to the motor which does two things: 1)
positions the two discs to print the numbers or
symbols and 2) glides the numeric disc across
the ten column width of the paper.

Conventional printers print from metal discs
through thick fabric ribbon onto paper. The
Canon system prints directly on paper so each
impression is sharp, clear and easy to read.
The synthetic polymer disc is first inked by a
special cartridge before it prints. Each ink
cartridge is easily replaceable. The cartridge
lasts for more than 15 rolls of paper at a cost of
17¢ per roll—far less than any other system.

PLAIN PAPER PLUS

Using standard paper tape is only one of
several advantages that make the Canon a
truly spectacular value. Here are some other
exciting new features:
Dual Power Operate the Canon from either
your AC outlet or its built-in rechargeable bat-
teries. It's totally portable, yet it also makes a
handsome desk calculator.
Dual Display Just flip a switch and the 10-digit
large green fluorescent display can be used
with or without the printer.
Space-Age Styling Compare the sleek ap-
pearance of the Canon with any other printer.
It's small enough to fit in your briefcase and
large enough to use as a space-saving desk
unit. It measures only 13" x 4%" x 8%,
weighs only 24 ounces and the paper tucks
into the body of the unit—perfect for travel.
Buffered Keyboard If you enter your prob-

lems faster than the printer can print them out,
don't worry. The unit's memory stores your
keystrokes and prints them out in rapid
succession.

We have always looked at small printers as
gimmicks —calculators that lack many impor-
rant features. We were surprised with the
Canon. It has features that far exceed most
printers costing hundreds of dollars more.

The following is a list of those features: 10
digit capacity e full four-key memory e ad-
dition, subtraction, multiplication and division
® percentage key e add-on and discount cal-
culations e power and reciprocal calculations
® repeat calculations ® add-mode e switch for
full-floating or second and third fixed decimal
positions ® round off or round down switch
paper tape advance.

There are other convenient features that
make it perfect for people who spend hours at
their calculators. There's a three-digit item
counter that counts and prints out the number
of entries while printing your total. The sym-
bols on the right side of the tape tell you the
nature of each entry. Even in its battery

L - a P
The sleek appearance of the Canon P10-D
makes it a handsome addition to any desk.

W

Fhe direct- /mpressmn dual discs printcleaner
and sharper on conventional paper tape.
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Break-
through

A new 10-digit display calculator with the world’s
first dual-element integrated printing head
will revolutionize the printing calculator.

HATS OFF TO IBM

The full-featured $89.95 Canon P10-D with its
one-year parts and labor limited warranty is the
greatest printer value ever offered by JS&A.

operated position, you could print out more
than half a roll of tape before the unit signals
you that its batteries are low.

A NEW WAY TO BUY

JS&A offers you a new way to buy your
10-digit Canon P10-D. First we give you the
opportunity to use one for 30 days. Carry it in
your briefcase. Put it on your desk and see
how handy it becomes and how little space it
takes up. Check the paper tape and see how
clear and easy-to-read it is. Bring it home and
let the whoie family use it.

Then, within 30 days, decide. If the Canon is
not perfect for you, return it for a prompt and
courteous refund. And if you do return it, not
only will we still consider you one of our good
customers, but we will also refund your $2.50
postage, let you keep the paper tape, and
thank you for giving us the opportunity of
showing it to you. We couldn’t be more positive
about the quality and value of this incredible
new product.

JS&A is America’s largest single source of
space-age products. We have been in bus-
iness for over a decade—further assurance
that your modest investment is well protected.
Canon is one of the worid’s largest manu-
facturers of cameras and precision quality
instruments and is highly respected as a
quality manufacturer of electronic products.

The Canon costs only $89.95 plus $2.50 for
postage and handling and includes a free roll
of tape, one ink cartridge, rechargeable bat-
teries and a power cord/charger. It's an in-
credible value thanks toits new technology. To
order, send your check to the address below
(lllinois residents add 5% sales tax) or credit
card buyers may call our toll-free number.

Space-age technology has produced an-
other major product breakthrough. Order your
Canon P10-D at no obligation today.

5) IRNATIONAL
<f SALES
GROUP

Dept.PE One JS&A Plaza
Northbrook, Ill. 60062  (312) 564-3000

Call TOLL-FREE..... 800 323-6400
InlllinoisCall ...... (312) 498-6900
©JS&A Group,Inc.,1978
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Burglar Alarm
Breakthrough

A new computerized burglar alarm requires no

installation and protects your home or business
like a thousand dollar professional system.

It's a security system computer. You can
now protect everything—windows, doors,
walls, ceilings and floors with a near fail-safe
system so advanced that it doesn't require
installation.

The Midex 55 is a new motion-sensing com-
puter. Switch it on and you place a harmless
invisible energy beam through more than
5,000 cubic feet in your home. Whenever this
beam detects motion, it sends a signal to the
computer which interprets the cause of the
motion and triggers an extremely loud alarm.

The system’'s alarm is so loud that it can
cause pain—loud enough to drive an intruder
out of your home before anything is stolen or
destroyed and loud enough to alert neighbors
to call the police.

The powerful optional blast horns can also be
placed outside your home or office to warn
your neighbors.

Unlike the complex and expensive com-
mercial alarms that require sensors wired into
every door or window, the Midex requires no
sensors nor any other additional equipment
other than your stereo speakers or an optional
pair of blast horns. Its beam actually pene-
trates walls to set up an electronic barrier
against intrusion.

NO MORE FALSE ALARMS

The Midex is not triggered by noise, sound,
temperature or humidity—just motion—and
since a computer interprets the nature of the
motion, the chances of a false alarm are very
remote.

An experienced burglar can disarm an ex-
pensive security system or break into a home
or office through a wall. Using a Midex system
there is no way a burglar can penetrate the
protection beam without triggering the loud
alarm. Even if the burglar cuts off your power,
the four-hour rechargeable battery pack will
keep your unit triggered, ready to sense
motion and sound an alarm.

DEFENSE AGAINST PEEPING TOMS

By pointing your unit towards the outdoors
from your bedroom and installing an outside
speaker, light, or alarm, your unit can sense a
reeping Tom and frighten him off. Pets are no
problem for the Midex. Simply put them in one
section of the house and concentrate the
beam in another.

When the Midex senses an intruder, it re-
mains silent for 20 seconds. It then sounds the
alarm until the burglar leaves. One minute

after the burglar leaves, the alarm shuts off
and resets, once again ready to do its job. This
shut-off feature, not found on many expensive
systems, means that your alarm won’t go wail-
ing all night long while you're away. When your
neighbors hear it, they’'ll know positively that
there's trouble.

PROFESSIONAL SYSTEM

Midex is portable so it can be placed any-
where in your home. You simply connect it to
your stereo speakers or attach the two op-
tional blast horns.

Operating the Midex is as easy as its instal-
lation. To arm the unit, you remove a specially
coded key. You now have 30 seconds to leave
your premises. When you return, you enter
and insert your key to disarm the unit. You
have 20 seconds to do that. Each key is regis-
tered with Midex, and that number is kept in
their vault should you ever need a duplicate.
Three keys are supplied with each unit.

As an extra security measure, you can leave
your unit on at night and place an optional
panic button by your bed. But with all its
optional features, the Midex system is com-
plete, designed to protect you, your home and
property just as it arrives in its wellprotected
carton.

The Midex 55 system is the latest electronic
breakthrough by Solfan Systems, Inc.—a com-
pany that specializes in sophisticated profes-
sional security systems for banks and high
security areas. JS&A first became acquainted
with Midex after we were burglarized. At the
time we owned an excellent security system.
but the burglars went through a wall that could
not have been protected by sensors. We then
installed over $5,000 worth of the Midex com-
mercial equipment in our warehouse. When
Solfan Systems announced their intentions to
market their units to consumers, we immedi-
ately offered our services.

COMPARED AGAINST OTHERS

In a recent issue of a leading consumer
publication, there was a complete article
written on the tests given security devices
which were purchased in New York. The
Midex 55 is not available in New York
stores, but had it been compared, it would
have been rated tops in space protection
and protection against false alarms—two
of the top criteria used to evaluate these
systems. Don’t be confused. There is no
system under $1,000 that provides you
with the same protection.

YOU JUDGE THE QUALITY

Will the Midex system ever fail? No product
is perfect, but judge for yourself. All com-
ponents used in the Midex system are of aero-
space quality and of such high reliability that
they pass the military standard 883 for thermal
shock and burn-in. In short, they go through
the same rugged tests and controls used on
components in manned spaceships.

Each component is first tested at extreme
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The Midex security computer looks like a
handsome stereo gystem component and
measures only 4"x 10v2."x 7.”

tolerances and then retested after assembly.
The entire system is then put under full elec-
trical loads at 150 dagrees Fahrenheit for an
entire week. If there is a defect, these tests will
cause it to surface.

PEOPLE LIKE THE SYSTEM

Wally Schirra, a scientist and former astro-
naut, says this about the Midex 55. “'I know of
no system that is as easy to use and provides
such solid protection to the homeowner as the
Midex. | would strongly recommend it to any-
one. | am more than pleased with my unit.”

Many more people can attest to the quality
of this system, but the true test is how it per-
forms in your home or office. That is why we
provide a one month trial period. We give you
the opportunity to see how fail-safe and easy
to operate the Midex system is and how
thoroughly it protects you and your loved ones.

Use the Midex for protection while you sleep
and to protect your home whilz you're away or
on vacation. Then after 30 days, if you're not
convinced that the Midex is nearly fail-safe
easy to use, and can provide you with a
security system that you can trust, return your
unit and we’'ll be happy to send you a prompt
and courteous refund. There is absolutely no
obligation. JS&A has been serving the con-
sumer for over a decade—further assurance
that your investment is well protected.

To order your system, simply send your
check in the amount of $199.95 (lllinois resi-
dents add 5% sales tax) to the address shown
below. Credit card buyers mayv call our toll-free
number below. There are no postage and
handling charges. By return mail you will
receive your system complete with all con-
nections, easy to understand instructions and
a one year limited warranty. If you do not have
sterec speakers, you may order the optional
blast horns at $39.95 each, and we recom-
mend the purchase of two.

With the Midex 55, JS&A brings you: 1) A
system built with such high quality that it com-
plies with the same strict government stan-
dards used in the space program, 2) A system
so advanced that it uses a ccmputer to deter-
mine unauthorized entry, ana 3) A way to buy
the system, in complete corfidence, without
even being penalized for postage and hand-
ling charges if it's not exactly what you want.
We couldn't provide you with a better oppor-
tunity to own a security system than right now.

Space-age technology has produced the
ultimate personal security computer. Order
your Midex 55 at no obligation, today.

NATIONAL
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It’s fun to weigh yourself on a computer. Just
step on the Counselor computer scale and
your exact weight in pounds is flashed on the
display in bright red numbers.

Losing weight is not easy. Ask anyone.

One of the few pleasures of losing weight is
stepping on your bathroom scale and seeing
positive results. Your bathroom scale is
like a report card—a feedback mechanism that
tells you how well you've done.

The new American-made Counselor 77
platform scale is the newest and best way to
weigh yourself. In the first place, it’s accurate
to within one pound. (Most platform scales
are accurate to within three pounds.) Second-
ly, it has an easy-to-read, large LED (light-
emitting diode) display. There are no balance
beams or fine lines to interpret. And finally, it
is easy to use—just step on it and read your
weight. There’s no guessing as your weight,
up to 300 pounds, is flashed on the display.

EASY TO USE

Simply tap the activator bar in front of
your scale with your toe and the unit turns
on. Step on the scale, and read vour weight.
Fifteen seconds later, the scale shuts off
automatically.

By sliding a switch you can weigh yourself
in kilograms—an important feature since the
US is changing over to the metric system.

The accuracy is not affected by temp-
rature nor humidity like other scales since
the Counselor 77 spring is precalibrated and

Hospital Computer Scale

Counselor also makes a Hospital Computer scale for $350.
It’s an extremely accurate system that weighs you to within
one tenth of a pound up to 400 pounds. Since many con-
sumers have also bought them from JS&A, we have decided
to offer both in our program.

WORKS LIKE A COMPUTER
You press a button to electronically register a true zero

Computer Scale

with a new, extremely accurate and
easy-to-read digital scale.

55 The world’s first bathroom digital

~ % computer scale is simple to

operate, fun to use and
costs only $49.95.

position. You then step on the scale and your body weight
causes a minimum friction disc to rotate. Two photo transis-
tors sense the speed of the disc and its direction and feed this
information into the unit’'s computer. The computer then
interprets this data to within a tenth of a pound accuracy and
activates the large eight tenths of an inch LED read-out dis-
play located directly in front of you.

The entire process takes a fraction of a second and is the
fastest way to accurately read your weight. The only moving
part, the rotating disc, is heat treated to last a lifetime so
there are no parts to wear out nor is there any maintenance
required except for yearly battery replacement. The Hospital
Computer scale comes complete with four nine-volt batteries.
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sealed at the factory. This is important, for it
means that each time you step on the scale,
you’ll know what you've lost is weight and
not your scale’s accuracy.

SEE THE DIFFERENCE

The best way to see the difference a really
good scale makes in your weight reduction
program is to try a Counselor scale for one
month. We give you that opportunity with
our free 30 day trial period. Weigh yourself
every day. See how easy it is to read your
exact weight loss on a daily basis. Soon,
stepping on your scale becomes a fun ex-
perience for your whole family, and every-
body starts watching his or her weight.

If you purchase the Counselor for your
company lunch room for use by your
employees, the purchase is deductible as a
business expense.

Service should never be required (other
than yearly battery replacement) but JS&A's
prompt service-by-mail facility is always ready
to handle any service requirements.

The Bearly Company, manufacturers of the
Counselor, is the largest manufacturer of
bathroom scales in the United States. JS&A is
America’s largest single source of space-age
products, further assurance that your modest
investment is well protected.

You can order your platform computer
scale by sending your check for $49.95 plus
$2.50 for postage and handling or $350 for
the Hospital Computer scale (we pay the
freight) to the address below, or credit card
buyers may call our toll-free number. tllinois
residents should also add 5% sales tax.

By return mail, you’ll receive your scale,
four pen-light batteries, and your 90-day
limited warranty. If you do not find that
the Counselor scale is the best way to weigh
yourself—far better than any scale you pre-
sently have in your home—then return it
within thirty days for a prompt and courteous
refund which will include your $2.50 postage,
You can’t lose, even if you just try the scale.

The age of weighing yourself by computer
is here now. See how much fun losing weight
can be with your own solid-state digital scale.
Order one at no obligation today.

O)/ NATIONAL
o SALES
. o W GROUP

One JS&A Plaza
CALL TOLL-FREE.. ..

{312) 564-3000
800 323-6400
In Illinoiscall ........ (312) 498-6900
©JS&A Group, Inc 1977
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Letters

MORE DX PUBLICATIONS

I'd like to add the following to the Septem-
ber "DX Listening™ list of available pubfica-
ttons. The IRCA (International Radic Club of
America) can supply reprints of BCB DX arti-
cles. Also, the club offers the IRCA Foreign
Log and Sunrise-Sunseat Maps for the serious
DX'er, as well as a bulletin, “The DX Moni-
tor,” issued 34 times a year. For a free list,
write: IRCA Goodie Factory, P.O. Box 17088,
Seattle, WA 98107, enclosing a SASE—Don
Davis, Warner Rokins, GA.

ANOTHER POWERFUL MICROPROCESSOR

| feel that “Basic Guide to Computer Buy-
ing” (December 1977) is one of the finest arti-
cles of its type tc appear in a noncomputer
hobby magazine. The research on the article
was excellent. However, the author failed to
mention the most powerful microprocessor

on the market, the Texas Instruments TMS
9900. We incorporate this wP in our Super
Starter System and, to date, have more than
1000 users. {This is the same processor used
in Tl's 990/4 computer. 1t is also to be used in
1979 Chrysler vehicles and is the only p.P ap-
proved for space flight use.) If you were to
make comparisons, you would find that the
9900 is closer to an IBM 360 than it is to the
8-bit controller processors discussed in your
article. —8ill Regan, Pres., Technico Inc.,
9130 Red Branch Rd., Columbia, MD 20145.

HP-25 CLOCK/TIMER ADDENDUM

“Thz HP-25 as a Digital Clock and Timer”
(August 1977) fails to mention several things,
to wit: Register 1 should be cleared or set be-
fore each run. The display lags by one sec-
ond because it shows 0.0000 after the first
second. (The remedy is to start from step 04
on each run or put a GTO 05 at the beginning
of the program and move everything else
down one step, changing the last step to
GTO 02. The extra step, executed only once,
will not significantly affect the time.) Before
adding or subtracting the timing adjustment
number tc or from the original time base
(1/3600), one must divide by 10,000 to com-
pensete for the position at which the seconds
are displayed. When using a starting time of
exact hours, the conversion to decimal hours
is not necessary.

The following program is for a count-down

clock. The program starts itselt properly and
stops on zero. The extra steps (except 02)
will not affect timing because thay are execut-
ed only once. Step 02, however, must be ac-
counted for in the time-base correction. It
should make the timer run slow

01 GTOO7 07 FCL2
02 RCL1 08 STO -1
03 g,x,0 09 GTOO2
04 GTO 10 10 GLX
05 1 HMS 11 GTOO00
06 f, PAUSE

Certain time-base corrections cause the
timer to display a small number in scientific
notation just before stopping at zero. It may
also appear in place of 1 second. Nothing can
be done about this without program modifica-
tion, so the best thing to do is use it as zero or
one when it occurs.

My correction was on the order of three
times those necessary for the zount-up timer
because of the repeatedly executed extra
step. Compute the correction and approxi-
mately triple it and experiment to find an ac-
curate combination.—Tony Wichersham, La-
ramie, WY.

Out of Tune

In “Build ‘Charge! " (January 1978), tran-
sistor Q2 should have been shown in Fig. 1
as an npn D42C3. The Parts List was correct.

If You're Into Automotive Investment,
Here’s a Statement About Profit and Loss:
Buy The Mark Ten B Electronic Ignition And Sonic Sentry

o

Anti-Theft Alarm Now!

The profitable part about the Mark Ten B capacitive
discharge system is that it actually eliminates 3 out of

4 tune-ups and deals with rough idling, slow starting,
hesitation during acceleration and poor gas mileage—
on the spot! To prevent loss, the Sonic Sentry

protects your vehicle and contents from theft by literally
blowing the horn on anyone who intrudes into the
harmiess, ultrasonic field it emits throughout the interior of
your car, truck, van, camper, bus, boat or airplane.

To learn more about these quality, protective accessories
from Deita, invest a minute of your time by filling out

and mailing the attached coupon today!

DELTA PRODUCTS, INC. |
|

One Delta Way, Dept. PE
Grand Junction, Colorado 81501/(303} 242-3000

l Please send complete information about the Mark Ten B and l

the Sonic Sentry, together with facts on Delta’s full line of dynamite
automotive, recreationai vehicle, and security products to: I

Name

4y samcnos spee ascon B

MARK TEN B

Street Address

|
_ e
L _ S
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ELECTRONIC
CIrRCUIT
DESIGN

HANDBOOK _

Get ALL
FOUR Of These
Huge Books
For Only

$1.99 .

ELECTRONIC CIRCUIT DESIGN HANDBOOK — 4th Edition

This new fourth edition contains 639 proven circuits for all types of
functions, selected from thousands on the basis of originality and
practical application. This detailed compilation of practical design
data is the answer to the need for an organized gathering of Jroven
circuits that can easily serve as stepping stones to almost any kind
of circuit you might want to build...adapted or modified to svit your
own specific needs. Here is a GIANT of a book—an 8 1/2x 11"
hardbound volume of 416 pages, with 19 BIG sections of tried and
tested circuits, which will serve as “imagination triggers” for
anyone who has an interest in electronic circuit design and con-
struction. 416 pps., 8 1/2 x 117, 966 ill. List Price $17.95

MASTER HANDBOOK OF HAM RADIO CIRCUITS

A rich collection—a super collection—of over 100 practical, un-
ique, tested circuits created by hams for hams! Contains some of
the most usable, most ingenious ham radio circuits around—all
have been built and tested by hams—some are brand new, some
are oldies but goodies that are well worth remembering, and some
are souped-up versions of the tried and true—but they're ali
useful_to the novice operator and to the extra-class licensee.
There are circuits for voice communications, for CW, for
radioteletype, for SSTV. _for just about anything and everything you
want. If there's a new circuit that hams are hooked on, if there's an
innovation that operators are excited about, chances are it's 1n this
book! 392 pps., 301 illus. List Price $12.95.

INDDXED GUIDE TO MODERN ELECTRDNIC CIRCUITS

Composed entirely of electronic circuits and descriptions of how
they work and how they sometimes fail, including essential theory,
troubleshooting tips, signal flow info, and other data designed to
help you better understand and more quickly repair the great
majortty of those tricky electronic circuits seen every day. The
material is categorized according to the equipment in which you're
most apt to find the circuits described. And an extraordinarily large
Index lists and cross-references each circuit, subcircuit, circuit
element, and Grcuit function so you can find it in seconds! 216
pps., 92 illus. List Price $7.95.

MASTER HANDBOOK OF 1001 PRACTICAL ELECTRDNIC CIRCUITS

Here are IC and transistor circuits for practically anything and
everything —with ALL the data needed to put them towork. ft's the
ideal schematic sourcebook for all active technicians, engineers,
experimenters, amateurs —for anyone who must occasionally or
regularty construct or adapt electronic circuits for any purpose
whatsoever. Each circuit diagram has every component carefully
labeled, and every schematic is accompanied by all the info you
need to construct the circuit for use in your own individual applica-
tion. if there are cals to be wound, you'll find full and complete
coil-winding details nght there on the spot. If special parts are
required, you won't have to invest a lot of time and effort before the
fact, for it's all there before you in condensed captions. The circuits
included are completely up-to-date, and have been designed, built,
tested, reworked as necessary, and perfected. You'll find any circuit
you're ever likely to need in the pages of this rich volume. Includes
an ultracomplete 22 page cross-reference index so you can quickly
find the circuit you need. The schematics are classified according
to general application. If you're in the business of servicing/
repairing commercially built electronic equipment, you're going to
especially appreciate the comprehensive Appendix of IC substitu-
tions, which includes base diagrams for most popular ICs, and
gives you all the info you need to adapt the IC packages of one
manufacturer to the circuit applications of another. 602 pps., over
1250 illus. List Price $12.95.
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library

all four!

Only $1.39 for

Regular List
Price $51.80

ELECTRONICS BOOK CLUB

invites you to take this X
1,626-page electronics circuits |
for only

with a Trial

Top-Quality .
e Membership in
Master | of / Tl?::tila“nsls th Bo k Club
Hand a 4 of Circuits e 0
Pra(ti(al Electronit Circolts Pver 2,5010 that Saves vou
illustrations
Contains over 250/0 to 750/0 on
?0:2’:0:::.”5 a wide selection of
racked pages ~ @l@ctronics books

L et us send you these four practical, time-
and-money-saving books as part of an unusual
offer of a Trial Membership in Electronics Book
Club.

Here are quality hardbound volumes, each
especially designed to help you increase your
know-how, earning power, and enjoyment of elec-
tronics.

These handsome hardbound books are indica-
tive of the many other fine offerings made to Mem-
bers...important books to read and keep...volumes
with your specialized interests in mind.

Whatever your interest in electronics—
computers and microprocessors, radio and TV ser-
vicing, audio and hi-fi, industrial electronics, com-
munications, broadcasting, electronics as a
hobby—you will find Electronics Book Club will
help you get the job you want, keep it, improve it or
make your leisure hours more enjoyable. With the
Club providing you with top quality books. you
may broaden your knowledge and skills to build
your income and increase your enjoyment of elec-
tronics, t0o0.

This Special Offer is just a sample of the hzlp

Facts About Club Membership

® The 4 introductory books carry a publishers retait price of
$51.80. They are yours for onty $1.99 (plus pOstage and
handiing) with your Trial Membership

® You will receive the Club News describing the current
Selection, Alternates and other offerings, every 4 weeks (13
times a year}

@ If you want the Selection. do nothing. it wili be sent 1o you
automatically 1f you 0o not wish 1o receive the Selection. or if
you want to order one of the many Alternates offered. you
simply give instructions on the reply form (and in the en-
velope) provided. and return it to us by the cate specdied

This date aliows you at least 10 days 1n which to return the
form . because of late mail delivery. you de not have 10
days 10 make a decision and So receive an unwanted Selec-
tion. you may return it at Club expense

@ Personal service for your account—no computers used!

@ To complete your Trial Membership. you need buy only
four additional monthly selections or alternates during the
next 12 months. You may cancel your Mambership any time
after. you purchase these four books

® All books—including the Introductory Otter—are fully re-
turnabie after 10 days if you're not completety satished

@ All books are offered at low Member prices plus a small
postage and handling charge.

@ Continuing Bonus: If you continue after this Trial Mem-
bership. you will earn a Dividend Certificate tor every book
you purchase. Three Certificates. plus payment of the
nominal sum of $1.99 will entitle you to a valuable Book
Dividend of your chioice which you may choose from a list
provided Members
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and generous savings the Club offers you. For here
is a Club devoted exclusively to seeking out oniy
those titles of direct interest to you. Members are
annually offered over 50 authoritative books on all
phases of electronics.

This extraordinary offer is intended to prove to
you, through your own experience, that these very
real advantages can be yours.. .that it zs possible to
keep up with the literature published in your areas
of interest...and to save substantially while so do-
ing. As part of your Trial Membership, you need
purchase as few as four books during the coming 12
months. You would probably buy atleast this many
anyway... without the savings offered through Club
Membership.

To start your Membership on these attractive
terms, simply fill out and mail the coupon today.
You will receive the 4-volume Electronics Circuits
Library for 10-day inspection. YOU NEED SEND
NO MONEY! If you are not delighted, return them
within 10 days and your Trial Membership will be
cancelled without cost or obligation.

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa 17214
?-----------ﬁ

B ELECTRONICS BOOK CLUB
Blue Ridge Summit, Pa., 17214

Please open my Trial Membership in ELEC-
TRONICS BOOK CLUB and send my 4-volume
Electronics Circuits Library, invoicing me for
only $1.99 plus shipping. if not delighted, | may
return the books within 10 days and owe no-
thing, and have my Trial Membership cancelled.
| agree to purchase at least four additional
books during the next 12 months, after which |
may cancel my Membership at any time.

Name Phone
Address
City
3 State Zip
B8 (valid for new Members only. Forsign and Canada add 10%) PE-38

"
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New Products

Additional information on new products
covered in this section is availafle from
the manufacturers. Either circle the item’s
code number on the Reader Service Card
inside the back cover or write to the man-
ufacturer at the address given.

and VSWR at 1.5:1 (or less) at resonance.
Feed is 52 ohms through a supplied 1:1
balun. The antenna has high-Q coaxial
traps rated for 2-kW PEP power handling.
It has an 18’ (5.48 m) boom and a max-
imum element length of 32' 8" (9.95 m);
tuning racius is 18’ 9” (5.71 m). Wind sur-
face area is 5.4 sq ft (0.50 m?), and es-
timated wind survival is 90 mph (144
km/F).
CIRCLE NO. 94 ON FREE INFORMATION CARD
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arm during play; but when the arm moves
in far enough to contact the Stylift, it over-
balances the device's counterweight,
which then revolves to lift the arm off the
record surface. $19.95. Address: Audio
Source, 1185 Chess Dr., Foster City, CA
94404,

Tandberg AM/
Stereo FM Receiver

Tandberg has announced the Mk Il version
of its TR-2075 AM/stereo FM receiver.
Power has been increased to 75 watts rms
per channel into 8 ohms, at 0.05% THD
and IM distortion, says the manufacturer.

Specifications claimed are: ultimate FM
quieting, 75 dB in stereo; capture ratio, 0.9
dB; phono section S/N, 89 dB; sensitivity
(50 dB quieting, mono), 3 wV. Features in-
clude Varactor-diode tuning, a toroidal
power transformer, signal-strength and
tuning meters, facilities for two turntables,
two tape monitors, and three pairs of
speakers. Front-panel controls and
switches include a midrange tone control,
high and low filters, and 25-ps pushbutton
switch. $1100.
CIRCLE NO. 93 ON FREE INFORMATION CARD

Midland
CB/AM/Stereo
FM Radio

The Midland Model 77-907 combines a 40-
channel, full-power CB transceiver with
digital channel indicator and an AM/stereo

FM radic in a dashboard-mounted unit.
Features of the CB section include front-
panel controls for mike gain and squelch,
plus switchable PA function and r-f gain. A
standby switch allows the user to monitor
incoming CB calls while tuned to an AM or
FM staticn. Other features include station
presets (2 for AM, 3 for FM), a stereo in-
dicator light, a local/distant switch, and
both tone and stereo balance controls. A
built-in meter indicates signal strength and

- modulation in B mode, or acts as a tuning

meter for AM and FM listening. $319.95.
CIRCLE NO 95 ON FREE INFORMATION CARD

Magnepan
Magneplanar
Loudspeaker

Magnepan Inc.'s Magneplanar MG-l is, like
the company's previous units, a thin-panel
(2" thick) dynamic, two-way speaker. Fre-
quency response is rated by the manufac-
turer at + 4 dB from 50 to 16,000 Hz; max-
imum power-handling capacity is 200 W
rms per channel, with 40 W/ch minimum
power recommended. The woofer and
tweeter panels crossover at 2400 Hz; and

e i R

impedance is claimed to be a purely resis-
tive 6 ohms at any frequency. The system
is 60" H x 22" W x 2" thick (152.4 x55.9x 5
cm), stands on a 24" x 14” (61 x 35.6 cm)
base, and weighs 35 Ib. $495 per pair.

CIFCLE NO 96 ON FREE INFORMATION CARD

Cushcraft Ham
Base Antenna

The Cushcraft ATB-34 is a 4-element
beam antenna for the 10-, 15- and 20-
Meter amateur bands. Forward gain is rat-
ed at 7.5 dB referenced to a half-wave di-
pole; front-to-back ratio is rated at 30 dB,

Stylift “Automates”
Manual Arms

The “Stylift” is a simple device which auto-
matically raises manual tonearms at the
end of the record. There is no drag on the

Portable
Mini-Synthesizer

The Stylophone 350S is a battery-operat-
ed musical instrument the size of a porta-
ble typewriter. Sliding a pencil-like stylus
across a printed “keyboard” produces 44
notes over a 6'2-octave range. Two styli
can be used at once to create harmony.
Tone switches allow the simulation of spe-
cific instrument sounds; while other

12
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switches control vibrato, fade-out, cre-
scendo and reiteration. Hand placements
above a light-sensitive cell also affect the
tone quality. The unit has a built-in speaker
and an output for use with external amplifi-
ers. It weighs less than 5 |b with batteries.
Address: Audio Arts, 5615 Melrose Ave.,
Hollywood, CA 90038.

Nakamichi
“BlackBoxes”

Nakamichi has announced a series of spe-
cialized accessory components for use
with audio systems. The new BlackBox
Series includes: the SF-100 Subsonic Fil-

ter ($70), which can provide either a 50-dB
cut at 10 Hz or a slight boost of +5 dE at
30 Hz; the LA-100 Line Amplifier ($70),
which provides 0, +6 dB, +12 dB or +18
dB gain to compensate for preamplifier-
amplifier level mismatches; the MB-150
Moving-Coil Booster Amplifier ($100) for
use with moving-coil phono cartridges; the
BA-150 Bridging adapter ($60) to bridge
both channels of Nakamichi power ampilifi-
ers for higher-powered, monophonic use;
the EC-100 Electronic Crossover ($100);
the MZ-100, 3-input microphone mixer
($80); and the PS-100 +10-V power supply
($70).

CIACLE NO 97 ON FREE INFORMATION CARD

number including area code, access code,
and foreign exchanges. Optioral sensors
include a Doppler-shift radar prowler de-
tector; smoke, toxic-gas, freeze, glass-
break and refrigerator-temperature sen-

| under valuable objects, the other for use

under carpets); and a pocket-size wireless
alarm for remote triggering. $269.50 (sen-

I sors extra). Address: Seaboard Electron-

ics Co., 70 Church St..
10805.

New Rochelle, NY

sors; two pressure sensors (one for use I

Sanyo Direct-Drive
Turntable

Sanyo's Model TP-20 direct-drive turntable
is semi-automatic, with automatic arm re-
turn. The drive system includes a 24- pole

!
|

Telephone Alert
Burglar Alarm

Seaboard Electronics announces availabil-
ity of its Dial-Alert Il burglar atarm, which
plugs into a telephone jack. When trig-
gered by any of twelve sensors, it calls a
pre-programmed telephone number. The
person who picks up the phone first hears
a coded signal identifying the alarm loca-
tion. Then a microphone relays intruders’
conversations or audible movements, the
sound of breaking glass, audible signals
from smoke or fire alarms, etc. Once an-
swered, the alarm can be remotely shut
off. A 16-digit memory holds the telephone
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KITTATU RE

for the
computer

‘hobbyist

1 The Computer
Depot is your

single source for

kits which teach the
dynamics of computer
technology . . and manuals
to show you how. We also
carry tools and

supplies . . . everything you need
for your computer projects.
Order from the list below. Or mail
for catalog. Get your “Kittature" . . .
kits. manuals and tools . . . from
Computer Depot. today.

FAIRCHILD TECHNOLOGY KITS
O FTK 0001 0.5” Common Cathode Digit
O FTK 0002 .05" Common Anode Digil ...
O FTK 0003 .357 Common Cathode |g|t .
O FTK 0004 0.8 Common Cathode Digit .

O FTK 0005 0.8 Common Cathode Digit .

O FTK 0100 Clock Calendar with Radio Aprp
O FTK 0101 6-Digit wall Clock/Calendar
O FTK 0106 Auto Clock Calendar
10% OFF ALL TTL, including 7400 #s L, S, H and LS
OE & L SK10 Breadboard Socket

O IMSAI 8080 Computer Kit .......... ...... 599.95
O Motorola MEK 6800 Dl Computer Kit . o .. 235.00
O Vector Photo-resist Printed Circuit Kit 1275
. THE BOOKS THAT SHOW YOU HOW!
D |croCompuler Primer . $ 7.95
OE & L Bugbook Vol i1 . Save $1 OO BHER0000 0560860 60966080000060000380600 14.00
OE & L Bugbook Vol | & Il Save $2 00 15.00
OE & L Bugbook Vol V & VI Save $2.00 19.00
O Understanding MicroComputers .. | 9.95
O MicrComputers at a Glance ..... ... 9.95
O Osborne Vol | Basic Concepts ... ....... ... .. ... 7.50
0 How to Program MicroComputers ... ................... ............... 8.95
OTTL Cookbook ... ... ... .. . . ... ... . il 8.95
O Computer Technicians’ Handbook . ....................... ... oiiiiiiiii . 8.95
O Build Your Own Working Robot .. . ........ ... ... ... .. ... 5.95

computer depot, inc.

‘Making Efficiency Fconamueal”
3515 West 70th Street, Minneapolls, MN 55435 I
Phone: (612) 927-5601

0O RUSH methe items | have checked above. | have enclosed
my check in the amountof$ _ (Or, credit my

(— or ‘@ accountNo.
|

e
O | want to see more. Flease SEND my FREE catalog.
NAME S - .
ADDRESS ] /
CITY ____STATE zip ~~/

CIRCLE NO 8 ON FREE INFORMATION CARD
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r 3C-slot brushless dc motor with electronic
servo speed control, = 3% speed adjust-
| ment for pitch control, and a 2.2-b, die-
| cast aluminum platter. Other features in-
| clude a mirror for stylus inspection, plug-in
headshells, and viscous-damped down-
ward cueing. Specifications are: 0.05%
wow and flutter, 60 dB S/N, -60 dB
weighted rumble (DIN B). Minimum track-
ing pressure is said to be 1 g, and tracking
1 error is = 1.5%. With hinged dust cover and
| base, dimensions are 1734” W x 18" D x
| 93"H(45.1x38.1 x24.8cm}). $129.95.
CIRCLE NO. 98 ON FREE INFORMATION CARD

NEW LSI TECHNOLOGY

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART
COUNTER FEATURING THE MANY BENEFITS OF
CUSTOM LSI CIRCUITRY.

FEATURES AND SPECIFICATIONS:
DISFLAY: 8 RED LED DIGITS 4" CHARACTER HEIGHT
GATE TIMES: 1 SECOND AND 1/10 SECOND
PRESCALER WILL FIT INSIDE COUNTER CABINET
RESOLUTION: 1 HZ AT 1 SECOND. 10 HZ AT 1/10 SECOND.
FREQUENCY RANGE: 10 HZTO 60 MHZ. [65 MHZ TYPICAL].
SENSITIVITY * 10 MV RMS TO 50 MHZ. 20 uv RMS TO #0 MHZ "YP.
INPUT IMPEDANCE : 1 MEGOHM AND 20 P

IDIODE PROTECTED INPUT FOR OVER voum: PRGTECTION |
ACCURAACY: *+ 1 PPM[+ .0001%|:AFTER CALISRATION TYPICAL.
STABILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP [.001% XTAL]
1C FACKAGE COUNY. 8 [ALL SOCKETED]
INTERNAL POWER SUPPLY: 5 V DC REGULA
INPUT POWER REQUIRED: 812 VDG OR 115 VAE At soreo vz
POWER CONSUMPTION: 4 WATTS

KIT #£C-50C IS COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-8Y-STEP INSTRUCTIONS.
WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED.

KIT#FC-50C
KIT#PSL-650

MODEL#FC-50WT. ... ..
MODEL#FC-50/600 WT. .

AUTO BURGLAR
ALARM KIT

ANEASY TO ASSEMBLE ANDEASY TO INSTALL
ALARM PROVIDING MANY FEATURES NOT

850 MHZ PRESCALER [NOT SHOWN] .. ...........

60 MHZ COUNTER WIRED. TESTED & CAL.
600 MHZ COUNTER WIRED, TESTED & CAL.

XTAL TIME BASE

Will enable Power Re3: 5-15V

Digital Clock Kits

NORMALLY FOUND KEYLESS A.ARM HAS (2SMA. TYP )
PROVISION FOR POS & GROUNDING or Ctock-Calendar Easy 3 wire hooku
SWITCHES OR SENSORS WILL PULSE MORN Kits to operate p
RELAY AT {WZ RATE OR DRIVE SIREN KIT Accuracy: * 2PPM

trom 12V DC
1"x2"PC Board

Complete kit $495  wir & Cal $9.95

PLEXIGLAS CABINETS

Great for Clocks orany LED
Digital  project. Clear-Red
Chassis serves as Bezelto
increase contrastofdigital

AB'NET I displays
3"H,6% " "W,5%"D Black, White or
Clear Caver

PROVIDES PROGRAMMABLE TIME DELAYS
FOR EXIT ENTAY & ALARM PERIOD UNIT
MOUNTS UNDER DASH - REMO’E SWITCH
CAN BE MOUNTED WHERE DESIRED CMOS
RELIABILITY RESISTS FALSE aLARMS &
PROVIDES FOR ULTAA DEPENDAELE ALARM
DO NOT BE FOOLED BY LOW PRICES! THIS IS A

#TB-1(Adjustable)

#ALR-1WT
WIRED & $19.95
TESTED

TOP QUALITY COMPLETE KIT WITH ALL PARTS
INCLUDING DETAILED DRAWINGS AND IN-
STRUCTIONS OR AVAWLABLE VWIRED AND
TESYED

SEE THE WORKS Clock Kit
Clear Plexiglas Stand

+6B1g 4" digits
e120r24 hr time
o3 setswilches
oPlug transtormer
ezll partsincluded

Piexiglass CAB|NET "
Pre-cut & drilled Z%”H,S"WA"D 36.50 ea.

Kit #850-4 CP RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS
Size: 6"H,4% "W.3"D 3"'x6"x1/8" 95° ea 4/‘

VARIABLE REGULATED
1 AMP

Fairchild Super Digit
FND-359

TmRILE
s ¥R T "7” 4IT-

POWER SUPPLY KIT A7 Char. Kt
X 7 segment LED o 12 VOLT AC or
» VARIABLE FROM 4 to 14¥ RED Com. Cath. MODEL DC POWERED
+ SHORT CIRCUIT PROOF #2001 c

* 6JUMBO 4" REDLED'S BEHIND RED FIiLTER LENS WITH CHROME AIM

© SET TIME FROM FRONT VIA HIDDEN SWITCHES » 12/24.Kr. TIME FORMAT
© STYLISH CHAHCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC

+ BRIDGE FOWER INPUT CIRCUITRY —~ TWO WIiRE NO POLARITY HOOK-up|
© OPTIONAL CONNECTION TO BLANK DISPLAY [Uise When Key Ot In Car, Elc.]
«TOP QUALITY PC BOARDS & COMPONENTS - INSTFUCTIONS.

« MOUNTING BRACKET INCLUDED

KIT w2061 ‘2795 3 0R
0

COMPLETE KIT ta MORE

e 723 IC REGULATOR

« 2N3055 PASS TRANSISTOR
e CURRENT LIMITING AT i Am
KIT IS COMPLETE INCLUDING
DRILLED & SOLDER PLATED
FIBERGLASS PC BOARD AND
AL. PARTS (Less TRANS-
FORMER) KIT#PS-01 3895
TRANSFORMER 24V CT will
provide 300MA at 2Vanc

1 AmpatSv. $3.50

popular FND-70

95¢ ea, 10/$8.50

115 VAC

SETOF6 FND-359 42595 roari®
WITH MULTIPLEX
PC BOARD $6.95 _*37% 5036

OPTOELEC'I'RONIC INC.

BOX 219 HOLLYWOOD, FLA. 33022

PHONE [305] 921-2056 / 921-4425
ORDERS TO USA & CANADA ADD 5% FOR SHIPPING,
HANDLING & INSURANCE. ALL OTHERS ADD 10%.
ADDITIONAL $1.00 CHARGE FOR ORDERS UNDER
$15.00 - COD FEE $1.00. FLA. RES. ADD 4% TAX.

CIRCLE NO. 36 ON FREE INFORMATION CARD

ASSEMBLED UNITS WIRED & TESTED
ORDER nz(m w1 [LEss e aArTEav!
o

ANKAMERICAR
nteraw how
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The President “Adams” AM/SSB tran-

sceiver has pushbutton selection of chan-

nel 9 or channel 19, plus a scanning circuit

which constantly monitors channels 9, 19,
| and any other channel of the user’s choice.
| Other features are an S/r-f meter that also
| measures SWR, a 40-channel LED digital
| readout, a panel dimmer, and controls of
microphone and r-f gain, plus a tone con-
trol. Manufacturer's claimed specifications
include: 65 dB of spurious and harmonic
suppression; sensitivity for 10 dB S+N/N
of better than 0.5 pV for AM, better than
0.25 uV for SSB; adjacent channel rejec-
| tion of 70 dB, and cross-modulation sup-

pression of 60 dB. $369.95.
CIRCLE NO. 93 ON FREE INFORMATION CARD

| ESS Transar
Speaker

The Transar from ESS Inc., is an amplified
speaker system using a woofer that is
somewhat similar in principle to the Heil
“air-motion transformer” (which is used as
Transar's midrange/tweeter unit). The
woofer consists of a 32-inch vertical stack
of lightweight, rigid diaphragms intercon-
nicted by carbon-fiber drive rods. A single
voice coil drives the interconnected dia-
phragms up and down, while 45-degree re-
flector plates re-direct the sound to front
| and rear. Claimed advantages of the sys-

tem include low mass (for low inertia and
good transient response) and the elimina-
tion of diaphragm resonance effects. The
system also includes a built-in amplifier
| with electronic crossover at 1000 Hz rated
! at 200 watts per channel into 8 ohms with
| less than 0.1% distortion. The system is
| 50" W x 40"H x 6" D (127 x 101.6 x 15.2
cm) and is available in a variety of finishes.
The price of $3,250 per pair, includes as-
sembly, installation and real-time-analyzer

adjustment in the buyer’s home.
CIRCLE NOG. 100 ON FREE INFORMATION CARD

Cyv/e

: Remote Control
|

The Ster-A-Mote system of control panels
and adapters adds remote-control facilities
to new and existing stereo component sys-
| tems. It consists of a power supply, control
i decoder, function selector, and speaker
‘ muting protection circuit. Any one of four
stereo source inputs can be selected; and
it can independently control volume and
switch speakers in any room. Additional
| accessories include an add-on FM memo-
ry tuner, with six remotely selected station
| presets that connect to the i-f section of ex-
isting FM tuners and receivers. Prices vary
with system components. Adcress: Ster-a-
Mote, Inc. 1790 Flatbush Ave, Brooklyn,
NY 11210.

| ——
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The most
important
piece of
electronic
equipment
you'll ever own.

Yours to examine FREE for 15 days.

INCLUDES ALL THE LATEST
TERMINOLOGY FOR SUCH FIELDS AS:

« Communications < Reliability
e Microelectronics « Computers
* Fiberoptics * Medical

* Semi-conductors Electronics

LOOK at all the valuable “extras” this one
handy reference volume contains:

* Hundreds of easy-to-grasp ILLUSTRA-

i TIONS AND DIAGRAMS—positioned
with the terms they depict—and clearly

captioned for quick understanding.

CROSS-REFERENCED to aid you in
locating those terms which you might
took for in more than one place. Ex-
ample: When looking up "Esaki diode”
you'll be referred to “tunnel diode’’

Helpful PRONUNCIATION GUIDE of
more than 1100 often-mispronounced
electronic terms showing syilabic divi-
sion as well as the newest, most-accep-
ted pronunciation of each term.

* A newly-revised list of SEMI-CONDUC-
TOR SYMBOLS AND ABBREVIATIONS
for use in semiconductor device data
sheets and specifications.

Clearly-illustrated SCHEMATIC
SYMBOLS.

GREEK ALPHABET. A special table
lists the letters along with technical
terms for which these letters are used
as symbols (Name and Designates).

819 Pages of crystai-clear definitions.
Over 18,500 terms defined and alpha-
betically arranged. Size: 5-1/2x8-1/2.

MARCH 1978

o Authoritative ¢« Comprehensive

BE OUR GUEST. Examine the
MODERN DICTIONARY OF ELECTRONICS
free for 15 days. Discover why
book reviewers and some of the
most demanding electronics ex-
pertsaround are calling it the most
complete, up-to-date, authorita-
tive dictionary ever compiled for
this exacting field. AndgetaFREE
$4.95 bonus book.

Since rolling off the presses this
giant reference is already being
hailed as THE dictionary of the
industry by thousands of elec-
tronic engineers, techniciars, ex-
perimenters and hobbyists from
coast to coast. So don't be sur-
prised if it becomes one of the

\

“How to Read Schematic Diagrams”

A $4 .95 value.. keep it—even if
you decide to return the DICTIONARY.
SAVE postage and handling costs. Fult pay-
ment enclosed (plus tax where applicable}.
15-day retum privilege still applies.
(Prices subject to change without notice)

! FREE...

www americanradiohistorv.com

245

o Completely up-to-date

most dogeared, coffee-stained
books on your reference shelf.

Users tell us that one of the things
that sets it head and shoulders
above other electronic dictionaries
is all the valuable extra information
it contains. But see for yourself.
Send for the MODERN DICTIONARY
OF ELECTRONICS today. If you don't
agree it's one of the most important
pieces of electronic “equipment”
you could own, simply return it
within 15 days and owe nothing.
And no matter what you decide,
you'll get a free copy of “How to
Read Schematic Diagrams’ to
keep...as our “thank you" gift.

Yes. Please rush me the MODERN DICTION-
ARY OF ELECTRONICS (#21488*) for my
free trial. | understand if not completely satis-
fied | may return it within 15 days and owe
nothing. Otherwise, it's mine to keep for only
$18.95 plus postage and handling and local
taxes (where applicable).

Name
Address
City
State Zip
Mail to: SESS
Howard W. Sams & Co., Inc.
| 4300 W. 62nd St.,
® Indianapolis, Ind. 42602
15
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Xcelite
0 COmpac!
converlibi
| driver
SBIS %

000 @

do double duty on dozens
of popular screws and nuts

Ten assortments of professional qual-
ity, midget, color-caded screwdrivers
and/or nutdrivers . . . for popular inch
and metric sizes of slotted, Phillips,
Allen, Scrulox, hex head screws, and
hex nuts. All capable of “double duty”
with piggyback, torque amplifier han-
dle that slips over the top of each
tool for longer reach, larger gripping
surface, and greater driving power.
Neatly housed in compact, plastic,
stand-up cases with optically clear
covers for quick size-identification,
making them ideal for pocket, work
bench, or service kit.

in stock at leading electronic
distributors . . . nationwide

TheCooperGroup

Electronics Division
P.O. ROX 728, APEX. NORTH CAROLINA 27502. 919:362-7511

WELLER® - WSS® XCELITE®
CIRCLE NC. 53 ON FREE INFORMATION CARD
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New Literature

SWITCHCRAFT CONNECTOR BROCHURE
A new, 8-page brochure from Switchcraft de-
scribes the Quick Ground Professional
(QGP) audio connector line. Designed for
professional use, the QGP line offers such
benefits as nonreflective finish to prevent
glare where bright lights are used, gold-plat-
ed contacts and pins and re-infarced plastic
insulation. Address: Switchcraft, 5555 North
Elston Avenue, Chicago, IL 60630.

LEADER TEST INSTRUMENT CATALOG
This 48-page catalog presents features, ap-
plications, and specifications of five product
lines. Featured products include oscillo-
scopes, vectorscopes, muiltimeter and mil-
livoltmeters, audio analyzers, digital frequen-
cy counters, signal and sweep marker gener-
ators, and a wide range of communications
test gear. Address: Leader Instruments
Corp., 151 Dupont Street, Plainview, NY
11803.

SYLVANIA ECG CB REPLACEMENT GUIDE

Sylvania ECG semiconductor replacement
guide lists 5000 part numbears for CB equip-
ment. Included are diodes, integrated cir-
cuits, modules, rectifiers, and transistors
used in 73 different brands of CB equipment.
It also cortains a section cross referencing
equipment brand names. Part numbers listed
in the guide are found in all types of CB
equipment. Address: General Telephone &
Electronics, Public Affairs Department, One
Stamford Forum, Stamford, CT. 06904,

AR LOUDSPEAKER CATALOG

“Truth in Listening,” from Acoustic Research,
defines the characteristics of accurate sound
reproduction and describes thz expanded AR
high-fidelity speaker line. Charts, photos, and
artwork are provided.Completz specifications
are included for all seven AR speakers. Other
information helpful to the prospective loud-
speaker buyer is given. Address: Acoustic
Research, 10 Amerizan Drive, Norwood, MA
02062.

ANTENNA REFERENCE CHART

Now available from Antenna, Inc. is a new
reference chart describing anfennas with var-
ious mounting configurations fcr the 25-30,
30-36, 36-42, 42-50, and 130-174 MHz
ranges. The chart includes information on
mobile, quarter wave-length, monitor, and
hase station antennas. A section describing
the company’s antenna accessories is also
included. Address: Antenna, Inc, 23850
Commerce Park Road, Cleveland, OH
44122.

GE MINIATURE LAMP CATALOG

This catalog from General Electric features
70 new additions to their line of miniature
amps of all types, ircluding 38 halogen-cycle
amps, and 19 wedge-base lamps. It has a
numerical index, tatie of applications and de-
sign considerations as aids ir lamp selection.
Address: Miniature Lamp Products Depart-
ment, General Electric, #3382, Nela Park,
Cleveland, OH 44112,

CEl EQUIPMENT AND KIT CATALOG
The new 36-page catalog from Caringella
Electronics describzs its lire of electronic
products, which are available in assembled
or kit form. Included are a WWV/CHU stand-
ard-time receiver, panel-mount digital clocks,
a 3'2"-high digital wall clock, audio compres-
sors, electronic security alarms, and electron-
ic test equipment. Technical specifications,
photos, application information, schematics,
and a description of each product are fea-
tured. Address: Caringella Electronics, Inc.,
Box 727, Upland, CA 91786.

R
1 Bearcat -/}

i

ii Scanner

'COMMUNICATIONS ELECTRONICS
Mo BOX 1002 DEPT. 23
ANN ARBOR, MICHIGAN 48106

N §F E--N- 83 Q§-9 (N E -8 § §N ¥ } B B § N J R §._.]

$289.

The Bearcat 210 super synthesized receiver
scans and searches over 16,000 different
frequencies without expensive crystals.
The Bearcat 210 covers 32-50. 146-174 &
416-512 Mhz., and has AC/DC operation.
Save over $60.00 now by ordering on our 24
hour toll-free credit card order line
800-521-4414. In Michigan and outside the
U.S. call 313-994-4441. Add $5.00 for
shipping in the U.S. or $9.00 for air UPS to
the west coast. Charge cards or money
orders only. Foreign orders invited.

CIRCLE NO 56 ON FREE INFORMATION CARD
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Magazines At Discount

e nNm ANNIVERSARY 1SS0 W SEHIES: DAHKAGOM
MASTEHS SHOW HOW THEY prasvt

11 iIPHOT
GRAPHAV

ANVll: LElBOVlTZ 5o

A spoceal fiftypags ot wllestiond Becress e« 4w <4 \Devade e

Reg. Rate: 12 issues/511.98

Reg. Rate: 26 Issues/S18

\VWE up to 50%

Here's your chance for a real bargain bonanza on your favorite magazines. You may select as many as

five of these tities atthe special introductory rates shown—up to 50% off! To order, indicate the magazines

you want by inserting their code numbers in the boxes on the attached order card. Or write to: MAGAZINES
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Stereo Scene

By Ralph Hodges

THE FUROR OVER (GULP!) CABLES

OME YEARS ago, while visiting the

JVC Research Center outside of
Tckyo, | was given a pair of curious-
looking loudspeaker hook-up cables by
JVC’s chief of tuner design, who then
proceeded to extol their audible virtues
at some length. | found it unaccountable
that a major engineering representative
of a generally conservative and highly
respected audio manufacturer should be
dispensing this brand of snake oil; par-
ticularly when at his elbow, indicating
tacit agreement, sat T. Inoue, developer
of the CD-4 system and an audio re-
searcher of vast reputation.

The cables consist of about eight
pairs of black and red insulated strands,
plaited and brought out into tinned pig-
tails at either end.

(I have since learned that they are
called in English—the printing on my
package was all in Japanese—JVC “Su-
per Cord.”)| brought them home with me
ard displayed them before the wise old
heads that speak authoritatively about
audio in this country. The typical reac-
tion was hilarity. Yes, the cables’ perfor-
mance might very well follow the general
trend of JVC's graphical data, they
allowed (Fig. 1), but only at frequencies
well into the r-f range.

A few simple measurements were
made. Capacitance appeared to be
about 0.002 microfarad, which was de-
plored (an equivalent length of No. 18
zip cord is almost an order of magnitude
lower), while dc resistance seemed to
be comparable to that of zip cord. It can
probably be assumed that the self-
inductance of the JVC cable is low be-
cause of its inductance-cancelling con-
struction. Its other attributes were gener-
ally thought to be of dubious value.

Ah, but how did the cables affect
scund? | wish | could say. They turned
out to be too short to make the run from
my equipment cabinet to my speakers,
and in the absence of any agreed-upon
technical justification for them | was at a
loss to figure out how to extend them
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without possibly interfering with their in-
tended performance. | also felt, quite
frankly, that | probably had more press-
ing matters to attend to. But here | may
have been hasty, because the JVC ca-
bles have suddenly acquired a number
of vigorous supporters and competitors.

The Cable Question. As best | can
determire, the subject of connecting ca-
bles really began to enter the U.S. audi-
ophile consciousness with the advent of
discrete 4-channal cartridges, the in-
crease in popularity of moving-coil pho-
no cartridges and the simuitaneous

WwWWW americanradiohistorv com

boom in CB, which brought to light inter-
ference problems. Suddenly there was a
real job to be done in properly shielding
and grounding low-level, high-gain, au-
dio-frequency circuits, and companies
like Verion and, more recently, Teac be-
gan to respond with suitable products.
However, there is nothing in Verion’s ap-
proach that doesn’t conform to accepted
engineering practice. The idea is to sup-
ply top-grade triaxial cables (the outer
shield does not carry signal) with high-
quality phono-plug (epoxy sealed and
secured) terminations. Spade lugs at
both ends of every cable length connect
to chassis ground points or to heavy-
duty grounding strips available from the
manufacturer. Fully outfitting a system
with Verion connectors turns out to be
rather expensive, but at least you can
appreciate the rationale behind it, and
you know what results to expect. Can
the same be said for the presently pro-
liferating “exotic” speaker cables?

Reports from the field seem to vary. |
have seen some correspondence from
consumers who have purchased the ca-
bles and experienced no audible change
whatsoever. They are naturally in high
dudgeon over having spent not less than
$1 per foot for nothing. On the other
hand, | have heard from an audio deatler
who has sold any number of sets of the
Polk SoundCable (similar in many re-
spects to the JVC Super Cord) on a
money-back basis and has never had a
single set returned to the store. His cus-
tomers claim to hear such things as in-
creases in overall system gain, dynamic
range, subjective high-frequency re-
sponse, and “definition” (for want of a
more descriptive word).

The Theory. Those eager to make a
case for the exotic cables offer a number
of explanations for what they hear as an
improvement. First and foremost they
talk about ac impedance (as opposed to
dc resistance) and the associated phe-
nomenon of “skin effect” or “surface ef-
fect” in a conductor. The result of this is
said 10 be a general rise in impedance
with frequency, which is less than ideal,
particularly if the loudspeaker system
exhibits a relatively low impedance at
high frequencies {not by any means al-
ways the case, of course, but a possibil-
ity if multiple tweeters are used). Some
phase shift occurs as well-—not enough
to have been of great concern up to
now, but enough to be visible on a
high-frequency square wave (Fig. 2).
Observation of these effects seems to
have led to the popularity of Litz wire

POPULAR ELECTRONICS
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(bundles of thin, individually insulated
conductors) in the super cables of today.

Another goal of these cables is the
minimizing of self-inductance. The flat-
braid construction of the JVC cables
seems to have that in mind, as does the
counter-spiraling makeup of the Polk ca-
bles. As for capacitance, both seem to
be somewhat of a step backward from
the zip cord more commonly in use, but
whether that will pose a problem of any
magnitude probably depends on the
characteristics of the particular sound
system with which they are used. There
is every evidence that quite a number of
popular amplifiers can be induced into
oscillation if a certain value of capaci-
tance—generally not too small nor too
big—appears at their outputs. If the
speaker cable adds enough capacitance
to exceed that value, everything should
be all right. However, if it adds just
enough to attainit, well. . . .

The metallic purity of the conductor
also comes up for question. Some peo-
ple object to tinned copper wires or
wires that contain even trace amounts of
magnetic material. Even the insulating
material of the conductors has been sin-
gled out as an area requiring much fur-
ther study. And as you might anticipate,
the audio “quality” of associated solder
joints and connectors is also being ex-
posed to a fresh round of criticism.

The Practice. Even the most serious
theorists freely admit the cable question
is far from being pinned down. However,
it's hard to argue with the enthusiasm
that even comparatively casual listeners
have worked up for some of the new
speaker wires. Many of my personal ac-
quaintances who have either managed
to swing the not-inconsiderable invest-
ment or have been able to borrow a ca-
ble set are now complete converts. On
the other hand, some very serious audi-
ophiles within my circle of friends have
noticed no changes in their systems.
There is also another side to the matter.

Not long ago | was commissioned to
design a demonstration for a major au-
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dio manufacturer’s press conference in
a posh New York hotel. The heart of it
was to be a sound system that would be
exotic and expensive enough to attract
some attention, loud enough to serve an
audience of about 70, and sufficient in
quality to permit fairly meaningful com-
parisons of different recording media to
be made. Because exotic and expensive
were among the criteria—and because |
was curious—I asked for some Polk ca-
bles to be on hand for experimentation.
Verion cables and grounding strips
comprised the lash-up right up to the
power-amplifier inputs, and it was in-

Fig. 2. A 20-kHz
square wave
shows some
rounding after
passage through
standard zip cord

ik

(A)

(A). An equivalent
length of JVC cable ﬂ
leaves square wave
comparatively \_j_L
intact as at (B). (B)

deed gratifying to discover how quiet the
final system was, even with the Empire
State Building's formidable antenna
mast looming over our shoulders. And
then, at the eleventh hour, when the sys-
tem had been playing happily and thun-
derously for the whole evening and the
demonstration had been rehearsed sev-
eral times, we decided to substitute the
Polk cables for our heavy-gauge zip
cord, just to see what would happen.
The results were dramatic to say the
least. Within a moment of turn-on—and
with no audio signal as yet—ampilifier
channels began falling like dominos, so
that within sixty seconds we were com-
pletely shut down.

By relating this anecdote | don’t mean
to indict either the cables or the amplifi-
ers, both of which have obviously per-
formed creditably under other circum-
stances. But | do wish to underline the
apparent fact that audio remains fraught
with some great unknowns and some re-
markable surprises even today. <
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In the
Black Il

Performance, beauty, quality
— three attributes that have
always been the hallmarks of
SAE products. SAE systems in
the past have had them, this
system’s predecessor had them,
and the new In The Black sys-
tem has them and much more.

The 2900 Parametric Pream-
plifier offers our new flexible
parametric tone control sys-
tem, full dubbing and tape EQ.
New phono and line circuitry
results in unparalled clarity
and definition with distortion

of less than 0.019; THD & IM.

The 2200 Stereo Power Ampli-
fier with fully complementary
‘circuitry delivers 100 Watts
RMS per channel from 20-20K
at less than 0.05%, Total Har-
monic Distortion, from 250mW
to full rated power.

The 8000 Digital FM Tuner
has linear phase filters, phase-
lock multiplex, and of course,
our famous digital readout
tuning indicator system.

Combine these products to-
gether and you have a system
that ensures superior perform-
ance in all areas, excellent
control flexibility, and the sonic
quality that is typically SAE.

— A =

Scientific Audio Electronics, Inc.
P.0. Box 60271 Terminal Annex, Los Angeles, CA 90060
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At CIE, you get
clectronics
carcer*

1

trainin
from

® o
specialists.

conditioners, service cars or install heating
systems — talk to some other school. But if
vou’re serious about electronics, come to
CIE —The Electronics Specialists.

A ﬁff;wm?%«»

& Special Projects Director
Cleveland Institute of Flectronices
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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
set a 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 eggsin onc 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 thata 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-
plectely. . . before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the clectronics gear to actually Ict
vou perform hundreds of checking,
testing and analyvzing projects.

In fact, depending on the course
vou take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty of a
Zenith color TV sct. . . or studying a
varicty 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
equipment.

You work with experi-
enced specialists.

When you send us a completed
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, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.

People who have known
us a long time, think of us
as the “FCC License
School.”

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

the exams get their Licenses. You
may already know that an FCC
License is needed for some careers
in electronics —and it can be a
valuable credential anytime.

Find out more! Mail this
card for your FREE
CATALOG today?

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
home study information.

For your convenience, I'll try to
arrange for a CIE representative to
contact you to answer any questions
you may have.

Remember, if you are serious
about learning electronics. . . or
building upon your present skills,
vour 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.

Patterns shown on TV and oscilloscope screens are simulated.

r-----------------l

Cleveland Institute of Electronics, Inc.

1 CI

Print Name. B o S

1776 East 17th Street. Cleveland, Ohio 44114
Accredited Member National Home Study Council

[ YES... John I want to learn from the specialists in ¢lectronies — CIE.
Send me my FREE CIE school eatalog — including details about troubleshooting
courses — phus my FREE package of home study information.

PE-58
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Address - S Apt.
Gty -

State - - Zip .
Age . __ Phone (arca code)

Check box for G.1. Bill information: Veteran Active Duty

Mail today?

25


www.americanradiohistory.com

Julian Hirsch
o e AlldiO Rep()rtS

HIRSCH/HOUCK LABORATORIES

HE TERM “high fidelity” means different things

to different people. For me, it is easier to list some
of the things it is not than to attempt to define it
specifically. It is not superwide frequency response,
from 20 to 20,000 Hz or far beyond. It is not a ruler-
flat response within the audio range. It is not the
absence of nonlinear distortion (harmonic, IM, TIM,
or what have you). It is not the absence of phase or
time delay distortions or of any other form of tran-
sient distortion. It should be clear that, in my opin-
icn, while all the above qualities and many others are
desirable in themselves, they are neither necessary
nor sufficient to create a high-fidelity listening ex-
perience. I believe that no purely objective measure-
ment or combination of measurements can be used, at
this time with today’s equipment, to define “hi-fi”’
sound in an unambiguous manner.

For me, the “hi-fi"” quality of musical reproduction
is a function of its believability. “Believable” is not
the same as “real” or “live” or “natural.” All of these
criteria imply a comparison of the reproduced sound
to the original sound, which is a fundamental im-
possibility in almost every case. It is possible to stage
such a comparison, in the same listening environ-
ment, but this is a highly artificial condition. Such
tests are usually conducted by speaker manufactur-
ers, and may in fact prove something about the qual-
ity of their speaker systems. On the cther hand,
speaker systems that do an almost perfect job of imi-
tating the live sound in such a test do not necessarily
sound as “perfect” in the typical home listening en-
vironment. They may even sound much less pleasing
(or believable) than other speaker systems that do not
fare nearly so well in a “live-versus-recorded’’ test.

It would be most convenient if objective measure-
ments could actually define the sound of a compo-
nent or a system. It would take a lot of the controver-
sy out of audio, since there would no longer be any
arguments over whether a component with 0.001%
“distortion” really sounds better than one with
0.01% “distortion,” and so forth. Sad to say, things
do not work out that way, and we must ultimately
rely on each individual’s perception of the sound.
Since likes and dislikes in the world of hi-fi vary
widely from listener to listener, the evaluation pro-
cess leaves much to be desired.

‘“Believability” as used here means that the total
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FIDELITY—OR BELIEVABILITY?

effect of the reproduced sound should be consistent
with the effect one expects from a real performance.
The listener should be able to accept it as sounding
like some hypothetical “live” performance, albeit
one he may never have heard. To understand what
this entails, let us consider a few of the attributes of a
live musical performance. First and foremost, it has
no nonlinear distortion. (Even if it is electronically
created or amplified, as from a synthesizer or elec-
tronic instrument, the “distortion” in the sound is by
definition a part of the original sound.) Second, the
program dynamics are unmodified. What we hear is
the full dynamic range of the original instruments,
with no limiting, clipping, or compression.

One of the most important ingredients of believ-
ability is a natural ambience. This is the sense of air
and space that exists in every concert hall. If it is
present in the reproduced sound, one can come very
close to believing that he is hearing a real perfor-
mance. It has been claimed that certain amplifiers
and phono cartridges are superior to others in the de-
gree of ambience they impart to the reproduced
sound, but these effects are so subtle that their very
existence is open to question. Much less arguable is
the ambience contributed by some speaker systems,
especially those with omnidirectional or quasi-
omnidirectional characteristics. Their ambience is
derived from the listening room rather than the con-
cert hall, but it is still much better than nothing. In
any event, the contribution of the speaker system to
overall believability, though greater than that of the
other system components, is a very small part of the
necessary total. The place where this quality is inject-
ed into or subtracted from the program is in the re-
cording itself.

A record made in a ““dead” environment, or created
by multiple recording techniques, will never sound
convincingly “live.”” No matter how much reverbera-
tion is introduced by the recording engineer, no one
will always be fooled into thinking he is hearing a re-
cording of a live performance. On the other hand, a
skillfully made recording, in which the ambience of a
good concert hall has been captured and which has
been subjected to a minimum of signal processing,
can sometimes sound startlingly ‘“‘real.”” The effect is
not the “reality” of the listener’s presence in the con-
cert hall and certainly not of the performer’s being

POPULAR ELECTRONICS
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The source

of perfection in
ereo sound...

Pickering’s new
XSV/3000

PICHERiMG
XSV 3000

The reviewers applaud as never before!

“...we don’t see how you can do better at any price.”
Hirsch-Houck Laboratories. Sterec Review. February 1977

“The new unitoffers the stereo performance of the XUV/
4500Q (or perhaps a littie better than that) at a lower
price. It seems hard to go wrong with such a combina-
tion.”

High Fidelity. February 1977

‘“‘Congratulations to all concerned on a fine contender
amongst the world’s best stereo pick-ups.”
John Borwick. Gramophone. United Kingdom 1977

Pickering's new XSV/3000 is a remarkable develop-
ment. It possesses a totally new and different design that
makes it the precursor of a whole new generation of so-
phisticated, advanced stereo cartridges.

This has been made possible by technological advances
in two areas. First, it has an unusually tiny magnet, made
of rare earth compounds, of remarkably high power that
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permits extremely low mass, and also offers high output.
Second, this cartridge features the new Stereohedron™
stylus tip, a Pickering first! This extraordinary shape has a
far larger bearing radius, which provides increased con-
tact area in the record groove. This assures gentler treat-
ment of the record groove, longer record life, and also,
far longer stylus life.

This cartridge provides remarkably smooth and flat fre-
quency response; its channel separation is exceptional,
its transient response possesses superb definition.

Truly, Pickering’s XSV/3000 represents a whole new
concept of excellence in stereo cartridges. ..the true
Source of perfection in stereo sound.

@ PICKERING

“for those who can |hear| the difference™

For further information write to
Pickering & Co., Inc. Dept. PE,
107 Sunnyside Blvd., Plainview,
New York 11803

PICKERING & CO., INC., COPYRIGHT 1977
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transported to the listening room (a highly artificial
condition, suitable only for small groups and solo-
ists). Rather, it is the sense that one is hearing music
made by real instruments and played in a real hall,
together with much of the emotional and physical
stimuli that accompany such an experience.

If this quality comes almost entirely frem the re-
cording process, what is the place of the high-fidelity
music system in recovering it? Ideally, instead of
adding some magical quality of its own, the music
system should do a minimum of damage to the over-
all sound effect. Any form of nonmusical distortion,
from any source, can destroy the illusion of reality.
Moderate amounts of lcw-order harmonic distortion
may do little more than alter the tonal character of in-
strumental sounds and may in fact be totally inaudi-
ble to the average listener. High-order harmonics and
certain IM products are strongly nonmusical and can-
not be tolerated at any audible level. Even these can
often be masked by the program to the extent that
they are difficult to hear. The kind of distortion that is
unmistakable and intolerable is the mistracking of a
phono cartridge (a “shattering” sound). Similar
effects can be created by the voice coil of a speaker
reaching the limits of its allowahle excursion, or by
clipping in an amplifier—especially if the amplifier’s
stability is imperfect.

Noise can be considered as a form of distortion. It

becomes unacceptable just as soon as it intrudes
upon our consciousness, perhaps sven before then,
since removing noise of which one was not con-
sciously aware can sometimes make a dramatic im-
provement in the sound. Hum, hiss, and other noises
have no place in a real performance and are just as
out of place at home. Certain transient sounds, such
as ticks and pops from dusty or scratched records,
may be quite audible, yet no more disturbing than the
rustling programs and coughing that afflict concert
audiznces during quiet moments in the program.
All of this may be self-evident, but the point is that
the believability of a really good recording will come
across to the listener thrcugh even a reasonably
competent music system, whereas even the most ex-
otic and expensive system will not restore quality to a
recording that is lacking in the first place. There is a
possible exception to this rule in the form of the time-
delay accessories that have appeared in the past year
or so from several meanufacturers. Properly used,
these can go a long way toward restoring a missing
ambience to a recorded program. They are far from
being panacezs, however, and are quite expensive.
One should not expect any audio componeant to werk
miracles and transform a poor or mediccre sound
into a thrilling experience. For that, you must start
with a record that has the necessary information in its
grooves from the beginning. (Continued on page 30)

A P BROUGHT YOU SOLDERLESS BREADBOARDING.
NOW WE’VE ADDED POWER.

Introducing POWERACE, the new line of ACE All Circuit Evaluators.

POWERACE -for fast, solderess circuit building and
testing. All models will accept al DIP sizes —plus TO-5's
and discretes with leads to .032" diameter. FOWERACE
101 has a variable 5-15 VDC 600 ma Power supply.
POWERACE 102 features a fixed 5VDC 1 amp power
supply; and POWERACE 103 has a fixed 5vDC 750 ma
powzr supply, a fixed +15VDC 250 ma power supply, and
a fixed = 15VDC power supply at 250 ma.

i —

Order from ycur A P d stributor today. For the name of
the distributor nearest you call Toll-Free 800-321-9668.

Faster and Easizr is what we’re all about.

AP PRODUCTS INCORPORATED
Box 110 e 72 Corwin Dr ve, Painzsville OH 44077
(216) 354-2101 TWX: 812-425-225)

| 'TI.:“ =

MODEL #103
S124.95
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MODEL #101 $84.95

MODEL #102
$414.95
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LEARN Microprocessor
Operation, Interfacing and
Programming with

The New
HEATHKIT

Microprocessor
Course!

Explore the fascinating field
of computer technology!

Here's the newest, easiest and lowest-cost self-instruction mi-
croprocessor course ever! What’s more, it's the fastest way to
really learn about this fascinating field with applications in every
phase of our everyday lives. From automotive diagnostics to the
microwave oven in the kitchen to the computers that are taking on
more jobs in the home, schools, government, business and in-
dustry!

Working with the popular 6800 microprocessor, you'll explore
this exciting field in 3 easy steps! In step 1, using proven self-in-
struction text materials, you'll learn about micro-computer basics,
number systems and codes, computer arithmetic, programming,
6800 capabilities and interfacing and more. In step 2, with the aid
of audio visuals included, you'll go deeper into programming, de-
signing with microprocessors and semiconductor memories.
Then, in step 3, you'll actually perform 19 “hands on” experiments
with the optional trainer designed to reinforce the theory you've
mastered to that point!

The ET-3400 Trainer kit, designed to accompany your course,
features the popular 6800 microprocessor. It is actually a miniature
digital computer in itself, complete with a: 1K ROM monitor pro-
gram; 6 digit LED display for address and data readout; 17-key
hexadecimal keyboard for entering programs, data and control;
256 bytes of RAM (expandable to 512 bytes with the chips sup-
plied in the course); breadboarding socket; 8 buffered LED’s for
display of logic states; 8 SPST switches for binary input plus an
on-board power supply with +5, +12 and —12 volt outputs.

The Course comes complete with 62 electronic components, in-
cluding a 6280 PIA, two 2112 RAM’s, a 1406 digital-to-analog
converter, 741 and 301 op amps and more. Includes audio visual
aids such as an audio cassette, colorful flip charts and pro-
grammed learning text material in two deluxe permanent binders.

Complete the optional exam and receive a Certificate of
Achievement and 8.0 Continuing Education Units (CEU’s) — a na-
tionally accepted means of recognizing participation in non-credit
aduit education. (Note: Microprocessor Course requires comple-
tion of Digital Techniques Course or equivalent knowledge.)

.................... $2699°

(Add $3.06 shipping and handling)

ORDER ETS-3400
(Course and Trainer kit)

EDLDERIHG IBON!

|u¢|uund -im ur Course al no
] ::& cost — miuplnﬁl-nﬁ- gold-
‘iran that's perfect for printed
. circull work — a 57,95 l:nmpmhh
1; -wlpua- yours: HtEE} fa

(i
N ST e iisee0060001000000

less trainer.

= the course text material,

NEED DIGITAL TECHNIQUES TRAININ("'"

Comprehensive Digital Techniques Course — the background you need
to understand computer and modern electronics technolagy! Digital fun-
damentals, semi-conductor devices for digital applications, Boolean
algebra, flip-flops and registers, sequential and combinational logic cir-
cuits, digital design and an introduction to computers and more! The
course includes programmed instruction text, audio-visual aids, parts
for experiments and more.

Digital Design Experimenter/Trainer lets you performy all the experi-
ments in your course, then develop and test your own projects.

Features solderless breadboard sockets, 4 binary data switches, 2
“no bounce” switches to pulse logic circuits, 3-frequency pulse clock
generators, 4 LED's for visual indication of logic states plus 3 regulated
power supplies. Upon completion of the optional final exam, you receive
a Certificate of Achievement and 4.0 Continuing Education Units.

ORDER EES-3201 {Course and Trainer Kit) $11995
(Add $3.64 shipping and handling}

SAVE TIME--ORDER BY PHONE Call (616) 982-3411

| HEATH

Schiumberger

I Gentlemen: Please send me the item(s) checked below and

Heath Company, Dept. 010-392
Benton Harbor, Michigan 49022

include my FREE Soldering Iron.

O Microprocessor Course and Trainer (ETS-3400) $269.95
(+$3.06 shipping & handling)

O Microprocessor Course only (EE-3401) $89.95
(+$2.23 shipping & handling)

O M|croprocessor Trainer kit only (ET-3400) $189.95
(+$1.69 shipping & handling)

O Digital Techniques Course and Trainer kit
(EES-3201)

................................ $119.95
(+ $3.64 shipping & handling)

Prices subject to change without notice

OR, MAIL COUPON TODAY!

| enclose []check [] money order for $
(Michigan residents, add 4% sales tax)

CHARGE to my [] VISA/BankAmericard [] Master Charge
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JULIAN HIRSCH AUDIO REPORTS (Continued from page 28)

SONY MODEL PS-X5 TURNTABLE
Quartz crystal controls direct-drive dc servo for low speed error.

The Sony Model
PS-X5 is one of a
new series of au-
tomatic single-
play turntables
whose direct-drive dc servo motors are
controlled by quartz crystal oscillators.
This gives them a speed error of less
than 0.003% at the nominal 33'4 and 45
rpm speeds. A magnetized ring inside
the rim of the platter generates the feed-
back control voltage in a fixed eight-pole
magnetic head assembly. The tonearm
automatically indexes for 7”, 10", and
12" (17.8-, 25.4-, and 30.5-cm) records.
It can also be used manually if desired.
The entire player shuts off automatically
at the end of a record. The basic operat-
ing controls are located on the front of
the base, where they are accessible with
the cover lowered.

The Model PS-X5 tested here mea-
sures 172" W x 1434" D x 578" H (44.5
x 37.5 x 14.9 cm) and weighs 22% Ib
(10.3 kg). Manufacturer’s suggested re-
tail price is $230.

General Description. The dark gray
base of the player is molded of an
acoustically “dead” compound. The en-
tire record player is supported on four
soft rubber feet that are internally
damped with a viscous gel. A removable
hinged clear plastic dust cover is includ-
ed. Holes on the motorboard provide
storage for a 45-rpm adapter and for two
additional headshells with cartridges.
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Stroboscope markings for the two
speeds are cast into the outer rim of the
aluminum-alloy platter. They are il-
luminated by a neon lamp just outside
the rim of the platter. The operating
speeds are selected by two pushbuttons
near the platter. A knob at the right of the
motorboard selects the index diameter
for the tonearm or places the player into
its manual mode.

The other operating controls are a
pushbutton POWER switch and two light-
touch pushbuttons for the START/STOP
and REPEAT functions. After power is ap-
plied, a touch of the START/STOP button
turns on the motor, indexes the arm to
the selected diameter, and lowers the
arm to the record surface. After playing
a record (or at any time the START/STOP
button is touched while a record is being
played), the arm returns to its rest and
the motor shuts off. When the REPEAT
button is engaged, a record is replayed
indefinitely, until the player is manually
shut off.

The tonearm is formed of an S-
shaped aluminum tube. It has a light alu-
minum headshell and a rotating counter-
weight on which is located the tracking
force scale. An auxiliary lateral balance
weight extends from the arm pivot sup-
port. The antiskating dial and cueing lev-
er are built into the base of the tonearm.
The capacitance of the output signal ca-
bles is rated at 70 pF/channel.

The installation instructions specify a
49-mm distance from the stylus to the
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reference mounting surface of the head-
shell. The headshell is a four-pin bayo-
net locking type. A stylus protractor is
also supplied to allow the user to verify
that the tracking error is at a minimum
near the inner diameter of a record.

Laboratory Measurements. Al-
though we installed several types of car-
tridges in the player for our listening
tests, our measurements were made us-
ing a Shure Model M95SED cartridge.
The installation was straightforward, and
the resulting tracking error was well less
than 0.5°/in. over the useful surface of a
12" record. When we initially balanced
the arm horizontally, as recommended,
the actual tracking force was about 10%
greater than the scale indication.

The measured unweighted rumble of
—33.5 dB was mostly at frequencies be-
low 5 Hz. With ARLL weighting, the rum-
ble was —61 dB. The unweighted rms
flutter and wow were 0.035% and
0.05%, for a combined total of 0.06%,
mostly in the vicinity of 5 Hz. The speeds
were exact and were not affected by
large changes of line voltage or load
(such as record cleaning brushes). The
“tightness” of the servo system was dra-
matically demonstrated by the ability of
the 4-Ib (1.8-kg) turntable to change
speed, in either direction, in less than
0.5 second.

The automatic mode of operation
worked smoothly, with about 9 seconds
elapsing from the touch of the START/
sTOP button to the stylus reaching the
lead-in groove. At the end of a record,
the shut-off cycle was about 4 seconds.

The mass of the tonearm, including
the headshell but without a cartridge,
measured 15.4 grams. This is slightly
lower than the mass of most comparable
arms that we have tested. With the com-
pliance of the Model M95SED cartridge,
this mass resonated at 8 Hz, with an am-
plitude of 5 dB. The antiskating com-
pensation was correct, producing equal
distortion in both channels when the dial
was set to match the tracking force. The
capacitance to ground in either channel,
including both signal cable and arm wir-
ing, was 85 pF.

The soft mounting feet proved to be
quite effective in decoupling the player
from vibration. The measured isolation
was about 10 dB better than that of typi-
cal direct-drive record players, with the
maximum transmission occurring at
about 30 Hz.

User Comment. As our measure-
ments reveal, the Model PS-X5 is a first-
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rate record player in every respect. It
handles as smoothly as its precision ap-
pearance suggests and had no flaws or
“bugs” that we could find.

Since the speeds are not adjustable in
any way, and are controlled with preci-
sion far beyond any normal user's re-
quirements, the very presence of a stro-
boscope system on the turntable is rath-
er difficult to explain. The only possible
deviation from correct speed would

come with total loss of servo controi,
which would make itself known without
recourse to stroboscope marks.

The cueing device worked well, with
only a slight outward drift during its de-
scent, repeating a couple of seconds of
the record. However, the location of the
cueing lever on the base of the tonearm
prevents the record player from being
fully controllable without lifting the cover.

Perhaps the most impressive thing
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about this Sony record player is its price.
Only a year ago, quartz-controlled turn-
tables were selling for twice its price or
more, yet this player is competitive with
most good belt-drive players and record
changers. Even if the performance ad-
vantages of quartz crystal control are
not necessarily audible (and they are
not}, the sheer perfection of the system
is impressive, and all the more so in this
very moderately priced record player.

JVC MODEL P-3030 STEREO PREAMPLIFIER
Compact unit provides near-perfect distortion characteristics.

The new JVC
Mode! P-3030
stereo preampli-
| - fier is noteworthy
for its virtually ide-

al, distortion-free electrical performance,
above-average phono acccommodation
flexibility, and compact dimensions. Its
minimal panel height allows room for
only a single row of operating controls,

which have been incorporated without
any cluttering or crowding.

By omitting some features commonly
found on control amplifiers (such as
loudness compensation and elaborate
filter or tone-control configurations), JVC
has been able to incorporate all the real-
ly important features of a stereo pream-
plifier into a limited space. Separate
front-panel controls are provided for se-
lecting four phono cartridge load resis-
tances (100, 33,000, 47,000, and
100,000 ohms) and four capacitances
(100, 220, 330, and 470 pF). In addition,
the preamp has a separate “preamplifi-

~ Put more
punch in your work.

With a Greeniee Chassis Punch you can punch
clean, true holes in seconds. Round, square,
key or D. In 16-ga. metal, hard rubber, plastic
or epoxy. Available at radio and electronics
parts dealers. Write for catalog E-730.
Greenlee Tool Co, Rockford, {Il. 61101.

GREENLEE TOOL CO

a subsidiary of

Ex-Cell-O Corporation
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er” and an input positinn for low-output,
moving-coil cartridges.

The overall dimensions of the Model
P-3030 are 162" W x 127" D x 2 5/16”
H (419 x 32.7 x 5.9 cm). It weighs
approximately 14}4 Ib (6.6 kg). The sug-
gested retail price is $399.95.

General Description. The pream-
plifier is attractively finished in silver
gray, with plastic guards extending from
the rear to protect the connectors. The
power is controlled by a lever switch at
the left of the panel, with a red LED pilot
lamn above it. Similar switches in the
center section of the panel bypass (DE-
FEAT) the tone control circuits, connect
the amplifier in its STEREO or MONO
MODE, and switch in and out a SUBSONIC
FILTER that has a slope of 6 dB/octave
below 18 Hz. Two switches control tap-
ing operation for two tape decks. One
switch cross-connects the decks for
dubbing from either deck to the other.
The second switch is for monitoring the
playback output of either deck or for
connecting the normally selected pro-
gram source to the preamplifier outputs.
A switch at the far right of the panel
(MUTING) drops the gain 20 dB for tem-
porary interruptions.

The separate Bass and TREBLE tone
controls each have 11 detented posi-
tions. To the right of the central group of
lever switches are two small CARTRIDGE
LOAD knobs. To their right is the SOURCE
SELECTOR (which has positions for TUN-
ER and Aux high-level sources) and
three PHONO inputs. Two of the phono
inputs are for conventional moving-mag-
net cartridges and the third is for low-
output moving-coil cartridges, the latter
through the built-in preamplifier. To the
right of this switch is the vOLUME control,
behind a center-detented concentric
BALANCE control ring. The voLUME con-
trol has 22 detented positions, calibrated
in decibels of attenuation. On the rear
apron of the preamplifier are the various
inputs and outputs. Also provided on the
rear apron are three ac outlets, two of
which are switched.

In line with a trend we have noticed on
recent “high-end” audio products, the
top cover of the Model P-3030 carries a
functional block diagram showing the
circuit position of each control and the
distribution of gain and operating levels.
The rear connectors are also identified
or the top plate, simplifying their use if
the rear apron of the preamplifier is not
readily accessible.

Although no schematic was supplied
with the preamp, the instruction manual
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states that it has “input capacitorless”
FET stages in all input circuits. The voL-
UME control, which is a true step switch
instead of a potentiometer with me-
chanical detents, is in two sections lo-
cated before and after the tone control
stages. This gives optimum noise-level
and overload characteristics.

The preamp uses discrete devices
throughout (no IC’s), with a complement
of 26 FET’s, 41 bipolar transistors, and
19 diodes. A low-profile toroidal power
transformer makes the compact dimen-
sions practical, with no induced hum
from stray magnetic fields.

After the power is applied, there is a
time delay of several seconds before the
signal outputs are energized to keep
turn-on transients from reaching the
power amplifier and speaker systems.
JVC suggests that the 47,000-ohm and
100-pF loads be used with most mag-
netic cartridges, since the 150 to 200 pF
added by a typical record player and the
connecting cables will result in the 250
to 300 pF of total capacitance thatis op-
timum for most cartridges. Of course,
the load can be adjusted to suitone’s lis-
tening taste or the recommendations of
a cartridge manufacturer. (Shure and
Ontofon, for example, whose cartridges
give their flattest response with loads of
400 to 500 pF.) The 100-ohm setting is
meant for use with high-output moving-
coil cartridges, such as the Satin and
Dynavector modeis, that do not require
the extra gain of the pre-preamplifier.

Laboratory Measurements. With
its output connected to a typical
high-impedance load, such as that pre-
sented by any power amplifier, the
preamplifier can deliver the greatest un-
distorted output voltage of any pream-
plifier known to us. It is rated at 20 volts,
but in our tests the 1000-Hz output
clipped at 27 volts. When it is loaded by
600 ohms, the rated output is reduced to
1 volt; the clipping level was 3.85 volts.

The distortion, under any condition we
could devise, was unmeasurable. Our
readings followed the residual distortion
characteristics of our Radford signal
generator, with the 1000-Hz distortion
reading 0.0022% to 0.003% from 0.1 to
25 volts output. The IM distortion fol-
lowed a similar pattern, with the 0.006%
reading at O.1-volt output being mostly
noise in our Crown IM analyzer. The
measured M was from 0.001% to
0.004% at outputs that ranged from 0.3
to more than 20 volts.

Driving 1 volt into 600 ohms, the har-
monic distortion measured 0.04% and
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0.02% at 20 and 30 Hz (the residual of
the generator), 0.0025% from 100 to
5000 Hz, and 0.0043% at 20,000 Hz. At
a 10-volt output into a high-impedance
load, the readings were generally simi-
lar, except that the high-frequency dis-
tortion was only 0.0022% at 20,000 Hz.
So far as we are concerned, the preamp
can legitimately be described as distor-
tionless under practical conditions.

For a reference output of 1 volt (high-
impedance load), the high-leve| inputs
required 0.13 volt at 1000 Hz. The un-
weighted S/N ratio referred to the 1-volit
level was unmeasurable, with the total
noise being below the 100-..V(-80 dBV)
minimum reading of our meter. The PHO-
NO sensitivity was 1.7 mV, with an un-
weighted S/N of 73.5 dB. The PHONO 3
(moving-coil} input required only 66 puV
for a 1-volt output and had a 67.3-dB
S/N. There was a considerable variation
in the latter reading with different input
terminations (neither a shorted nor an
open condition was best) so that the ac-
tual S/N will probably depend on the de-
tails of a specific installation. The phono
overload levels were very high at 350
mV for the PHONO 1 and 2 and 16 mV for
PHONO 3 inputs.

The frequency response was within
the +0.25-dB tolerance of our test
equipment from 20 to 20,000 Hz (tone
controls defeated). It was down 3 dB at
130,000 Hz, and the subsonic filter,
which affected the response by only 2
db at 20 Hz, dropped itto —10 dB at 5
Hz. The tone controls had a moderate
range of about =10 dB, with a sliding
turnover frequency on the BAss control
and the TREBLE response being hinged
at about 3000 Hz. The RIAA record
equalization was within =0.5 dB over
the range from 20 to 20,000 Hz. There
was no interaction with the inductance of
phono cartridges, other than a slight rise
of about 1 dB at 20,000 Hz.

User Comment. The Model P-3030
preamplifier is about as nearly perfectin
its frequency response and distortion
characteristics as the state of the art al-
lows. Its noise levels are well below au-
dibility under any realistic operating con-
ditions. It wouid appear that the appeal
of this impressively compact control
center to any individual would have to be
on the basis of its control features, un-
less someone is able to hear qualities in
it that we did not. To our ears, it was a
completely inaudible component, except
for intentional effects created by the
tone controls.

Comparing the controls of the Model
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P-3030 to those of some other pream-
plifiers or integrated amplifiers, it is clear
that the tone-control functions have
been kept to a minimum (although they
are as effective as any basic tone-con-
trol system can be). Those who use tone
controls rarely, if at all, will not require
more flexibility than is provided by the
Modei P-3030. Except for the really use-
ful subsonic filter, such circuits are con-
spicuous by their absence, and will not
be missed by most people.

Perhaps the most obvious omission in

the preamp is “loudness compensa-
tion.” Restrictions on panel size, and
probably design philosophy, have led
JVC to leave this feature out entirely.
However, we have commented many
times on the futility of trying to achieve
satisfying results with a conventional
loudness/volume control combination,
so the omission is not drastic.

The enormous output voltage capabil-
ity of the Model P-303C and its literally
undetectable distortion wil] probably be
considered a case of “overkill.” No pow-

er amplifier requires more than a volt or
two to drive it to clipping, and few have a
distortion level comparable to that of the
Model P-3030. Nevertheless, the extra
headroom and general conservatism of
the design can certainly do no harm.
The JVC Model P-3030 is not inex-
pensive, and it is probably not every-
one’s ideal preamplifier. However, for
those who prefer to have as little as pos-
sible between the recorded program and
their ears, this is an excellent choice.
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DAHLQUIST MODEL DQ-1W LOW-BASS MODULE

Extends flat bass response down to as low as 20 Hz.

In recent years,

the hi-fi lexicon
has been en-
riched by a new
component called
the “subwoofer.” This is a loudspeaker
designed to operate only in the low-bass
range where the response of conven-
tional woofers begins to fall off. The
Dahlquist Model DQ-1W Lcw-Bass
Module is a typical example of the sub-
woofer. It was originally introduced to
augment the performance of the compa-
ny's Model DQ-10 speaker system be-
low 60 Hz. It is equally suited to extend-
ing the response of other types of
speaker systems.

Dahlquist makes both active and pas-
sive crossover networks for matching its
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subwoofer to existing speaker systems.
The Model DQ-LP1 active network re-
quires a separate power amplifier to
drive the subwoofer, but it provides
greater flexibility than the Mode! DQ-
MX1 passive network. The Model DQ-
MX1 measures 8 34" W x 33" H x 714"
D (22.3 x 8.6 x 19 cm) and is designed
for crossover between a pair of 8-ohm
speaker systems and the Mcdel DQ-1W
at either 60 or 80 Hz. The Model DQ-
LP1 measures 132" W x 2L4" H x 514"
D (343 x 5.7 x 13.3 cm). It provides
complete control of levels and continu-
ously variable crossover frequencies
from 40 to 400 Hz. The Model DQ-1W
subwoofer measures 26" H x 182" W x
1434" D (66 x 47 x 37.5cm) and weighs
about 65 b (29.5 kg). Suggsested retail
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prices of the Models DQ-1W, DQ-LP1,
and DQ-MX1 are $275, $300, and $135,
respectively.

General Description. The subwoof-
er resembles a conventional medium-
size floor-standing speaker system. Re-
moving the grille from the fully sealed,
walnut-finished wooden cabinet reveals
a single driver in the center of the front
board. Dahlquist claims a 13" (33-cm)
diameter for the driver, but we measured
111" (29.2 cm) effective diameter,
which included the rubber edge sur-
round. The 4" (10.2-cm) voice coil and
compliant surround imply that this is a
heavy-duty, long-throw woofer. The sys-
tem is rated at a nominal 8 ohms.

The simplest and ieast expensive way
to add a subwoofer to an existing sys-
tem is to use the Model DQ-MX1 pas-
sive crossover network. The amplifier
outputs and leads to the pair of stereo
speaker systems and the subwoofer
connect to insulated spring clips on the
back of the crossover network. With this
arrangement, the Model DQ-1W is driv-
en by the sum of the two channels,
which is a mono signal. (There is no
sense of localization at the frequencies
radiated by this speaker so that no dilu-
tion of the stereo effect results from the
mixing.) A switch on the rear of the
crossover network is provided for select-
ing either a 60- or 80-Hz crossover fre-
quency. Another switch allows reversal
of the woofer phase to match that of the
woofers in the stereo speaker systems.
It is assumed that the speaker systems
are of average efficiency and have an 8-
ohm impedance. The only means of
matching the level of the subwoofer to
the higher frequency level is with a
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three-position toggle switch on the
crossover network.

A more versatile arrangement em-
ploys the Model DQ-LP1 active filter for
the crossover and an additional amplifier
for driving the subwoofer in a biamplified
arrangement. The active filter is placed
between the preamplifier and the main
power amplifier. It has a simple single-
section RC network in each output to
drop the response to the main speaker
systems by 3 dB at 60 Hz. This applies
only when the power amplifier has a typ-
ical input resistance of 75,000 to
100,000 ohms. If the crossover is to be
at some other frequency or the input re-
sistance of the amplifier is substantially
lower or higher than 75,000 to 100,000
ohms, it is necessary to change the val-
ue of the internal capacitors of the filter
or 10 add resistance across the filter's
outputs. An assortment of suitable parts
is supplied with the filter, together with
instructions for making the change.

The active portion of the filter rolls off
the signal to the subwoofer’'s amplifier at
a 12-dB/octave rate above a frequency
that is continuously variable from 40 to
400 Hz. Calibrated crossover frequency
dials are on the front panel of the filter.
Also on the panel are low-frequency EQ
adjustment controls that can boost the
subwoofer’s response at 20 Hz by as
much as 5 dB when set to maximum.
These plus the subwoofer's level con-
trols are duplicated for the two channels
so that the filter can be used to drive two
subwoofers with a stereo power amplifi-
er. If a single subwoofer is to be used,
center-channel outputs are also avail-
able (with an L + R signal) for driving
either one or two subwoofers. Buttons
on the front panel of the filter permit dis-
abling the subwoofer outputs for making
in/out comparisons.

Dahlquist recommends that the sub-
woofer be driven by an amplifier rated at
50 to 200 watts. The speaker is protect-
ed by a 2V2-ampere AGC fuse.

Laboratory Measurements. Mea-
sured without an equalizer or crossover
network and with the microphone in the
plane of the speaker mounting board,
the frequency response of the subwoof-
er was very flat. It was within =1.5
dB from 70 to 1800 Hz. It rolled off ata
12-dB/octave rate at lower frequencies,
to —10 dB at 25 Hz. This represents the
anechoic response of the woofer, which
would normally be enhanced in a live
room by placement of the speaker near
a wall or a corner.

More impressive than the smooth re-
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sponse was the low distortion of the
woofer. At a 1-watt drive level, the dis-
tortion was nearly constant with frequen-
cy, reading 0.8% at 100 Hz and 1.9% at
20 Hz! The latter was by far the lowest
distortion we have ever measured from
a speaker at that frequency. At a 10-watt
drive level, distortion was 2.2% from 100
to 40 Hz and only 5.3% at 20 Hz.

The speaker impedance was at its
minimum of 8 ohms at 20 Hz and be-
tween 100 and 300 Hz. it rose to a peak
of 18 ohms at the 42-Hz bass resonance
and climbed smoothly to 45 ohms at
20,000 Hz. The sensitivity (efficiency) of
the subwoofer was surprisingly high, re-
quiring only 1 watt at 100 Hz to deliver a
sound pressure level of 95.5 dB at a dis-
tance of 1 meter.

Measurements on the Model DQ-LP1
active filter/crossover network con-
firmed the calibration accuracy of the
crossover frequency dials. The LO out-
put was down 3 dB at exactly the fre-
guency to which the dial was set. Dahl-
quist states that the response of this fil-
ter is flat within 3 dB from 1 Hz to the se-
lected crossover frequency. Measure-
ments confirmed that it was certainly as
flat as we could measure, down to the
20-Hz limit of our test setup.

At its maximum setting, the EQ con-
trol's system began to boost the re-
sponse below 100 Hz, to a maximum of
+5 dB at 20 Hz. The gain of the filter is
unity when its level controls are set to
reference dots on the panel. An addi-
tional 15 dB is provided beyond that
point. At maximum gain, the output volt-
age clipped at 9 volts with a 100-Hz in-
put. The distortion was almost entirely
third harmonic. It decreased with ampli-
tude from. 0.12% at 0.1 volt output to
less than 0.003% at 9 volts (just before
clipping occurred).

User Comment. We operated the
subwoofer with a pair of high-quality
compact speaker systems (the Visonik
David 100). These wide-range systems
have a useful response down to about
50 or 60 Hz, and thus were ideal candi-
dates for upgrading with a subwoofer. At
first, we used the passive crossover net-
work, which worked fairly well but left us
less than satisfied with the balance be-
tween the extreme bass and the higher
frequencies radiated by the 4-ohm Viso-
nik speaker systems.

We then changed over to the active
crossover filter, using a 200-watt amplifi-
er to drive the subwoofer. (A 200-watt/
channel stereo amplifier drove the Viso-
nik speaker systems.) After experiment-
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ing with levels and crossover frequen-
cies, we achieved a satisfactory balance
and began to learn for ourselves just
how effective the combination of small,
high-quality stereo speaker systems can
be with the aid of a good subwoofer.
One is never aware of the subwoofer as
a sound source. Only by feeling the cab-
inet or removing the grille can one be
sure it is working. The effect is mostly of
a solid “floor” to the music, occasionally
becoming room sheking when organ or
bass drum sounds are reproduced.

It is necessary to exercise restraint
when adjusting the bass level, since itis
easy to overdo it and add an unnatural
heaviness or boominess to the sound.
Ideally, there should be no change in the
sound of a male voice when the sub-
woofer is switched in and out. When we
used that criterion for adjustment, the
overall resuits were splendid. This is
similar to the problem of adjusting the
level with a time delay accessory—if you
can hear it, it is too loud!

We also found it disturbingly easy to
blow the fuse on the subwoofer. Drop-
ping a phono pickup or even lowering it
carelessly to the record with the gain at
normal levels is almost guaranteed to
blow the fuse when a 200-watt amplifier
is used. Nevertheless, we would not
wish to use an amplifier with significantly
lower power, since we often used the full
output in achieving the most natural re-
sults even at fairly “normal” listening
levels. It is amazing to discover how
much energy is required in the deep-
bass range for a realistic effect.

From an economic viewpoint, the use
of a subwoofer such as this, especially
with an active crossover and another
amplifier, is not always easy to justify. It
is more likely to warrant its expense
when a passive crossover network can
be used successfully, such as (we pre-
sume) with the Dahlquist model DQ-10
speaker systems. However, the model
DQ-1W subwoofer and DQ-LP1 active
filter can be combined with a pair of the
tiny high-quality speakers systems sold
by ADS, Braun, and Visonik, among oth-
ers, to create a formidablz high-fidelity
speaker system whose scund can hoid
its own against just about any pair of
conventional stereo speaker systems of
the same total cost. The big difference is
that the small speaker systems can be
literally concealed on a bookshelf or be-
hind a vase. The only visible part of the
system is the subwoofer itself, which
can be placed almost anywhere in the
listening room.
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Only NRI
" designed-

DIAGONAL

Color TV
Quadraphonic

course costing hundreds of dollars
more. And only NRI courses in Color
TV/Audio servicing let you learn on
equipment designed specifically for
training.

ii's the only way you can (1) get the
feel of typical commercial circuitry, (2)
leern bench techniques while building
complete units from the "ground" up,
(3) perform over 35 “in-set”
experiments during construction, and
(45 end up with a 25" diagonal solid
state Color TV with cabinet and a 4-
channel Audio Center.

i\

Two home training schools give you a NRI passes the savings on to you
hobby-kit Color TV to assemble. Two NRI engineering eliminates the cost of
others give you a commercial set right buying from an outside source. We pay
off the shsif. Neither was designed to no salesman’s commission. Students
teach you how 10 repair Coler TV's. are enrolled by mail only. The savings
Only NRl |nv¢sted the.nme a’?d ’T‘O”e,f’ are passed on to vou in the form of low
to design equipment with learring inmind! 4 it tees extras like ths TV's console

No other nome training school gives cabinet and the Quadraphonic System;
you both a solid state Color TV and professional test instruments like a 5"
SQ™ Quadraphonic Receiver ‘riggered sweep oscilloscope, CMOS
complete with four speakers . . . all in digital frequency counter, and

one course. In fact, to even match this ntegrated circuit Color TV pattern

kind of thorough training at another generator. You can pay hunareds of
school, you'd have to take an extra dollars more for similar courses and not
* Trademark of CBS. Inc. POPULAR ELECTRONICS
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gives you this
for-learning

get a nickel's worth more in training
and eqguipment.

More know-how per dollar

It all boils down to the quality of
training you get for your money. In our
62-year history, more than a million
students have come to NRI and we're
fully approved for career training uncer
the G.I. Bill. We know the right way to

make home training pay dividends for you.

Some of those ‘‘right’’ things are bite-
size lessons to ease understanding and
speed learning . . . personal
consultation, and prompt grading of all
tests . . . a full-time staff of
engineer/instructors to help if you need
it ... the right kind of kits and
experiments to give you hands-on
training . and fully professional
programs oriented to full or part-time
career needs.

Also CB, Computer, & Other Courses

NRI offers not one, but five TV/Audio
servicing courses so you can tailor your
training to your budget. Or you can
study other opportunity fields like Digital
Computer Electronics, Citizens Band
Radio, Communications, Aircraft or
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s complete
dio Center.

Marine Electronics,

Mobile Radio and more.

Send for your free catalog and

see for yourself that no one gives you
more training and equipment for your
dollar. There's no obligation and no
salesman will call.

It card is missing, write to:

NRI NRI SCHOOLS
L JV

McGraw-Hill Continuing
Education Center

|
«‘J. 3939 Wisconsin Avenue,
' ] n Washington, D.C. 20016
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communications and more. And with
its microprocessor you can program

it for any 16 of 16,650 frequencies,
without buying crystals!

Enter familiar area frequencies. Use
the digital keyboard to punch-in actual
frequencies for monitoring, storing or
exploring —no codes or switches to slow

you down. A special ENTER button reduces
accidental entries. Digital readout shows
which frequencies are being scanned, monitored
or programmed intc the memory. And you can
monitor any frequency without entering it into the

scanner — it's like having a seventeenth channel
for even greater versatility!

- Search for ““unknown’’ frequencies. The
“’; 2001's powerful search capability lets
‘ you find new, often unpublicized
channels. Just enter lower and upper
limits (they can even be in different
bands) and select the search speed.
The rest is automatic!

“Traditional”” deluxe scanner features.
LED channel indicators and individual
lockout buttons. Automatic or manual
scan. Switchable scan delay. High-speed skip-
per circuit. Built-in speaker, jacks for recorder,
headphone, external speaker. With power cables
for home or mobile use. The Realistic® 2001 —a
revolution in action radio. $399.95*
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HE USUAL method of displaying
waveforms on an oscilloscope is to
sweep the beam horizontally to provide
a linear time-base and then deflect it
vertically with the waveform to be dis-
played. In this article, we will discuss
another type of display—one in which
the beam is swept in a circle and deflect-
ed radially (inward and outward from the
center) by the waveform to be displayed.
This method, called “circular sweep,”
has some practical advantages. Since
the sweep baseline is a closed circle,
there is no retrace; and, compared with
linear sweep, the baseline can be made
longer for an oscilloscope screen of a
given size. However, in the author's
opinion, practical considerations are of
secondary 'mportance to the fact that
displaying waveforms with circular
sweep creates all sorts of fascinating
patterns and effects.
The circular-sweep technique has
been used for many years, but early
methods were usually limited in perfor-

EXPERIMENTING

WITH

CIRCULAR

SWEEP

Circular-sweep converter
provides fascinating
scope displays.

il ]

b

.’9...‘

mance or were tco impractical for the
average experimenter. Now, however,
with just four IC’s, you can make a high-
quality circular-sweep converter that
connects to the input terminals of a con-
ventional oscilloscope. No modifications
of any kind need to be made to the
scope.

How It Works. To move the oscillo-
scope beam in a circle and form the
sweep baseline, two sine waves having
a 90° phase difference are applied to the
two inputs (horizontal and vertical) of the
scope. The signal to be displayed is then
combined with these two sine waves so
that it deflects the beam in a radial direc-
tion. This is done with two analog multip-
lier IC’s, as shown in Fig. 1.

An analog muitiplier (or operational
muitiplier) is a circuit whose output voit-
age is the product of the two voltages
fed into its inputs. The multipliers used
here are of the four-quadrant type,
which means that they can accurately
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multiply tor all combinations of positive
and negative input voltages, a neces-
sary feature for the converter circuit.

To understand how the converter
works, think of each multiplier as an am-
plifier whose gain for the sweep sine
wave passing through it is proportional
to the voltage fed into its input (in other
words, a voltage-controlied amplifier or
VCA). The signal to be displayed, plus a
constant dc voltage, is also fed to this in-
put. Thus, if the signal is zero, the dc
voltage will result in a fixed gain, causing
the sine waves to be passed (point A in
Fig. 2). This produces a circular baseline
on the scope screen.

If the signal voltage increases in a
positive direction, the gain of each mul-
tiplier is increased, causing the circle to
become larger so that the trace is dis-
placed outward from the baseline posi-
tion (point B). On the other hand, if the
signal goes negative, the gain is de-
creased, causing the trace to move in-
ward (point C). The inward and outward
displacement is proportional to the volt-
age level of the input signal. Thus the
beam moves radially in correspondence
with the instantaneous voitage of the in-
put waveform, tracing out the waveform
as it sweeps around the circle. The re-
sult is a circular-sweep display.

Another way of looking at the opera-
tion of the circuit, is to realize that each
multiplier is acting as a modulator. The
sweep sine wave is the “carrier” which
is amplitude-modulated by the signal to
be displayed. The situation is unusual in
that the modulating signal has a higher
frequency than the carrier for most dis-
plays. Also, because four-quadrant mul-
tipliers are used, they can “overmodu-
late” without causing trouble. Instead of
clipping the waveform, overmodulation
causes the trace to go through the cen-
ter and come out the other side, as will
be shown later.

Circuit Description. The complete
circuit of the converteris shown in Fig. 3.
A 741 operational amplifier (IC1) ampli-
fies and buffers the input signai, which is
then fed to one of the “X” inputs of each
multiplier (pins 3 of IC3 and IC4). The
constant dc offset is added by introduc-
ing an offset current into each multiplier
(through R14 and R15 for IC3, R20 and
R21 for IC4).

The sweep sine wave is inverted by
another 741 op amp (/C2) and applied to
the “Y” input of one of the multipliers
(pin 5 of IC4). The direct sweep input
and its inversion drive a phase-shifter
consisting of C5 and R7 to produce a
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Fig. 1. Block diagram illustrates the
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basic operation of the circular-sweep converter.

sine wave shifted by 90°, which is then
applied to the “Y" input of the other mul-
tiplier (pin 5 of IC3).

The output of each multiplier (pins 1
and 2 of IC3 and IC4) is connected in a
differential configuration to the input of
an op amp which is contained in the
same IC as the multiplier. The op amps
provide amplification and level shifting.
The output of each op amp is connected
to the ccrresponding output of the con-
verter. The signal path is entirely dc cou-
pled to display signals with frequencies
as low as a fraction of a hertz.

Construction. The converter can be
built on perforated board, or assembled
bread-board style like the prototype
shown in Fig. 4. in either case, leads
should be kept fairly short and neatly ar-
ranged to avoid high-frequency feed-
back through the multiplier IC’'s which
have a bandwidth extending to several
megahertz. All capacitors, except C1
and C2, should be connected close to
the multiplier IC’s.

Parts values are not critical, but RS
and R6 should be the same value, as
should R22 and R24, R23 and R25, R26
and R28, and R27 and R29. Also, the
correspanding parts associated with IC3
and /C4 should be the same values (C6
and C8, C7 and C9, R8 and R9, R10
and R16, etc.) so that the vertical and
horizontal channels of the converter will
be matched. Resistors R25 and R29
should not be wired in permanently
since their values may have to be ad-
justed slightly as explained in the next
section. If sweep frequencies differing
appreciably from 60 Hz are used, the
values of C5 or R7 may have to be
changed to get the proper phase shift of
90°. Though the XR-2208 IC is available
in several versions, the least expensive,
XR-2208CP, was used in the prototype.

The breadboard should be attached to.
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a front panei similar to that shown in Fig.
4, with the appropriate markings. (Use
press-on type or some similar means of
identification.)

A dual power supply, such as that
whose circuit is shown in Fig. 5, is re-
quired. Although the prototype used
+12 volts, any supply from =10 to =15
volts will work. The converter requires
about 20 mA from each side of the sup-
ply. Batteries (9 V) can be used for test-
ing purposes.

Checkout and Adjustment. After
making sure that the power supply is
generating the correct voltages, connect
it to the main circuit. Set the SIGNAL AM-
PUITUDE (R1) and SWEEP AMPLITUDE
(R4) controls for minimum resistance
and the four OFFSET controls (R12, R15,
R18, and R21) at approximately their
midrange positions.

Measure the dc voltage between the v
ouT connector and ground (center con-
nector) and note that it should be under

b BASELINE .~ 4
POSITION 'x i

et =

DISPLAY

INPUT SIGNAL

Fig. 2. Converter changes input
(left) into circular display.

a few tenths of a volt, either plus or mi-
nus. If not, alter the value of R25 until
the minimum is obtained. Repeat this
procedure for the H ouT connector, ad-
justing R29 if necessary.

Connect the v and H ouT and center
ground connectors to the vertical, hori-
zontal and ground connectors, respec-
tively, on the oscilloscope. Aimost any
scope will suffice if it has a vertical and

POPULAR ELECTRONICS
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C5—0.1-pF, Mylar capacitor (not disc ceram-
ic)

C7.C9—0.001-pF, disc ceramic capacitor

C10. C11-—100-pF. disc ceramic capacitor

ICI. IC2—741 operational amplifier (or one
747 dual op amp)

IC3. IC4—XR-2208 operational multiplier
(Exar)

Unless otherwise noted, the following are
Va-W, 10% resistors:

R 1—100.000-ohm potentiometer

R2—10.000 ohms

horizontal bandwidth of 50 kHz or more.
if your scope has dc coupling, you can
work with waveforms having very low
frequencies. Ac coupling will, of course,
still work. Set the scope vertical and hor-
izontal sensitivities to about 0.4 V/cm (1
V/in.).

Apply the signal to be displayed and
the sine-wave sweep to the appropriate
input connectors on the converter front
panel. The signal to be displayed can be
obtained from any waveform source,
such as an audio oscillator. lts frequen-
cy should be five or ten times that of the
sweep. The sweep sine-wave source
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Fig. 3. Input is passed to two four-quadrant multipliers while
sweep input to each multiplier is applied 90° out of phase.

R3. R5, R6. R13, R14, RI9, R20—100,000
ohms

R4, R12, RI5, R18, R21—25,000-0ohm lin-
ear-taper potentiometer

R7—50,000-0ohm potentiometer

R8. R9—470 ohms

R10. R16—56.000 ohms

can be from a conventional 6.3-V trans-
former or from an audio generator set to

approximately 60 Hz. In either case, a
good-quality sine wave should be used

for best results. Keep both signal and

sweep voltages between =10 volts peak
to avoid possible damage to the input in-
tegrated circuits.

Keeping the SWEEP AMPLITUDE (R4)
at a minimum, turn up the SIGNAL AMPLI-

TUDE (R71). This will probably produce a

line on the scope screen. If excessive in-
put amplitude is used, the converter will
be overdriven and abrupt “glitches’” will

appear on the CRT. Adjust the v OFFSET
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RI1, R17—27,000 ohms

R22. R24. R26, R28—22 000 ohms

R23. R25, R27. R29—270,000 ohms (see text
regarding R25 and R29)

Misc.—Circuit board; chassis or cabinet; IC
sockets: knobs: binding posts or jacks:
hardware; etc.

sweep control (R712) and H OFFSET
sweep control (R18) to reduce the ling to
apoint.

Turn the SIGNAL AMPLITUDE (R1) toits
minimum position, and adjust the SWEEP
AMPLITUDE (R4) “about half-way up
(avoid overdrive). Then adjust the v OFF-
SET signal control (R15) and H OFFSET
signal control (R21) near their max-
imums. Adjust PHASE (R7) and the
scope vertical and horizontal gain con-
trols until a circle approximately one
third of the CRT diameter is formed on
the screen.

Leave SWEEP AMPLITUDE (R4) where
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it is, and adjust SIGNAL AMPLITUDE (R7).
One of two things should occur. You will
get either a circular sweep pattern or a
diamond-shaped pattern similar to that
shown in Fig. 6. If you get the diamond
pattern, adjust R21 1o the opposite end
of its range to get the circular pattern.
This pattern may not be symmetrical. If
not, adjust the v OFFSET signal control
and the scope vertical gain control (or
the H OFFSET signa! control and scope
horizontal gain),

The PHASE (R7), v OFFSET (R12) and
H OFFSET (R18) may also need touching
up. Experimenting with the converter
front-panel controls will establish the
best settings for maximum symmetry
and minimum distortion. The “double
star” pattern formed by a triangular
waveform (Fig. 8C) is a good pattern to
use for final adjustments.

When the above steps have been
completed, the converter is properly ad-
justed for circular sweep.

com
POWER INPUT

Fig. 4. Photo at top shows front panel of prototype.
Below is prototype breadboard. Pc board can be used.

IN40OOI

30 TI
24v CT D
Tha% — —

= c2
IOOOpF| com
4 Ic2

ICI
7812 ‘WO‘HZV
COM
Cl
3
— | COMMON_
L _I+

———o-12v
IN| 7812 Jour

F'ig. 5. The dual power supply uses both positive-
and negative-voltage regulator integrated circuits.

POWER SUPPLY
PARTS LIST
C1, C2—1000-pnF, 25-V electrolytic
D1 through D4—Rectifier diode (1N4001 or
similar)
Fl—Ya-A fuse
44

1C1—Positive 12-V, 100 mA or greater volt-
age regulator (7812 or equivalent)

1C2—Negative 12-V, 100-mA or greater volt-
age regulator (7912 or equivalent)

S1—Spst power switch

T1—24-V center-tapped, 100 mA or greater
transformer
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Fig. 6. Diamond-shaped pattern
results when offset controls
are at opposite settings.

Use. Some familiar waveforms dis-
played with the circular sweep converter
are shown in Fig. 7. In each case, the
waveform frequercy was adjusted to
cive a pattern with a whole number of
cycles. The waveforms are sine (Fig.
7A), triangle (Fig. 7B), sawtooth (Fig.
7C), and square (Fig. 7D). As the ampli-
tude of the waveform is increased, the
inside of the trace will meet at a point in
the center (if the converter has been ad-
justed properly), as illustrated in Fig. 8A
for the triangle waveform. Increasing the
amplitude further causes the trace to go
through the center and come out the op-
posite side as shown in Fig. 8B (even
number of cycles) and Fig. 8C (odd
number of cycles).

The pinwheel pattern in Fig. 9A and
the spiral in Fig. 9B are both made with
sawtooth waveforms. In Fig. 9A, the
waveform amplitude is ad:usted so that
the traces meet in the center. In Fig. 9B,
a low-frequency sawtooth is used. All
the patterns illustrated in this article
were made using a 6.3-V filament trans-
tormer to supply the 60-Hz sweep. The
waveforms were obtainec from a 8038
waveform generator IC, hooked up as
shown in Fig. 10. Hundreds of other pat-
terns can be produced with these basic
waveforms. If you exhaust those pos-
sibilities, try mixing the outputs of two (or
more) waveform generators.

One of the most fascinating displays
is that made by music waveforms. What-
aver else you do with the converter, be
sure to try this. Simply connect the audio
from a radio, tuner, phono, etc. to the
SIGNAL IN jack. The result is a kaleido-
scopic succession of patierns synchro-
nized to the music. No examples are
shown because the patterns and effects
cannot be satisfactorily captured by still

POPULAF. “LECTRONICS
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photography. If you use an FM station
as the source you may need to insert a
low-pass filter (Fig. 11) between the
source and SIGNAL iN to eliminate the
multiplex and SCA subcarriers. Speech
also makes an interesting display.

Frequency Comparison. Using an
oscilloscope in the conventional man-
ner, the frequencies of two waveforms
can be compared with Lissajous figures.
In an analogous way, frequencies can
be compared using circular sweep. For
MARCH 1978

example, the traces in Fig. 7 all show
eight complete cycles of the waveform,
which means that the signal goes
through eight cycles while the sweep
goes through one cycle. Since a 60-Hz
sweep was used, the signal frequency
must be 8 times 60 Hz, or 480 Hz. Fig.
9B shows almost the opposite situation.
Here the sweep goes through seven cy-
cles while the signal goes through only
one cycle. The signal frequency is thus
60 Hz divided by 7, or about 8.43 Hz.
Sometimes the pattern will be more
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Fig. 7. Appearances

of sine (A), triangle

(B), sawtooth (C),

and square (D)
waveforms as displayed
by circular-sweep
converter system.

Fig. 8. Increasing the
amplitude of a triangle
waveform causes trace

to meet in center (A)
and come out opposite
side with even number

of cycles (B) and odd
number of cycles (C).

C

complicated, like the one shown in Fig.
12. It is still relatively easy to determine
the frequency as illustrated by the fol-
lowing analysis of the pattern. Starting at
one peak on the waveform and following
the trace, the next peak that we come to
is the fourth one over from the starting
point. This means that the sweep goes
around four times to make one complete
pattern. Note also that there are 11
peaks in all, which means that there are
11 cycles of the triangle waveform in the
pattern. Thus, the sweep-to-signal fre-
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quency ratio is 4:11. Since a 60-Hz
sweep was used, this gives a signal fre-
quency of (11/4) x 60 = 165 Hz.

The frequencies thus determined are
exact only if the patiern is stationary. A
rotating pattern indicates a slightly high-
er or lower frequency, depending on the
direction of rotation.

Besides circular sweep, the converter
can be used for othar types of displays
which may be less practical and more
difficult to analyze, but are just as inter-
esting. For example, you czn adjust R15
(or R21) to the opposite end of its range
to get the diamond-shaped display men-

A a tioned earlier (Fig. 8). For even more va-
riety, all seven controls on the converter
Fig. 9. Pinwheel (A) and spiral (B) patterns are can be varied. Combine this with all the
produced by sawtooth waveforms of different frequencies. different waveforms and combinations
which can be used as the signal or
} tiev sweep and you should be xept busy for
i a while. Figure 13 iliustrates a few pos-
S VMM ETiR sibilities. Eut be warned—you may be-
333 : - come so engrossed that you abandon
2 3 2 your color organ, computer graphics,
2 . fLo) 1 and even television! e
8 5 2 WAVEFORM
g 8038 el
25K o 3 OUTPUT
FREQUENCY e
10 TREENT: ov
FREQUENCY —
RANGE | PULSE i,
2 TRIANGLE/SAWTOOTH
s 3SINE -
f 1.
l 1uF QILF - Fig. 10. Schematic of waveform
! generator that can be used to
FF Tooir produce displays shown here.
8 # —12v

Fig. 11. Filter can be used to
L eQuaL remove subcarriers when audio
\INPUT - from FM stations is displayed.

Fig. 12. Frequency comparison
with circular sweep. Ratio of
triangle to sine sweep is 11:4.

Fhg. 13. Three imaginative examples of the thousands that
can be generated with the circular-sweep converter.
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BUILD A By Walter Sikonowiz

Digital

Low-cost unit
measures
rotational speeds
by optical
coupling.

OST ANALOG and digital tachom-
eters require a mechanical or elec-
trical interface with a rotating shaft. By
contrast, this project, a digital photota-
chometer, measures rpm by optical
means. It features a two-digit LED read-
out to display rotational speeds from 100
to 9900 rpm and a time base derived
from the 60-Hz ac line, obviating the
need for calibration adjustments.
Stability of the time base is good
enough so that tach readings are accu-
rate to the usual +1-count uncertainty
in the least significant digit. Modifica-
tions of the counting circuitry or sensing
system can extend the measuring range
one decade above 9900 or below 100
rpm, respectively. Total project cost is
about $30.

Optical Sensing. As its name im-
plies, the photo tach measures rpm by
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/LIGI-'T
/ SOURCE

MOTOR /

/i
\

REFLECTOR \ PHOTOCELL
&To COUNTER

(B)

ROTATING

SLOTTED
MOTOR Disc
PHOTOCELL
LIGHT [
SOURCE ™ — -.»&TO COUNTER
(A}

Fig. 1. Transmissive (A) or
reflective (B) mode can be used
to chop light for photosensor.

optical interaction with a rotating device.
Measurements can be made by either of
two basic means, which we'll call the
transmissive and reflective modes. In
the transmissive mode, the rotating de-
vice momentarily interrupts the optical
path between a light source and a pho-
tosensor (Fig. 1A). This mode has limit-
ed usefulness. Although it's ideal for
measuring the rotational speed of a fan
or similar device, there are many situa-
tiors in which it cannot be used. The
transmissive mode requires a light chop-
per such as fan blades or a notched disc
mounted on the motor shaft. If there isn't
room enough to accommodate the
chopper, this mode is impracticable.

The reflective mode is illustrated in
Fig. 1B. A smali strip of reflective tape is
mounted on the motor shaft. If neces-
sary, contrast can be increased by dark-
ening the shaft background with black
paint or tape. The light source and photo
sensor are arranged so that light is re-
flected from the foil and toward the sen-
sor as the shaft rotates.

About the Circuit. The schematic
diagram of the phototach is shown in
Fig. 2. Phototransistor Q1, the optical
sensor, is connected to the rest of the
project by a short length of shielded ca-
ble terminated with P71, an RCA phono
plug. When Q7 is illuminated by a
chopped light beam, it aiternately turns
on and off. The resuiting waveform at
the coliector of Q1, which approximates
a square wave when the light beam is
sharply chopped, is coupled by C1 to
IC1, a comparator used as a Schmitt
trigger. Feedback provided by R6 estab-
lishes the hysteresis that is characteris-
tic of Schmitt trigger behavior.
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Resistors R2 through R5 are close-
tolerance components that maintain
nearly equal biasing on the inverting and
noninverting inputs of /C1. The output of
the Schmitt trigger is a square wave
compatible with the TTL integrated cir-
cuits forming a two-decade frequency
counter.

Output pulses from /C1 are gated by
flip-flop IC2. The control signal for IC2 is
the time-base waveform, which is gener-
ated from the 60-Hz line in the following
manner. Transformer T1 and diodes D2
and D3 form a full-wave rectifier which
develops a 120-Hz output. Diode D4 iso-
lates the cathodes of D2 and D3 from fil-
ter capacitor C5. The full-wave rectified
sinusoid at the cathodes of the rectifier
diodes is coupled to the base of Q2 by
R11.

This transistor saturates so easily that
it converts the input waveform into a
square wave appearing at its collector.
The 120-Hz square wave is applied to
IC6, a TTL +12 counter. QOutput signals
from IC6 are applied to IC7, another
+12 counter. The net result is a square
wave with a 50% duty cycle and a 1.2-
second period. This is the time base that
controls the gating and counter IC’s.

Flip-flop IC2 performs the gating func-
tion in a synchronous manner so that no
spurious pulses reach the counters as a
result of the gating process itself. The K
input of the fiip-flop is permanently
grounded. Its J input is driven by the
time-base signal, and output puises
from Schmitt trigger IC1 are applied to
the clock input. During the 0.6-second
interval when the time base is at logic 1,
pulses from IC?1 are gated to counter
IC3. When the time base returns to logic
0, no more pulses are passed to the
counter circuit.

The two-decade counter and readout
comprises IC3, IC4, and LED displays
DIS1 and DIS2. TTL 74143 counter
chips are employed in this project. They
contain BCD decade counters, latches,
and decoder/drivers. Current limiting is
built in, so that the chips can be directly
connected to the DL-747 common-
anode displays.

Counter /C4 counts the overfiow
puises of /IC3. The negative transition of
the time-base waveform, which appears
at the end of the 0.6-second counting in-
terval, triggers one haif of IC8, a 74123
dual monostable muitivibrator. A nega-
tive-going, 100-microsecond wide puise
appears at pin 12 of IC8. This strobe
pulse causes the transfer of data from
the counter outputs into the latches.
When pin 12 of IC8 returns to logic 1, the
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second one-shot in IC8 is triggered. A
second negative-going pulse is generat-
ed, this time at pin 4 of /IC8, which clears
counters /C3 and IC4. When the time
base returns to logic 1, pulses are gated
to the counter to repeat the process.

if more than 99 pulses are applied to
IC3 and IC4 during the counting interval,
the BCD outputs of both counters return
to 0000 and IC5 catches the overflow
pulse from /C4 in the following manner.
Assume that the clear pulse has just ap-
peared. This pulse not only clears the
counters, but resets one half of IC5, a
7474 dual D flip-flop, so that the
Q output (pin 5) is at logic 0. When the
time base returns to logic 1, IC3 and IC4
begin to count. If more than 99 pulses
are received, a positive transition occurs
at pin 22 of IC4. This pulse is applied to
the ‘clock input of the first D flip-flop,
causing the Q output to go to logic one.

The strobe pulse at pin 12 of IC8
clocks the second flip-flop in IC5 after
the counting interval is over. This flip-
flop’s D input is connected to the Q out-
put of the other flip-flop in the /C5 pack-
age. If the Q output (pin 5) is at logic one
when the strobe pulse appears at the
second flip-flop’s clock input, a logic O
appears at pin 8, the second flip-flop’s Q
output. This causes the decimal points
on both displays to glow, indicating the
overflow condition. The clear pulse then
resets the first flip-fiop, but the overflow
information remains safely stored in the
second flip-flop.

The power supply furnishes both a
regulated dc voitage and, as mentioned
earlier, a full-wave rectified sinusoid
which is converted into the time-base
waveform. Transformer T1 and diodes
D2 and D3 form a full-wave rectifier
whose output is applied to switching
transistor Q2 and to filter capacitor C5.
Diode D4 isolates the signal driving the
base of Q2 from the filtering effect of C5.
The stable +5 voits dc required by the
TTL integrated circuits is provided by
regulator IC9. Capacitors C6 through C9
shunt any noise on the +5-voit line to
ground, and improve the IC regulator’s
transient response.

Construction of the photo tach is
straightforward because circuit layout is
not critical. Suitable pc etching and drill-
ing and parts placement guides are
shown in Fig. 3. Molex Soldercons or
sockets can be used with the IC pack-
ages. Be sure to observe pin basing and
polarity of all semiconductors and elec-
trolytic capacitors. Mount regulator /C9
on the project’'s metallic enclosure for
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heat sinking. Spread. a thin layer of sili-
cone heat-sink compound on the bottom
of the TO-3 can before mounting it. This
will ensure a good thermal bond be-
tween the IC and the enclosure.

The seven-segment displays should
be mounted on a small piece of perforat-
ed board installed upright inside the en-
closure. Interconnect the displays and
integrated circuits with short lengths of
hookup wire. Insulated hookup wire
shouid also be used for the eight jump-
ers on the pc board. The power trans-
former, switch, and phono jack fusehold-
er for F1 are mounted off the board. A
probe assembly must be fabricated to
house transistor Q1. The plastic barrel
of a spent ballpoint pen provides a good
basis for the probe. Discard the point
and exhausted ink tube. Then prepare
the phototransistor by clipping its base
lead (see Fig. 4). Remove 1” (2.54 cm)
of the viny! jacket from one end of a suit-
able length of RG-174-U or RG-58-U
coaxial cable. Comb out the braid and
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Fig. 2. Schematic diagram shows how pulses from sensor Q1 are
squared up by IC1, gated by IC2, and counted by IC3 and IC4.

PARTS LIST

C1—1-uF Mylar capacitor

C2—1000-pF polystyrene

C3, C4—0.033-pF Mylar

C5-—2000-pF, 35-volt electrolytic

C6—100-pF, 16-volt electrolytic

C7,C8, C9, C10—0. 1-pF disc ceramic

D1—1N914 signal diode

D2, D3, D4—1N4002 rectifier diode

DIS1, DiS2—DL-747 common-anode, seven-
segment LED display

Fl—Ya-ampere fuse

1C1—LM311 comparator

[C2—7470 J-K flip-flop

1C3, [C4—74143 decade counter/decoder/dis-
play driver

[C5—7474 dual-D flip-flop

1C6, 1C7—7492 + 12 counter

1C8—74123 dual monostable multivibrator

[C9-—LM309K 5-volt regulator

J1—RCA phono jack

P1—RCA phono plug

Q1—FPT-110 phototransistor (Fairchiid)

Q2—2N3904 npn silicon transistor

The following are Y4-watt, carbon composition

wWwWw americanradiohistorv com

resistors with 10% tolerance unless specified
otherwise:

R1—5600 ohms

R2 through R5-—270,000 ohms, 5%

R6—1.2 megohms

R7—1000 ohms

R9, R10—470 ahms

RS8, R13, R14—10,000 ohms

R11—15,000 ohms

R12—-2200 ohms

S1—Spst switch

T1—16-volt center-tapped, 1-ampere trans-
former (Signal No. 241-5-16)

Misc.—Suitable enclosure, printed circuit
board, hookup wire, RG-174-U or RG-58-U
coaxial cable, solder, machine hardware,
display bezel, etc.

Note——Phototransistor Q/ is available (No.
22A21011-6) for $3.50 from Burstein-
Applebee, 3199 Mercier, Kansas City, MO
64111. Decade counter/decoder/display
drivers IC3 and IC4 are available for $3.25
(each IC), from James Electronics, 1021
Howard Avenue, San Carlos, CA 94070.
Transformer Tl is available from Signal
Transformer Co., 500 Bayview Avenue, In-
wood, NY 11696 for $5.50. Postage and
sales tax (if applicable) extra.
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twist the strands together. Expose '4”
(6.3 mm) of the inner conductor. Tin the
inner conductor ard braid with a small
amount of solder.

Feed the coax through the pen barrel
untit the prepared leads extend through
the other end. Then attach the inner
conductor to the collector of the photo-
transistor and the braid to the emitter.
Pull the coax so that the phototransistor
retracts into the barrel, stopping when
the light-sensitive surface of Q17 is re-
cessed about 1” (2.54 cm). Cement or
otherwise secure the phototransistor in
place, and apply silicone glue where the
coax leaves the barrel. Finally, terminate
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the free end of the cable with an RCA
phono plug.

Checkout. No calibration of the photo
tach is necessary. With P71 (the phono
plug at the end of the probe cable) re-
moved from J1, apply power to the pho-
to tach. Two digits may flash on, but will
disappear in about a second. No input
pulses are being received, and the out-
puts of the counters are 0000. Automatic
ripple-blanking is built in to the IC count-
ers, so tne readouts are darkened and
do not display “00.”

Apply a 60-Hz, 2-volt p-p sine wave to
J1. Use either a signal generator or the

WWW americanradiohistorv com

Fig. 3. Full-size etching

and drilling guide for pc
board is shown above with
parts placement guide at left.

circuit shown in Fig. 5 as a test source. If
the project is funclioning properly, “36”
will be displayed by the LED readouts.
This corresponds to an input of 60 Hz or
3600 rpm.

The operation of the overflow indica-
tor can be verified by either applying a 2-
volt p-p sine wave at a frequency of 167
Hz or more, or by optically coupling the
probe to an object rotating at 10,000 or
rmore rpm. Both display decimal points
will glow, indicating an overflow.

Extending the Range. The photo
tach can be modified to measure rota-
tional speeds greater than 9900 rpm by
inserting another decade of counting
and display between IC3 and /IC4. Sever
the following connections: pin 22 of IC3
to pin 2 of IC4 and pin 4 of IC3 to pin 6 of
IC4. Pins 2 and 6 of the additional dec-
ade counter should be connected to pins
22 and 4 of IC3, respectively. Also, pins
22 and 4 of the additional decade coun-
ter should be connected to pins 2 and 6

POPULAR ELECTRONICS
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Fig. 4. To make probe, phototransistor is mounted in an
old pen barrel and connected to a coaxial cable.

$3.9x
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Fig. 5. Schematic diagram of a
suitable test source to verify
proper circuit operation.

of IC4, respectively. Of course, the new
counter must be a 74143 IC, and it
should be connected tc an additional
DL-747 display and to the positive sup-
ply and ground in the same manner as
IC3 and IC4. When this modification has
been made, IC3's count will represent
hundreds of rpm, the newly installed
counter thousands of rpm, and IC4 tens
of thousands. The project's power sup-
ply has enough reserve to handie the
extra components’ demand withcut any
strain.

It is also possible to obtain resclution
smaller than hundreds of rpm. if ten light
pulses occur during each shaft resolu-
tion, the bit significance of each decade
of the display is reduced by a factor of
ten. Let's consider a specific example.

Photo of
author’s
prototype
shows layout
of components
in chassis.
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To measure the speed of a slowly turn-
ing power drill, & circular disc of metal or
plastic should be formed. Ten slots
should be punched out at equ al intervals
along the perimeter and a 1ole drilled
through the center of the disc Then
pass a bolt through the center hole, se-
cure with a nut, and install th= entire as-
sembly in the drill's chuck. The rotational
speed will then ba measured using the
transmissive mode and displayed in
hundreds and tens of rpm. The addition
of another decade of counting and dis-
play, as describad earlier, can be com-
bined with this multiple triggering tech-
nique to display thousands, hundreds,
and tens of rpm.

Using the Tach. The optical mode
used in a given situation will depend
largely on practical considerations. in
any event, avoid using fluorescent bulbs
as light sources because they are strong
electrical noise generators. Ordinary 75-
or 100-watt frosted incandescent lamps
are well suited for use with the photo
tach, as is sunlight. Just remember,
however, that ¥ youre checking the
speed of a four-tlade fan, the actual rate
of rotation is one-fourth of what is dis-
played by the readouts. <o
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and a full range of

semiconductor
parameters

B&K-PRECISION
MODEL 530 $310

for
only
$310!

The new B&K-PRECISION Model
530 can actually perform more tests,
on more devices, than any other
competitively priced semicon-
ductor tester. Measures: * Gain-
bandwidth product (fr) up to
1500MHz - Transistor beta « FET
Gm—including high-power de-
vices *Semiconductor breakdown
voltage to 100 volts, nondestruc-
tively - Reverse leakage of transis-
tors, SCR’s and diodes - Gate
leakage of FET’s. Identifies: + De-
viceasbipolar, FET or SCR - Device
leads - Device polarity, including
N- or P-channel FET’s. Performs
positive good/bad tests, and lead
and polarity identification in or
out-of-circuit. Available from
B&K-PRECISION distributors.
Contact him for more information
or a 10-day free trial.

*gain-bandwidth product or unity
gain frequency

oA PRECISION

DYNASCAN
CORPORATION

6460 West Cortland Avenue
Chicago, llinois 60635 - 312/889-3087
In Canada: Atlas Electronics. Ontario

Intl. Sls: Empire Exp., 270 Newtown Rd.
Plainview, LI, NY 11803

CIRCLE NO 6 ON FREE INFORMATION CARD
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Micro-

PROCESSOR

MICROCOURSE

PART 1. NUMBER SYSTEMS

A series devoted to understanding and working
with these omnipresent digital devices.

HE MICROPROCESSOR has ush-

ered in a new era of electronics.
Just as the transistor conquered the
vacuum tube and the integrated circuit
replaced a handful of transistors, the mi-
croprocessor can replace dozens or
even a hundred or more IC’s.

The conventional digital logic circuit is
“hardwired” and its operation cannot be
easily altered after it's built. The micro-
processor, however, is functionally
ecuivalent to the central processing unit
of a digital computer. Add some memo-
ry. and the microprocessor can be pro-
grammed to function as a digital control-
ler, calculator, computer, or a dedicated
logic circuit. Merely replacing the in-
structions in the memory with new ones
will completely change the role of the mi-
Croprocessor.

Most electronics enthusiasts, from
professionals to hobbyists, are aware of
microprocessors and some of the things
they can do. Computer hobbyists are
particularly close to microprocessors
since inexpensive hobby computers
were first made possible by the Intel
8008 and 8080 microprocessors.

However, microprocessors are so
new and different that many of those
wno are interested in electronics have
not yet become familiar with their basic
operating principle, much less their pro-
gramming requirements. The POPULAR
ELecTrONICS  “Microprocessor  Mi-
crocourse” is a series of articles that re-
views many of the basic operating prin-
ciples of digital logic circuits and culmi-
nates with a detai'ed description of the
architecture and operation of PIP-2, a
simple tutorial microprocessor.
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The simplest digital logic elements op-
erate on the basis of the presence or
absence of an electrical signal. This two-
state situation can be used to represent
numbers and implement operations in
the two-digit binary number system.
We'll learn more about the devices and
circuits that perform the functions later.
First, let's review the basics of binary
and a few other number systems.

If you learn how
microprocessors
work, you'll
understand their
role in micro-
wave ovens, CB
transceivers,
autos and
computers.

Number Systems. The ten-digit deci-
mal number system is very easy to learn
and use. At |east that's what most of us
were taught in school. But think about
decimal arithmetic for a moment. To add
any two decimal numbers, for example,
you must first have memorized 100 in-
dividual addition rules!
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What are these rules? They're numer-
ical relationships like 1+ 1 =2;4 + 5 =
3; 3 + 7 = 10; etc. Simple? Yes, almost
transparently so, but only because we
have already memorized them.

As you can see, the “simple” decimal
number system isn’t very simple at all.
And we haven't even covered the rules
required to subtract, multioly and divide
decimal numbers. In all, there are literal-
'y hundreds of individual rules for per-
‘orming the various operations of deci-
mal arithmetic.

It took you five or six years to master
the rules of decimal arithmetic, but you
can master the rules of binary arithmetic
in only five or six minutes. The binary
system has only two digits or bits, 0 and
1, so only a few rules are necessary for
performing binary arithmetic.

Here, for example, are the rules for bi-
nary addition:

0+0=0
0+1=1
14+40=1

1+1=0,carrylor-0
1+1+1=10+1=11

You can use these five rules to add
any two binary numbers. There are
equally simple rules for binary subtrac-
tion. And since multiplication and divi-
sion can be accomplished by, respec-
tively, repeated addition and subtrac-
tion, the rules for binary arithmetic are
far simpler than those for decimal.

You can also use the binary addition
rules to count in binary. Start with 0, add
1, and continue adding 1 to consecutive
sums. This procedure is called incre-
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BY FORREST M. MIMS

menting, and it allows us to quickly gen-
erate the first sixteen binary numbers:

0 100 1000 1100
1 101 1001 1101
10 110 1010 1110
1 11 1011 1111

Computer specialists frequently refer
to binary numbers like these as words or
bit patterns since they are often used to
represent computer instructions and
other nonnumerical functions. Words
having eight bits are commonly used;
they are called bytes. A word having four
bits is a nibble.

Though binary arithmetic is easy to
learn, the binary number system has a
major drawback from the human per-
spective. Binary numbers (or words) are
often long and cumbersome, difficuit to
remember, prone to transpositional er-
rors, and difficult to vocalize. For exam-
ple, a decimal number that uses only a
digit or two will require from one to sev-
en bits when expressed in binary. The
decimal number 99 is easy to pronounce
and remember. its binary counterpart is
an awkward 1100011.

Computer enthusiasts have invented
several handy shortcuts and tricks for
remembering binary numbers and con-
verting them into their decimal counter-
parts. These methods are going to be-
come almost second nature to the mi-
croprocessor generation, so let's have a
look at them.

Converting Binary to Decimal.
Converting binary numbers to their deci-
mal equivalents is easy once you know
how to expand an ordinary decimal
number into its component parts. For ex-
ample, 653is 600 + 50 + 3.

The position of the digits in a number
like 653 determines the power of ten by
which the respective digits are multi-
plied. Thus,
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653 = 6 x 102 = 600

5x10'= 50
A=100= 3
653

Binary numbers can be expanded us-
ing this same method—and in the proc-
ess converted into their decimal coun-
terparts. Since the binary system has
only two bits, the position of a bit in a bi-
nary number determines by which pow-
er of two the bit is multiplied. Thus,

1001 =1 x 23 = 1000

0 x 22 = 0000
0 x 2' = 0000
1 x 20 = 0001

1001

We can carry this expansion one step
further and convert 1001 into its decimal
equivalent. Just convert the powers of
two into their decimal values and add
the products:

1001 =1x8=8

0x4=0
0x2=0
1x1=1

9

An even faster way to convert a binary
number to its decimal form is to list the
ascending powers of two over each bit in
the number beginning with the least sig-
nificant bit. Then add the powers of two
over the 1 bits and ignore those over the
0 bits. Thus, to convert 1100110 to deci-
mal:

6432168421
1100110
64 +32+4 +2=102

Converting Decimal Numbers to
Binary. A quick way to convert decimal
numbers into their binary counterparts is
to repeatedly divide the decimal number
by two. The remainders of each division,
which will always be 0 or 1, become the
binary number. Let's convert 102 into bi-
nary using this method:

102/2 = 51, remainder 0

Octal and Hexadecimal Num-.
bers. Often binary numbers are used to
represent computer instructions and op-
erations. For example, 01110110 is the
binary equivalent of the decimal number
118. 01110110 is also the instruction
code selected by intel to represent the
instruction HLT (halt) for its 8080 micro-
processor.

Binary numbers are also used to rep-
resent memory addresses inside a com-
puter. Thus 01110110 canrepresent the
decimal number 118, the instruction
HLT, or the 119th address in a computer
memory (the first address being
00000000).

Since binary numbers play such an
important role in microprocessors and
computers, you'lt want to learn about a
couple of very handy time and space
saving shortcuts called the octal and
hexadecimal number systems.

Decimal numbers have ten as their
base; therefore the largest decimal digit
is 9. Octal numbers have eight as their
base, and that means the largest octal
digit is 7. Since the binary equivalent of
the decimal digit 7 (which is equivalent
to the octal digit 7) is 111, it's easy to
convert any binary number into its octal
counterpart by simply dividing the bits in
the number into groups of three and
converting each group into its decimal
equivalent. Thus, the binary number
01110110 becomes 01 110 110 or 166
inoctal.

When listing numbers having different
bases, it's customary to indicate each
number's base with a subscript. There-
fore 1664 is an octal number. Obviously
166, is much easier to remember than
01110110,. And it's easy to convert
166s back to binary by simply writing
out the binary equivalent for each digit:

01

110

Do =
i

110
01 110 110

(continued overleaf)

51/2 = 25, " 1

25/2 =12, "
12/2 =6, "
6/2 =3, "
3/2=1, "
Final
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Digital Watch Breakthrough...
LCD
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CD Alarm
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Watch! New Price $54.95! &=

At last, a constant readout (no buttons to push) precision
quartz electronic watch with a built-in 24 hour alarm system

By combining the quartz-accuracy precision of the LCD watch with miniaturized alarm tech-
nology, Winthrop-Rogers introduces the first CONTINUOUS DISPLAY ALARM WATCH.
A watch that may not be available from other sources for years, can now be yours at a price

hundreds of dollars less than you would imagine.

Now consider the incredible convenience of a portable
alarm clock handsomely adorning your wrist at all
times:

® [lever again miss an appointment hecause you lost track
of time.

* [lever again miss @ plane or a train because you didn't
reiize how late it had become.

* Never again forget to make that all-important phone call
o lever worry about forgetting to take important medication
on time.

® Never worry about waking up from that catnap, or at a
hote! if your wake-up call isn’t on time

* Always being aware of when you should be coming or
gacing or doing all that your hectic schedule demands
without devoting your valuable time to trying to remember
it all.

THE ALARM

The MICRO-ALARM has a 24
hour Alarm System, allowing you
to set your watch to signal at
any minute of the day or night.
Once set, you need not be con-

cerned about your next ap
Set to R;ng pointment or train, plane or
at 7:55 A.M phone call. The MICRO-ALARM

will remem>er for you and re
mind you when you need to
be reminded.

SNGOZE/REMIND CONTROL

For your convenience the MICRO-ALAFM will give one short
beep prior to its full alarm cycle, allowing you to turn it off
without disturbing others. If not deactivated after the first
short beep. the alarm will then beep for 15 continuous seconds.
Push the deactivate button twice and the alarm 1s off. However,
should you want a further reminder. then push the deactivate
button only once and the alarm will go through its cycle
again in exactly 5 minutes

6-DIGIT LCD DISPLAY

The MICRO-ALARM has a 6-
digit  readout showing hours.
minutes and seconds at a glance.
Since the readout is by Liquid
Crystal Display (LCD) and not
by vight Emitting Diode (LED}
no button has to be pushed; the
time is continuously displayed!
A built in night-light functions
at the push of a button for read-
ing in darkness.

12:34 and 56
Seconds

CALENDAR DISPLAY
Just_one push of the control
button converts the display into
a 3-function calendar; displaying
the month, date of the month.
and day of the week. The re-
markable memory built into the
module knows each month and
the number of days in that
month and resets automatically
on the first day of the new
month.

August 15th
Friday

QUARTZ ACCURACY

The MICRO-ALARM is extraordinarily accurate. lts module is
manufactured by one of the world's foremost manufacturers
of micro-electronics, and s guaranteed accurate to within 15
seconds per month.

THINK ABOUT IT!
Even 1f you have no consistant need for a watch with a
built-in electronic alarm, the MICRO-ALARM is a valuable
investment for its watch features alone:
1. It is the most up-to-date fully-functioning electronic
watch available today.
2. Itis accurate to +/- 15 seconds per month, and never ha:
to be wound — put it on, and the time and date are correct
even if it has b2en in a drawer for a month!
3. Its elegant styling will compliment any attire — and elicit
compliments from your associates and friends.
4. At this price you cannot find a better buy.
5. One day you will have a critical need to be reminded o+
avital appaintment — and then, having used the alarm func:
tion once. you will never again return to any other remindev
system.
6. Why buy an ordinary watch when you can own a
MICRO-ALAFM?

ELEGANT MESH BRACELET

Each MICRO-ALARM comes with a matching, elegant, thin
mesh bracelet. more handsome and much more practical than
those “‘pull oversnap’ type bracelets. This bend adjusts com-
fortably and easily, eliminating cumbersome link adjustments.

—
15 DAY TRIAL

Wear the MICRO-ALARM for 15 days to assure yourself

that this is no ordinary watch. If at the end of that time

you are dissatisfied for any reason you may return it for a

prompt refund, no questions asked.

e |
| 1YEAR LIMITED WARRANTY |

To order by credit card please phone our 24-hour
toll-free number:

800-325-6400 ask for Oper. 54
In Missouri. 800-342-6600 ask for Operator 54

or mail the attached coupon with your payment
and the MICRO-ALARM will be on its way to you.

Allow 3-4 Weeks For Delivery

%7%277 %m =04
Box A69, 1135 Greenridge Rd., Buffalo Grove, 11 60090
MICRO-A LARMS @ $54.95 each
plus $1.99 for shipping and*handling.
__Silvertone MICRO-ALARM

Goldtone MICRO-ALARM

If | am not completeiy satisfied | may return it
for a full refund. Total amount enclosed $
check or money order. {Illinois residents please
add 5% sales tax .} No C O.D s please.

Charge: |_IMaster Charge MCBK#
| [amer. ExpDBankAmer/Vnsa

V5403

Please send

| Card = — —— Exp

I Signature ~

| Name

| Address____ — Apt
City _ State__ _ Zip__

To expediate shipping by UPS, please provide
| street address rather than PO Box number

CIRCLE NO. 54 ON FREE INFORMATION CARD
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Hexadecimal numbers have sixteen
as their base. They're commonly used to
simplify 8-bit bytes into easily remem-
bered two-character numbers.

The hexadecimal digits are 0, 1, 2, 3,
4,5,6,7,8,9,A,B,C,D,E,and F. Don't
let the letters A-F confuse you. There
are more than enough decimal digits for
the binary and octal systems, but not
enough for all sixteen hexadecimal dig-
its. The letters A-F complete the six digit
spaces beyond the ten digits 0-9.

It's easy to convert a binary byte into
hexadecimal or simply hex. First, divide
the byte into two nibbles. Then assign
the hex equivalent to each nibble. 1111,
is Fig and 0110, is 6,5 Therefore,
11110110, is F6,4.

To convert a hex number to binary,
just assign the binary equivalent to each
hex digit. Thus F6,5is 1111, and 0110,
or 11110110,

Incidentally, though it's correct to
identify a hex number with a subscript
16, it's not necessary to tag on the sub-
script if the number includes one of the
six digits borrowed from the alphabet.
Everyone seeing it will know it's hex.
Also, some computer companies identi-
fy hex numbers with the $ sign. So F6E9
is the same as $F6ES.

Most of today's microprccessors use
8-bit address and instruction words, so
you'll often see programs given in octal
or hexadecimal. While it takes time to
become used to these new number sys-
tems, especially hex, you'll find them
very handy as you become more in-
volved with microprocessors. The con-
version table given below will help you

Hexa-

Decimal Binary Octal decimal
0 0 0 0
1 1 1 1
2 10 2 2
3 11 3 3
4 100 4 4
S 101 5 5
6 110 6 6
7 111 7 7
8 1000 10 8
9 1001 1 e}
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 115] D
14 1110 16 =
15 111 17 F

become more familiar with both octal
and hexadecimal rumbers. <o

(Series continues next month)
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[OW-COST EPROM
PROGRAMMER -

PART 2 pPower supply, construction and checkout.

Power Supply. The supply (Fig. 5)

delivers approximately +75 volts to a

transistor switch/current limiter consist-
ing of Q1, Q2, Q3, R1, R2and R3. Tran-
sistors Q4 and Q5, in conjunction with

D5, R6, R7, and R8 regulate the +75-
volt output down to +47 volts. Diode D6
and resistor R5 provide the Vppg bias
supply. Resistor R9 insures a minimum
load on the regulator and provides a

path for the D6 zener current. Capacitor
C2 and resistor R20 prevent the high-
gain circuit of Q5 from oscillating.

Construction. Although the Program-

|1 —H
FIG 3
AAMAAN +59V PIN IS
. =
IN4002 &I 5s_ a4 12v
_0/( - aﬁn 475V MJETO02 MJEBD2  +47V i]g??,
| T e PINSI2,
| 1744 14,22,23
I
g 25.2v %
1 *] =y b3
:(;\ i cl 283, P2k
”A7CV : N T 500pF >
I IN4002 A8V, N
b 4
IN4002
25.2v
D4
IN40O2
! 2 4
VEN b )
FIGI NOTE:RI IS TWO RESISTORS
IN PARALLEL
5-VOLT
o+ 5 +5v . L.
YT i Gk > &8 o Fig. 5. This high-voltage
= 2000pF 10pF power supply is controlled
from the system’s timer
- = for correct pulse application.
OPTIONAL §-VOLT SOURCE —
PARTS LIST Note—The following are available from
C1—400-pF. 75-V electrolytic capacitor The following are ¥4-W, 10% resistors.unless DIA. Inc.. Box 343, Dayton OH 45459:
C2—15-pF ceramic capacitor otherwise noted: etched and drilled pc board at $8.95; basic
C7—10-pF, 15-V electrolytic capacitor R1—1.9-ohm, 5%, 1-W resistor (two 3.9- 1702A EPROM Programmer kit (TTL op-
D1 through D4—I1-A, 200-V silicon diode ohm. ¥2-W, 5% in parallel) tion). including pc board and all compo-
(1N4002 or similar) R2. R20—1000 ohms nents except power supply and connector, at
D5, D6—12-V, 1-W. 10% zener diode R3,R4—22,000 ohms $39.95: special transformer that also in-
(IN4742 or similar) R5—820 ohms, ¥%2-W cludes S-volt power supply winding at
F1—Ya-A fast-blow fuse and holder R6—56,000 ohms $9.98; complete kit, including pc board and
Q1—MPS-A92, 300-V silicon pnp transistor R7—10,000-ohm, 10%, Y2-W trimmer poten- all components for stand-alone Programmer
Q2.Q5—MPSA42. 300-V silicon npn transis- tiometer (Bourns 3389 series) with switches, power supply, zero-inser-
tor R8—15.000 ohms tion-force socket and case, at $79.95; com-
Q3—MIJE702. 80-V silicon Darlington pnp R9—1200 ohms.2 W plete stand-alone Programmer, assembled
transistor S1—Dpdt, 1-A toggle switch and tested, at $99.95. All prices postpaid.
Q4--MJE802. 80-V silicon Darlington npn T1—2 each 25.2-V. 300-mA transformer with Check. money order, Visa, or Master
transistor 5-V power-supply winding Charge accepted. Ohio residents, please add
4Y4% sales tax.
¥ N
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| swesm—

mer can be built using any desired con-
struction technique, a printed circuit
board such as that shown in Fig. 6 is
suggested. Observe the correct polari-
ties when installing capacitors, diodes,
transistors and IC’s (using sockets, if de-

56

sired) Do not install transistors Q8 and
Q14 through Q29 until after reading the
checkout section of this article. Mount 1-
inch by V2-inch thin metal heat sinks on
transistors Q3 and Q4 . Using the fuse
as a guide. install a fuseholder or fuse

WWW americanradiohistorv com

clips at the F71 position. Do not install a
socket at position S02 or the LED for
LED1 if you are going to mount the
board inan enclosure.

The component irstallation shown in
Fig. 6 uses the TTL option so that the

POPULAR ELECTRONICS
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Q4 Q3
y
5o _—
| i | 14 14
R20 R3 | RI Rl {o2|0O
DS R4
i R2 D3 | D4
G o ) RERI
R5 | | Q2
CDes
| ! ; al
R9 J J C7——
~CcB— - —C3—~ —cB— —CB— 4
, —c8 ~CB c3 / )
X W A\ \vy \wy
! J 1 RrI2 |
e | §
a 1c3
. 1C6 1C5 1c | ) ,
J J = J J /
] J
3 | J J A
g —cB— —CB— -CB— | —CB— BV
aio C" D)
g RIO N 7 N o
|
> | rio
3 C| I te RHl R!4 IC9 ECI0
[ |
18 ) favze?
-*—.—.‘J—-—}j i o7©
o R 5 e
ST F i nCT e MDD —— R~
TR56 ——— ———Rt4—
—R4 |—— ( )Q23 L) Q14 D ﬁ-!-RBZ—,-
—iR57 — R55 —
—it42 C_Doaas as(C_D) R34 -
—R58 e RS =
~R{3 - (D25 | 017G D) R35—
—R59 —— <% RE&2—
. ~R44 a26 are(C_ D R37—
Fig. 6. Shown here are —R60— ——R50—
N . . -— 3 7 —
etching and drilling §43 —RGID 02 QIBC)RSI— R36
and component placement -R46 D 028 20D R38 =
guides for PROM burner. FiR62=—= -~ f—RA49=—2
4 f =—R4&T C_aes e D) R39—
—R63—— R3B-—
=R | e () Q8 - R65
—eRbE4 ——— —D7
=RI3 CDes o7 3
—R66——— J ]

Programmer can be used with a com- are the on/off switch, the program push-  row of address switches. Interconnect

button switch, LED1, and a zero-inser-

puter at some later date.

Select a suitable enclosure whose
front panel can support the eight ad-
dress and write data switches in two
rows (see photo). Also on the front panel

MARCH 1978

tion-force 24-pin PROM socket. |dentity
the switches and controls properly.

Use a length of heavy bare wire to in-
terconnect all of the upper lugs of the top

www americanradiohistorv com

the bottom row of address switch lugs
similarly. Use the same technique on the
data switches. Using insulated wire,
connect the upper lugs of the address
switches to the upper lugs of the data
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switches. Do the same with the lower
lugs—Ilower lugs to lower lugs.

Using the small insert schematic of
the $18 circuit shown in Fig. 2, connect
the normally closed contact of this
switch to the top bare wire (gnd) of the
address or data switches. Connect the
two resistors and capacitor to the switch
as shown, using the bottom lugs of
either the address or data switches for
the 5-volt connection.

Mount transformer T1 on one side of
the chassis bottom plate. The rectifier,
filter capacitor, and 5-volt regulator for
this supply can alsc be mounted on the
bottom plate of the chassis. The pc
board will be mounted on spacers so
that it will not contact the components
mounted within the chassis. Using the
four large corner holes in the pc board
as a guide, and with the edge connector
toward the front parel, mark and drill the
four spacer mounting holes.

With the pc board held in its final
mounting position (2dge connector fac-

ing the front panel), cut lengths of in-
sulated wire long enough to fit easily be-
tween the S02 board position and the
24-pin front-panel socket. Do the same
for the program switch and LED1 . Make
similar connections from the edge con-
nector to the center lug of each of the
address and data switches. A pair of
wires will also be needed from the edge-
connector 5-volt pad to the bottom lugs
of the switches. You will also need in-
sulated leads from the two ac-pads and
the 5-volt ground pads (on the pc board
edge opposite the connector) to inter-
connect to the power supply circuits.

Drill a hole in the rear apron of the
chassis and put a grommet in it for the
ac line cord. Make sure all ac connec-
tions are well insulated.

After all the wiring is installed, the
board can be mounted on spacers. Do
not tighten the mounting hardware, how-
ever, because the missing transistors
will have *0 be installed after performing
the following Checkout procedure.

The 5-volt supply is mounted under the pc board. With
a little care, asz shown here, a very professional look can be attained.

Checkout. Be sure transistors Q8 and
Q14 through Q29 and the +47-volt line
connection are not installed until after
the regulator checkout is complete.

After double checking the wiring (and
pc board), adjust potentiometer R7 to its
maximum series resistance, then tem-
porarily jumper the collector of Q2 (Fig.
5) to ground to enable the ragulator. Ap-
ply ac power to the high-voltage and 5-
volt power supplies and check for the
presence of +75-volt dc across filter ca-
pacitor C1. If necessary, reverse the
secondary connections.

Using a dc voltmeter of known accura-
cy, monitor the voltage across R9 (Fig.
5) and adjust R7 to obtain +47 =1 volts.
Leave the voltmeter connected across
the 47-volt line.

The current limiter is checked by mo-
mentarily shunting R9 with a 68-ohm, 2-
watt resistor. The voltage should drop to
approximately 25 volts. If not, check Q17 ,
Q3andR1.

Remove the temporary jumper from
the collector of Q2 and note that the out-
put voltage drops to zero. If not, Q2 is
faulty or is being prematurely enabled by
IC7 . Between programming cycles, IC7
should be completely cleared.

Using pushbutton switch $18B (Fig. 2),
apply a pulse to the program command
line and verify that the +47 volts occurs
for about half a second. If it does, itis a
good indication that the counters and
clock are functioning normally.

The 47-volt line and the transistors
can now be installed.

If you do not have a zero insertion-
force socket, before installing the first
PROM, loosen up the holes in the
PROM socket using the leads of a Y4-
watt resistor. This should ke done since
the pins of many 1702A PROM’s are
fragile and may be bent trying to force
them into-a tight socket.

With power applied, insert an erased
EPROM in the socket, set the address
and data switches in accordance with
the first location of your truth table, and
apply the programming command (S18).
That location will be programmed within
half a second. The optional LED pro-
gramming indicator may be used to
watch this timing.

You now have 255 morza locations to
go. If you use the microprocessor option
(Fig. 3) and a suitable orogram, the
EPROM can be programmed in just a
few minutes. <&
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ne-Stop
omponent Center

QUALITY PRODUCT

LINEAR RESISTORS
LM301Y M340T 1517815) ASST 5
LM307V LMS55v ASST &
LM309K M556N ASST 7
LM3TTV M567
LM320K 5(7805! L*M723N
UM320T 5179051 LM730N
2 LM320T12(7912) LM741V
D809 LM320T-15(7915) LM 747N
a LM339N (M1858V (5558Y |
OMo316 LM340T 517805} LM1556V
(DM8280 LM340T 12(7812) LM330ON (CA340
{omB281! A
MICROPROCESSOR 10mia S0V a70m
- 22mia 50V 1000m7a 25V

2102 a7 v 2200mtd 16V

SNITCHES
T41a ap  SPDT push button
SPST 8sta cap  SPDT push button
SPOT onotton  SPST push buiton
0 SPST push button
SPDT on nor e on SPST push button
agal DPDT slute
DPDT anoiton  DPDT on none-on
1099

CAPACITORS
Aluminum Electrolytic

1mtd 50V
220mtet 50V SOCKETS
8pin iown olle 14 pin wire wap
14 pin low b ofile 16 pin wire wrap
16 pn low p alile 24 pin ware wrap
24 pin low p ofile 40 pin wore wrap
40 pin low p ofile  TO 3 Socket

Mole x 70 5 Socker

Ceramic Disc
2708
DMBBISN 5
Jiag L QoY Display LEDS Discrete
5x 7 dot matey 600 com anode
300 com anode 800 com cathode
300 com ca hode  200LED Lamp-red

v
22091 50V
33001 50V
4701 50V

022ma 50V
047mia S0V
1oty 50V

DIODES
N7 ING148(IN14)
N4733 INS0O1
INd738 IN40O4
INa742 IN4007
INa 744 MDA 9803 CONNECTORS

Dipped Tantalum DB 257 Piug 08255 Socket

2 2mid 25%

TRANSISTORS 33mta 25v

29mita 35V
a3m1s 36V
a7mtd 36V
68mia 35v
1mkd 35V

1 5mid 35V

C10681
2N22224 2N3904
2N29074 2N3906
MJE2055 NS 129
MIE 3055 2N5339

OATA BOOKS*
7400/74LS Data Book
CMOS/L inear Data Book

33mla 28V Mucronroces-or/LED Dats Book

*JIM-PAK P poucts only

A component product line developed for the independent dealer. Guaranteed, nationally advertised products. Gomplete
JIM-PAK program includes national advertising, direct mail programs, store display racks, stock rotation plan and return
policy. For dealer information, write or call JIM-PAK, 1021 Howard Avenue, San Carlos, CA 94070 (415) §92-8097.

1 . 8.$.8.2.¢.2.0.8.2.0.2.0.2.8.2.0.8¢0.6.8.0.0.00.00.0.00.6.0 0.0
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SEE YOUR LOCAL J

ALABAMA
Mobvile Lafayette Radio Electronics

ARIZONA
Fountain Hills P & C Cormmunications
Tempe Computerworid Inc.
Yuma Yuma Electronics

CALIFORNIA
Beliflower
Berkeley
Fontana
Fulterton

Eari’s Hobby Shop
Al Lasher Electronics
Fontana Electronics
Orvac Efectronics Inc.
Long Beach Scott Radio Supply
Mission Viejo Tower Electronics Corp.
Moncerey Zackit
Palo Alto Zack Electronics
Pasaciena Dow Raaio Inc.
Sacramento The Radho Place
Sacramenro Zackit
San Carlos J& H Qutler Store
San Diego Radio Shack A.S.C. Mira Mesa
San Francisco Zack Electropics
San Jose Ouement Electronics
San Luis Obispo Mid-Stare Electronics
Sunnyvale Sunnyvale Electronics
Valiejo Zackit
Walnut Creek By te Shop Compuiter Store
CANADA
Alberta
Ontario
COLORADO
Aurora Com Co Electronics
Steamboat Springs Norm's TV & Elecrronics
CONNECTICUT
Bridgeport
FLORIDA
Laketand Lakeland Specialty Electronics
Orlando Altair Computer Center of Orlando
Tampa AMF Electronics
Tampa Microcomputer Systems
FRANCE
Paris Computer Boutique
GEORGIA
Atlanta
HAWATN
Ajea Detcorns Hawaii
Honolulu Integrated Circuit Supply
IDAHO
Idaho Falls
ILLINOIS
Evanston
Groveland

The Computer Shop
Home Computer Centre

Compurer World

Atlanta Computer Mart

Audiotronics

1ttty Bitty Machine Co.
Moyer Electronics

(LLINOIS (Contd}
Mount Prospect
Oak Park
Schaumburg

INDIANA
East Chicago
Hammond

IOWA
Indianola

KENTUCKY
Lexington

LOUISIANA
Baton Rouge

MARYLAND
Baltimore
Baitimore
Rockville
Towson

MASSACHUSETTS
Medford
North Adams
Waltham

MICHIGAN
Grand Rapids
Lansing

MINNESOTA

]
im-pak

Tri-State Zlectronics
Spectronics
Dzta Domain

Acro Zlectronics
Quantum Comp ster Works

Electronix Limited

Radio-Electronic Equdment Co.

Davis Electror ics Supply

Computer Workshop o1 Baltimore

Everything Electronic
Computer Workshop
Comy uters, Etc.

Tufts Slectronics
Electronics Supoly Center
Computer Mart Inc.

Micro Compeater World
Fulton Radio Supply

Dututh Northwest Radic of Duluth

Fagan
MISSOURL
Parkville
MONTANA
Bitlings
NEBRASKA
Lincoln
Omaha
NEVADA
Las Vegas
NEW JERSEY
Bayville
Cherry Hitl
Hoboken
Pompton Lakes

Ramsey
NEW YORK

Albany

New York

New York

Troy

White Plains

CIRCLE NO 27 ON

Computer Room inc.

Computer Workshop of Kansas City

Conley Rato Supply

Altair Compuater Center
Omaha Computer Store

Century 23

A.R.S. Communications Services
Compuiter Systems Unlimited

Hoboken Computer Works
Computer Corner
of tiew Jersey

Typetronic Com uter Store

Fort Orange £lectronics
The Computer Stores Inc

Cornputer Mart of New York

Trojan clectronics
The Comptter Corner

FREE INFORMATION CARD
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NORTH CAROLINA
Greensbaro
Raleigh

OHIO
Bucyrus
Cineinnati
Dayron
Reynoldsburg
Steubenville

OKLAHOWV A
Guymon
Oklahoma City

OREGON
Beaverton
Coos Bay
Ontario

PANAMA
Panama City

PENNSYLVANIA
Hershey
Murraysvilie

RHODE ISLAND
Cranston
Pawtucket

SINGAPORE

SOUTH CAROLINA
No. Charleston

TENNESSEE
Knoxvilla
Memphis
Oak Ridge

TEXAS
Dallas
Houston
Houston
San Antenio

VIRGINIA
Alexandria
Alexandria
Charlottesville
Richmor.d
Springfield

Virginia 3each
WASHINGTON
Bellevue
Longviev:
Pasco
Spokane
WEST VIRGINIA
Morgantown
Morgantown

DEALER TODAY...

Byte Shop
By te Shop of Raleigh

Mead Electronics

Digital Design

Altair Computer Center
Universal Amateur Radio
Hosfelt Electronics

Sound Service
Bits, Byrtes & Micros

Altair Computer Center
Herrick Electronix

Miller Electronics

Sonitel, S.A.
Microcomputer Systems Inc.
Computer Workshop

of Pittsburgh

Jabbour Electronics City
Jabbour Etectronics City
Inrer-Trade (PTE) Ltd.

Techmical Services Inc.

Byte Shop

Sere-Rose & Spencer Electronics

Computer Denn

Computer Shops Inc.

Altair Computer Center
Interactive Computers
Sherman Electronics Subply

Computer Hardware Store
Computers Plus

tafayerte Electronics
Computers-To-Go
Computer Workshop

of North Virginia

Heathkit Electronics Center

Attair Computer Center
Progress Electronics
Riverview Electronics
Personal Computers

The Computer Corner
Electro Distributing Co.
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wire wrapping

center

i

1

WIRE-WRAPPING KITS

Contains: Hobby Wrap Tool WSU-30,
(50 ft.) Roll of wire

Prestripped wire 1”7
lengths (50 wires per packaze)
stripped 1” both ends.

to 4’

Wire Wrapping Kit. (Blue)

WK-2-B

Wire Wrappimg Kit, {Yellow)

WK-2-y

Wire Wrapping Kit, (White)

WK-2-W

Wire Wrapping Kit (Red}

WK-2-R

H-PCB-1.

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30,
Roll of wire R-30B-0050, (2) 14
DIP's, (2) 16 DIP's and Hobby Board

! Wire-Wrapping Kit

[wk-38 (Blue)[$16.95]

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30 M,
Wire Dispenser WD-30-B, (2) 14 DIP's,
(2) 16 DIP's, Hobby Board H-FCB-1,
DIP/IC Insertion Tool INS-1415 and
DIP/IC Extractor Toot EX-1

[ Wire-Wrapping Kit

[wk-4B (Biue)[$25.99]

STRIP WRAP UNWRAP REGULAR
WRAP

-

MODIFIED
WRAP

AT P TERT
Wire- wrappmg, stripping, unwrapping tool for &
HOBBY WRAP AWG 30 0n.025 (0,63mm) Square Post.

TOOL [

Reg lar Wrap I

WwSU-30

$6.95 |

Modified Wrap |

WSU-30M

[ $7.95 ]

Battery
Boane
wrapping
tool
ODVPLETE
WITH BIT
AND SIEVI

WIRE-WRAPPING TOOL

For .025” (0,63mm) sq. post
“MODIFIED" wrap, positive
indexing, anti-overwrapping

device.

For AWG 30

BW-630 | $34.95*

For AWG 26-28

BW-2628 | $39.95*

Bit for AWG 30

BT-30 $3.95

Bit for AWG 26-28

BT-2628 | $7.95

USE "“C” SI1ZE

NI-CAD BATTERIES

(NOT INCLUDED)

PR

ROLLS OF WIRE

Wire for wire-wrapping AWG-30
(2.25mm) KYNAR® wire, 50 ft. roll,
silver plated. solid conductor,

easy stripping.

30 AWG Blue Wire. 50t Raoll

R-308-0050

30 AWG Yellow Wire 50ft Rall

R 30Y.-005¢

30 AWG White Wire, 50ft_Roll

R-30W-0050

30-AWG Red Wire. 501t Roll

R-30R-005

WIRE DISPENSER

With 50 ft. Roll of AWG 30
KYNAR® wire-wrapping wire.
Cuts the wire to length.
Strips 1" of insulation.

Refillable (For refills, see above)

Biue Wire

wD-30-B | 3395

Yellow Wire

WD-30-Y | $3.95

White Wire

WD-30-w_|$3.95

Red Wire

WD-30-R

PRE CUT
PRE STRIPPED WIRE

Wire for wire.
wrapping AWG-30
(2.25mm) KYNAR®
wire. 50 wires per
package stripped
1" both ends.

N

30-AWG bhue Wire. 1" Long

30 8-50-010

30 AWG Yellow Wire. 1" Long

30 Y-50.010

30-AWG White Wire, 17 Long

30W 50010

30 AWG Red Wire, 1" Long

30 R50-010

30 AWG Blue Wire, 2" Long

30 B 50-023

0 AWG Yeliow Wire 2 Long

30 ¥-50-020

30 AWC White Wire 2 Long

30 W 50-020

30 AWG Red Wire 2 Lorg

30 R-50-020

30 AWG Blue Wire. 3" Long

30-B-50-030

30-AWG Yellow Wire. 3" Long

30Y50-030

0 AWG White Wire 3 Long

30 W 50-030

0 AWG Red Wire 3" Long

30 R 50030

0 AWG Blue Wire 4™ Long

30-8 50-040

0 AWG Yeliow Wire 4" Long

30 Y 50-040

30 AWG White Wire 4™ Long

30 W-50-040

30 AWG Red Wire 4" Long

30-R-50.040

30 AWG Blue Wire 5 Long

308 50 050

30 AWG Yellow Wire. 5 Long

30 ¥ 50-050

30-AWG White Wire 5 Long

30 W50 050

30 AWC Red Wire_ 5~ Long

30 R 50.050

30-AWG Blue Wire. 6" Long

30-8-50-060

30-AWG Yellow Wire, 6" Long

30-Y-50-060

30 AWG White Wire 6 Long

30-W 50060

30 AWG Red Wire. 6" Long

30.R 50 060

MINIMUM ORDER $25.00, SHIPPING CHARGE £1.00. N.Y. CITY AND STATE RESIDENTS AGD TAX

OK MACHINE & TOOL CORPORATION

3455 Conner St.. Branx. N Y 10475@(212) 994-6600 @ Telex 125091

WWW americanradiohistorv com
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STRAIGHTEN PINS RELEASE m INSERT

[(14-16 Pin ip 1C Inserter [ INS-1416[$349]

DIP SOCKET

Dual-in-line package, 3 level wire-
wrapping, phosphor bronze contact,
gold plated pins .025 (0,63mm) sq.,
.100 (2,54mm) center spacing.

14 Pin Dip Socket
16 Pin Dip Socket

14 Dip [ $0.79
16 Dip | $0.89

-

DIP/IC EXTRACTOR TOOL

Extractor Toot

[ ex1 [sias]

RIBBON CABLE ASSEMBLY
SINGLE ENDED
With 14 Pin Dip Plug
24" Long (609mm}

With 16 Pin Dip Plug
24” Long (609mm)

I;E14~24

SE16-24

P.C. BOARD

The 4 x 4.5x1/16 inch board is made of glass coated EPOXY Laminate
and features solder coated 1 oz. copper pads. The board has provision
for a 22/44 two sided edge connector, with contacts on standard .156
spacing. Edge contacts are non-dedicated for maximum flexibility.

The board contains a matrix of .040 in. diameter holes on .100 inch
centers. The component side contains 76 two-hole pads that can accom-
modate any DIP size from 6-40 pins, as well as discrete components.
Typical density is 18 of 14.Pin or 16-Pin DIP's, Components may be
solcered directly to the board or intermediate sockets may be used for
soldering or wire-wrapping.

Two independent bus systems are provided for voitage and ground on
both sides of the board. In addition, the component side contains 14
individual busses running the full length of the board for complete wir-
ing flexibility. These busses enabie access from edge contacts to distant
components. These busses can aiso serve to augment the voltage or
ground busses, and may be cut to length for particular applications.

( Hobby Board [ npce1 [sa99]

DIP PLUG WITH COVER

FOR USE WITH RIBBON CABLE

14 Pin Plug & Cover 14-PLG | $1.45
16 Pin Plug & Cover 16-PLG | $1.59

T
QUANTITY: 2 PLUGS. 2 COVERS

RIBBON CABLE ASSEMBLY
DOUBLE ENDED

With 14 Pin Dip Plug -2" Long | DE 14-2
With 14 Pin Dip Plug -4” Long | DE 14-4
With 14 Pin Dip Plug -8” Long | DE 14-8
With 16 Pin Dip Plug -2” Long | DE 16-2
With 16 Pin Dip Plug -4" Long |DE 16-4
With 16 Pin Dip Plug -8” Long | DE 16-8

PC CARD GUIDES

CardGuides | TR-1 |$189]

QUANTITY — ONE PAIR (2 pcs.)

PC CARD GUIDES & BRACKETS

Guides & Brackets | TRS-2 |$3.79]

QUANTITY — ONE SET (4 pcs.)

TERMINALS

a .025 (0,63mm) Square Post
m 3 Level Wire-Wrapping
= Gold Plated

Slotted Terminal WWT-1 | $2.98

Single Sided

Terminai WWT 2 | $2.98

I1C Socket Terminal WWT-3 | $3.98

Double Sided WWT-4 | $1.98

Terminal

25 PER PACKAGE

PC EDGE CONNECTOR

44 Pin, dual read out, .156" (3,96
mm) Contact Spacing, .025" (0,63
mm) square wire-wrapping pins.

[ PC.Edge Connector | cON1 | $3.49]

m““?
'
IAARARBEN!

P.C.B. TERMINAL STRIPS

The TS strips provide positive screw activated clamp-
ing action, accommodate wire sizes 14-30 AWG (1. 8.0,
25mm).Pins are solder plated copper..042 inch (1mm)
diameter, on 200 inen (S5mm) centers

$1.39

4-Pole TS- 4
8-Pole TS- 8 [$1.89
12-Pole TS-12 | $2.59

MARCH 1978

MINIMUM ORDER $25.00, SHIPPINE CHARGE 31.00, N.Y. CITY AND STATE RESIDENTS ADD TAX

TERMINAL INSERTING TOOL

For inserting WWT-1, WWT-2, WWT.3,
and WWT-4 Terminals into .040
(1,01mm) Dia. Holes.

v

Easy to operate
ends extending beyond cutter blades. .. press tool and pull

WIRE CUT AND STRIP TOOL

.. place wires (up to 4) in stripping slot with

wire is cut and stripped to proper “wire-wrapping’ length.

The hardened steet cutting blades and sturdy construction of
the tool insure iong life.

Strip length easily adjustable for your applications.

DESCRIPTIDN

ADJUSTABLE
“SHINER"' LENGTH
OF STRIPPED WIRE

INCHES  TO _ INCHES

MODEL
NUMBER

24 ga. Wire Cut and Strip Tool

$T-100-24 1% —— 1%

26 ga. Wire Cut and Strip Tool

5T-100-26 1%, 1%

26 ga. Wire Cut and Strip Tool

5T-100-26-875 Yo 1% "

28 ga. Wire Cut and Strip Tool

30 ga. Wire Cut and Strip Tool

S§T-100-28 Yo —— 1W“
57-100-30 T —— 1%”

THE ABOVE LIST OF CUT AND STRIP TOOLS ARE NOT APPLICABLE FOR MYLENE DR TEFLON INSULATION

OK MACHINE & TOOL CORPORATION

3455 Conner St Bronx. NY 10475 ®8(212) 994-66008 Telex 125091
CIRCLE NO 34 ON FREE INFORMATION CARD

www americanradiohistorv.com
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BY MARTIN MEYER
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Expanding
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AST month, POFULAR ELECTRONICS

described some hardware and soft-
ware methods of upgrading a basic Eif
microcomputer, based on the 1802
MPU. Here are plans to go beyond this,
boosting an EH from a microcomputer
trainer to virtually a personal computer.
Though based on an Elf Il mode! (see
“Build a Personal Microccmputer for
$100” in PE's ELECTRONIC EXPERI-
MENTER'S HANDBOOK, 1978 Edition)
from Netronics R&D, which includes a
hex keypad, a bus structure and a pc
board, the enhancements can be easily
applied to any basic Elf.

The upgraded Elf Il lends itself to
especially easy expansion because of
its bus structure. Since all of the 1802
signals, plus the power (+5 volts),
ground, and 3.58 MHz from the clock os-
cillator are located on the bus, all that
has to be done is to build an expansion
circuit on a pc board having suitable du-
al-43-pin edge pads. Then a mating con-
nector is mounted cn the main Elf Il pc
board and the new board is plugged in.

All of the circuits shown in this article
can be built on a single pc btoard. 'f de-
sired, the newly created signals can be
connected to the bus by using any of the
odd-numbered bus lines. (Other than
lines 1 and 3, none cf the Elf I odd-num-
bered bus lines is currently used.) It is
advisable to keep a record identifying
2ach signal on the newly used lines.

The expansion system described here
introduces a new monitor, located in
ROM, that allows:
® Writing and reading from a cassette
recorder.

e Displaying the address and contents
of any memory location from 0000 to
FFFF.

e Changing the contents of any memory
location displaying both the address and
the changed data.

e Execution of a program at any loca-
tion.

e Scan entire memory for a specific
byte.

Besides the hardware to implement
the monitor, this article also describes
the construction of an 8-bit parallel 170
port, interface for 20-mA/RS-232 peri-
pherals, and the decoding of the three
1802 “N” lines to fully utilize all “6n”
(I/O) instructions.

Monitor. The moritor program (over-
leaf) is stored in ROM IC2 in the circuit
shown in Fig. 1. The address of IC2 cor-
responds to the hex address FO 00
where the most significant four bits of
the high-order address are all high. The

POPULAR ELECTRONICS
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ELF
BUs

N
MRD

o'

o]}

D2
D3

D4

D3

o]

o7

- 8

e _5_&4 —
TN

a2 L’,,
A3 __l»lo
a4 1) 12

A3 L)

IC2
s 74547t

A7 *

RN
5 4 i LT e T

2
1ct B3
4f74CI74 | 7
0

TPA

o el

ENABLE

21 U

200K

PINI7 OF (===

2102's| __

Fig. 1. The ROM (IC2) contains the monitor
program and is addressed at F000 by IC1 and IC3.

four-bit latch in IC1 decodes these four
bits to drive 4-input NAND gate [C3.
When the FO0OO address appears, the
ROM is enabled via pin 16. The eight
address lines from the bus are buffered
by IC4 and sections of IC5.

To use the monitor program, turn
off the RUN, LOAD and m/P (memory
protect) switches to reset the 1802.
Place the LOAD switch in the on po-
sition and, using the keypad, enter CO
FO 00. Set the LOAD switch in the off oo-
sition. When the RUN switch is on, the
monitor will come into play. The next in-
put will determine the monitor mode: 00
is execute, 01 is memory examine, 02 is
memory change, 03 is cassette write,
and 04 is cassette read.

To execute (run) a program from a
memory location other than 0000, enter
the monitor (CO FO 00), then enter OC.
Insert the two-byte address of the begin-
ning location. When the INPUT switch is
depressed, the program executes from
the memory location specified.

To examine a memory location, enter

MARCH 1978

D2
IN4148

......

m
"
(]

TAPE
ouT"

g S

*OMIT iF DRIVING HIGH-LEVEL
INPUT ON CASSETTE RECORDER

Fig. 2. Read and write circuits.
Jumpers select signal polarity.

www americanradiohistorv com

the monitor and key in O1. Insert the two-
byte address of the memory to be ex-
amined, then depress and release the
INPUT switch. The byte stored at that
memory location will be displayed. De-
press and hold the INPUT switch down
and the low-order address of the next
byte will be displayed, followed by the
memory byte when the INPUT switch is
released.

To change data at a memory location,
enter the monitor then enter 02. Insert
the two-byte address of the memory to
be changed and note that the Q LED
comes on. Enter the new data. Then de-
press and release the INPUT switch. The
new byte will then be displayed. Note
that the low-order address of the next
byte is displayed if you hold the INPUT
switch down. If desired, that byte can
also be changed.

For cassette write, enter the monitor,
then enter 03. Key in the starting two-
byte address of the memory to be re-
corded, then the ending two-byte ad-
dress. Place the tape recorder in the
record mode, allow several seconds for
the leader to pass the heads, then de-
press the INPUT key. The Q LED will ex-
tinguish when the recording is complete.

To perform a cassette read, enter the
monitor and then enter 04. Enter the
starting two-byte address of the memory
to be loaded. Then enter the ending two-
byte address. Put the cassette recorder
in the playback mode and depress the
input switch. Allow 2.5 seconds for each
256 memory bytes recorded. The dis-
play will increment the low-order ad-
dress of memory being entered. When
the display stops incrementing at the
last low-order address, the playback is
complete. The final digits in the display
will show the low-order address of the
data being written (recorded).

It you are in the monitor program and
select an illegal operating code (other
than those spelied out above), an EE will
be displayed on the readouts and the Q
LED will come on

Cassette Read/Write. This simple
circuit (Fig. 2) uses the Q and EF2 lines
on the EIf Il bus. When executing the
tape write function, the monitor pro-
duces a 10-second train of sync pulses
followed by the serial output of data
(plus parity) on the Q line from the mem-
ory boundaries selected. Resistors R34
and R2 form an attenuator that provides
adequate record level for the tape re-
corder used. If your tape recorder has a
microphone input, the typical value for
R34 would be about 1000 ohms. If your

63
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64

MONITOR PROGRAM el) input, omit R2. You may have to ex-
periment with the value of R34 to arrive
00 90 A1 B3 B4 BS B6 B7 F8 FF A2 E2 21 81 B2 80 52 atthe correct recording level.
10 F3 3A OB F8 38 A3 F8 29 A4 F8 33 A5 D3 3F 1D 22 When reading from a cassette, the se-
20 8A 52 64 37 23 6C 30 1C D3 3F 29 37 2B 6C 64 22 rial data is fed to the EF2 line. Using an
30 30 28 D3 22 52 64 30 32 D4 F8 4D F4 A6 02 FD 05 oscilloscope between the EF2 line and
40 33 47 FB8 EE D5 7B 00 D4 BA D4 AA 06 A3 53 58 5D ground, adjust the volume control of the
50 78 C8 F6 9A BO B8A A0 EO DO 4A D5 30 58 7B DO D5 tape recorder until a good square wave
60 5A 1A 30 5D D3 7B F8 1D 3B 6D F8 07 1D 52 FF 01 is obtained on the EF2 line. If you get the
70 33 6E 39 64 7A 02 30 6E F8 8D A1 D4 73 D4 &A F5 square wave, note the position of the
80 AC 12 9A 75 FC 01 BC DO F8 65 A6 81 A3 F8 80 BD
90 FF 00 D6 9D 3A 90 8A D5 7B 4A BB FC 00 F8 09 AB el °°”"°(;f°r future use. "é’.ou Ca:
AO AD D6 2B 8B 32 AB 9B FE BB 30 A1 8D F6 D6 2C 9C not get a good square wave, adjust the
BO 3A 96 D6 D6 D6 D6 30 38 1D D3 F8 0D 35 BC 35 BS recording level by decreasing the value
CO FF 01 33 BE 3D C4 30 B9 F8 CD A1 30 7B F8 BA A7 of R34 (in the tape write circuit).
Do F8 F9 BD D7 3B DO 9D 3A D3 D7 33 D9 F8 01 BD AD Iif the read function does not work, it
EO D7 9D 7E BD 3B EO D7 8D F6 33 45 9D 5A 8A D5 1A may be due to the cassette recorder’s
FO 2C 9C 3A D9 30 38 D4 4A F3 3A F7 2A 9A D5 30 58 inverting the polarity of the signal. This
can be corrected by removing jumpers
J1 and J2 and connecting the Q signal to
R32 through J3.
ohr +5V
0 iRa R53 R6
PARTS LIST =0 $3300 (5K 15K
1 T 300K a3
2N5232 A 2N5232
C1, C3—0.1-uF, 100-V Mylar capacitor
i FrROM)4[=== R9
C2—0.005-uF Mylar capacitor va{ T [ !
D1.D2—1N4148 diode L [
IC1—74C174 hex latch R3Z R83 _L
1C2—745471 256x8 PROM 39K3 K3
IC3—74C20 dual 4-input NAND gate -- ’I?ILF
IC4,/C5, IC9—4050 hex buffer Rs-aage {, A5 !
IC6— 1853 N-line decoder . L @S ] &
IC7, IC8-—1852 8-bit I/0 port - RO ) e
1C10—LM3900 quad op amp . ‘?
Q1. Q3—2N5232 transistor EF4
Q2,Q4—2N5306 transistor +5V
The foliowing are ¥4-W, 5% resistors unless . Q2 L
otherwise noted: fos 2N5306 15
R1—200,000 ohms 3 3
R2—100 ohms o T
R3, R!1, R18—3900 ohms 3Rélx e
R4—330 ohms ’ 1
RS. R6, R10, R14—15,000 ohms
R7--300,000 ohms *Razi
R8, R9,R15,R16,R17,R34—1000 ohms S o Ustron
R12—47 to 250 ohms (value for 20 mA cur- 24 | 20mA 20mA, 30-2200
rent loop) { H
R13—2200 ohms \ RIS
R19 through R27, R30—22,000 ohms 120 1K
R28,R29— 1 megohm 2 (FOR RS232 ONLY)
R31,R32—100,000 ohms 1
R33—10,000 ohms ] = A
Misc.—Pc board with edge connectors to 3| 2178 =01 1)y Nohd
match EIf 1} bus, 86-pin connector, optional “Ri6
sockets for IC’s, etc. el i ] K a7
Note—The following are available from Ne- (’ s K2
tronics R&D Ltd., 333 Litchfield Rd., New SRS
Milford, CT 06776: complete set of parts A
including pc board, pre-programmed moni- —1sv. RIS
tor PROM, less 86-pin connector for $39.95 3.9
plus $2 postage and handling; PROM IC2
available separately for $25 plus $1.50 post- h _Q\\_l_ T ChECTinE
age and handling; 86-pin connectors for FOR TTY/RS-232 ONLY
$5.70 each plus 30 cents postage and han- [ z
dling.
Fig. 3. Transistors @1 and Q2 form the 20-mA current
loop with Q3 and Q4 added to make up the RS-232 loop.
POPULAR ELECTRONICS

tape recorder has an auxiliary (high-lev-
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20-mA/RS-232 Interface. This cir-
cuit (Fig. 3) requires an external dc sup-
ply of —5 to —15 volts for the RS-232
section. To receive data from a 20-mA
current-loop peripheral (such as a TTY),
and if the peripheral requires an external
current source, then connect the R4 line
to the external device (on the TTY, this
should be terminal 4). The current from
the device {(on the TTY, terminal 3) is fed
to the Q1 input circuit. The output of Q1
is jumper-selected to drive the EF4 line
on the bus.

To transmit data to the current-loop
peripheral, the signal from the Q line
drives constant current (20mA) source
Q2. Resistor R12 is adjusted to deliver a
20-mA current into the peripheral. Note
that R15 is not used in the current mode.
On the TTY, the two terminals would be
6and7.

When using the RS-232 input mode,
the signal is applied to Q7 through Q3.
The EF4 jumper is then set to the
RS-232 position at the output of Q3.

To transmit data to the external
RS-232 device, R15 is inserted between
R12 and ground, and Q4 is added to
produce the correct output. Note that a
negative voltage supply is required for
RS-232 operation. A jumper, or switch,
is optionally used to remove or turn pow-
er on to this circuit.

ELF
BUS
TPB
) pe——— MMM == 4 5 V
DEFEAT 22K +35v
i3 il s l|s
2 =
N® CE
- 3 Ic6
14 1853
N2

9 4l§67|2|ll09 8|

[==5 =
2{~==-
osquso, 3 :-- =
T
|
]
¥
IN4148

LINES

==
Vol

CATHODE
OF DIO,

REMOVE D9|---—
(CONTROL
CIRCUITS)

Fig. 4. The N-line decoder expands
three lines from 1802 into eight.
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ELF
BUS

+5V #=1C5,4050
TPB = 2 %= IC9,4050 ;
ATA
00 ~—3 = ';\ o
[ V
DI * 5 6 l,\ |
i T . N 2
o2 %
03 Ey T | l 9 10 - r*\ 3
5 ‘T I I I 16 Ie(:?2 15 *R V 4 0g1(’);[1j'T
185
T e 7 NG 5
D5 - *
I I ' l I I 20 19 ,\l/ 6
D& %)
D7AT||||||22 21 l/l*\ 7
TI | 11 |||A|2 23 | DATA READY
TN
575 14113 TO DECODED"N"LINE ON BUS
S 5
1] 14] 24 DATA
12 3 2
l 2 5 | ]
a 7 1 T 2
6 o/, ) [Tk 3
8 R N 4 INPUT
10 PR 5 (MESRT
5] zca Jao L1 4 101 T 6
7] 852 faom 1 0 1 b 1V 7
19 it b b b1 0 1 1T _ DATA STROBE
2 E T ¢
INT —-d“‘J 23 ik T&SEC&?E&?
EF 3 jpm——0 R26
e
=3 ON PROGRAM

Fig. 5. Two IC’s form 8-bit parallel input/output port.
They use N-line from Fig. 4 determined by program.

N-Line Decoder. The three N-lines
(NO, N1, N2) of the 1802 can be decod-
ed into eight separate instructions that
can be used to control eight 1/0 (input/
output) ports using the circuit shown in
Fig. 4. The decoded outputs can be con-
nected to unused lines on the bus for
easy connection to any future 1/0 con-
trol inputs. Control line 4 is connected to
the cathode of D10 in the Eif-ii (D3 in the
original EIf) with D9 (D4 on the original)
removed. This will allow the 6C and 64
instructions in the original programs to
be executed properly.

1/0 Ports. !f you have a need to inter-
face the EIf Il to an external peripheral
that requires parallel data (ASCIl key-
board, for example), use the circuit
shown in Fig. 5. Output port IC7 has its
data output lines buffered by IC9 and
sections of IC5. Pin 13 (CS2) of this
stage can be connected to any of the de-
coded N-lines. When pin 2 (mode con-
trol) is high, the 1852 is configured into
an output port. Data is strobed into the
output port when pins 11 and 1 are high.

WwWWW americanradiohistorv com

The three-state output drivers are ena-
bled at all times when the 1852 is used
as an output port. The service request
signal at pin 23 is generated at the termi-
nation of the pin 1 and pin 13 signals
and will be present (high) until the fol-
lowing negative high-to-low transition of
the clock pulse at pin 11. The signal at
pin 14 resets the port's register and
service request flip-flop. ’
The input port is formed by IC8 with
pin 2 low. The data input lines are held
low by resistors R19 through R25. Pin
13 is tied to the desired decoded N-ling,
Data is strobed into the port's 8-bit
register by a high on the clock (pin 11)
line. The negative high-to-low transition
of the clock sets the service request (pin
23) flip-flop to latch the data into the reg-
ister. The service-request output at pin
23 signals the 1802 that data is ready to
be transferred to the bus and can be
connected to either the EF3 or INT lines,
depending on program requirements.
The 8-bit parallel input port can service
an ASCII keyboard with use of the prop-
er software control. <&
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by James Barbarello

A Practical Guide to Multitrack Tape Recording

OPHISTICATED open-reel tape

decks with four-channel capability
enjoy a markedly higher degree of con-
sumer acceptance than other quadra-
phonic components.| The reason for this
is that these decks provide the nucleus
for a “home recording studio.” Serious
recordists have teamed multitrack tape
decks with companders, mixers, quality
microphones and sound-modifying elec-
tronics and now employ techniques pre-
viously confined to the professional re-
cording studio. Here is an overview of
the equipment and techniques em-
ployed by amateur recording engineers.

Multitrack recording has been used
by professonals for years, with any-
where from 8 ¢ 32 tracks commonly in-
volved in the tanscription of live perfor-
mances. R=cently. musicians such as
Brian Eno, Mike Oldfielc, Walter Carlos,

‘Techniques and
equipment necessary
for professional results
at home.

Patrick Gleason and Isao Tomita have
recorded music on a symphonic scale,
even though only ane artist was actually
performing.

This is the power that multitrack pro-
vides—each voice| (instrumental or vo-
cal) can be recorded separately. When
mixing down the tracks, the performer
becomes a “conductor” who has full
control over the finished product. Each
track can be positioned anywhere in a
stereo field. The volume and timbre of
each voice can be modified through the
use of filters, graphic equalizers, echo
devices, etc. Multitrack recarding there-
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Fig. 1. Diagram shows arrangement
of heads on a three-head deck.

fore allows a single performer to be-
come a one-man band.

The Tape Deck in its latest incarna-
tion is primarily responsible for bringing
this exciting new development within
reach of the consumer. Let's now exam-
ine the special features of today’s ma-
chines that enable the serious home re-
cordist to produce high-quality multitrack
recordings.

A number of open-reel tape decks
suitable for “home studio” use (a sam-
pling of which is found in the box) is
available to the consumer. The basic
studio would employ one deck, and an
expanded studio, two decks. The au-
thor's home sonic workshop includes
two Dokorder Model 7140 tape decks.
(This company’s products are not being
marketed in the United States at the
present time.) The Model 7140 will be
used as a representative deck in the ba-
sic and expanded studios, but other
comparable machines could be used in
its stead.

The Dokorder deck has three heads:
one for record, one for playback, and
one for erase. The heads are arranged
as shown in Fig. 1. In the record mode,
with the tape moving in the direction in-

DIRECTION OF

TAPE TRAVEL

dicated, each tape track is erased. As
the tape passes by the second head, the
program material presented at the in-
puts of the record preamplifiers is im-
pressed onto the tape. When the tape
passes by the last head, the newly re-
corded program is available for play-
back.

In the normal multitrack recording
process, a program source is recorded
on one track, say, channel 1 (see Fig.
2A). Then another program is recorded
on another track, in this example chan-
nel 2. The new material is monitored at
the source or record preamp as it is be-
ing recorded and the program previously
recorded on channel 1 is monitored at
the playback head.

Although, during this last operation
the information on tracks 1 and 2 might
appear synchronized, playback will re-
veal that the program on track 1 leads
that on track 2 by a time interval equal to
the tape speed divided by the distance
between the record and playback heads
(see Fig. 3). This monitoring system,
therefore, prohibits synchronous multi-
track recording unless, of course, all the
tracks are recorded simultaneously.
However, there is a simple solution to
this problem.

Rather than monitoring the track 1
material at the playback head, it can be
accomplished at the record head. Be-
cause the program material on both
tracks is monitored at the same head,
the information recorded in this manner
will be perfectly synchronized.

This technique (Fig. 2B), in which a
portion of the record head is used for
playback monitoring, is known by such

SWITCH SWITCH
NORM "SEL-SYNC" NORM"SEL—SYNC"
Fig. 2. In normal
recording (A), track
SsTicekto ~ : I» el ! Ix 1 is monitored by
rl 2 Ie SOURCE rl 2 i
TRACK | l s Ir 10 Rl . i playback head. In
o % i TRACK i : | (B), part of record
— / head 1s used for
RECOR PLAYBAC o o
HEAD AEap " 70 playback monitoring.
HEADPHONE S
(A) (B)
ERASE RECORD PLAYBACK
HEAD HEAD HEAD
:::cc:zl Fig. 3. Diagram
=T o shows how program
TRACK 4 ontrack 1 leads
that on track 2
TAPE TRAVEL =t by a time depending
on head spacing
& A and tape speed.
- TIME LAG ——
MARCH 1978
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names as Sel-Sync (short for selective
synchronization), a term copyrighted by
Ampex, Syncro-Trak (Sony from Super-
scope), Simul-Sync (Teac), and sync
overdub. It is basically an arrangement
of switches that transfers the pickup of
previously recorded program material
from the playback head to the record
head. Usually, there is one switch for
each channel.

There is one drawback to this sys-
tem—the record head is not well-suited
to playback applications. As a result, its
output in the muitisync mode has limited
bandwidth and is at a much lower level
than the output the playback head wouid
provide. This is a minor point. The im-
portant thing is that track sync is main-
tained. Further, the fidelity of the recorad-
ing process is not affected.

Each channel’s program can be moni-
tored with its TAPE/SOURCE switch in
either position. This permits listening to
either the program source or the materi-
al as recorded on the tape while making
the recording. Essentially, all this switch
does is connect a channel’'s monitor out-
put jack to either the record or playback
preamplifier. In synchronized multitrack
recording, the material already recorded
on the tape is always monitored with that
channel’s switch in the TAPE position
and the material being recorded is moni-
tored with that channel’'s switch in the
SOURCE position.

Two sound processing techniques of
interest to the home recordist are sound
on sound and sound with sound. Many
sophisticated consumer decks have pro-
visions for one or both. There is often
confusion as to the meaning of these
terms, and they are sometimes used in-
terchangeably. For our purposes, we will
consider that sound on sound is basical-
ly a defeat of the erase head. Thus itis
possible to superimpose one signal di-
rectly over one already impressed on
the tape. Sound on sound affects the
program material previously recorded
on the tape because the high-frequency
bias applied to the record head patrtially
erases the original signal, especially its
high-frequency content. This technique
is an attempt to mix two or more
sounds—something accomplished far
better with a mixer if the sounds to be re-
corded are available simuitaneously for
one recording session.

Sound with sound can be accom-
plished on a tape deck having certain
switching facilities. One signal is record-
ed on one track and later combined with
another signal on a different track by a
combined record/playback operation.
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Fig. 4. Hookup for a simple
sound-with-sound system.

Thus it is necessary that the deck be
able to simultaneously record on one
track and play back another.

A simple sound-with-sound hookup is
shawn in Fig. 4. Separate level controls
for the microphone and line inputs com-
prise a simple two-channel mixer. A
stereo deck employed in sound-with-
sound recording as shown in Fig. 4 pro-
duces a monaural version on channel 2
of the live program material and that re-
corded on channel 1. Channe! 1 can
then be used for further sound-with-
sound recording, combining the taped
channel 2 program with live material. Of
course, a four-channel deck in the home
studio can be used in the sound-with-
sound mode. Some decks have built-in
switching specifically for this purpose.
However, the process should be used
sparingly because each time program
material already on the tape is recorded,
noise and distortion increase.

The final deck feature we will discuss
is electronic echo capability, which is de-
rived from the previously mentioned de-
lay between the record and playback
heads. Referring to Fig. 5, program
material is recorded on a tape track and
then, after a short delay determined by
the tape speed and distance between
the heads, is picked up by the playback
head. A portion of this playback signal
(determined by the setting of a potenti-
omreter) is returned to the record head,
where the process repeats itself to cre-
ate a high-quality echo effect. Our refer-
ence tape deck includes an echo control
(the potentiometer) that permits us to
select the intensity and duration of the

effect. This control is very useful in add-
ing a spatial effect to the normally
“dead” studio sound.

Monitor/Playback System. A ba-
sic home recording studio is shown dia-
gramaticaily in Fig. 6. At its-heart is a
tape deck such as the Teac 3340S
shown in Fig. 7. The monitor/playback
system processes the monitored signals
for reproduction through speakers or
headphones. This system consists of
what is commonly called a “control am-

DELAYED (ECHO} SIGNAL
FROM PLAYBACK
HEAD |

ORIGINAL SIGNAL
BEING RECORDED

Py
o
v -y
-

-
; %

s
! SIGNAL RECORDED ™,
L—HERE ARRIVES HERE —*
AN INSTANT LATER

plifier,” speaker systems, and head-
phones. The control amplifier is simply
an integrated preamplifier/amplifier as is
found in many home stereo systems. Its
inputs have different sensitivities.

Our requirements in this part of the
studio are not critical. The contro! am-
plifier should have a tape-monitor input,
a headphone jack, and 15 watts per
channe!l or more of continuous output
power. The control amplifier is not part

of the recording system and, therefore,
is not required to be equal in quality to
the tape deck. It should be of equal so-
phistication with your listening tastes.
The speaker systems should be of the
same relative quality as the control amp,
while the headphones should be a qual-
ity sealed pair. “Open-air’ headphones
should not be used—a high degree of
sound isolation is important. Otherwise,
the socunds coming directly from the live
performers will be mixed with signals
from the microphones and tape deck.

e

"_'_-.:::D/{ECTTON o Fig. 5. Diagram showing

TAPE TRAVEL

how electronic echo
effect is achieved.

Mixer and Patch Panel. A mixer
with full panning capability is required for
the proper monitoring and combination
of the outputs from the tape deck, micro-
phones, or electric and electronic musi-
cal instruments in both preliminary and
final mixdowns. Well suited for this task
is the five-channel panning mixer project
in the October 1976 issue of this maga-
zine. It contains five input channels,
each with its own input level control, and

LEFT
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TAPE DECK
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Fig. 6. Layout of a basic home recording studio.
The most important part of the system is the tape deck.
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two output channels, each with a master
volume control. In addition, each chan-
nel is capable of being “panned,” or
placed anywhere within a 180° stereo
field. Commercial mixers can also be
used.

The tape deck has eight input/output
connectors. The mixar has five input and
two output connectors, and the control
amplifier has two input connectors.
These 17 hookup points must be nter-
connected in many different configura-
tions during the recording process. To
accomplish this with a minimum of effort,
a patch panel is needed. The patch pan-
el consists of a number of connectors
mounted on a rigid panel, to which
lengths of shielded audic cable are sol-
dered. Each cable must be terminated
with an appropriate plug to aliow con-
nection to the different components in
the system. In addition, a number of
patch cords consisting of short lengths
of shielded audio cable terminated at
both ends with plugs that mate with the
patch-panel jacks are required. With this
arrangement, any number of component
connections can be accomplished in a
matter of a few seconds. The patch pan-
el can be home-made, or a commercial
product such as that by Teac shown in
Fig. 8 can be used.

Fig. 7. The Teac 3340S multitraci
deck. Inset shows Simul-Sync panel.

MARCH 1978

Fig. 8. Patch panel such as this
made by Teac is necessary for
interconnecting parts of the system.

The Microphone. The microphone
required for picking up voice and acous-
tical musical instruments can be either
an electret condenser or a dynamic
type. The choice you make is a subjec-
tive matter and a discussion that would
do justice to the subject of microphones
is beyond the scope of this article. Re-
member, however, that all impedances
in the system should be matched. High-
quality microphones have balanced,
low-impedance outputs, but tape decks
and mixers tend to have unbalanced,
high-impedance inputs. Matching trans-
formers may be required to interface
such components. Generally, a medi-
um-priced ($50-$100) mike wilt be suffi-
cient for home studio recording.

Using The Basic Studio. Locate
your studio in a room that is relatively
free from outside noises and excessive
reverberation. Room acoustics, like mi-

SAMPLER OF 4-CHANNEL

SYNCHRONIZED TAPE DECKS

Akai Model GX-630DSS—7'4 and 3% ips;
10v%" reels; $1095.

Akai Model GX-270DSS—7'%: and 3% ips;
7" reels; $950.

Pioneer Model RT-2044—15 and 7%z ips;
104" reeis; $1600.

Sony from Superscope Model
TC-788-4—15 and 7% ips; 102" reels;
$1450.

Teac Model A-3340 S—15 and 7'2 ips;
10'2" reels; $1450.

Teac Model A-2340 SX—7% and 3% ips;
7" and 5" reels; $1050.

crophones, is a subject that requires
much space for adequate coverage.
Even scratching the surface of this topic
is beyond the scope of this article. Sug-
gested reading is listed in the box. For
reference purposes, we will designate

www americanradiohistorv com

the four channels on the tape recorder
so that front left becomes channel 1,
front right becomes channel 2, rear left
becomes channel 3, and rear right be-
comes channel 4.

As an example of the operation of the
basic studio, we will sequentially create
a recording containing drums, bass gui-
tar, rhythm guitar, lead instrument (a
keyboard synthesizer), and a vocal trio.
If each of the instruments and the trio
were to be recorded on its own track,
seven recording channels would be
needed. Because we have only four
channels available, some of the record-
ing components will be combined using
sound with sound.

The vocal trio is best suited for such
treatment. Our total channel count is
now down to five. Combining the drums
and bass guitar by sound with sound al-
lows us to reduce the requirement to the
four channels we have available. This is
a prime example of the planning re-
quired for any recording. The finished
product must be thought out as a whole
and as a sum of individual components.
Only after this planning has been com-
pleted can the recording process begin.

Recording a muititrack piece is like
building a house in that each part is con-
structed separately from the foundation
up. In most compositions, the foundation
is the percussion because it becomes
the timing for all subsequent tracks. As it
is the first track recorded, there is noth-
ing to accompany the percussion line.
The well-thought-out percussion is per-
formed and recorded as you hum or oth-
erwise keep track of its progress.

Percussion usually means a drum set,
but for studio recording a rhythm unit is
usually sufficient. The “Cabonga” Elec-
tronic Percussion Synthesizer featured
in the August and September 1977 is-
sues of this magazine is a good example
of such a device. It was especially de-
signed for this purpose and can be con-
nected directly to the LINE input of the
tape deck.
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The New Heathkit Catalog has everythin g from Personal

The Digital
Electronic Scale
with laboratory-type
precision

Unigue and functional truly describe
the new Digi-Scale electronic “weighing machne”. Big,
bright LED’s show your weight with more precision than nor-
mal scales and there are no springs or weights to compro-
mise performance. Unlike cheaper digital scales, this one
uses a precision strain gauge for the utmost in accuracy.
The digital readout may be mounted on the wall or just
about anywhere.

GD-1186, only $99.95

Low-Cost Starter Series
Test Bench

These five starter instruments
are an economical low cost
way to your first bench. They’re
intended for (but not limited to)
the beginner and you'll be sur-
prised at the features and per-
formance these new instru-
ments have to offer! There's
the 1G-5280 RF Oscillator with
320 kHz to 220 MHz frequency
range, the IM-5284 high perfor-
mance multimeter that reads
volts, ohms and DC current, the
1T-5283 Signal Tracer for RF,
AF and logic tracing, the IB-
5281 RCL Bridge for design
and experimentation and the
1G-5282 Audio Oscillator with
a 10 Hz to 100 kHz frequency
range. And to power the 5280
series, you can builc the IPA-
5280-1 power supply. Only
$37.95 each, $24.95 for the
power supply.

Learn all about the Microprocessor
with this new Self-Instruction Course

Our EE-3401 Microprocessor Course ($83.95) is your key to
learning about microprocassors. Features Heath's famous
individualized learning techniques to provide you with &
thorough background in microprocessar operation, inter-
facing and programming. Accompanying software and hard-
ware experiments provide “hands-on’ experience with the
companion ET-3400 6820 Microprocessor-based trainet
($189.95).
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MEacimre Ameias

Build this new Stereo Hi-Fi Receiver
for top performance and value

Experience the subtle shadings of the symphony, cool jazz,
and the driving beat of rock all with this stereo performer
from Heath. 35 watts, minimum RMS, per channel into &
ohms with less than 0.1% total harmcnic distortion from
20-20,000 Hz. The AR-142¢ is perfect for the budget con-
scious stereo buff who requires a high quality system. It
has all the features of a high-priced receiver and the per-
formance too. Phono hum and noise are —65 dB. FM sen-
sitivity is 1.8 uV. Has provision for optional Dolby™ FM
module. AR-1429, only $318.95

Heathkit/Dana Elec-
tronic Speed Control
Fits Most Cars

Long distance drivers will
really appreciate the CS-
1048. It makes the most of fa-
mous Dana Corp. technology
and a crystal clear Heath in-
struction manual for easy in-
stallation. Electronically main-
tains your auto’s speed uphill
or downhill.

CS-1048, only $64.95

RESUNE <08 —OFF

Super-Value Digital Alarm Clock

A perfect kit for the first time kitbuilder. This super-accurate
timepiece has an attractive blue four-digit display that dims
automatically according to ambient licht. It also has the
features you need in a clock; 24-hour ““‘smart’ alarm, snooze
switch, alarm-on indicatar and power feilure indicator.
GC-1107, only $27.95

Read more about these and nearly 400 other umque and excmng
kit products all m the blg, NEW, Heathklt Catalog.

POPULAR ELECTRONICS
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Entertainment to Personal Computing

h:

Assembled

LA36 DEC
Writer 11

H9 Video

Terminal § e - poseadess

Complete “Total Concept” Personal Computer Systems and
Systems Software: Economy, power and service backup from

a single source!

Heathkit Computers and System Soft-
ware are designed for complete con-
tinuity from top to bottom. The 8080A
based H8 computer is a good example.
It features a front panel ROM monitor
program readout, 8-bit operation, a
heavy duty power supply and a host of
other user benefits. Like all Heathkit
Computers, it's easily expanded. In-
cludes BASIC, assembler, editor and
debug software for only $375.

Our most sophisticated computer, the
H11, utilizes the famous DEC LSI-11
CPU for 16-bit operation. Has a 4096 x
16 read/write MOS semiconductor
memory and 38 high speed data, ad-
dress, control and synchronization
lines. Executes and includes the pow-
erful 400+ PDP-11/40 instruction set.
It also includes a complete software
package for only $1295.

Heathkit Peripheral Devices follow the
same total concept philosophy. Our H9
12” CRT ASCII Video Terminal has all
standard serial interfaces, auto scroll-
ing, erase mode, long and short form
and plot mode displays and ASCIl 67-
key keyboard for just $530. If you need
hard copy, the LA36 DEC Writer Il is
perfect. Fully compatible with the H8
and H11, this incredible terminal has a
7 x 7 dot matrix print head, selectable
10, 15 and 30 CPS print speeds, half or
full duptex operation and much more
for'a low $1495. Our low cost mass
storage peripheral is the H10 Paper
Tape Reader/Punch. Precise ratchet/
solenoid drive, 50 CPS max read rate,
10 CPS max punch rate and the fea-
tures of similar units that cost far more
than $350.

Nearly 400 exciting

Gét your copy of the latest
HEATHKIT CATALOG

AVAILABLE LOCALLY IN
THESE MARKETS

ARIZONA: Phoenix, 85017, 2727 W. Indian School
Rd., Phone: 602-279-6247; CALIFORNIA: Anaheim,
92805, 330 E. Ball Rd., Phone: 714-776-9420; El
Cerrito, 94530, 6000 Potrero Ave,, Phone: 415-236-
8870; Los Angeles, 90007, 2309 S. Flower St.,
Phone: 213-748-0261; Pomona, 91767, 1555 Orange
Grove Ave. N., Phone: 714-623-3543; Redwood
City, 94063, 2001 Middlefield Rd., Phone: 415-365-
8155; Sacramento, 95825, 1860 Fuiton Ave., Phone:
916-486-1575; San Diego (La Mesa, 92041), 8363
Center Dr., Phone: 714-461-0110; San Jose (Camp-
bell, 95008), 2350 S. Bascom Ave., Phone: 408-
377-8920; Woodland Hills, 91364, 22504 Ventura
Bivd., Phone: 213-883-0531; COLORADO: Denver,
80212, 5940 W. 38th Ave., Phone: 303-422-3408;
CONNECTICUT: Hartford (Avon, 06001), 395 W.
Main St. {(Rte. 44), Phone: 203-678-0323; FLORIDA:
Miami (Hialeah, 33012), 4705 W. 16th Ave., Phone:
305-823-2280; Tampa, 33614, 4019 West Hills-
borough Ave., Phone: 813-886-2541;, GEORGIA:
Atlanta, 30342, 5285 Roswell Rd., Phone: 404-252-
4341; ILLINOIS: Chicago, 60645, 3462-66 W. De-
von Ave., Phone: 312-583-3920; Chicago (Downers
Grove, 60515), 224 Ogden Ave., Phone: 312-852-
1304; INDIANA: Indianapolis, 46220, 2112 E. 62nd
St., Phone: 317-257-4321; KANSAS: Kansas City
(Mission, 66202), 5960 Lamar Ave., Phone: 913-
362-4486; KENTUCKY: Louisville, 40243, 12401
Shelbyville Rd., Phone: 502-245-7811; LOUISIANA:
New Orleans (Kenner, 70062), 1900 Veterans
Memorial Hwy., Phone: 504-722-6321; MARYLAND:
Baltimore, 21234, 1713 E. Joppa Rd., Phone: 301-
661-4446; Rockville, 20852, 5542 Nicholson Lane,
Phone: 301-881-5420; MASSACHUSETTS: Boston
(Peabody, 01960), 242 Andover St., Phone: 617-
531-9330; Boston (Wellesley, 02181), 165 Wor-
cester Ave. (Rt. 9 just west of Rt. 128), Phone:
617-237-1510; MICHIGAN: Detroit, 48213, 18645
W. Eight Mile Rd., Phone: 313-535-6480; E. De-
troit, 48021, 18149 E. Eight Mile Rd., Phone: 313-
772-0416; MINNESOTA: Minneapolis (Hopkins,
55343), 101 Shady Oak Rd., Phone: 612-938-6371;
MISSOUR}: St. Louis (Bridgeton), 63044, 3794
McKelvey Rd., Phone: 314-291-1850; NEBRASKA:
Omaha, 68134, 9207 Maple St., Phone: 402-391-
2071; NEW JERSEY: Fair Lawn, 07410, 35-07
Broadway (Rte. 4), Phone: 201-791-6935; Ocean,
07712, 1013 State Hwy. 35, Phone: 201-775-1231;
NEW YORK: Buffalo (Amherst, 14226), 3476 Sheri-
dan Dr., Phone: 716-835-3090; Jericho, Long Is-
land, 117583, 15 Jericho Turnpike, Phone: 516-334-
8181; Rochester, 14623, 937 Jefferson Rd., Phone:
716-244-5470; White Plains (North White Plains,
10603), 7 Reservoir Rd., Phone: 914-761-7690;
OHIO: Cincinnati (Woodlawn, 45215), 10133
Springfield Pike, Phone: 513-771-8850; Cleveland,
44129, 5444 Pearl Rd., Phone: 216-886-2590; Col-
umbus, 43229, 2500 Morse Rd., Phone: 614-475-
7200; Toledo, 43615, 48 S. Byrne Rd., Phone: 419-
537-1887; PENNSYLVANIA: Philadelphia, 19149,
6318 Roosevelt Blvd., Phone: 215-288-0180; Frazer
(Chester Co.), 19355, 630 Lancaster Pike (Rt. 30),
Phone: 215-647-5555; Pittsburgh, 15235, 3482 Wm.
Penn Hwy., Phone: 412-824-3564; RHODE ISLAND:
Providence (Warwick, 02886), 558 Greenwich
Ave., Phone: 401-738-5150; TEXAS: Dallas, 75201,
2715 Ross Ave., Phone: 214-826-4053; Houston,
77027, 3705 Westheimer, Phone: 713-623-2090;
VIRGINIA: Alexandria, 22303, 6201 Richmond
Hwy., Phone: 703-765-5515; Norfolk (Virginia
Beach, 23455), 1055 Independence Blvd., Phone:
804-460-0997; WASHINGTON: Seattle, 98121, 2221
Third Ave., Phone: 206-682-2172; WISCONSIN:
Milwaukee, 53216, 5215 W. Fond du Lac, Phone:

MAIL COUPON TODAY

or bring it in person to any of the
50 Heathkit Electronic Centers
{Units of Schiumberger Products
Corporation) listed at right,
where Heathkit products are

$ ’ s - .
. electromc klts 414-873-8250.
Lt [ | 1 E=34-J0 1 J ]
Heath Company, Dept. 010-390
Benton Harbor, Michigan 49022

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

Name
displayed, sold and serviced.
{Retail prices on some products Address B
may be slightly higher.) A
Prices are mail order net F.0.B., __\City State

Benton Harbor, Michigan.
Prices and specitications subject
to change without notice.

GX-340 Zip

]
Heath Company, Dept. ()]10-390 L -----mm---------m--J
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Whether you use a percussion syn-
thesizer or drums to create the percus-
sion line, the record level on the tape
deck shouid be adjusted for an average
0-VU level, with instantaneous peaks to
less than +3 VU. Percussion should be
recorded on channel 3, with control set-
tings as indicated in step one of Table |.
When the percussion has been record-
ed, play it back. If you are satisfied, pro-
ceed to the next step.

Record the bass guitar on channel 4,
along with the channel-3 drum track, us-
ing the sound-with-sound technique—
the LINE ouTPUT of channel 3 connected
to the LINE INPUT of channel 4. Then
connect the bass guitar to the MIKE IN-
PUT of channel 4. (Note that channel 3 is
in the multisync mode.) Make a trial re-
cording, adjusting both levels so that the
two instruments are properly balanced
and the average level is 0 VU and in-
stantaneous peaks do not exceed +3
VU. When all levels are properly set, be-
gin again to record the complete chan-
nel-4 program. Then play back channel
4. If it is acceptable, channel 3 can now
be used for other program material.

The next step is to record the rhythm
guitar on channel 3. While this is being
done, monitor channel 4 in the TAPE po-
sition and the muitisync mode. The LINE
ouTPUT of each channel should be con-
nected to an individual mixer input, the
input levels of which should be adjusted
so that all channels can be clearly heard
through the monitor/playback system.
Adjust the PAN controls as desired.

With the rhythm and percussion
tracks recorded, you can begin to record
the vocal trio. This is accomplished by
the sound-with-sound technique de-
scribed for the bass guitar and percus-
sion. (Two tracks have now been re-
corded and two are still available. Be-
cause sound with sound requires at
least two tracks, this is our last chance
to employ the technique on this tape.)
As shown in Fig. 3, vocal part one is re-
corded on channel 1. Then vocals one
and two are combined on channe! 2. Fi-
nally, vocals one, two, and three are
again combined on channel 1. Echo is
added to only the last track (channetl 1
with vocals one, two, and three). In each
case, the recorded information is played
back before the next in succession is re-
corded. Do not proceed with recording
until you are satisfied with each succes-
sive track.

With the completed vocal trio on chan-
nel 1, the final lead-instrument track can
be recorded on channel 2. Use the LINE
INPUT on the tape deck for the keyboard
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TABLE I—TYPICAL RECORDING PROCESS FOR BASIC SYSTEM

B B
bl o - Fha et T
[ s ] & foal g e
i ) AN ;,,_L;;\i__ f
1 Blank Blank Orums Bank TTST QOO0 Nomal=0
(Mike or line) Muttisync = X
2 Blank Blank Line\li_m\_lp'it'ﬂ Bass T T T 8 00XO0
Guitar
flira) {mike)
3 Blank Blank Rhythm guitar TST 000X
(mike)
4 Vocal, Part 1 Btank ST T 00X X
(mike)
Vocal,
5 Linem+pan2 TSTT X O0XX
{mike)
Vocal, Add echo
6 part3 Line 9 Output STTT O X X X toch 1t
(mike)+ U
7 Lead instr. TSTT X 0o XX Add echo
(mike or line) as desired
Mix down
8 ¥ k4 TTTT 0O0O0OC thuchi4
of mixer
Notes: (1) In step 8, outputs of mixer can be applied to line inputs of another tape deck for a permanent two-t'ack stereo recording.
2} Step: 12345678
Channe! beingrecorded: 3 4 3 1 2 1 2 None

{3) () signifies the input connector to be used.

synthesizer. For other lead instruments,
such as an electric guitar, the MIKE IN-
PUT would be more appropriate.

The composite music can now be
played back and mixed down to taste.
Mixing down involves the adjusting of
the levels for each track so that a good
blend is obtained. Also, adjust the PAN
controls to accentuate the lead tracks,
but do not overpower the background.
As an example, assume a stereo field
with the far left at 0°, center at 90°, and
far right at 180°. Percussion could be
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placed at about 135° (midway between
center and far right), rhythm guitar at 45°
(midway between far left and center),
and vocal trio at 90°.

For a permanent two-track recording,
the output of the mixer can be connect-
ed to the inputs of another tape deck for
recording. If another tape deck is not
available, the mixer settings can be re-
corded on the tape box so that the selec-
tion can be played back at any time by
simply adjusting the mixer controls in ac-
cordance with the written-down settings.

The Expanded System. With the
addition of an identical tape deck to the
basic system and expansion of the
patch panel (if necessary) to accommo-
date the new deck, your recording capa-
bilities can be greatly increased. The ex-
panded system greatly reduces the
need for sound-with-sound recording.

Using the same basic techniques ap-
plied for the basic system, an example
of using the expanded system is shown
in Table Il. The voices on this recording
include drums, bass guitar, “stereo”
rhythm guitar, dual background instru-
mental, vocal trio, and lead instrument.
There are 10 separate tracks of program
material!

Let’s call the two tape decks A and B.
Starting with deck A, record the drums
on channel 4 and the bass guitar on
channel 3. Chanrels 1 and 2 can then
be used to record the stereo guitar. A
flanger (a variable analog electronic de-
lay line), allows you to introduce an ef-
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TABLE II—TYPICAL RECORDING PROCESS FOR EXPANDED SYSTEM

4 A B
1 Blank Blank Blank Drums T S 0O00O0 e Normal = O
{mike or ine) Multisync = X
2 Blank Blank Elec. base TTST O0OO0C @
(muke)

3 Flanged Gurtar Guitar input
Gustar Flanger outpul SSTT O0OX X @ toch 1 &
{mike) {Mike or Line) flanger input

Ch 1-4, Deck A
4 L l TTTT OO0O0OO0 @@ mxeddown

thru mixer. Out

of mixer to

line inputs of

Ch38&4, DeckB.

5 Vocal. Part 1 Blank Mixdown Mixdown STTT 00 X X ®
(mike) left nght

6 Line { Output Vocal. TSTT X O X X [ ]

\q + Pan 2
{mike)

7 Vocal, Line ¢ Output STTT 0O X X X ® Add echo
Pan3 | d toch1
{mike)

8 Lead instr. TSTT X O X X [ ] Add echo

(mike or line} as desired
Ch 1-4deck B
l mixed down
9 ¥ L 4 TTTT 0OO0OO0O0 @@ thumixer
Output of mixer
to line inputs
ofCh182,
deck A.
Notes: (1) Instep 4, input guitar (thru preamp) to ch 5 of mixer. Morutor ch 3 & 4 of deck B in “Source”.
(2) InStep 9. monutor ch 1 & 2 of deck Ain"Tape”
(3) Step: ! 2 3 4 5 8 7 8 9
Channel being recorded: 4. A 3,A 1&2 A 324,B 1,B 2,B 1,8 2B 182A

(4) ( ) signifies the inpul connector to be used.

fect sounding like two individual per-
formers located at opposite sides of a
large reverberant room with the listener
in the center. The sound produced also
appears to “swirl” around you, creating
a very pleasing effect. The guitar is con-
nected directly to the inputs of deck A’s
channel 1 and the flanger. The output of
the flanger is routed to the input of chan-
nel 2 on tape deck A. Both tracks are re-
corded simultaneously.

Now that all four of deck A’s tracks are
occupied, they can be mixed down and
recorded on channels 3 and 4 of deck B
to create a full stereo instrumental back-
ground. During the mixdown, an addi-
tional instrument is added by connecting
it to the mixer's channel 5. Because the
signal level at the channel-5 input will be
about one-tenth the level at the outputs
from deck A, some preamplification
should be introduced. A suitable pream-
plifier is shown schematically in Fig. 9.

LEVEL
2M

INBYT
QUTPUT

Fig. 9. Schematic of a
suitable preamplifier circuit.
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For our purposes, channel 5 will always
be used in this mode, so the preamp can
be permanently wired in the mixer.

Now, concentrating on deck B, the re-
mainder of the tracks will be recorded.
The vocal trio is recorded as in the basic
system described above. The final lead
instrument track can also include half of
the dual instrumental background since
both are never present at the same time.
The other ‘half of the dual instrumental
background was recorded through
channel 5 of the mixer during the mix-
down from tape deck A.

Once completed, the performance
can be mixed down to a two-track stereo
format on deck A to create the finished
product. Note that the final version is in
full stereo and includes 10 separat2 per-
formers. That's quite an accomplish-
ment for a one-man band!

Closing Comment. The very nature
of the intricate recording process makes
it appear to be confusing at first glance.
The sequential procedure we have out-
fined here can be used as a guide.
Always bear in mind that, with as
many as 10 separate parts in the final
recording, all parts must be balanced in
volume and location in the stereo image.
This can be accomplished with relative
ease, but it requires practice. &
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DIGITAL METERCIRCUITS

LTHOUGH the majority of analog meters (i.e., scale and

pointer types) are not as expensive as corresponding
digital instruments, the gap is narrowing; and in some catego-
ries, commercially manufactured digital meters are actually
less costly than their analog counterparts, especially in the
more sensitive models. For many experimenters and hobby-
ists, however, cost is not an overriding factor when consider-
ing a new project, as long as it is within their budgetary limits.
A considerable number prefer to assemble equipment or in-
struments “from scratch” even though commercially built
products with similar performance specifications are available
for about the same prices {or even less). The real pleasure is
perhaps more in building and debugging the project than in
the final use of the completed equipment. If you're one of this
group of enthusiasts and need a digital meter for one or more
of your projects, chances are you'd prefer to “roll your own.”
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Fig. 1. Simple 25-digit meter circuit

suggested by National Semiconductor.
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Typical 2V2- and 3'2-digit meter circuits suggested by various
semiconductor manufacturers are illustrated in Figures 1
through 4.

A word about "% digits.” Normally, each digit in a readout
display represents a significant figure and can be any number
from “0” to “9.” Thus, a 2-digit instrument can provide read-
outs from “0" to “99" or decimal fractions thereof, depending
on the instrument’s sensitivity, number of ranges, and deci-
mal-point placement. Whether the displayed reading is .01,
.09, .99, 9.9 or 99, however, there can be only two significant
figures. By adding the “half” digit—in reality a “1"” with, some-
times, a polarity sign—the readout will display up to three sig-
nificant figures for most applications. While a 2-digit instru-
ment can furnish readings of only 0 to 99, then, a 2V2-digit de-
sign can display readings from 0 to 199. Generally, the added
cost and circuitry required to supply the extra 2 digit is nomi-
nal compared to that of providing a full 0 to 9 digit, hence the
popularity of 2-digit circuits.

Featured in a four-page data bulletin published by the Na-
tional Semiconductor Corporation (2900 Semiconductor
Drive, Santa Clara, CA 95051), the 2'-digit meter circuit
shown in Figure 1 requires only two active devices: an
ADD2500 (DS8700) single-chip meter IC and a common-
cathode 2'%-digit LED readout similar to the NSB3881 or
NSN333. The design requires +5-V (Vgc) and —15-V (Vgg)
dc sources for operation and, with the component values
specified, has an input impedance of better than a half meg-
ohm while offering a full-scale reading of up to 1.99 voits at an
accuracy of +1%. Specified for operation over the range from
0°C to +70°C, the ADD2500 is supplied in either a side-
brazed ceramic or Epoxy B plastic 24-pin DIP. It includes on-
chip provisions for auto-polarity selection and identification,
overrange and underrange output indication, LED segment
and digit drivers, and programmable decimal-point selection.
In addition, the device contains an internal clock and a built-in
temperature-compensated reference source.

In operation, the ADD2500 utilizes a dual voltage-to-fre-
quency (V/F) technique for analog-to-digital conversion. One
V/F converter serves to develop a continuous signal with a
frequency proportional to Ry, Cn. the zero adjust resistance,
and the input voltage plus a fixed 3 volts. The second V/F
converter acts both to provide a sample window and to deter-
mine the conversion rate for counting the input frequency.
Since the output frequency of the first V/F converter is directly
proportional to the input voitage, as modified by fixed con-
stants, counting this signal for a known interval provides a dig-
ital signal which is also proportional to the input voitage. From
this point, conventional digital logic is used to develop the out-
put drive signals for the readout display. Auto-polarity selec-
tion is achieved by an offset counter controlied by analog in-
puts referenced to a —3-volt level, permitting the instrument to
accept both positive and negative input voitages.

With neither layout nor fead dress overly critical, the digital
meter circuit should not be too difficult a project for the aver-
age experimenter. The circuit can be assembled using either
pc or pert board construction techniques. The data bulletin
cautions, however, that a single connection point should be
used for both the analog and digital grounds to avoid possible
ground-loop problems. After assembly and check-out, the fol-
lowing calibration procedure is recommended:

1. Using an accurate voltmeter, adjust the SCALE ADJUST
potentiometer for —3 volts at pin 5(VRygg).

2. With V|y at analog ground, adjust the ZERO ADJUST po-
tentiometer for a display of “.00.”
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3. With 1.90 volts applied to Vi, readjust the SCALE ADJUST
for a display of “1.90.”

4. Repeat steps 2 and 3, as needed, to achieve an optimum
balance between the two adjustments.

Offering a greater challenge for the more experienced hob-
byist, the 3V2-digit meter circuit shown in Fig. 2 was abstract-
ed from a six-page technical brochure issued by Micro Power
Systems, Inc. (3100 Alfred St., Santa Clara, CA 95050). Using
an MP7138 monolithic CMOS A/D converter IC, the circuit is
designed for operation on a standard single-ended, 5-volt dc
power supply. Supplied in both plastic and ceramic 28-pin
DIP’s, the MP7138 includes an on-chip clock and all the cir-
cuitry needed to provide a multiplexed BCD output with auto-
zero, auto-polarity, and display hold features, the latter imple-
mented by applying a logic “0” to pin 21. The device is speci-
fied for operation from —40to =85 °C and needs only 10 mW,
typical, in most applications. With an extremely high input
impedance, the IC requires an input current of only 10 pA.

in addition to the MP7138, the digital meter circuit employs
a DS-8857 BCD-to-7-segment LED driver, a DS75492 MOS-
to-LED hex digit driver, four HP 5082 series LED displays,
and a 74C04 hex inverter, plus an MPS5010 zener, a general-
purpose npn transistor, and two general-purpose diodes. The
74C04 hex inverter, the two general-purpose diodes, and a
pair of 10-uF, 20-V electrolytics are used as part of a negative
voitage power supply which is not required if a dual +=5-V dc
source is available.

The MP7138 utilizes a dual-slope analog-to-digital conver-
sion technique. In principle, the dual-slope technique involves

Field
Service
Technicians

We have immediate openings for people
with technical training and one or more
years of experience in the maintenance and
repair of electronic equipment. These posi-

tions require travel ranging from a few days
to several months at a time. Duties will in-
volve using your technical knowledge and
the tatest test equipment to troubleshoot,
diagnose and repair a broad range of so-
phisticated PABX and central telephone
office equipment.

We offer excellent starting salaries and
company benefits. If qualified, please send
complete resume including salary history to
Tom Edminson, ITT Telecommunications,
2000 S. Wolf Rd., Des Plaines, Illinois 60018.

TELECOMMUNICATIONS ITT

Switching Center
An Equal Opportunity Employer, M/F

CIRCLE NO 50 ON FREE INFORMATION CARD

i

www americanradiohistorv com


www.americanradiohistory.com

LCD DISPLAY. SHELLY NO. 865401 OR EQUIVALENT

i
— — —u—
L
I I I I I Iq Ib B.p.
— —— W
.
I I 4 Ic 50 Hz
- — — -
x| op3; a3] 83] c3] 03] €3] F3[ 63 az| 82| cz] 02| 2] f2] 62 a1 81] ¢ o €1 Fi| Gt
HT |0T 4 3 9) 10] 1] 12} 13| 15| 4 9| 10} 11 12| 13| 15} 14 91 10| ] 12| 13| 15[ 14
CMOS a b ¢ d . [ 9
4070 cMos cmos cMos
4543 4543 4543
VssTT T T T T 1 TVoo a c o ABCOD VObLD A 8 C D 81 Vss Ph
mzuessshzu |s[15314 B sl |Gl|5324 7] 8 sl |s|5azlt e sI
1 — — = —_— —
= - ! I § | b I i
£ 1% L -
I
24 4| 3] 2f 1 21 19 HEINE 12[ 1110} 8]
770
i 1s{ 1,000 100 INITIATE  Vpp 105 s CRNC
] CONVERSION 12 13 1 ‘T zI
o-10v ANy = 1009 68oF of,a [ }VDD a &
0eAES. o T
Vin T A : LS TELEDYNE 8750 CMOS Busy L2 e | cmos
Al
sy 3 1/2 DIGIT A/D CONVERTER 1 fCIe
S R ¥Yss b € s R
5‘0,(4L s 16 DATA |23 8] 10 7 s 3] e 4
W = e =
< 'REF BlAS Vss GND VALID = = = = = = =
E 1K 13 17 18 zﬂ_
—ZﬂuAl 270K 100 X =
= 01
B {

Fig. 3. Teledyne’s 3V5-digit meter circuit uses an LCD readout.
Requiring only 20 mW, a full-scale reading indicates input of 10 volts.

the conversion of the input signal voltage to a proportional
time interval, which is then measured digitally. This is accom-
plished by integrating the input signal for a fixed period and
then applying a reference voltage of opposite polarity to the
integration capacitor, causing it to discharge at a known rate.
The discharge interval, converted to a digital number, is pro-
portional to the average input signal voltage during the initial
charge period. The conversion rate is determined by the cir-
cuit's clock frequency, with the MP7138 capable of making up
to 15 conversions per second.

With the component values specified in Fig. 2, the meter
has a full-scale range of 1.999 V, providing a typical accuracy
of +0.05% of reading. The display blanks automatically when
the input voltage exceeds the full-scale range. If desired, the
instrument’s sensitivity may be increased to obtain a full scale
range of 199.9 mV. This is achieved by replacing the capaci-
tor between pins 1 and 28 with a 0.47-pF unit, by replacing
the capacitor between pins 4 and 5 with a 0.47-uF unit, by re-
placing the resistor between pins 26 and 27 with a 100,000-
ohm unit, and by readjusting the reference voltage applied to
pin 6. For a nominal “2-volt” full-scale range, a 1.0-volt refer-
ence voltage is used (pin 6), while a 0.1-volt reference is used
for a nominal “200 millivolt” range.

As the first circuit discussed, the 34-digit meter may be as-
sembled using the builder's choice of construction tech-
niques, with both pc and perf board methods acceptable. Nat-
urally, the customary precautions should be observed to avoid
damage to the CMOS devices. After assembly and check-out,
the only adjustment required is the reference voltage applied
to pin 6, which shouid be set precisely for 1.0 V fora 1.999 V
full-scale range or at 0.1 V for a 199.9 mV range. The negative
voltage power supply (including the 74C04, two diodes and
two 10-pF capacitors) may be omitted if a dual dc power sup-
ply is used by connecting the —5-V source to pin 24.

If your intended application requires the lower power con-
sumption of an LCD readout as compared to an LED display,
you may prefer the 3%4-digit meter circuit illustrated in Fig. 3.
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Described in the 6-page data bulletin for the 8750 A/D con-
verter IC published by Teledyne Semiconductor (1300 Terra
Bella Ave., Mountain View, CA 94043), the circuit uses this
device in conjunction with a Shelly No. 8654-01 readout, a
4013 dual D flip-flop, a 4070 quad 2-input exclusive-OR gate,
and three 4543 BCD-to-seven segment latch/decoder/driv-
ers. The 8750 is a CMOS device supplied in 24-pin ceramic or
plastic DIP's. Requiring only 20 mW, typical, for operation, the
A/D converter provides a full-scale reading with an input cur-
rent of only 10 pA, permitting the user to change the voltage
range simply by changing the value of the input scaling resis-
tor. With the value specified in the diagram (R;y, 1 megohm),
a full-scale reading indicates an input of 10 volts. The device
does not have an auto-polarity circuit and requires a positive
input voltage with respect to circuit ground.

Within the 8750 device, the analog-to-digital conversion is
achieved using an incremental charge balancing technique. In
operation, an amplifier integrates the sum of the applied (in-
put) current and pulses of a reference current for a fixed num-
ber of clock periods. The reference current is of opposite
polarity compared to the input current. The number of refer-
ence current pulses (charge increments) needed to maintain
the amplifier summing junction near zero during the conver-
sion period is counted. At the end of conversion, the total
count is latched intc the digital outputs in a 32-digit BCD for-
mat. The number of pulses needed to maintain the charge
balance near zero during each conversion period is, of
course, directly proportional to the input current (or voltage).
The 8750 makes approximately 100 conversions per second.

Requiring a dual =5-V dc power source for operation, the
314-digit LCD meter circuit may be assembled using any
standard construction technique, provided the usual care is
exercised to avoid damage to the CMOS devices. The value
of the input scaling resistor (R)y) is determined by the full-
scale voltage range required, based on an input of 10 pA for a
full-scale readout. A precision resistor should be used for Ry
or, if preferred, a small potentiometer, permitting a precise ad-
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justment of the full-scale reading. Other than the scaling resis-
tor, the only other adjustment required is that for zero input,
made with the ZERO ADJUST potentiometer.

Reader’s Circuit. Peter Stys (44 Massey St., Brampton,
Ontario, Can. L6S 2W3), an electric guitar enthusiast, was un-
happy with the results obtained from various fuzz boxes he
had tried with his instrument. None, he felt, provided the real
“pro” sound he wished to achieve. So, he decided to tackle
the problem head-on and design his own unit. His fuzz box cir-
cuit is illustrated in Fig. 4. Suitable for operation on dual dc
power supplies from =5 to =18 volts, the design uses inex-
pensive, readily available, standard components and can be
duplicated quite easily by the average hobbyist in one or two
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Fig. 4. Reader’s fuzz-box circuit
amplifies guitar’s signal until clipping
occurs and then overdrives output stage.

evenings. According to Peter, his unit changes the tones pro-
duced by an unaided electric guitar to sounds similar to those
produced by an electronic music synthesizer.

For the uninitiated, old timers, and classical music lovers, a
“fuzz box” is not a care package for police officers but a de-
vice used to introduce distortion deliberately in a sound sys-
tem in order to create special effects. The device may be as
simple as one or two diodes used to clip the signal or as com-
plex as a multistage amplifier. In operation, Peter’s circuit
achieves the desired effect by amplitying the signal from the
guitar's pick-up until clipping starts to occur and then overdriv-
ing a dual JFET output stage.

Neither parts placement nor the wiring dress should be
overly critical and, therefore, prospective builders can use
their choice of construction techniques when duplicating Pe-
ter's design. Except for voLUME control, R8, all resistors are
half- or quarter-watt types, while the capacitors are all low-
voltage ceramic or plastic-film units. Either an integral or sep-
arate dc source may be used as a power supply, at the build-
er's option. If a lower voltage (below =15 V) supply is
used, it may be necessary to reduce R7’s value for optimum
performance. Although not shown on the schematic diagram,
most builders probably will include a combination oN/OFF and
system bypass switch in their models. In practice, the fuzz box
is connected between the guitar’s pick-up (microphone) and
the audio amplifier’'s preamp (or input jack). <
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XIMEDIA PRESENTS
The Perkin-Elmer Fox-1100
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The Low-Cost, Not-So-Dumb CRT
Fully Assembled and Tested —$1,295.00

Ximedia Corporation stresses reliability
and performance at an affordabie price.
That requires literally hundreds of product
evaluations. It also requires a strong com-
mitment to seliing only those components
which have operated dependably in
business or professional applications.
The Perkin-Elmer FOX-1100 has that kind
of track record. And it has the following
features:

¢ 80 characters by 24 lines

* Resetable tab stops

¢ Numeric key pad

¢ Highly readable 9 x 12 dot matrix

* Hooded, anti-glare screen

* Upper and lower case

¢ Black-on-white/

white-on-black display
¢ Transparent mode-—displays
control characters
¢ Direct cursor addressing
¢ Typamatic auto repeat

® Local service centers

Allin all, the FOX is a superior terminal
designed for the serious user and built to
take the abuses of day in day out use at a
price the economy-minded user can afford.

[ ] - [ ]
XiMevid
1290 24th Avenue

San Francisco, California 94122
(415) 566-7472

CONVENIENT ORDERING: Prepaid, Mastercharge, and Visa
orders shipped free. Others freight collect. Most orders ship-
ped from stock. If not, we wiil notity. California residents add
6% sales tax. For Information packet covering full Ximedia
product line, send $1.
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Train with

NTS for the

MicroComputers, digital

" 8
o i

The world of electronics is daily becoming more
challenging. Technology is growing more specialized,
and the importance of digital systems increases
every day. Test instruments, home entertainment
units and industrial control systems are all going
digital. And now, NTS training programs include a
wider choice of solid-state and digital equipment than
ever before offered in any home study course:
Advanced NTS/Heath digital color TV (25" diagonal
with optional programming capability), NTS/Heath
microcomputer, digital test equipment, digital stereo
receiver (70 watts per channel), NTS compu-trainer,
plus much more state-of-the-zrt equipment to make
your training exciting and relevant.

The equipment you receive with NTS training
programs is selected to provide you with a solid

the first name

background in electronic systems. Kits and lessons
are designed to work together 1o demonstrate
electronic principles and applications. The kit-builcing
not only shows ycu how electronic hardware
functions, but hcw various circuit designs accomplish
different purposes. Your lessons guice you thrcugh
any number of experiments associated with many
projects. This is the Project-Method, and it works.
Step-by-step, ycu learn how and why digital
electronics has become a part of our world, and the
even bigger role it is sure to play in the future.

Whether you are looking for training in Consumer,
Commercial, or Industrial electronics, NTS offers
fourteen courses, some basic, many advanced, in
several areas of electronics. An all-new full-color
NTS catalog shows you what each course covars

POPULAR ELECTRONICS
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electronics of the future.

systems and more...from

in home study.

and every piece of equipment included.
Send for it today, and see for yourself what's really

happening in electronics training technology at NTS.

Find out how much has changed, and what new
directions the field is taking. You'll prabably want to
be a part of it.

It's free. Just mail the card or coupon. Today.

NO OBLIGATION. NO SALESMAN WILL CALL.

NATIONAL G SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 South Figueroa St., Los Angeles, Calif. 30037

.....
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NATIONAL TECHNICAL SCHOOLS Dept. 205-038
4000 South Figueroa Street, Los Angeles, California 90037

Please send FREE Color Catalog and Sample Lesson.

[0 Color TV Servicing
[0 B & W TV and Radio Servicing |
[0 FCC License Course

[ Electronic Communications

[0 Electronics Technology l
[ Audio Electronics Servicing

[ Digital Electronics I

[ MicroComputers/MicroProcessors

Name

Address =

Apartment Number Age
City — § —

State _2Zip —
[1Check if interested in G.1. Bill information.

l OJCheck if interested ONLY in classroom training in Los Angeles. I
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Experimenter’s
Corner

THREE-STATE LOGIC

F YOU want to stay abreast of the lat-

est developments in digital logic and
microprocessor technology, you need to
know something about three-state logic.
This month, we're going to experiment
with circuits that will teach you the bas-
ics of three-state logic in an hour.

Suppose you need to connect the out-
puts from two or more gates to a com-
mon terminal, perhaps the input to
another gate. This is OK in the unlikely
event all the outputs are consistently low
or high; but what happens if the outputs
are at different logic states? Obviously,
it's not possible to place logic 0's and 1's
on a common terminal without creating
mass confusion—and possibly damag-
ing one or more gates.

Three-state logic provides an efficient
solution to this design problem. The out-
put of a conventional logic gate is al-
ways low or high as long as power is ap-
plied. A three-state gate, however, em-
ploys a clever circuit that effectively iso-
lates the gate from the output terminal.
This requires that a special control ter-
minal called the enable input be added
to the gate.

Figure 1 shows two buffers with three-
state outputs. When their enable inputs
are activated, these buffers pass the
logic state of their inputs to their outputs.
When the buffers are not enabled, the
outputs enter a high-impedance state.
This high-impedance output state
means the outputs of a dozen or more
buffers (or any other three-state logic

ENAGLE
N hg_‘

By Forrest M. Mims

gate) can be connected to a common
terminal if only one is enabled at any
one time.

Many digital circuits, particularly mi-
croprocessors and memories, use com-
mon terminals called buses to transmit
binary bits or words (a group of bits).
Thanks to three-state logic it's possible
to connect many different circuits to a
common bus so long as one simple rule
is followed: The output of only one circuit
connected to a bus can be enabled at
any one time. If more than one output is
enabled, logic 0's and 1's will be placed
on the bus at the same time, and we're
back to the problem that first caused us
to employ three-state logic.

We'll look at three-state buses again
later. First, let's get some hands-on ex-
perience with a three-state buffer.

Three-State Buffer Demonstra-
tor. Figure 2 shows a simple circuit you
can quickly build on a solderless bread-
board to demonstrate how three-state
logic works. It uses one of the gates in a
74125 quad three-state buffer. The two
LED’s indicate the logic state applied to
the input of the buffer when the enable
input is at logic 0. When LED1 is on, the
input is low. When LED2 is on, the input
is high.

When the enable input is high, the
output of the buffer enters and remains
in the high-impedance state irrespective
of the logic state at the buffer’s input.
Both LED’s will then glow at about half

ENABLE | IN | ouT
0 o o
o ! !

! X -2

Fig. 1. Two three-state buffer configurations (left).
Fig. 2. Three-state buffer demonstrater (right).
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their normal brightness, conducting a
limited amount of current along the path
between 5 volts and ground through the
series resistors and the LED's.

Here's a truth table that sums up the
operation of the demonstrator circuit;

Enable Input Output
LED1 LED2
(0] (0] ON OFF
0] 1 OFF ON
1 0 * .
1 1 . *

*Both LED's at half brightness.

Three-State Multiplexer. A multi-
plexer is a data salector. Apply an ap-
propriate input select signal and one of
several inputs will be applied to a single
output. Figure 3 shows how you can
make a 4-to-1-line multiplexer from a
quad, three-state buffer like the 74125,
The enable inputs of the buffers are
used as the data select inputs. Remem-
ber, only one buffer can be enabled at
any one time. With that in mind, here's
the truth table for the multiglexer:

DataInputs Data Select  Output
ABCD AB CD

0 X X X o1 11 0

1 X X X 01 1 1 1

X0 X X 10 1 1 0

X1 XX 10 1 1 1

XX 0X 11 0 1 0

XX 1 X 11 0 1 1

XX X0 1110 0

XX X1 1110 1

Note: The X means “don't care”; the
input can be eitheraO or 1.

If you build the circuit in Fig. 3, you
can apply the data select inputs with a 4-
position rotary switch (rotating contact
connected to ground) or a 1-of-4 decod-
er like half of a 74139. The decoder will
condense the data select inputs to four
2-bit addresses.

Three-State Bus Demonstrator.
Figure 4 shows a simple circuit that will
teach you how a three-state bus works.
The circuit uses a 74173 4-bit data reg-
ister with a built-in, three-state output
buffer. This means you can connect
both the inputs and outputs of the regis-
ter to the same bus (!) and control the
transfer of data into and out of the regis-
ter by applying appropriate signals to the
register's read and write inputs.

For best results, build this circuit on a
solderless breadboard. Use four rows of
adjacent terminal receptacles for the
bus and an 8-position DIP switch for the
data input and control switch. To write a
data word into the register, place the
word on the bus by loading it into the first

POPULAR ELECTRONICS
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Fig. 3. Three-state multiplexer.

four poles of the DIP switch (let on = 1
and off = 0) and turning switch 8 on. The
LED’s will display the word you've
switched into the input (LED one = logic
1 and LED off = logic 0).

The register will accept a data word
from the bus when the wRITE input is low
and the positive edge of a clock pulse
arrives at pin 7. Prepare to load the data
word into the register by turning
switches 6 and 7 on. Then apply a clock
pulse by turning switch 7 off. This dis-
connects the CLOCK input of the 74173
from ground, which is the equivalent of
applying a positive puise (unconnected
TTL inputs go high). Don’t worry about
extra clock pulses from the bouncing
that occurs when you throw the switch.

ing bounce, and any subsequent
bounces simply recopy the same word,

After the data word is written into the
74173, tum switch 8 off to remove the in-
put data from the bus. Then turn switch
6 off. To see the word stored in the reg-
ister, just turn switch 5§ on. This will acti-
vate the READ input of the 74173 and
connect the register’'s output to the bus.
This will display the stored word.

Going Further. You can expand the
three-state demonstrator by adding a
second 74173 to the data bus. You can
connect the CLOCK input of the new reg-
ister to the cLock input of the original
74173, but you'll need a couple of
switches on a second DIP switch for the
additional READ and WRITE inputs.

Can you think of a practical use for the
three-state bus demonstrator? A bus
system like this can send data between
registers in either direction. Therefore,
it's often called a bidirectional data bus.
If that rings a bell, it's because the bi-
directional data bus is used in most mi-
croprocessors. in fact the simple three-
state bus demonstrator we've been ex-
perimenting with is functionally equiva-
lent to part of a microprocessor.

In a real microprocessor, of course,
the signals that activate the control in-
puts of the various registers and circuits
are automatically supplied by a circuit
called a controller. The signals from the
controlier are binary bit patterns called

The data word is copied on the first ris-  microinstructions. o
+3‘y
. T
o¥c 5 LED READOVT
SENECET
KI-R4=1.2 K ﬂ§ RISATO RY
)T
R
vl »| 43 /«]
" r4 [ 8 A THREE ~STR
o free N BIOMRECTIONAL
z cLock —,1 ORTR Bus
92} wire 74175 |
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Fig. 4. Three-state bus demonstrater.
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small computer
systems.

They're the
real
thing.

Use Sol computer systems for
scientific and business applications
not just entertainment.

Visit your Sol dealer soon. He can
show you how the Solin conjunction with
our new Helios 11 Floppy Disk System
can often do the same job as fast or faster
than typical minicomputers at about
one-third the price.

Sol systems are complete. Keyboard.
interfaces. RAM and ROM memory.
and a complete. well written manual are
all there. As a standard software
package. each Sol comes with our own
BASIC/5 language. At modest
extra cost. Extended BASIC. Assembler.
PILOT* FORTRANZ* and FOCAL as
well as game software are also available.
Processor Technology backs up its
products with an excellent warranty and
support program after theyre out
in the field.

¢ Sol 20/8 Terminal Computer with
8192 hytes of RAM memory and SOL.OS
module (ROM).

Factory Assembled/Tested S1850
Kit $1350
¢ Sol System 11 includes Sol-20/16

with 16.384 bytes of RAM memory and
SOL1.0S module (ROM), video monitor.
cassette recorder. and BASIC/S cassette.
Factory Assembled/Tested $2250
Kit $1825
¢ Sol System 11 includes Sol-20 with
49.152 hytes of RAM memory and BOOT-
LOAD module (ROM), llelios 11 Model
2 Floppy Disk System with Extended
Disk BASIC. and video monitor.
Factory Assembled/Tested
*Available soon.

$5750

Processor

Processor Technology Corporation.
Box 1. 7100 Johnson Industrial Drive.
Pleasanton. CA 94366. Phone (4151 829-26(4).
CIRCLE ND 41 ON FREE INFORMATION CARD  gg


www.americanradiohistory.com

Hobby Scenes ,, =4 .

f

By John McVeigh

Have a problem or question on circuitry, compo-
nents, parts availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, N.Y. 10016. Though all letters can't
be answered individually, those with wide interest

will be published.

CIRCUITS FOR THE HANDICAPPED

Q. | have been approached by a mute
who needs a telephone-activated
light. Mutes have teletype devices
that they use for talking to each oth-
er, but do not like to leave them on
unless they have a call. Can you sug-
gest a circuit using a suction-cup
telephone pickup coil that will light a
lamp when the phone rings ?—Walter
H. Willey, Denver, CO.

Q. Can you suggest a circuit that will
turn on a triac when a digital alarm
clock beeper is activated. It’s not loud
enough for those who are hard of
hearing.—Steven Feinsmith, North
Woodmere, NY.

A. The circuit shown here will work with
either a telephone pickup coil or a dy-
namic microphone. 'When the pickup coil
is inductively coupled to the ringer sole-
noid, a voitage will be induced across it,
and th’ s across the inputs of the op amp
or ¢ parator. (Any common op amp
should be suitable for this application.)
The op amp will then cause the LED’s to
glow and the light from the LED’s wili de-

+9v
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TO
”): ' COMPARA
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OP AMP QR
COMPARATOR

POPULAR ELECTRONICS

crease the resistance of the CdS photo-
cell, turning on the triac and causing the
lamp to glow. Alternatively, you could
have light from the LED's turr on a pho-
totransistor or LASCR which in turn
could energize a relay coil.

The circuit can be modified slightly for
use with a dynamic microphone as a
sound sensor. You can also use a dual
(ganged) potentiometer as a sensitivity
control. Use a potentiometer with a re-
sistance greater than or equal to the out-
put impedance of the microphone.

If you want a hardwired circuit, refer to
the Tone-Activated Relay in the Febru-
ary 1977 Hobby Scene. This circuit can
be modified for triac switching. Replace
the relay and diode with a series com-
bination of a resistor and a LED. Con-
nect the cathode of the LED to the col-
lector of Q1, the anode to the resistor,
and the other side of the resistor to +V.
Choose the value of the resistor to limit
the LED current to 15 mA or less: R =
(+V — 1.7 V)/0.015. Couple the light
from the LED to the photocell, taking
care not to let ambient light reach the
CdS cell. Connect the photocell, triac,
and load as shown here.

TRIAC

= cas\*?
PHOTOCELLN_

.......
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LINE FREQUENCY AND CLOCK CHIFS

Q. Could you show me a circuit that
will run a digital clock designed for
use with 60 Hz off a 50-Hz line.—G.F.
McGregor, Hamilton, Ontario, Can.

A. There is no circuit that will do exactly
what you want, because the counting
and divide-by ratics in the chip’s logic
circuitry are set up permanently for 60
Hz. However, there is an inexpensive al-
ternative. Several months ago, National
Semiconductor introduced its MM5369
IC oscillator divider. This chip, when
connected to a few external compo-
nents, will provide a 60-Hz output.
Consequently, many crystal-controlled
time-base kits have appeared. Scan the
Electronics Marketplace in any recent is-
sue of POPuLAR ELECTRONICS and you
will find several dealers offering these
time bases for about $5. The time base
is in kit form and includes the IC, pc
board, quartz crystal, resistors and ca-
pacitors.

Although the time base was designed
with the 12-volt mobile environment in
mind, there’s no reason why you can't
rectify the 50-Hz ac into the required dc
levels, and use the output of the time
base to drive the clock counters by ap-
plying it to the 60-Hz input pin of the
clock chip.

NBS TIME STATIONS

Q.| read several years ago that WWV
was building one or two vif transmit-
ters in the Boulder area to operate at
60 and 20 kHz. Whatever became of
these two transmitters—are they still
in operation, and if so, at what
times ?—Thomas Lohr, Biloxi, MS.

A. You are referring to WWVB (60 kHz)
and WWVL (20 kHz). WWVB is on the
air, broadcasting time, and has a BCD
format which can be used to make a
nifty digital clock. All you have to do is
receive the signal (a 565 PLL IC could
be used as a synchronous detector with-
out “tuned” circuits) and apply the BCD
to a decoder/driver and display! As for
WWVL, I'm not sure if it's still on, but
think so. Complete information on the
time and frequency services of the Na-
tional Bureau of Standards can be found
in NBS Special Publication No. 236,
available for 25¢ from the Superintend-
ent of Documents, U.S. Government
Printing Office, Washington, D.C.
20402.

POPULAR ELECTRONICS
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B&K-PRECISION MODEL 1820 UNIVERSAL COUNTER

Counts to 80 MHz—doubles as period timer and events accumulator.

N THE past, most frequency counters

were either very expensive and pro-
vided a host of features and counting
functions or relatively inexpensive and
offered a minimum of features and func-
tions. Now there are a number of moder-
ately priced counters offering a good se-
lection of counting modes and features.
One of these is the B&K-Precision Mod-
el 1820 universal counter that can count
up to 80 MHz.

The Model 1820 is actually four preci-
sion instruments in one. Its basic mode
is frequency counting. In addition, the in-
strument can be used as a period coun-
ter, events accumulator, and as a highly
stable crystal-controlled timer for exter-
nal control functions.

The counter measures 11.6"W X
7.5"D x 3.25"H (29.5 x 19.1 x 7.3 cm)
and weighs 2.6 Ib (1.2 kg). Its suggested
retail price is $260.

General Description. The Model
1820’s input impedance is 1 megohm
shunted by 25 pF on all functions. The
instrument can tolerate inputs up to 200
voits from O to 500 Hz, up to 100 voits
from 1000 Hz to 5 MHz, and up to 30
volts to 80 MHz. (All input specifications
are for dc plus peak ac.)

The internal 10-MHz crystal-con-
trolled oscillator has a line voltage stabil-
ity of less than 1 ppm (part per million)
with a 10% variation in line potential.

MARCH 1978

The oscillator's temperature stability is
rated at better than 0.001% (=10 ppm)
from 0° to 50° C, and its maximum aging
rate is listed at =10 ppm/y2ar and =1
ppm/month. Settability is to =1 Hz. (An
external oscillator can be connected via
ajack on the instrument’s rear panel.)

The Mode! 1820 has a 7/16"” (11.1-
mm) high red LED display consisting of
six seven-segment numeric indicators.
All measurements are displayed on this
LED array. In all operating modes, the
decimal point, if used, is automatically
positioned in the display. Separate dis-
crete LED’s come on in the kHz/us and
MHz/ms modes.

The frequency-counting mode has a
range of 5 Hz to 80 MHz, with autorang-
ing. Resolution in this mode is 0.0001%
(1 ppm) on all ranges. The accuracy is
specified as that of the time base =1
count. Two gate times are provided:
AUTO with 10 ms for MHz and 100 ms
and 1 s for the kHz ranges, automatical-
ly selected by the counter circuit. In the
1-second mode, which is selectable via
a switch on the front panel, resolution is
specified at 1 Hz on the kHz range.

Although knowing a particular fre-
quency is good, knowing the period of
one cycle of a signal is better, since peri-
od measurement is much more accu-
rate, especially at the lower frequencies.
(Period is the reciprocal of frequency, or
1/f.) in the PERIOD mode, the kHz LED

www americanradiohistorv com

indicates the period in ws, while the MHz
LED indicates in ms,

On the PERIOD and AuTO functions,
the display is one period average (ms)
and 10 and 100 period average (us). In
the 1 sec mode, it is a 100-period aver-
age (ws indication with 1-ns resolution.)
All period measurements are made with
the built-in 10-MHz crystal-controlled os-
cillator. The minimum pulse width for
reliable triggering is 200 ns. (The manu-
al that accompanies the counter con-
tains a number of tables for converting
popular low frequencies to their corre-
sponding periods. However, if you have
a calculator, you can enter the numeric
value of the period and press the cal-
culator's 1/x key to obtain the frequen-
cy; press the key again, and you have
the period.)

The accu (accumulate) mode permits
measurement of electrical events that
occur during a specific time period. It
has a range of from O to 999999. To use
this function, the input signal probe is
connected to the source to be counted.
Then, each time a signal occurs, it will
update the displayed number by one.

The TIME mode allows the counter to
display from 0.01 to 9999.99 seconds
(2.77 hours) in 0.01-second increments.
The circuitry in this mode can be toggled
from a switch on the instrument’s front
panel or from an external TTL or contact
closure. The triggering is activated on
the rising or falling edge of the signal. A
front-panel RESET switch is provided for
resetting the display to zero to initiate a
new count sequence.

The universal counter is designed to
be powered from 105-to-130- or 210-
to-260-volt ac, 50- or 60-Hz source. It
has a built-on carrying handie that dou-
bles as a tilt stand that can be locked in
any of four detented positions for easier
operating and viewing.

User Comment. After allowing the
Model 1820 to warm up, we coupled to it
an r-f signal generator that was zerobeat
to WWV on 10 MHz. The counter accu-
rately indicated the zerobeat, with good
measurement repeatability. We did,
however, note some slight drift after pro-
longed usage, due no doubt to con-
tinued warmup of the instrument. (Initial-
ly, we used the instructions provided in
the manual to calibrate the counter's in-
ternal oscillator after warmup.)

The manual that accompanies the
counter is well-written and well-illustrat-
ed. In addition to providing a complete
discussion of the instrument’s operation,
it details operation on the various func-

87


www.americanradiohistory.com

tions, complete with calibration and
maintenance details; making debounce
systems when using remote switching
for elapsed-time measurements; and a
number of frequency/period tables, in-
cluding the even-tempered scale for tun-

ing such musical instruments as elec-
tronic organs and synthesizers.

After several weeks of use, we have
found the Model 1820 universal counter
to be an excellent piece of test and mea-
surement equipment, especially for its

relatively low price for a full-feature
counter. it is both reliable and accurate,
which are exactly the attributes one
most often requires of such an instru-
ment for the work bench.

CIRCLE NO. 104 ON FREE INFORMATION CARD

SBE KEY/COM 1000 MOBILE AM CB TRANSCEIVER

Keyboard system provides scanning, channel selection, and memory capabilities.

Y TAKING advantage of modern

technology, the SBE Key/Com
1000 40-channel mobile AM CB tran-
sceiver offers a variety of ways in which
the channels can be set up. This is
accomplished by a colorful caiculator-
like keyboard on the transceiver’s con-
trol panel. You can instantly jump to any
desired channel. Alternatively, you can
step through all channels in either direc-
tion. In addition, the transceiver can be
put into a scan mode in either direction
at a rate of either four or eight channels
per second, scan all channels and auto-
matically stop at the first on which there
is activity. It can scan as few as two or
as many as ten preselected channels.
Finally, you have instant access to chan-
nel 9 or you can set up on any priority
channel in an alternate mode.

Other features include: large numeric
LED channel display; r-f, audio, squelch,
and delta tune controls; switchable auto-
matic noise limiter (anl) with adjustable
threshold and switchable noise blanker
(NB); external-speaker jacks and PA op-
eration; illumination dimmer; transmit
and receive indicators; line filter; and op-
eration from a nominal 13.8-volt dc, neg-
ative- or positive-ground, power source.

The transceiver measures 834"D x
734"W x 2V4"H (32 x27.4 x 6.4cm). Manu-
facturer's suggested price, $279.95.

Technical Details. We did not re-
ceive a schematic diagram with our test
unit. Hence, our circuit description is
based on observation. The receiver em-
ploys double conversion to i-f's at
10,695 and 455 kHz. The selectivity at
the second i-f is obtained with a ceramic
filter. The PLL frequency-synthesis sys-
tem employs the usual 10,240-kHz crys-

tal-controlled oscillator from which the
standard reference signal is derived and
which is also used for the second-con-
version oscillator.

The voltage-controlled oscillator (vco)
at the first mixer operates at a frequency
that is 10.695 kHz lower than the fre-
quency of the CB signal. (The more
common practice is to have it operate
higher in frequency than the CB signal.)
This provides somewhat better image
rejection and lessens the chance of spu-
rious radiation from the receiver in the
vhf range. A-microprocessor controls the
channe! selections and various channel-
selection modes.

The transmitter employs the usual
driver and power-amplifier stages, the
latter terminating in a 50-ohm matching
network that maximizes harmonic at-
tenuation and other spurious radiation
that can cause interference such at TVI.

The transmitter is modulated by the
receiver’s audio system, which contains
a form of automatic modutation control.

Physically, the transceiver is all black
and has a satin-finished chrome trim.
The rotary controls are also chrome fin-
ished. Miniature toggle switches are pro-
vided for activating and deactivating the
ANL and NB and for dimming the lights.

The meter movement has an edge-
wise design and is mounted vertically. A
window for the mode indicators and LED
channel display is located to the left of
center on the panel. The numeric chan-
nel displays are very bright, providing
much better than usual visibility under
bright external-lighting conditions.

To the left of the indicator/display win-
dow is the keyboard that controls chan-
nel selection and operational mode. It
consists of 11 keys, 10 of which are
square and labelled with the numerals 0
through 9 and the last is oblong in shape
and is labelled CHANNEL. The key but-
tons are backlighted so that their fe-
gends are easily readable under all light-
ing conditions. In addition to their O
through 9 labelling, the square keys
have labelling (letters and arrows) for
their secondary functions. They also
light up in different colors.
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To directly set up or instantly jump to
any desired channel, first the CHANNEL
and then the number buttons that corre-
spond to the number of the desired
channel must be pressed. If an illegal
channel is selected, the system automa-
tically goes to channel 19, which also
comes up first when the transceiver is
turned on.

Scanning of all channels at a rate of
eight channels/second is accomplished
by holding down the 0 or 1 key, depend-
ing on which direction you wish the scan
sequence to take. (The O button's sec-
ondary labelling is an open arrow that
points upward for upward scanning,
while the downward-pointing open arrow
on the 1 button indicates a downward di-
rection of scan.) To scan at four chan-
nels/second, you use the 2 and 3 keys,
which are labelled with closed upward-
and downward-facing arrows to indicate
the direction of the scan.

To step through the channels one ata
time, you momentarily tap 0, 1, 2, 3, etc.,
according to the desired progression.

To scan through all channels and stop
at the first on which there is activity, the
squelch is first adjusted to mute the
background noise. Then you press the 7
key, which is alternately labelied with an
N for normal, and the 5 key, which is also
labelled s for scan. The scanning direc-
tion is then set by hitting the 0, 1, 2, 3,
etc., key as desired.

To scan up to 10 preselected chan-
nels, stopping at the first active one, the
desired channels are entered into mem-
ory by pressing the 8/m (M for memory)
key and then the CHANNEL key. Then
you enter the number of the channel via
the numeric keyboard. Continue this se-
quence until all desired channels have
been entered into memory. Once they
are entered into memory, scanning is
initiated by muting the squelch and then
tapping the 8/m and 5/s keys.

When an incoming signal on a chan-
nel on which the scanner has stopped
ceases, scanning can be resumed by
tapping the 5/s key. To stop the scan at
any point, simply tap the 8/m key. Also,
if you wish to manually step through the

POPULAR ELECTRONICS
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channels in memory, you can repeatedly
tap the 8/mM key.

Anything that is in memory is erased
when power is turned off. However, a
terminal on the rear apron of the tran-
sceiver is provided for direct connection
of the memory system to the 12-volt
supply to prevent erasures from hap-
pening if this is desired.

Other transceiver functions are initiat-
ed by using the appropriate keys. Space
does not allow us to enumerate all of
them here, but here is a quick summary.
Alternate scanning of two preselected
channels is accomplished with the aid of
key 6/a (a for alternate), or a priority
channel can be set up with key 4/p (P is
priority). Key 9/€ (E for emergency) sets
up channel 9 for instant access when
the 9 key is pressed, at which time, all
other functions are overridden.

Laboratory Measurements. The
receiver sensitivity measured 0.55 pV
for 10 dB (S + N)/N over most of the
range. It was 0.8 .V at the lower end of
the band. These results were obtained
with a 1000-Hz test tone modulating the
carrier 30%.

The threshold range of the squeich
was 0.3 to 2000 pV. The S meter in-
dicated a relative signal strength of S9
with a 100-nV signal. The meter pointer
just started to move up-scale with a
0.5-nV input signal. The agc system
held the audio output to within 6 dB with
a 20-dB r-f signal variation at 1 to 10 wV.
Audio varied by 12 dB with an 80-dB in-
put change at 1 to 10,000 p.V.

Image rejection measured an excel-
lent 90 dB minimum. The i-f rejection
was a good 70 dB, while spurious-signal
rejection was a fine 65 to 70 dB. Adja-
cent-channel rejection and desensitiza-
tion was 55 to 60 dB.

The overall audio response, referred
to 1000 Hz, was +2, +4, +2, -2, —4,
—6, and —10 dB at 260, 400, 750, 1200,
1500, 1800, 2400 Hz, respectively. The
maximum sine-wave output power we
measured was greater than we have be-
come accustomed to, amounting to 8
watts at 7% THD with a 1000-Hz tone
and 8% THD with a 400-Hz tone into 8
ohms. Using a 10% THD figure at 1000
Hz, we measured 10 watts of audio out-
put with limiting.

The maximum attainable PA output,
using the microphone supplied with the
transceiver, was 6 watts. With a higher-
output microphone, we expect that the
output would have been greater.

Operating from the standard 13.8-volt
dc power source, the transmitter deliv-
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ered a carrier output of 3.75 watts into
50 ohms. Modulation reached 85% to
90% on the positive peaks and 100% on
the negative peaks. At frequencies
beyond 1400 Hz, the maximum attaina-
ble modulation dropped off gradually, to
50% at 2300 Hz.

Using a 1000-Hz test tone at levels 16
and 25 dB greater than that required for
50% modulation, the adjacent-channel
splatter at more than 5000 Hz from the
carrier frequency was down 60 and 55
dB, respectively. The THD in both cases
was 6%. With voice maintained at a high
average level, the splatter was at least
60 dB down, even though the negative
peaks occasionally went a bit beyond
100% modulation. With heavy amc ac-
tion, the voice quality was a little rough
at low frequencies. Modulation and car-
rier shift were slightly upward.

The overall 6-dB response of the
transmitter was 450 to 2250 Hz. The
output frequency tolerance was —22 Hz
on all channels.

User Comment. The operation of this
transceiver sounds much more compli-
cated than it is in actual use. One quickly
gains familiarity with the various controls

so that, in short order, operation be-
comes instinctive.

Our operational tests revealed that
activated-anl dropped the overall signal
level 5 to 10 dB with signals less than 1
wV and 4 to 6 dB with signals around 10
wrV. This is of little concern since the ac-
tual sensitivity of the receiver is not al-
tered. Besides, the signal-to-external-
noise ratio is considerably improved;
you just have to crank up the volume a
bit. In this regard, the degree of attenua-
tion depends on the threshold of the anl,
at any setting of which we observed no
adverse audio distortion either by ear or
by oscilloscope observation.

Bench and on-the-road tests in a vehi-
cle indicated the noise blanker to be
more effective on certain types of noise,
while the an! does a better job on other
types. The latter was exceptionally ef-
fective on ignition noise.

In short, this advanced-type mobnle rig
provides fine overall performance in all
departments—signal-handling  ability,
unwanted-signal rejection, clean and
high average modulation, and high au-
dio and PA output. Its other attributes
make it an outstanding unit.
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Should your
career in
electronics
g0 beyond

1'V repair?

CREI prepares you at home

for broader and more advanced
opportunities in electronics —

plus offers you special arrangements
for engineering degrees
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Advanced Electronic

There is no doubt television repair can
be an interesting and profitable career
field. TV repair, however, is only one of
the many career areas i the fast growing
field of electronics.

As an indication of how career areas
compare, the consumer area of electron-
ics (of which TV is a part) makes up less
than one-fourth of all electronic equip-
ment manufactured today. Nearly twice
as much equipment is manufactured for
the communications and industrial fields.
Still another area larger than consumer
electronics is the government area. That
is the uses of electronics in such areas as
research and development, the space
program, and others.

Just as television is only one part of
the consumer field, these other fields of
electronics are made up of many career
areas. For example, there are computer
electronics, microwave and satellite
communications, cable television, even
the broadcast systems that bring pro-
grams to home televiston sets.

As you may realize, career oppor-
tunities in these other areas of electron-
ics are mostly for advanced technical
personnel. To qualify for these higher
level positions, you need college-level
training in electronics. Of course, while
it takes extra preparation to qualify for
these career areas, the rewards are
greater both in the interesting nature of
the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.

Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are
college level. And CREI gives you both
theory and practical experience in ad-
vanced electronics.

Unique Design Lab

A unique feature of CREI training is its
Electronic Design Laboratory Program,
which trains you to actually design cir-
cuits. It also helps you understand the
theories of advanced electronics and
gives you extensive practical experience
in such areas as tests and measurements,
breadboarding, protctype construction,
circuit operation and behavior, charac-
teristics of electronic components and
how to apply integrated circuits.

POPULAR ELECTRONICS
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-areer Training at Home

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find

in most colleges. The “Lab™ is one of * :
the factors that makes CREI training Send for thls FREE BOOk
interesting and effective. And the pro- .

fessional equipment in this program be- de Scrihing you_r Opportunities

comes yours to keep and use throughout

your professional career after you com- d CREI ll l l
plete the training. an ' CO ege- eye
L] &
Engineering Degree programs in electronics
CREI offers you special arrangements
for carning credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements 1s that you can continue
your full ime job while **going to college™
with CREI. This also means you can
apply your CREI training in your work
and get practical experience to qualify
for career advancement.

Wide Choice of Programs
CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modern electronics.

FREE Book

In the brief space here, there isn’t room
to give you all of the facts about CREI
college-level, home study programs in
electronics. So we invite you to send for
our free catalog (if you are qualified to
take a CREI program). The catalog has
over 80, fully illustrated pages describ-
ing your opportunities in advanced elec-
tronics and the details of CREI home
study programs.

Mail card or write describing qualifications to Gl Bill

CREI programs
CAPI TOL are approved
RADIO for training of
| veterans and
ENGINEERING servicemen under
INSTITUTE the G.I. Bill.

McGraw-Hill Continuing Education Center

Qualifications

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

minimum experience in electronics. 3939 Wisconsin Avenue Northwest
Washington, D.C. 20016 :"‘ﬂ
Accredited Member Naiional Home Study Council Hl'|
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HANDLING RADIO-FREQUENCY INTERFERENCE

hat can you do when a neighbor

complains that your CB transceiv-
er 's interfering with his TV reception? In
all probability you can get yourself off
the hook because the odds are that the
problem is not your fauit. But if you want
to stay on good terms with your neigh-
bor, you will most likely have to show
him that you are not the cause of the dif-
ficulty. For this reason, the FCC sug-
gests that you take all steps possible to
determine that your rig is not the cause
of radio-frequency interference (RFl) as
a result of a deviation from the technical
requirements. Besides, a complaint to
the FCC might resuit in your receiving a
violation notice, forcing you to have
technical tests conducted on your tran-
sceiver by a qualified technician.

Is It Really RF1? The first step when
someone complains to you is to find out
whether or not the problem is indeed
caused by RFI. If the neighbor's TV re-
ceiver booms out, “What's your 20,
Good Buddy?” CB transmissions are
obviously involved. But many other
symptoms are mistaken for CB-caused
interference.

Randomly spaced lines of black and
white spots crossing the picture tube of
a TV receiver or sizzling or buzzing
sounds in the receiver's sound are cer-
tainly RFI; but they are caused by elec-
tric motors, vehicle ignition systems, and
similar electrical devices. They are not
caused by CB or other radio equipment.
Herringbone patterns in the TV picture
are most likely caused by nearby FM
stations (especially on TV channel 6),
according to the FCC. But they can also
be caused by CB or amateur-radio
transmissions. If the pattern changes
with the TV program’s sound, however,
itis more likely a problem in the TV.

RFl can also appear on a TV receiv-
er's picture tube as a pattern of interfer-
ence that shifts as the operator talks.
Sometimes, the interfering signal will be
audible through the TV receiver's speak-
er, but this is more likely to occur in high-
fidelity systems.
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If interference appears on TV chan-
nels 2, 5, 6, or 9 (especially 2 and 5), CB
interference is the likely cause (but it
may not be from your transmitter). If the
interference appears on all TV channels,
or on only one of the unmentioned chan-
nels, then CB transmitters can generally
be ruled out as the offender.

Keep in mind that the 6-Meter ham
band can cause TV channel-2 interfer-
ence and that channel-6 interference
would likely be limited to 40-channel CB
rigs with transmissions on one of the 17
new channels.

Is It Your Rig’s Fault? When you re-
ceive a complaint, the first step is to find
out whether or not your CB rig is in-
volved. A quick and easy way to accom-
plish this is to have your neighbor switch
to TV channels on which he normally
gets interference while you make brief
transmissions on each of the channels
you normally use. Keep in constant
touch by telephone as you do this.

If the interference comes and goes as
you key on and off your rig's micro-
phone, your CB rig is definitely involved.

Your CB rig may be involved in caus-
ing your neighbor's TV receiver or hi-fi
system to pick up interference, but it still
may not be your fault. As long as your
transmitter is operating properly, with no
more than full legai output power and no
excess harmonics, the legal responsi-
bility for clearing up any RFI| problems it
causes rests with your neighbors who
are suffering from them. This does not
mean that you, as a good neighbor, can-
not help solve their difficulties. Be sure
you have their full cooperation, though.

You have the responsibility to ensure
that your operation meets all legal re-
quirements. All transmitters radiate har-
monics, of course. Unfortunately, the
strong second and third harmonics of
transmissions on the 27-MHz band fall
close ta TV channel 2 (54 to 60 MHz)
and channels 5 and 6 (76 to 88 MHz),
while the seventh harmonic falls right in
the middie of channel 9 (186 to 192
MHz). FCC regulations stipulate that to-
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day’s 40-channel CB transmitters must
attenuate these harmonics by at least 60
dB. (Transceivers built before January
1, 1977 must still attenuate the harmon-
ics by at least 50 dB.) Operating a trans-
ceiver that radiates harmonics above
these levels is illegal

Sometimes, the cause of excessive
harmonic radiation may be as simple as
the accidental loosening cf the screws
that hold the CB chassis to its metal
case. Here, a simple tightening of the
hardware may be all that is required to
effect a cure. If this does not work, try
grounding the transmitter to a cold-water
pipe or other good earth ground.

The next step is to try a 52-ohm low-
pass filter between the transmitter and
antenna. The filter will pass CB signals
and effectively attenuate the higher har-
monic frequencies that cause RFI. Such
a filter can also serve as a diagnostic
tool when used with a power or SWR
meter. To do this, install the meter be-
tween the transmitter and a dummy load
and measure the output power (or with
an SWR bridge, adjust it to the calibra-
tion line). Then install the filter between
the transmitter and meter and repeat the
measurement without retuning the
transmitter. If the meter reading de-
creases, harmonics may be present.

Harmonics may also escape through
the power line. If this is the case, a line
filter of two capacitors (0.001 mi-
crofarads each) will pass the r-f to
ground and may prevent this radiation.

Overmodulation can cause RFI, too,
since the resultant clipping of the r-f
waveform produces a wealth of harmon-
ic and spurious emissions that are com-
monly referred to as ‘“splatter.” This
splatter also causes interference on ad-
jacent CB channels. Therefore, the FCC
requires that a modulation limiter be built
into CB transmitters that are capable of
delivering more than 2.5 watts of r-f out-
put, which includes virtual'y all base and
mobile rigs and many hand-heid trans-
ceivers. It is more likely that overmodu-
lation occurs with 23-channel rigs than
with the new 40-channel rigs because
manufacturers’ CB mocels are now
more closely inspected.

If you have any reason to suspect that
your transceiver is overmodulating or ra-
diating excessive harmorics, and if the
elementary checks and solutions de-
scribed above do not solve the problem,
have your transceiver checked out by a
person who holds a first- or second-
class radiotelephone license.

the Fault.
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strating that your CB rig is doing nothing
wrong will only partially mollify your
neighbors. Helping them cure their prob-
lems can make your neighbors positive-
ly grateful

RF1is most likely to enter a TV receiv-
er through its antenna terminals. So, the
first step is to look over the TV antenna,
lead-in cable, and lightning arrestors (if
any). Look for corroded connections and
deterioration of the cable. Repair or re-
place any doubtful connections or cable.

If the RFI persists, check for a signal
booster on the antenna mast or on the
rear of the TV receiver and determine if
the receiver is being fed from a distribu-
tion amplifier somewhere in the antenna
system. (The amplifiers and high-gain
antennas used to boost weak signals in
fringe reception areas will also boost the
received strength of any local CB har-
monics.) if there is such an amplifier, re-
moving it from the system may eliminate
the RFI problem. If it does, reconnect
the amplifier and ground it to a good
earth ground. You may have to house it
in a metal case, which can then be
grounded. Alternatively, you can install a
high-pass filter at the amplifier input.

In systems that use boosters, it is usu-
ally advisable to install a second high-
pass filter near the TV receiver’s anten-
na input terminals, unless the amplifier
is right at the receiver. In systems that
do not employ boosters, connect the fil-
ter to the receiver’s antenna input termi-
nals. Make certain that the filter has the
correct impedance: 300 ohms for twin-
lead, 75 ohms for coaxial cable.

If the filter's instructions state that the
filter must be grounded, use a cold-
water pipe or other good earth ground.
Proceed with caution, however. If the TV
receiver does not have an isolating pow-
er transformer, this ground connection
must be made through a ceramic disc
capacitor rated at 1600 volts or more.
The capacitor will bypass the r-f to
ground without affecting the ac line volt-
age on the chassis of the TV receiver.

If interference occurs on only channel
2, it may help to install a tuned filter
(such as a 1-pH choke in series with
a 2-20-pF ceramic trimmer capacitator)
across the antenna termipals of the re-
ceiver. This filter should be tuned for
minimum interference.

The quarter-wave tuned stub is anoth-
er type of filter that can be installed
across the TV receiver's antenna input
terminals. Connect the antenna’s down-
lead and the stub to the antenna termi-
nals. (With 75-ohm coax, this will require
the use of a T connector.)
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For 300-ohm systems, cut the stub to
48" (1.22 m), while for coaxial cable, it
should be cut to 37” (0.94 m). Then,
while the interference is occurring, trim
14" to 14" (3.2 to 5.4 mm) at a time until
the interference is eliminated.

If after you exhaust the various reme-
dies enumerated here, the problem is
not eliminated or radically reduced, the
TV receiver may require internal modifi-
cations. These might include installation
of an additional stub at the tuner or the
addition of filters and/or shunts to cer-
tain circuits within the receiver. Since
detailed knowledge of the particular TV
receiver is required in each case, these
modifications should be left to a qualified
TV service technician.

Getting More Help The FCC has in-
dicated it has hopes of increasing the
harmonic attenuation requirement of CB
transceivers from its present 60 dB to
100 dB. But this alone will not solve the
interference problems. There has been
littte TV receiver improvement in com-
batting interfering signais in the past 20
years, noted Commissioner Robert E.
Lee. With 53,292 reported cases of in-
terference to TV receivers, mostly from

CB transmissions, it seems that part of
the problem rests with poorly designed
TV receivers. Accordingly, the Commis-
sion is looking toward manufacturers of
TV and audio equipment to upgrade
their products’ interference rejection ca-
pabilities. Meanwhile, if you need addi-
tional help for handling RFI probiems,
the FCC has prepared “How To Identify
& Resolve Radio-TV Interference Prob-
lems,” a handbook that is a good source
of information. It is available for $1.50
(make your check or money order paya-
ble to the Superintendent of Documents)
from the Consumer Information Center,
Dept. 051F, Pueblo, CO 81009. Also,
two Interference Handbooks—"TV Inter-
ference” and “Audio Rectification”—are
available from the Consumer Electron-
ics Group/Electronic Industries Associa-
tion, 2001 Eye St., N.W., Washington,
DC 20006.

In some areas of the country, there
are now Local Television Interference
Committees dedicated to resolving CB
interference problems. You can obtain
the address of the nearest Committee
by writing to the International CB Radio
Operators Association, Box 10-2, Roa-
noke, VA 24005.

CB Radio

Is Dead?

CB radio is alive, well, and stronger
than ever. More than 800,000 new
CBers were licensed in the past three
months, In fact, more exciting things
are happening in CB today than hap-
pened 18 months ago when all the
glamor publicity was being given to
the market.

You can keep up to date on all that’s
happening in CB with S9, the videst
and largest monthly magazine de-
voted to CB in the country. But S9
is more than just a CB magazine. It
covers all facets of Persanal Com-
munications, including ham radio,
short wave listening, and vhf moni-
toring.

S9 tells you what's happening today
and what will happen in the future.
And why. It's the fun magazine for
people interested in communicating.

We've got a special introductory offer
for readers of Popular Electronics.
You'll save almost 50% over the
regular newsstand rates. Subscribe
today. Find out for yourself just how
great CB radio can really be.
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Computer Bits

MICROCOMPUTER MEMORY

LMOST from the start, memory has
played a major, if not dominant, role
in the practicality and cost of a hobbyist
computer system. in the very early days
(before 1972), the small “nome brew"
group of computer hobbyists used any
type of memory that was available and
relatively low in cost. Telephone relays,
magnetic-tape loops, delay lines, sal-
vaged memory drums, and of course
core memory stacks were used. How-
ever, all of these devices were either ex-
tremely slow in speed, or were complex.

Along about 1972, semiconductor
memories became low enough in price
to be used by someone brave enough to
tackle building a home computer. These
memory devices were as easy to use as
the rest of the logic within the system,
thus adding to their appeal.

So, when the home computer revolu-
tion began in 1975 with the introduction
of a low-cost microcomputer kit, semi-
conductor memories were right there
along with the microprocessor chips.
Even now, the main memory (as distin-
guished from external mass storage
such as a cassette), is the dominant cost
and performance factor in a home com-
puter. The speed and sophistication of
the MPU mean nothing if the main mem-
ory does not have ample capacity. Al-
though some MPU’s have more efficient
storage of programs, when it comes to
raw data storage, all systems are equal.

Types of Memory. Classical memory
devices are divided into two distinct
grcups: random access and nonrandom
access. A random access memory re-
quires essentially the same amount of
time to read or write a particular memory
cell regardless of which cell is ad-
dressed, or the order of consecutive ad-
dresses. It literally means that a random
sequence of addresses is handled just
as fast as an ordered sequence.

The very earliest memory IC’s were
long shift registers that were serial ac-
cess rather than random-access de-
vices. When presented with a random
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address, a shift-register memory re-
quires a variable access time depending
on where the data is within the register.
Today's systems use random-access
memory exclusively for main memory.

Random-access semiconductor mem-
ories can be further broken down
into read-only, read-mostly, and read/
write classes. A read-only memory
(ROM) can only be read. The informa-
tion in the memory is placed there during
manufacture and can never be changed.
Read-only memories are typically used
for unchanging system programs such
as a monitor or BASIC interpreter. The
advantage of permanent memory is that
loss of operating power does not destroy
the memecry contents.

Vee

Q3 Q4

.
DATA ks

DATA
UINE —® -~

LINE

Six-transistor static memory.

The read-mostly kind of memory IC
normally behaves just like a read-only
memory but it is possible, using special-
ized equipment and a procedure called
programming, to change the memory
contents. Such memory devices are
called Programmable Read-Only Mem-
ories or PROM’s and the equipment is
called a PROM programmer. One type
of PROM is manufactured with all mem-
ory cells containing "0's”. The program-
ming procedure can change selected
cells to “1's” to get the desired memory
contents. The PROM can be pro-
grammed again later to write additional
“1's"” but once set, a cell can never re-
turntoa 0",

Another type of read-mostly memory
IC can be erased to its all-“0" state and
then completely reprogrammed as often
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as desired. These are called EPROM’s
for Erasable PROM. The erasure is usu-
ally accomplished with intense short-
wave ultraviolet light, although a couple
of types exist that can be erased with
voltage pulses. The EPROM costs more
than any other type of memory IC.

A read/write memory, which is usually
called just @ RAM, can be written into as
quickly and easily as it can be read from.
Most of the memory in a typical system
is of this type because such a memory
does not have to be dedicated to any
single program or data table as ROM
and PROM are. User programs and data
are always stored in RAM and frequently
many of the system programs such as
the assembler and text editor are also
stored there. Of course, the very flexibil-
ity, and ease of writing, makes RAM
contents easily destroyed by errant pro-
grams or operating power failures.

Inside RAM. Since plain RAM is the
most popular kind of memory, let's take
a closer look at RAM operation and ter-
minology. Two basic storage circuits are
used in modern RAM’s. The first type is
a conventional flip-flop (as shown inthe
diagram) made from MOS transistors
Q1 and Q2. Transistors Q3 and Q4 func-
tion as high-value load resistors and are
used because they are physically small-
er than an equivalent resistor would be.
Switches S1 and S2 connect the memo-
ry cell to the outside world and provide
the read and write data path.

When the cell is unaddressed, both
switches are open and the cell is isolat-
ed. To read, both switches are closed
and the state of the flip-flop can be de-
termined by sensing the voltage level on
the data lines. To write, the switches re-
main closed and other circuitry forces
the data lines to voltage levels that will
cause the flip-flop to change state.

This type of cell is called static be-
cause once the flip-flop is set to a partic-
ular state, it will remain in that state until
instructed to change, or the power sup-
ply voltage drops. Switches S71 and S2,
are in reality, MOS transistors and so
the memory cell in Fig. 1 is a 6-transistor
static memory cell.

Another common data storage circuit
is just a capacitor and a switch which
again is really a transistor. When the cell
is unaddressed, the switch is open and
the voltage level on the capacitor deter-
mines the cell’'s state. To read the cell,
the switch (transistor) is closed thus dis-
charging the capacitor into a sensing cir-
cuit connected to the data line. If a surge
of current from the discharging capacitor
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is sensed, then a 1 was stored—no
surge represents a 0. The data is then
restored to the cell by applying a high
voltage to the data line if a 1 had been
previously sensed. When writing new
data, the initially sensed data is ignored.

This cell is called dynamic because
the charge will leak away from the capa-
citors if they are not written or read often
enough. At room temperature, the
charge remains for a second or so; but
at the top end of the rated temperature
range, the period may be only a few mil-
liseconds. Actually, in a dynamic memo-
ry IC, the capacitor is really just stray ca-
pacitance. Thus the entire memory cell
consists of just one transistor.

The small size of such memory cells
allows as many as 16,384 of them to be
placed on one chip, whereas only 4096
of the 6-transistor type are diffused on
one chip. Even the lowest cost and most
popular dynamic RAM’s pack 4096 bits
in a chip, whereas static types contain
only 1024 cells.

Another advantage of the dynamic
cell is that power consumption is very
low. Cells just idling don't consume any
power. The dynamic RAM consumes
power only when being accessed while
a static RAM constantly draws current to
keep the thousands of internal flip-flops
powered. It is not unusual to see a 32k
static memory system require over 8
amperes while an equivalent dynamic
memory system might require less than
one ampere.

As previously mentioned, a dynamic
memory system must read or write ev-
ery cell occasionally to recharge the
storage capacitors. Since this does not
always happen during normal operation
of the system, a separate refresh opera-
tion is usually performed. Refreshing is
quite simple and amounts to nothing
more than sequentially reading through
a portion of memory using a counter to
generate addresses. Due to the internal
organization of the memory IC's, only 64
addresses really have to be read to re-
fresh all the cells.

Early memory board designs using
dynamic RAM’s would periodically stop
the MPU while refresh was being per-
formed. Modern designs look at the
state of the MPU and during those times
when memory access is not required, a
refresh cycle is slipped in.

Memory Boards. There are certainly
more different kinds of memory boards
for hobbyist systems on the market than
any other type of board. For Altair
(S-100) bus systems, the earliest mem-
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ory boards contained only 1024 bytes of
static RAM. Later, MITS introduced its
4k dynamic memory board using 22-pin
4k RAM'’s. It was quite power conserva
tive but priced fairly high. Refreshing
was done by halting the MPU periodical-
ly. This opened the door for competing
brands of memory boards which, in the
interests of quick development and mar-
keting strategy, used 1k-bit static RAM
IC’s and had a total capacity of 4k bytes.
While they worked well and were low in
cost due to intense competition, the
much greater power consumption of
static RAM's strained the computer's
power supply and cooling system. Com-
puter manufacturers responded with
massive power supplies to satisfy cus-
tomers who plugged 32k and more of
memory into a system.

Later improvements in printed circuit
board fabrication allowed as much as 8k
on a board using the same 1k memory
components. Finally, the IC manufactur-
ers figured out how to put 4096 bits of
static memory onto one chip and also
cut the power consumption per bit by a
factor of two to four. Thus, 16k static
memory boards became available. Al-

though more expensive per bit than the
4k or 8k boards, these larger units are
becoming popular.

Finally, memory board designers
have found ways to “hide” the refresh
cycles of a dynamic memory in the
MPU's idle time periods. Also, at the
same time that 4k static-memory IC's
became available, 16k dynamic RAM's
also became available. Using these, itis
now possible for 64k bytes to be putona
single board. The 16k IC’s are still quite
expensive, but an 8k version is being
used in very cost-effective memory
boards with a capacity of 32k bytes.

However the least expensive memory
boards on today’s market still use the
same 22-pin 4k RAM’s that were used in
the original MITS 4k board. These have
a 16k capacity, utilize hidden refresh,
and are $300 to $400.

Memory costs are constantly decreas-
ing. In two years it will be possible to buy

~a 64k memory board for what" a 16k

board costs now. Already the computer
manufacturers are introducing systems
that can address more than 64k of mem-
ory to make room for the never-ending
memory capacity spiral. &

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!

Write and run machine language programs at home, display video graphics
on your TV set and design microprocessor circuits — the very first night
— even if you've never used a computer before!

SPECIFICATIONS

ELF 11 features an RCA COSMAC
COS MOS 8&-bit microprocessor ad-
dressable to 64k bytes with DMA. in-
terrupt, 16 registers, ALU. 256 byte
RAM. full hex keyboard. two digit hex
output display. 5 slot plug-in expansion
bus, stable crystal clock for timing pur-
poses and adouble-sided plated-through
PC board plus RCA 1861 video IC to
display any segment of memory on a
video monitor or TV screen.

Use ELF Il to ... PLAY GAMES usin -
your TV for a video display ... CREAT

GRAPHICS pictures, alphanumer-
ics, animated effects ... learn how to
DESIGN CIRCUITS using a
microprocessor ... the possibilities

are infinite! home and

RCA COSMAC microprocessor/mini-

= computer

A THOUGHTFUL BIFT
FOR ANYOME WHQ MUST
ITAY UF TD DRATE IN
COMPUTERS AND
ELECTRONICE!

ELET 59995

- NN N A SENDTODAY————_—1
NETRONICS R&D LTD., Dept PE3
332 Litchtield Road. New Mitford. CT 06776 Phone (203) 354-9375 I
Yes! [ want to run programs ual
have

controllers. eic. (soon to be

enclosed: available as kits), Manual in—l

NOW AVAILABLE

ELF 1l explodes into a giant when you
plug the GIANT BOARD™ into ELF's
expansion bus. This powerful board in-
cludes cassette 1. O, RS 232-C TTY. 8-
bit P 1I'O and system monitor/
editor...meaning your ELF Il is now the
heart of a full-size system with unlimited
computing power' $39.95 kit. $2 p&h.
@ 4k Static RAM addressable to any 4k
page to 64k. $89.95 kit. $3 p&h.

® Prototype (Kluge) Board accepts up to
32 1.Cs of various sizes. $17.00 kit. $1

p&h.

e Expansion Power Supply. $34.95 kit.
$2 h.

e Gold plated 86-pin connector. $5.70
postpaid.
Coming Soon!

s -

Tiny Basic
ASCIIKEYBOARD* CONTROLLER I
BOARD * D-A, A-D CONVERTER *
CABINET

{0 $99.95 plus 33 p&h for RCA
COSMAC ELF II kit. Featured
in POPULAR ELECTRONICS.
Includes all components plus
everything you need to write
and run machine language pro-
grams plus the new Pixie chip
that lets »ou display video
graphics on your TV screen. De-
signed to give engineers practice
in computer programming and
microprocessor  circuit  design.
ELF 11 is also perfect for college
and college-bound students (who
riust understand computers for
any engineering. scientific or
business career). Easy instruc-
tions get you started right away.
even if vou've never used a com-
ruter before!

As your need for computing
power grows. five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger  monitor, cassette I O, A
to D and D to A converters.
PROM, ASCII

. e s
CIRCLE NO
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keyboard inputs,
L R N N __ N N ]
31 ON FREE INFORMATION CARD

cludes instructions for assembly,
testing. programming. video l
graphics and games plus how
yvou cun get ELF II User’s Club |
bulletins. Kit can be assembled
in a single evening and sou’ll I
still have time to run programs,
including games. video graphics. '
controllers. etc.. before going to
bed! [J $4.95 for 1.5 amp 6.3 l
VAC power supply. required for
ELF I1 kit. 3 $5.00 for RCA
1802 User's Manual. I

[ I want mine wired and tested |
with the power transformer and
RCA 1802 User's Manual for I
$149.95 plus $3 p&h.

Conn. res. add sales tax,

NAME

o i

ADDRESS. . l
|

|

CITY

STATE Z\p_

[ Send info on other kits!

Dealer Inquiries Invited
D D TR S e S
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Software
e SOUTCES

8080 Music System. This new music
system for 8080/Z-80 computers includes a
mcnitor, a text editor whose file structure is
compatible with Processor Technology's
ALS-8 Assembly Larguage Operating Sys-
tem, a high-level music-composing-language

compiler, and an S-100 bus-compatible cir-
cuit board with components. The system re-
quires close to 2k of memory and an external
amplifier, speaker and connecting cable.
Language capabilities include dotted notes,
four-octave range, and staccato. The system
generates complex tones, not simple sine
waves. $24.50 Write: Software Technology
Corp., Box 5260, San Mateo, CA 94402.

6502 Executive for KIM-1. Adaptable
to any 6502-based system, this program is
designed for KIM-1 with 4k or more and a
TTY or TVT interface. It uses subroutines
within the XIM monitor program. The program
acts as a software system, controller, linker
debugger, ASCI! text editor and general pro-
gramming aid. It includes a high-speed (213
bytes/s) cassette read-write program for sav-
ing and loading programs, plus manually
loadable bootstrap in KIM format. Other func-
tions include linkage between Kimex sub-pro-
grams and KIM monitor, trace program to dis-
play pertinent register data after instructions

are executed or at selected breakpoints, bi-
nary-decimal conversion, memory test and
content comparisons, memory move, and rel-
ative offset calculation for branch instruc-
tions. $25, including annotatad listing and
complete instructions. Sub-programs avail-
able separately for $5 each. Write: Innovative
Software, Inc., 3107 Casa Bonita Dr., Bonita,
CA 92002.

6800 Cross-Assembler. A two-pass
cross-assembler permitting 6800 programs
to be assembled on a CDC 6500 or PDP-11
recognizes hex, decimal, octal, binary and
ASCII constants, as well as arithmetic opera-
tors. Addresses may be specified as expres-
sions involving symbols. The program re-
quires approximately 15k words of memory
on a CDC6500 and 27k words on a PDP-11,
depending on the size of the symbol table.
The program, with manuals and one year's
maintenance, is $600. User's manual is avail-
able separately for $5. Write: Wintek Corp.,
902 N. 9th St., Lafayette, IN 47904,

Advertisement

ALABAMA

ICP Computerland

1550-D Montgomery Hwy.
Birmingham, Alabama 35226
(205) 979-0707

CALIFORNIA

Computer Emporium
17931-J Sky Park Circ e
Irvine, California 92714
(714) 540-8446

Computerland

6840 S. La Cienega Blvd.
Inglewood, California 90302
(212) 776-8080

Inland Computer &

Electronics House

537 North 'E’ St.

San Bernardino, Califcrnia 92402
(714) 888-3690

Peoples Computer Shop

13452 Ventura Bivd.

Sherman Oaks, California 91423
(213) 789-7514

Rainbow Computing, Inc.
10723 White Oak Ave

Granada Hills, Califorria 91344
(213) 360-2171

GEORGIA

Datamart, Inc.

3001 North Fulton Drive, NE
Atlanta, Georgia 30305
(404) 266-033¢

ILLINOIS

American Microprocessors
Equipment & Supply Corp.
At the Chicagoland Airport

MICROCOMPUTER MART

COMPUTER RETAIL STORES

20 North Milwaukee Ave.
Half Day, llinois 60069
(312) 634-0076

Computerland of Arlington Heights
50 East Rand Rd.

Arlington Heights, lllinois 60004
(312) 255-6488

Imperial Computer Systems, Inc.
2105 23rd Ave.

Rockford, Illinois 61101

(815) 226-8200

LOUISIANA

Computer Shoppe, Inc.
3225 Danny Park
Metairie, Louisiana 70002
(504) 454-6600

MASSACHUSETTS

Computer Mart, inc.

1097 Lexington St.

Waltham, Massachusetts 02154
(617) 899-4540

MICHIGAN

The Computer Mart

1800 West 14 Miie Rd.
Royal Oak, Michigan 48073
(313) 576-0900

The General Computer Store
930 Mason

Dearborn, Michigan 48124
(313) 562-3320

The General Computer Store
1310 Michigan

East Lansing, Michigan 48823
{517) 351-3260

The General Computer Store
73 W. Long Lake Rd.

Troy, Michigan 48084
(313) 689-8321

United Microsystems Corporation
2601 S. State St.

Ann Arbor, Michigan 48104

(313) 668-6806

MISSOURI

Gallion Data Systems, Inc.
201 North 11th St.

Blue Springs. Missouri 64015
(816) 229-4976

NEBRASKA

0Omaha Computer Store
4540 South 84th St.
Omaha, Nebraska 68127
(402) 592-3590

NEW JERSEY

Computer Corner of New Jersey
240 Wanaque Ave.

Pompton Lakes, New Jersey 07442
(201) 835-7080

Computer Mart of New Jersey
501 Route 27

Iselin, New Jersey 08830
(201) 283-0600

$-100, Inc.

7 White Place

Clark, New Jersey 07066
(201) 382-1318

NEW YORK

Atlas Electronics Corp.
1570 Third Ave.

New York, New York 10028
(212) 427-4040

The Computer Corner

White Plains Mall

200 Hamitton Ave.

White Plains, New York 10601
(914) WHY-DATA

PENNSYLVANIA

Personal Computer Corp.
Frazer Ma.l

Lancaster Ave. & Rte. 352
Malvern. Pennsylvania 18355
(215) 647-8463

TEXAS

Compushop

13933 North Central Expressway
Dallas, Texas 75243

(214) 234-3412

Interactive Computers
7646 Dashwood
Houston, Texas 77036
(713) 772-5257

Interactive Computers
16440 E| Camino Real

Houston, Texas 77053
(713) 486-0291

The Computer Shop

6812 San Pedro

San Antonio, Texas 73216
(512) 82€-0553

VIRGINIA

The Computer Hardware Store, Inc.
818 Franklin St.

Alexandria, Virginia 22314

(703) 548-8085

Computer Systems Store
1984 Chain Bridge Rd.
McLean (Tysons Corner),
Virginia 22101

(703) 821-8333

WISCONSIN

Microcomp

PO Box 1221

785S. Main St.

Fond du Lac, Wisconsin 54935
(414) 922-2515

Dealers: For information about how to have your store listed in THE M-
CROCOMPUTER MART. please contact: POPULAR ELECTRONICS.One
Park Ave. New York, New York 10016 .(212) 725-3568.
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Listening

By Glenn Hauser

SINGLE SIDEBAND BROADCASTING

LTHOUGH SSB is the main mode

used in hf amateur radio communi-
cations and is gaining acceptance on
the Citizens Band, international broad-
casters are slow to adopt what everyone
agrees to be a system more efficient
than AM. Actually, “AM" is a shorthand
expression for the full-strength carrier,
double-sideband mode of transmission,
whether used on shortwave, longwave
or mediumwave—despite popular us-
age equating AM only with medium-
wave.

The arguments in favor of SSB broad-
casting are cogent. It is a tremendous
waste of resources—both energy and
spectrum—to transmit two sidebands
and a full-strength carrier. One sideband
is redundant, and the carrier can be gen-
erated inside each receiver. Twice as
many stations could fit into a present
AM-only band. There would be less in-
terference (if stations are properly
spaced) and no heterodynes. Also,
there would be no distortion due to se-
lective fading. We tend to associate se-
lective fading with shortwave, but actual-
ly it results from a combination of AM
transmission and shortwave propaga-
tion. Upper and lower sidebands do not
fade simultaneously, so that sometimes
they cancel each other.

The main stumbling block is the fact
that many shortwave receivers, espe-
cially low-priced ones, are not well-suit-
ed to receive SSB. Some of those that
have a bfo lack the stability necessary to
make listening to SSB broadcasts as
easy as listening to AM.

If the receiver drifts more than a nomi-
nal amount, the pitch of the SSB audio
changes, becoming unintelligible unless
periodically retuned. This is more of a
problem with music than speech. Fortu-
nately, SSB broadcasts customarily re-
tain a residual carrier. All we need for
foolproof SSB listening are receivers
with automatic frequency control circuit-
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ry that locks on the residual carrier.

Some receivers employ narrower
bandwidth filters on SSB. This means
that the reproduction of programming
with high-frequency audio content, such
as music, is degraded compared to that
obtained on AM. On the other hand, se-
lective fading is more annoying on music
than on speech, and SSB would do
away with it.

Considering these drawbacks, it looks
as if SSB broadcasting is not likely to re-
place AM at any time in the near future.
In fact, it's possible that the political
problems presently preventing direct in-
ternational broadcasting on FM from
satellites will be resolved first. But in the
meantime, a few stations are already ex-
perimenting with SSB broadcasting, giv-
ing us the opportunity to find out how it
actually works in practice. Some are out-
of-band, but others are within the AM
shortwave broadcasting bands.

Chile seems to have established a
regular evening service on 14,530 kHz
with “Radio Colo Colo” programming.
The purpose of this transmission is not
clear, but it lets us listen to Chilean do-
mestic radio on a clear frequency with
generally good reception.

Some out-of-band SSB broadcasts
are considered ‘feeders’ to relay sta-
tions, which of course have professional
equipment that works well on SSB. Re-
lay stations prefer SSB feeds over AM
ones, which might also be available, be-
cause instead of the double selective
fading experienced with an AM-to-AM
relay, there is only single selective fad-
ing on the relay station’s AM signal.

Chile, of course, owns no relay sta-
tions in other countries. But it often hap-
pens in Latin America that private sta-
tions relay the programs of others for
reasons of their own—news coverage,
or more often sporting events, on an ir-
regular schedule.

Radiodifusora Nacional de Colombia
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used SSB for several months in 1977
within the 19-meter band, varying be-
tween 15,325 and 15,335 kHz. Then it
went back to AM, but Richard Varron
advised us that SSB broadcasts con-
tinued on 13,867 kHz all day. There is
some doubt that Colombia’s SSB on
19m was deliberate. Israel Radio uses
SSB on some of its low-power transmit-
ters, both in and out of band, sometimes
seemingly unintentionally, as some of
the transmitters were formerly used for
point-to-point services.

Several international broadcasters
employ SSB but do not have external re-
lay stations. Nor do they publicize the
SSB frequencies as for general public
reception. The (North) Korean Central
Broadcasting Station is one, with exter-
nal-service SSB programming on 3560
and 3890 kHz. If it were not for the rela-
tively small size of North Korea, one
might surmise that these are feeders to
various different transmitter sites within
the country. This is surely the case with
China's numerous SSB broadcasts, as
well as those of the USSR. Each uses
many different transmitter sites within
the country, but has relays from one oth-
er country—Albania and Bulgaria, re-
spectively.

Sweden has regular SSB broadcasts
of its home service Program One via a
transmitter at Varberg now rated at 100
kW. Initial experiments which included
foreign service programs employed a
30-kW transmitter. This regularly sched-
uled service runs 16%2 hours per day on
several frequencies within the SWBC
bands. it is admittedly not intended for
the general pubiic, but for Swedish dip-
lomatic missions, ships, etc. However,
Richard Wood caught an unpublicized
SSB test on R. Sweden's English pro-
gram at 0230 GMT on 9675 kHz. Radi-
odifusdo Portuguesa uses SSB on 6185
kHz, presumably as a feed to the
Azores Islands.

It is becoming more and more prob-
able that any SSB transmissions you
hear on the fixed service, as opposed to
the amateur, maritime and aero bands,
will be broadcast material. The reasonis
that an ever-increasing portion of two-
way traffic is being routed via satellites
at shf while international broadcasters
continue to use hf circuits to feed pro-
grams to remote relay stations. The sta-
tions you are most likely to encounter
are the Voice of America, Deutsche
Welle, BBC, Radio Free Europe, Radio
France International, and Radio Neder-
land. Some feed two programs simul-
taneously on independent upper and
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lower sidebands. However, the wave of
the future is satellite feeds.

Radio Nederland was reportedly plan-
ning to abandon its hf feeders in favor of
satellites exclusively during this broad-
casting season. The BBC resorts to sat-
elhte links during periods of poor hf prop-
agation. Deutsche Welle has been using
them for some of its feeds to the Rwan-
da relay. And the VOA uses a satellite
feed to its West Coast sites and to Kava-
la, Greece. No doubt this trend will con-
tinue, reducing the amount of SSB
broadcasting on shortwave frequencies.

The Swiss Broadcasting Corporation
considered the conversion of some
transmitters to SSB for Nerth American
broadcasts beginning in March. Of
course, it makes sense for broadcasters
with sufficient equipment to do it both
ways. SBC recently distributed a ques-
ticnnaire to those listeners on its North
American mailing list to obtain opinions
on whether SSB broadcasting should be
tried. North America is an ideal target for

such an experiment, where SSB receiv-
ers are relatively widespread and SBC
has reception problems.

An interesting approach is taken in the
questionnaire. Listeners are asked to
tune in existing SBC AM transmissions,
but with receivers in the SSB mode, and
to compare the reception quality on SSB
with that on AM. If you would like to par-
ticipate in the survey, write to the SBC
European & Overseas Services, “SSB,”
Box CH-3000 Berne 15, Switzerland.

Latest DX News. Shortwave fre-
quencies and schedules are constantly
changing. By the time anything can be
printed and distributed, it runs a high risk
of being out-of-date. Monthly DX club
publications and the listings published in
this magazine serve a useful purpose in
providing a periodic compilation of all
these changes, but those impatient to
keep up with what's happening rely
heavily on several limited-circulation
newsletters issued weekly or fortnightly.

Even these require a significant delay
between the actual observation and its
arrival to interested DX chasers.

It would seem obvious that using the
medium of shortwave itself would be the
way to get DX news out as swiftly as
possible. Yet, until last August, there
was no North American station providing
such a service! Now, thanks to the coop-
eration of Radio Canada International, |
am providing a weekly report of timely
DX news, which unlike most overseas
DX programs is compiled only two days
before broadcast, and welcomes contri-
butions from individual listeners. You're
invited to listen to this report on all RCI
30-minute English programs each Sun-
day, during the “DX Digest’ program.
There are two different reports in alter-
nating broadcasts. One is in the pro-
grams at 1800, 1900 (to Europe), 2130,
0100, and 0300. The other is at 1900 (to
Africa), 2000, 0200, and 0400 GMT.
Please let RCI know if the report is o
value to you. &

TUNER SUB
$19.95

Since all tuner subs that we know of are modified
TV Tuners, we decided 40 market an excellent
performing yet very low cost sub for the technician
who has to get all he can for his money .. . a “Poor
Boy's Sub” for onfy $19.95

This was not an easy task since cabinets, knobs
and controls would push the price far above $19.95

. We searched for a tuner that needed no cabinet
and no controls . . . one that the tech could scounge
the knobs from most any old TV

It took over two years but we finally found it. The
gain is excellent .. Battery drain is very low (only §
18 mils). It's self biasing so there is no R.F. gain
control to fiddle with ... It works equally well on
tube or transistor sets . .. b/w or color .. . and is as
easy to use as starting a fight with your wife (well,
almost). All you need do is hook the set’s IF cable to
the “Poor Boy™ and view the picture . . That'sit ...
no set up controls to confuse you.

We compared the “Poor Boy'" with other subs
costing over twice the price and found it to work just
as well on a/fthe comparison tests we made . . . and
often a lot easter to use . . . Even though instructions
aren't needed . . . you get those too.

The “'Poor Boy™ is small enough to easily hold in
one hand. . . no wires or controls dangling around. It
comes completely wired and tested including bat-
teries and ready to use. Send a check for only
$19.95. and we even pay the shipping (how about
that?) or we will ship COD. ($1.85 €.0.D. FEE)

Try it for 10 days . .. If not completely satistied |
... return for full refund. 1
ALL ORDERS SHIPPED THE SAME DAY RECEIVED!!

CALL US TOLL FREE 1-800-433-7124

TEXAS TUNER SERVICE

4210 N.E. 28TH STREET,
FORT WORTH, TEXAS 76117

CIRCLE NO

St ON FREE INFORMATION CARD
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ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR MAR. & APR.
by Richard E. Wood

TO EASTERN.NORTH AMER|CA

TIME-EST TIME-GMT .STATION - QUAL* FREQUENCIES, MHz
6:00-6:25 a.m. 1100-1125 Tirana, Albania : F 9.50, 11.985
6:00-8:00 3.m. 1100-1300 Melbourne, Australia - G 9.58
London, Engtand G 15.99 (via Sachville) 6.195 {via Antigua), 15.07
6:00-9:00 a.m. 1100-1400 **VOA, Washingten, USA G 5.955, 6.185,9.565, 9.73
6:05-7:35a.m. 1105-1235 Trans-World Radio, G 11.815
3 Bonaire, N.A.
6:28-9:00 a.m. 1128-1400 **Montreal_Canada G 6.065, 9.625 {inciudes other fanguages)
{Northern Service)
7:00-7:30 a.m. 1200-1230  Jerusalem, Israel G 11.655, 15.415, 17.815
7:00-7:55 a.m. 1200-1255  Peking, China F 11.685
7:15:7:30 a.m. - 1215-1230  Athens, Greece F 11.73,15.345, 17.83
HCJB, Quito, Ecuador G 11.745
7:30-8:00 a.m. 1230-1300 ' Stockhotm, Sweden F 15.305
7:30-9:30 a.m. 1230-1430 Trans-Worid Radio, G 115.255 (Sat., Sun.)
Bonaire, N.A.
7:30-11:30 a.m. 1230-1630 HCJB, Quito, Ecuador G 11.748, 15,115
8:00-8:30 a.m. 1300-1330 London, England G 5.99 (via Sackville), 6.195, 11.775
(both via Antigua), 15.07
Helsinki, Finland G 15.105 {Sun. to 1455)
8:15-8:45 a.m. 1315-1345 Berne, Switzerland G 15.14
9:00-9:30 a.m. 1400-1430  Qslo, Norway G 15.175 (Sun.)
Stockhotm, Sweden - F 15.305
9:003.m.-6:30 p.m. - 1400-2330 : **Mantreal, Canada_ G 9.625, 11.72
(Northern Service) {includes other languages}
10:00-11:00 a.m. 1500-1600 London, England G 9.58 {via Sackville, Sat., Sun.)
10:45-11:00 a.m. 1545-1600 ' **Montreal, Canada E 15.325, 17.82
11:00-11:30 a.m. 1600-1630 Oslo, Norway (] 15.175 {Sun.)
11:00 a.m.-12:09 p.m. 1600-1709 London, England G [9.58 (via Sackville; Sat., Sun. to 1745)
12 noon-3:00 p.m. 1700-2000 | **Kuwait, Kuwait G 12.085
12:05-12:35 p.m. 1705-1755 | **Paris, France G 11.89, 11.93,15.21, 15.30, 15.33,
: 15.425,17.72
1:00-1:30 p.m. 1800-1830 **Montreal, Canada: F 15.26, 17.82
2:00-2:30 p.m. 1806-1930 | **Montreal, Canada . F 11.865, 15.26, 15.325, 17.82
2:00-5:00 p.m. 1900-2200 **liddah, Saudi Arabia F 11.85%
2:30-3:00 p.m. 1930-2000 **Tehsan, lran G 9.022 {Time may change after Mar. 20)
2:30-3:30-p.m. 1930-2030 **Baghdad, Irag F 9.745
3:00-3:30 p.m. 2000-2030 ' **Mantreal, Canada F 11.865, 11.945, 15.325, 17.82
Jerusalem, Israel G 7.412,9.425,9.815
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3:00-4:15 p.m.

3:10-3:50 p.m,
3:30-4:20 p.m.

3:50-4:20 p.m.
4:00-4:50 p.m.
4:15-5:00 p.m.

4:30-5:00 p.m.

4:30-5:20 p.m.
5:00-5:15p.m.
5:00-5:30 p.m.
5:00-5:45 p.m.
5:00-6:15 p.m.
5:00-7:30 p.m.
5:30-6:00 p.m.
5:30-6:20 p.m.
5:30-8:30 p.m.

5:45-6:00 g.m.

6:00-6:30 p.m.

6:00-6:55 p.m.
6:00-7:50 p.m.
6:00-8:00 p.m.
6:30-6:55 p.m.
6:30-7:30 p.m.

6:30 p.m.-1:07 a.m.

6:45-7:45 p.m.
7:00-7:25 p.m.
7:00-7:30 p.m.
7:00-7:55 p.m.

7:009:00 p.m.
7:00-9:45 p.m.
7:15-7:30 p.m.
7:15-8:00 p.m.
7:30-8:00 p.m.

7:30-8:30 p.m.

7:40 p.m.-12 mdt.
8:00-8:15 p.m.
8:00-8:20 p.m.
8:00-8:30 p.m.
8:00-8:45 p.m.
8:00-8:55 p.m.

8:00-10:00 p.m.
8:00-10:30 p.m.

8:00-11:00 p.m.
8:00-11:50 p.m,
8:10-8:30 p.m.
8:30-8:50 p.m.

B:30-8:55 p.m.

8:30-9:25 p.m.
8:30-11:00 p.m.

MARCH 1978

2000-2115

2010-2050
2030-2120

2050-2120
2100-2150
2115-2200

2130-2200

2130-2220
2200-2215
2200-2230
2200-2245
2200-2315
2200-0030
2230-2300
2230-2320
2230-0130

2245-2300

2300-2330

2300-2355
2300-0050
2300-0100
2330-2355
2330-0030

2230-0607

2345-0045
0000-0025
0000-0030
0000-0055

0000-0200
0000-0245
0015-0030
0015-0100
0030-0100

0030-0130

0040-0500
0100-011%
0100-0120
0100-0130
0100-0145
0100-0155

0100-0300
0100-0330

0100-0400
0100-0450
0110-0130
01300150

0130-0155

0130-0225
0130-0400

London, England

**Havana, Cuba
**Hiversum, Helland

**Havana, Cuba

=+ Johannesburg, S. Africa

London, England

**Sofia, Bulgaria
**Montreal, Canada
Hilversum, Hoiland
**Belgrade, Yugosiavia
Osio, Norway

London, England
**Cairo, Egypt
Ankara, Turkey
Jerusalem, israel
Johannesburg, S. Africa
Moscow, U.S.S.R.

London, England

London, England

Stockhoim, Sweden
Vilnius, U.S.S.R.
**Buenos Aires, Argentina
Pyongyang, P.0.R. Korea
Montreal, Canada
Helsinki, Finland

London, England

**Montreal, Canada
(Northern Service)
Tokyo, Japan
Tirana, Albania
Osto, Norway
Sofia, Bulgaria
Peking, China
**VQOA, Washington, USA
** Luxembourg
Athens, Greece
Brussels, Belgium
Landon, England

Stockholm, Sweden
Kiev, U.S.5.R.
**Trans-World Radio,
Bonaire, N.A.

HCJB, Quito, Ecuador
Vatican, City

Rome, Italy

Montreal, Canada
Berlin, Ger. Dem. Rep.
Prague, Czechoslovakia
Peking, China

Melbourne, Australia
London, England

Madrid, Spain

Havana, Cuba
**Santiago, Chile
Cologne, Ger. Fed. Rep.

Tirana, Albania
Vienna, Austria
Bucharest, Romania
Moscow, U.S.S.R.
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6.195 (via Antigua), 11.91

{via Montserrat) 15.26 (via Ascensian),
15.42 (via Antigua)

17.885

11.73, 15.22 (both via Talata), 17.81,
21.64 {both via Bonaire)

11.865, 17.75, 17.885
5.98,9.585, 11.90

5975, 6.195 (via Antigua), 9.58,
11.75, 11,91 {via Montserrat)
7.115,9.53 y
11.945, 15.15, 15.325, 17.82
9.715, 11.73 {exc. Sun.)
6.10,7.24,9.62

9.645 (Sun.)

§.975, 6.195, {via Antigua), 9.58
9.805

9.515,11.88

7.412,9.435, 9.815, 11.655
5.98, 9.585, 11.80, 11.90
5.94,7.105, 7.115, 7.13,

7.195, 7.205, 7.44

5.975, 6,195 (via Antigua),
7.325,9.58, 11.75

5.975, 6.175, (via Sackville),
6.195, (via Antigua), 7. 325,
9.51 (via Sackville), 3.58

{via Ascension), 11.75

6.045, 6.12, 9.695
5.98,7.15,7.215, 7.36, 7.40
11.71 (exc. Sat., Sun.}
9.977,11.535

5.96 {exc. Sat., Sun.}

11.755

5.975, 6.175 (via Sackville},
7.325,9.51 (via Sackville), 9.58,
(via Ascension}, 11.75

(via Montserrat}

6.195, 9.625 {includes other languages)

11.705, 15.27

7.065,9.75

9.645 (Sun.)

9.705

11.945, 15.06, 15.52, 17.86
6.13,9.64, 11.74, 15.205

6.09
9.76,11.73
6.08 0r9.73

5.975, 6.175, {via Sackvilte),
7.325,9.51 {via Greenvitle),
9.58 (via Ascension), 11.75
{via Montserrat)

6.045,9.62

7.15.7.215

11.925

9.56,11915

5.995, 9.605, 11.80

6.01,9.575

9.535

9.73

5.93, 7.345,9.54,9.63, 11.99
7.12,9.78 {(both via Albania) 11.465,
11.945, 12.055, 15,06, 15.52, 17.68
15.32, 17.79%

5.975, 6.12, {via Antigua),

6.175 (via Sackville), 7.325,

9.51 (via Greenville), 9.58

{via Ascension), 11.75 (via Montserrat)
6.065, 11.88 {exc. Sun.)

11.725, 11.93

9.566, 11.705, 15.13, 15.15

6.04, (via Antigua), 6.075, 6.085,
6.10 (via Malta), 9.545 {via Montserrat},
9.565 (via Germany and Malta}.9.605,
11.865 {via Malta)

6.20,7.30

6.165,9.77
5.99,6.19,9.57,9.69,11.77, 1154
6.07,7.105, 7.115, 7.13,

7.195, 1.205, 1.44
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cordless °

soldering
iron for
heavy-use
applications.

omplete
recharge in an
hour;

partial recharge
for use in a
few minutes.

Up to 125 electronic joints or more
per charge. Low voltage, battery
powered, ground free isolated tip
design. Ask your electronics dealer.

16 snap-in tips
to fit any job
olus a PC Drill.

WAHL CLIPPER CORPORATION
Originators of Practical Cordless Soldering
Sterling. lllinois 61081 ¢ (815) 625-6525

“Manufacturing Excellence Since 1919
CIRCLE _NO_ 52 DN _FREE _INFORMATION CARD

edallion BY

MicLano
PUSHBUTTON COMBINATION

AM/FM Stereo-8 Track
40 channel CB
Z | B T-

=
=

,
@~

*129°2

While Supply Lasts

Reg. List Price
$399.95

Model 63-540

FULL POWER TOP OF THE LINE

® | E.0. Shows Operating Radio Mode,
C8 Channet, and 8 Track Program

® CB Monitor, Transmit/Recewe Light,
Adjustable Squelch
Automatic or Manual Tape Programming
Locat - Oistant Switch for FM
Midland Nationwide Warranty

7"wide x 7'deep x 2% "high w/custom
with custom trim plate

AM/FM/C8 Antenns {mounts
Iike reg. car antennal List $39.95 now $29.95

erccessories
Madallion 5% Co-Axist Speakers

| 1002. magnets  List $39.95 pr now $19.95 pe

U.S. Rt. 309, Box 547, Montgomeryville,
PA 18936 'Phone Orders Call {215) 322-859%

Name

Address.

Ao S

City —_____ State Zip —
BankAmericard, Master Charge are accepted

Card Number

CIRCLE NO 15 ON FREE INFORMATION CARD 101
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100% Solid State e Includes 10:1 Probe

More Professional scope perfor-

mance for your money! DC to 10
MHz bandwidth, AC and DC coup-
ling, 11 position calibrated atten-
uator, 10 mV/cm sensitivity, push-

button operation. Outstanding
features: Built-in TV Sync Separa-
tor; Digitally controlled trigger cir-
cuits; reference baseline display;
calibrated 21 step sweep speed;
Fully regulated power supply; Cus-
tom Bezel for standard camera
mounting. Assembled $425.00

FREE '78 EICO CATALOG

Check reader service card or send 50¢
for first class mail. See your local EICO
Cealer or call (516) 681-9300, 9:00
a.m.-5:00 p.m. EST. Major credit cards
accepted. _ sy
EICO-108 New South Rd. m
Hicksville, N.Y. 11801

CIRCLE NO 14 ON FREE INFORMATION CARD

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

HOME

Earn Your ™

DEGREE *— = *

by correspondence, while continuing your
present job. No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
assistance from our home-study instructors.
Advance as fast as you wish, but take all the
time vou need to master each topic. Profit
from, and enjoy, the advantages of directed
but self-paced home study.

The Grantham electronics degree pro-
gram begins with basics, leads first to the
A.S.E.T. degree, and then to the B.S.E.E.
d=gree. Our free bulletin gives complete
details of the program itself, the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin £78 .

Grantham College of Engineering
2000 Stoner Avenue
P. O. Box 25992
Los Angeles, CA 90025

Worldwide Career Training thru Home Study
CIRCLE NO 19 ON FREE INFORMATION CARD

8:45-9:15 p.m.
9:00-9:25 p.m.
9:00-9:30 p.m.

9:00-9:55 p.m.
9:00-10:30 p.m.
9:10-9:30 p.m.
9:30-9:55 p.m.
9:30-10:00 p.m.
9:30-10:15 p.m.
9:30-10:20 p.m.
10:00-10:25 p.m.
10:00-10:30 p.m.

10:00-10:55 p.m.

10:00-11:00 p.m.
10:30-10:55 p.m.

10:30-11:30 p.m.
10:30-11:50 p.m.
11:00-11:30 p.m.

11:30 p.m.-12 mdt.
11:50 p.m.-1:00 a.m.

12:00 md1.-12:15 a.m.

12:00 mdt.-1:30a.m.
12 mdt.-2:00 a.m.
1:30-2:00 a.m.

| TO WESTERN NORTH AMERICA ' i

TIME-PST

4:00-4:153.m.
4:15-4:30 a.m.
4:30-6:30 a.m.

4:30-8:30 a.m.
5:00-5:30 a.m.
6:00-6:30 a.m.
7:00-7:15 a.m.
7:15-7:30 a.m.
8:00-8:15a.m.
8:00-8:30 a.m.

9:00-9:15 a.m.

9:00 a.m.-12 noon
10:00-10:15 a.m.
10:00-10:30 a.m.

11:00-11:15 a.m.

12 noon-12:15 p.m.
12 noen-12:30 p.m.
12 noon-1:15 p.m.

12:10-12:50 p.m.
12:30-1:20 p.m.

12:50-1:40 p.m.
1:00-1:15 p.m.
1:40-2:40 p.m.
2:00-2:15 p.m.
2:00-4:00 p.m.
2:30-3:00 p.m.
2:30-3:20 p.m.
2:30-4:00 p.m.
3.00-3:30 p.m.

3:00-4:30 p.m.

3:00-4:50 p.m.

0145-0215
0200-0225
0200-0230

0200-0255
0200-0330
0210-0230
0230-0255
0230-0300
0230-0315
0230-0320
0300-0325
0300-0330

0300-0355

0300-0400
0330-0355

0330-0430
0330-0450
0400-0430

0430-0500
0450-0600
0500-0515
0500-0630
0500-0700
0630-0700

TIME-GMT

12001215
1215-1230
1230-1430

1230-1630
1300-1330
1400-1430
1500-1515
1515-1530
1600-1615
1600-1630

1700-1715
1700-2000
1800-1815
1800-1830

1900-1915
2000-2015
2000-2030
2000-2115

2010-2050
2030-2120

2050-2140
21002115
2140-2240
2200-2215
2200-2400
2230-2300
2230-2320
2230-2400
2300-2330

2300-0030

2300-0050

Berne, Switzerland
Budapest, Hungary
Montreal, Canada
Oslo, Norway
Warsaw, Poland

Peking, China

Cairo, Egypt
**Santiago, Chile
Tirana, Albania
Stockhetm, Sweden
Berlin, Ger. Dem. Rep.
Hilversum, Holland
Budapest, Hungary
Montreal, Canada
Warsaw, Poland

Lisbon, Portugal

Kiev, U.S.S.R.

Peking, China

Prague, Czechoslovakia
Buenos Aires, Argentina
Tirana, Albania
Vienna, Austria
Londen, England
Havana, Cuba
Mentreal, Canada
Budapest, Hungary

Bucharest, Romania
Landen, England
Havana, Cuba
Jerusalem, srael
Londan, England
HCJB, Quito, Ecuader
Lendon, England

STATION

Tokyo, Japan
HCJB, Quito, Ecuador
Trans-World Radio
Bonaire, N.A.
HCJB, Quito, Ecuador
London, Engiand
Tokyo, Japan
Tokyo, Japan
Athens, Greece
Tokyo, Japan
Seoul, Rep. Korea
Oslo, Norway
Tokyo, Japan
**Kuwait, Kuwait
Tokyo, Japan
Seoul, Rep. Korea
Osio, Norway
Tokyo, Japan
Tokyo, Japan
Jerusalem, Israel
London, Engiand

“ *Havana, Cuba
* *Hilversum, Heltang

*“Havana, Cuba
Tokyo, Japan
Taipei, Taiwan
Tokyo, Japan

"*VOA, Washington, USA

Jerusalem, Israel
Johannesburg, S. Atrica
Moscow, U.S.S.R.
Tokyo, Japan

Vilnius, 4.S.S.R.
London, England

Pyongyang, P.0.R. Korea

www.americanradiohistorv.com
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6.135,9.70,9.725, 11.715
6.00, 9.585, 11.91, 15.255
6.185, 9.535

6.18 (Sun.)

6.095, 6.135, 7.27,9.525
11.815, 15.12

11.455, 12.855, 15.06, 17.68
7.12,9.475

9.566, 11.705, 15.13

6.20, 7.30

6.045, 9.695

9.73

6.165, 9.59 (both via Bonaire)
6.00, 9.585, 11.91, 15.225
5.96,6.185, 9.535, 9.605
6.095, 6.135, 7.27, 9.525,
MEBIBRY5.12

6.025, 11.935
7.215,7.36,7.40

7.12,9.78 (both via Albania)
5.93,7.345,9.54, 9.63, 11.99
9.69 (Exc. Sat., Sun.)
6.20,7.30

6.155,9.77

5.975, 6.175 (via Antigua)
11.725, 11.76, 11.93

5.96, 9.535

6.00, 9.585, 11.91, 15.22
(Tues., Fri.)

5.99,9.57,9.69, 11.77, 11.94
6.175 {via Antigua)
11.725,11.76
5.90,7.412,9.82

6.175,9.51 (both via Antigua)
6.095, 9.56, 11.915

6.175 {via Antigua)

FREQUENCIES, MHz

599
11.745
15.255 {Sat., Sun.)

11.745,15.115

11.775 {via Antigua)
5.99

5.99

11.73,15.345, 17.83
9.505

9.64

15.175 (Sun.}

9.505

12.085

9.505

9.72 (variable}

15.175 {Sun.)

9.505

9.505
7.412,9.425,9815
15.26 {via Ascension}
15.42 {via Antigua)
17.885

11.73, 15.22 (both via
Talata), 17.81, 21.64
{both via Bonaire}
11.865, 17.75,11.885
15.105

9.685, 17.89

15.105

15.25,17.82, 17.895. 21.61
7.412,9.435,9.815, 11.655
5.98,9.585,11.80,11.90

12.05,15.14, 15.18, 15.455, 17.72

15.105

11.69, 11.79, 15.00, 15.245, 17.87

6.175,9.5! (both via Antigua),
9.58, (via Ascension)
9.977.11535
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4:06-4:15 p.m. 0000-0015 Tokyo, Japan G 15145 '
4:80-4:30 p.m. 0000-0030 Moscow, U.S.S.R. G 12,005, 15.14, 1618, 1645k
4:30-5:00 p.m. 0030-0100 Kiev, US.S.R. G 11,60, 11:79; 16.10,15.18, 17.87 [
4:30-5:30 p.m. 0030-0130 Moscow, U.S.S5.R. G 9.78, 12.0h, 15.14, 15.455
4:30-7:30 p.m. 0030-0330 London, England G .17 jvia Antigual, 6.175 MONEY o TIME o FREIGHT
via Sackyillel, 4.51
gvia firesrvitiel, 9,58 QUALITY STEREO EQUIPMENT
{via Ascensian] fﬁ AT LOWEST PRICES.
4:40-9:00 p.m. 0040-0500 HCJB, Quito, Ecuador G 9.56, 11.8154
smeize  ootns jenime 5 e IO feflanio Shnt oat
:00-5:30 p.m. - ontreal, Canada . - b
:00-5: ; i i 5 11465 1 FACTORY SEALED CARTONS—
5:00-5:55 p.m. 0100-0155 Peking, China G :;3;; I;ﬂ;51 I;.IE:J-.‘-. CUARANTEED AND INSURED.
5:00-6:00 p.m. 0100-0200 Taipei, Taiwan F 15_315_ 154235, 17.89 SAVE ON NAME BRANDS LIKE:
5:00-7:00 p.m. 0100-0300 Melbourne, Australia G 15,32, 11,195
5:30-6:00 p.m. 0130-0200 Moscow, U.S.S.R. G 9.78, 11.86, 12.01. 15.14, 15.455 PIONEER SANSU!
5:30-6:30 p.m. 0130-0230 Tokyo, Japan G 11.84, 15,195, 15,47 11 525 KENWOOD DYNACO
6:00:6:15 p.m. 0200-0215 Tokyo, Japan G 15,108
§:006:30 p.m. 0200-0230 Montreal, Canada G 6145053 SHIMEE e
Oslo, Norway P 9.64515un.) MARANTZ KOSS
6:00-7:00 p.m. 0200-0300 Moscow, U.S.S.R. G ?57132 3:855; 1,46, 12.M AND MORE THAN 50 OTHERS
§:15:6:30 p.m. 02150230 Athens, Gresce Fooog76 1103 BUY THE MODERN WAY
6:30-7:00 p.m. 0230-0300 Stockholm, Sweden F 6.044. B.GI5 BY MAIL—FROM
7:00:7:15 p.m. 0300-0315 Tokyo, Japan G 15.105
7:00-7:25 p.m. 0300-0325 Budapest, Hungary F 6.00, 9.585, 11.91, 15.225
7:00-7:30 p.m. 0300-0330 Montreal, Canada G 5.96, 6.185, 9.535, 9.605
Kiev, U.S.S.R. G 9.58,9.78,11.86
7:00-7:55 p.m. 0300-0355 Peking, China G 7.12,9.78 {both via Albania}
11.375, 11.65, 12.055, 15.08, ® Y ® @
17.535, 17.65
7:00-8:00 p.m. 0300-0400 Buerno Aires, F 9.69 {exc. Sat., Sun.) llllmv °ua|°
Argentina
Prague, Czechoslovakia G 5.93,7.345,9.54,9.63,11.99
Taipei, Taiwan £ 15.345,17.89 12 East Pe'?""a'e
7:107:30 p.m. 0310-0330  **Santiago, Chite G 9.566,11.705,15.13 Chicago, Illinois 60611
7:25.7:30 p.m. 0325-0330 Erevan, U.S.S.R. G 9.735, 12.00, 15.18 (Tues,, 312-664-0020
Wed., Fri., Sat.)
7:30-8:15 p.m. 0330-0415 Berlin, Ger. Dem. Rep. P 5.955, 6.08, 9.73
7:30-8:30 p.m. 0330-0430 Londan, England G 6.12, (via Antigua), .175 R e o O N O AT ORI CARD
(via Sackville}
Moscow, U.S.S.R. G 7.13,7.175,17.26,7.30,
9.54,9.58, 9.61,9.735,9.78
7:30-10:00 p.m. 0330-0600 Havana, Cuba G 11.76
8:00-8:15 p.m. 0400-0415 Tokyo, Japan F 15.105
8:00-8:25 p.m. 0400-0425 Budapest, Hungary P 6.00, 9.585, 11.91, 15.225
{Tues., Fri.)
Bucharest, Romania P 5.99,6.19,9.57,9.69,11.77,11.94
8:00-8:30 p.m. 0400-0430 Montreal, Canada G 5.96,9.535
Oslo, Norway P 9.618, 9.645, (Sun.)
8:30-9:00 p.m. 0430-0500 Berne, Switzerland G 6.045,9.725
Vienna, Austiia P 6.015
London, England G 6.175 {via Antigua)
8:30-11:30 p.m. 0430-0730 Moscow, L.S.S.R. G 7.13,7.175,7.26,7.30, T LRt g 2
9.54,9.58,9.61,9.735 N-n?m o i
9.009:15 p.m. 05000515  Jerusalem, Israel F 5.90,7.412, 9.82 (variable) 3 : .. Hobbyist
Tokyo, Japan F 9.505 1 i
9:00-9:30 p.m. 0500-0530 Lisbon, Portugal F 6.025, 11.935 8700 = s Manu;acmmr
9-00-10:30 p.m. 0500-0630 London, England G 6.175 951, (both via Ascension) O/ Processor: 6503MPU. | Wear free
9:00-11:00 p.m.  0500-0700 HCJB, Quito, Ecuador G 6.095 956, 11.915 Active Keyboard”. Micro-Diagnostic.” Extensive
9:30-9°50 p.m. 0530-0550 Cologne, Ger. Fed. Rep. G 536 via Antigua) CoSTICIEWG), (AN ed S,
§.04 (via Mantserrat), 6.10, 5.185, Piebug Monitor:  User Subroutines,
9.545, 9.59, {via Montseriat) Relative address calculator. Pointer High-low,
9:30-10:20 p.m. 0530-0620 Hilversum, Holland G 6.165, 8.715, {both via Bonaire) Back-step key.
10:00-10:15 p.m. 0600.0615 Tokyo, Japan G 9.505 Cassette Interface: Load & Dump by
10:00-10:30 p.m. 0600-0630 Seoui, Rep. Korea F 9.64, 9.675, 11.86 (variable) file #. Positive indication of operation. Tape
10:00-11:00 p.m. 0600-0700 Buenos Aites, Argentina F 9.69 (exc. Sat., Sun.) motion control .
10:30-11:30 p.m. 06300730 London, England G 6.175 {via Sackvitie) Applications systems from $90 (10unit quantity)
10:30 p.m.-12 mdt.  0630-0800 Havana, Cuba G 9525 Development systems from $149 (single unit)
11:0011.15 p.m. 0700-0715 Tokyo, Japan G 8505 | Il M MDD LT
11:30 p.m. 12:20 a.m. 07300820 **Huversum, Holland G 9.715.9.77 {both via Bonaire) :TELL ME MQRE [want to see for
12mdt 12 15am. 08000815 Tokyo, Japan G 9505 : myself that the 2700 is The Answer :
12-30-1:20 a.m. 0830-0920 *“Huversum, Holland G 8.715 {wia Bonaire) (1 Please send documentation 510 vnclosed.
1-00-1.15 a.m. 09000915 Tokyo, Japan G 9.505 { } send price lists & FREE Catalog of other:
2:00-2:30 a.m. 1000 1030  Tokyo, Japan G 599 PALA Kits, c
300-315a.m. 1100-1115  Tokyo, Japan P 599 o [WHNMIEE
3 00-4 50 a.m. 1100-1250 Pyongyang, P.D.R. G 9.977. 1153 U Address:
Rep. Korea . .
. City: State: zip
.B;fle‘mmn uual;ly y\Eds:|CXﬂS' (WesLCuasn IUCIT‘U-”‘ (?g(‘mdi f tair, P pooi : DEPT.3P o 1020 W. Wilshire Blvd.
intended foc Nurth America but receivable satistactonty * ELECTRONICS « Oklahoma Cily. 0K 73116 e o
Duys refer to local date i targel dread D
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- o 20 Srn s Ny — @D} o ?0” of 50 Ft. White o7 Bive 30 AWG Wmﬂ‘
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SN7920N 2 & 4180N 9 Ground on the BUGBODKS | & 1 before proceed o 251t 3
N7494N 7 N7, INSTRUCT jmg with BUGBGOE (1 .min. $1.25 50t $1.95 )
SNT42IN 35 41BIN 249 OR'S MANUAL FUGBOOK ¥ and V1 .95 1001t $2.35 10001t
<L I L —L T SPECIY COLOR — W Yelow - Gren BBk
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m e, | gumon % e 1200 an omre guse o oo o oot s o 25 e Sughot W e o 334 concts ol o sl ) roll 30 AWG KYNAR wire wrap wie $3.45
SN7420N @ Shaih] EO N [T = experas VA oot | ot & Gzt disjwirejtojdesirea]iesqlh a5
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SNETaon = SNIsissy gg 5";“53" & iear 481 XC556  Clear 7181 lpar smi00] Wi :gg ‘,23'5 11000 SW74107 220 19.00 18000
SNZA70N 45 SN74157N SNT4390N  2.25 W 000 SW74121 220 1900 18000
89 SN7A3GN 225 SALE DISPLAY LEDS SALE R T g ) Jai
20% Discount for 109 Gombined 7400°s E  POLARITY At e Sires 13 30 0w omes aw oo e
MAN T Common Anode-req L iy WG ] HT PRICE iR il S arals i ead
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Each kit contains 350 wre:
cul to 14 ditlerent lengths

BREAD BOARD

/ii

MICROPROCESSOR COMPONENTS

Provides bhoth straight and right angie functions. Mates
with standard 10" x 10" dual row connectors {1.e. 3m, Ainsley.
elc.) Permits quick testing of inaccessible lines

Part No.- 922576-26 No. of contacts: 26 Price $6.90 ea

&# INTRA-SWITCH

Pesmits instant line-by-line switching for diagnostic or QA
testing. Switches actuated with pentil or probe tip. Mates with
standard 10" x 10" dual-row connectors. Low profile design
Switch buttons recessed to eliminate accidental switching

The Incredible

PARATRONICS

Featured on February's Front Cover of Popular Electronics

Logic Analyzer Kit
Model 100A

$229.00/kit

« Analyzes any type of dignal system

« Checks data rates in excess of 8
million words per sécond

Trouble shoot TTL. CMOS, DTL. RTL
Schottky and MOS families

Displays 16 iogic states up to 8 digits wi
See ones and zeros displayed on your
CRT. octal or hexadecimal format
Tests circwnts under actual operaung co

(Model 100A Manual - $4.95)

Model 100A Model 10
(NN NN 111 ™
naSms S488 ==

- &

= 3 ) —
\&
@ o Some appfications are

ae

ngitiens

Easy to assemble — comes with step-by-step construction
manual which inctudes 80 pages on logic analyzer operation

Troubleshooting mICroOprocessor
adcress. nstruction, and data tlow
Exemine contents of ROMS

— Tracing operation of contro! logic
Checking counter and shift
1eg ster operation

- Momitoring | D sequences

Ver fying proper system operations
dur ng testing

from 01" 50 1 b . i
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jumpars. 025" sq. posts. Choice § 21321500 - Cnar Gen unoer case S i TSES] oy res 4 VOM. Auttg Oscllator Treguency Counfer and or Osciloscope o aan
HEADERS of straight or right angle ey s ' . i 1o o P ]
Part No. No. of Posis  Angle Price MM5230 2048 BIT (512 x 4 on 256 x 8] 1.95 5330-1 256 295 NEW BULB EN ERGY SAVER |
923863 -R 26 straight 1.28 CLOCK CHIPS
S o P 51 o SPECIAL REQUESTED ITEMS e A BULB-ENERGY SAVERS used for years by
gnt ang| o2 ea FOM3817 $500 11090 1995 7205 1995 395 |wmsann aes (P major industrial users — now available for
923865-R 40 straight 1.94 ea AY3.85001 895 N33 295  ICM705 24 95 LDHO mB mue( MM5312 4 95 . home of office use. Bulb Savers can cut
923875-R 40 night angle 230 ea. ¥ av-5-9100 1750 BT20 750 ICM7207 750 195 | mMms31e 495 ’ electncal bilis Dy as much as 3%
923866-R 50 straight 2.36 ea AY-5-9200 1495 %%7‘ » 2732 lﬁm;ﬁgﬁ 2§ gg mggs;” s 3'20 MM&S\% ;gg F—§ BULB-SAVERS lengthens hight life by
. AY-5-9500 495 Y 7 MM531 N Act ical .
923876 R 50 gntangle  282ea | U0 00 lo0 moMesm 1350 MKo2do 1750 MCIA0LY 895 |wmsse 293 - | _ScinofasRariclecticaleinockyat
== 374 195 MCMss74 1350 DS0025CH 375 MC1408(8 995 WM 93 sorber”. turns the bulb on siowly, elminat-
.‘ i | NTRA - CO N N ECTO R 825115 2500 MOMES’s 1350 TILao 1050 740972 se5 fcroon 5 mf;“;"m‘;‘:;"g’,, paletnermalshockgublitencreases

300 percent
Banishes Current “'Surges’ Cushions
6 watts 10 200 watts line voltage surges when other loads cut
19 10+ power ling
BES-1 $150 ea. 1.25ea 3 Reduces Energy Consumption

Futs Standard Socket

DIGITAL STOPWATCH

« Brignt 6 Digif LED Display
» Times 10 5% minuies 59 59 seconds
o Crysta Controlied Time Base
 Three Stapwatches in One

Times Single Event — Spit & Taylor
oSued 5 x215 « 90 (4% ounces)

» Uses 3 Penite Celis.
Kit — $39.95
Assembled — $49.95

Heavy Duty Carry Case $5.95

Stop Watch Chip Only (7205) $19.95

3'2DIGIT DPM KIT

— o s

PARATRONICS TRIGGER EXPANDER - Model 10

Adds 16 addit:onal bits Provides digital delay and qualification of input clock
and 24-bit trigger word — Connects direct to Model 1004 for integrated unit)

Model 10 Kit - $229.00

Baseplato — §9.95
Mode( 10 Manual — 4,85

Part No.: IS-26 No. ol contacts: 26 Price $13 80 ea
P A' ——
. CRYSTALS @
= THESE FREQUENCIES ONLY e
Parl » Fraguency Case’Style Tice
CY1A 1000 MHz HC33 U $595
Cran 2000MAz MU 8595
Cy201 _ 2010MHz__ HC33 U 5 8%
CY3A < 000 MH2 HC18 U $4 95
CY74 5000 MH2 HC18 U §: 95
Cvi2a 10 000 MHz HC1B U $: 95
CY144 14 31818 MHz HC18U §4 95
CY19A 18 000 MH2 HC18 U §195
Cy22a 20 000 MH2 HC18 U 8485
Cv308 32 000 MHz HC18 U 54 85

CONNECTORS
PRINTED CIRCUIT EDGE-CARD

156 Spacing-Tin-Doubie Read-Out

3Y2-Digit Portable

Ovengad Protected

PRECISION

Battery ar AC operation

DMM

20 Hz-100 MHz Range

=sE

100 MHz 8-Digit Counter

o Four power sauces, 1 e

6' LED Display battgnes, 110 or 220¥ with

. New'Bipolar Unit

o Auto Polarity

Compiete with red bezel

Auto Ze10ng Crystal conlrolied umebase charger 12V with aut Auto Zeroin Low Powel
Bilurcated Contacts — Fits 053 to 070 P C Cards 1 oy Autgmat 0 TOE ) © G ZETdily CRT [T
5/30 INS (Soider Eyele  $1.95 e , Porablo - zorolesly 75100 sowsr sy | @ 5" LED o Singie IC Unit
18/36 PINS (Soider Eyelet) $2.49 0Len ippeangesderce e MAX-100 §134.951 Model KB500 DPM Kit $49.00
22/44 PINS (Solder Evelet) $2.95 Ranges y « 563 ! B(. f
50/100 PINS (Wire Wrap) §6.95 AR | ACvoltage 01000V Model 311D-5C-5V Pm:’jeEr;ao $17.50
50/100A ( 100 Spacina)  PINS (Wire Wrap) $6.95 0 cLocK
, DC/AC Current G-100mA 1
25 PIN-D SUBMINATURE (RS232) «f""(d gesvg e 0 10 meg otm 11 JE700 1 3 low €uSt Oigite clock but
128 PRI s vevv!m}h quotty unt Tre it fea
0B25P PLUG sazs | osgn  Asssssories T TG
DB25S SOCKET $4.85 AC Adapter BC-28  $9.00 | ACCESSORIES FOR MAX 100: ST unlzes o
$99.95 apter : Mobile Charger Ellminator 3 MAN qunn wgnuvr S 1ea00u ang e
e wih tes Rechargeanle use power ftom car battery  Model 100 — CLA $3.95 24 Mour
el mountng noles SWITCHES . s g nar Batteries BP-26 20.00 I‘;nawcllElImlnamr ' = |
e ot spare fuse Carrying Case LC-28 7.50 | use 110 AC woel 100 — Cr$9.95 | 35 yac KIT ONLY
Iy I SPOT  on-oit-g $185 5143
@ oeee oo CONTINENTAL SPECIALTIES [ oo HEXADECIMAL
W (suomate) JMVE“ oA T T PROTO BOARD her CS Proto Boards 14 PIN 5450 ENCODER 19-KEY PAD
b ] $15.95 PB100 4 5 x6 $19.9¢ ) 15PN 475 N
MPCIZI SPDT on-offon 5205 §153 {6 long X 4" wide) PB101 - 58" x 45 29950 24 PIN 850 « ABCOEF
<F  T0GGLE MPC\')S SPD‘.T one on > ! (‘V - PB102 -7 ' x 4.5 39951 40 PIN 13.75 o Shift Key
" " 65 19 ]
w - MPczza DPOT  on-none-on 225 168 ’;S;gg 9" x6 . ;ggg DESIGN MATES o 2 Optional Keys
. 95 x8 DM1 - Circuit Designer
= — 1 . PB203 - 9.75 x 6% x 2%  80.00 69 95 $10.95 each
B e an 1 maintaine: a5 4 | 9 :
": PUSHBUTION pai%  gpor momentary 95 3 2 = ﬁgi?gﬁ‘ng,zuﬁlwuvaﬁ‘z 1212995 | pwe Fler;C;\gns Genereioj 0
T : New 63 KEY KEYBOARD  $29.95
n LOGIC MONITOR DM3 - RC Bridge .
T e B “ % 1 for DTL. HTL. TTL or CMOS Devices $84.95 $74.95 mswn::‘ns';?i':m
is & B o ul type -noles price e b2 Lnen
- Es= QT PROTO STRIPS o s 125 At
e Wsa  Bomap o ,wuw 6 s 558 0“‘ CIDNY 2E TOide plastc 13+ 4 basel
3 D dondo T 1B 1 G s - cH : oo ’ STt anEavons
o o0 95 gw B2 o= - + kR Qr.35s 350 50 THBATES | fncoder Cip fentades 16 Keyst BEX]
ar AY-5-2376 Encoder Chup {encodes 88 Keys) $14.95 sa.
1/16 VECTOR BOARD \ %
Y 575
il b - | JEBO3 PrOBE ==
HENOLIC 64P4 D62XXXP 450 650 172 154 N e Logie Prube 15 2 urt whigh 1 for ihe Mos, par® </
., e ol G ¢ e ted) i P,
fLass panslasent ‘o OE 26 Rac] gl e | Expermeninaod_ SIS e€ds 1o p:v‘a:e; ectly ou of the Jwv:r:\ G *
169P44 062WE 45 1700 504 453 35.00 Minimum Order — U.S. Funds Oniy Spec Sheets - 25¢ — Send 35¢ Stamp for 1978 Catalog | /&5 C'ews 2 it 10 A mas ose, 3 MAN
T e 1:3‘;2: g:;aicv gzg ‘” gﬂo :ig & Califorria Residents — Add 6% Sales Tax Dealer Informatlon Avallatie o o ! (pw' ’F“ 2 )
COPPER CLAD T 1978 Prone o ditec cqenouses o o $9.95 Per Kit
1 8 usec at MOS damage
INSTRUMENT/ ames GLTOC R orinted circuit board
CLOCK CASE Now ToL 5V 1A Supply
Iniection molded un:t ELECTRON |CS AVAILABLE

1021-A HOWARD AVE.. SAN CARLOS. CA. 94070

Tris 15 & slandatd TTL power supply using fhe well known
LMI09K regusator i (o provide a sobd 1 AMP ot currentat
providing

A% x 4 x 1-9118" volls We try to mane IhingS easy for you Dy
] PHONE ORDERS WELCOME — (415) 592-8097 everyihing you need 1 Ong package nciuing e haitware
$3.95 ea. " - Advertised Prices Good Thru March o o $9.95 Per Kit
CIRCLE NO 28 ON FREE (NFORMATION CARO
MARCH 1978
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HYBRID SOCKET FOR

R AUDIO SANKEN P
POWER AUDIO AMPLIFIERS AS110 95 -
AMPLIFIERS
tuiv-purpase linear amptifiers for comercial and indu: FEATURES i
Ireal apphicacations CURSOR CONTROL— Forespace, backspace,
ess than 0 5% harmonc distort ull power fevel up, down, new line, return, homs, tab, plus
P, f
2 aB response from 20 o 100.000 Hz absolute cursor addressing. ]
Sing pLt (dual) power supply TRANSMISSION MODES— Conversation (half
19ged compact and hgr = 1 and full Duptex) plus block mode~transmit a
ent imiting for S1-1060G and efficien page at a time.
e G GY FIELD PROTECTION— Any part of the dis-
TYPICAL CONNECTIONS play can be “protected’’ to prevent overtyping.
t ' $1-1050G WITH SPLIT SUPPLY Protected fields are displayed at reduced in-
. LEFT o tensity.
- . . o— 0 EDITING— Cfear screen, typeover, absolute
. Y
[ by ,;§ Ik cursor addressing, erase to end of page, erase
E ~¥ 3
9 " 1 to end of line and erase 10 end of field.
t t ¥ -
i ; & Phpntiiny RIGHT DISPLAY FORMAT— 24 lings by 80 char-
transist h oexc + | acters {1,920).
‘L’ L ) ‘k’r“‘w’ W o - CHARACTER SET— 96 characters total. Upper
¢ ' L >3 _”E o and lower case ASCII.
atert 3 sinale or sohil powe N KEYBOARD- 73 keys inctuding numeric key
pad.
S1-1010G (10W output) . .S 690 g . REPEAT KEY— 15 cps repeat action.
§1:1020G (20W output) . . $1395 oy 1 < DATA RATES— Thumbwhee! selectable from
$1-1030G (30w output) . §19.00 75 to 19,200 baud. FULLY
$11050G (50w 1. s27.80 = ‘
o . loo T . SCREEN— 12 inch rectangular CRT — P4 ASSEMBLED $995.00
Darta Sheet with App.caiiOn Notes  $G 650 2 '« ) phosphor.
50 VDLT CERAMIC DISC CAPACITORS CARBON FILM RESISTORS (5%} | STANDARD MICROSYSTEMS MICROPROCESSOR CRYSTALS
$1.00 Per Pachage Only 1n Multwtes of DATA COMMUNICATIONS CIRCUITS | FREQ  CASE e/n PRICE FREG  CASE PN PRICE| Faea CasE F/N PRICE
O/pky 2200t 8/pkg  .001mis 9/pkg .015mid 8/pkg 7?0050@/ value {ohms) COM2017H  UART [High Speed} $ 9.00 | 1.00 HE33 CYIA $950 49562 HC18 CY6A $6.00 1500 HC18 CY15A 3475
9ipka 27001 7 pkg  0015mid O/pkg  02mid 8pkg AW . $1.69 per 100 COM2017HP UARY {High Speed) 570 | 18432 HC33 CDIA 950 500 MC1B CYJA 600 18.00 HC18 CY19A 475
/pka 30001 Tiokg  0022mid Q/pkg  02Zntd B/pkg %W $1.79 per 100 COM2017P  UART 5701200  HC33 CY2A 825 5068 HCIB CYSB 600 18432 HC18 CYI9B 475
o : TN X 10 100 1.0K 10K 100K 1.0m |COM2502H UART (Migh Soeed) 14.20 1 2.4576 HC33 CYZB 825 57143 HCI8 CBSC 600 196808 HCI8 CYZDA 4.5
clil ULy g ] a1 | COM2S02HP UART (High Speed!  9.00 | 32768 WL33 CY3B 600 600 HWCI8 CYSB 600 2000 HCI8 CY22A 525
708 Bioky 30001 kg 0047mrd Ofokg 03mta 7iokg | 11 118 1K 11K 110K TaM K Comastp uamT 800 [3579 HC33 CY30 G600| 6144 HCI8 CYEC 600 23684 HCI8 CY238 526
35 CTEOREHIS TGl RO ety 7oka 113 350 13k 13K 130k 1 3m | COM26D1  USAT 3000 | 400  HC13 CY3A 500 800 HCIS CYBG 600 27.00 HCI8 CY27A 6.5
10Cp! 8'kg  560pF 7/uky Olmid kg 6% 1 15 150 15K 15K 150k 15w | COMS016  Oual Baud Rate Gen. 1320 | 4436 HC13 CYAC 6001000 HC18 CYI2A 475 1200  HCIB Cy32a 815
50K
150t Bikg  580pt 7/pkg 16 160 16K 16K 150k 1 6M [CRT027  CRY Controller 5000 1455  HC)3 CY4B 600 14.31818 HC18 CY14A 47510000  HC18 CY100A 8.15
18 180 18K 1Bk 180K 18M n -
20 200 20k 20k 200k 20m | NEW from FLUKE MODEL 8020A
PLESSEY POLYESTER MINI-BOX CAPACITORS 22 220 22K 22K 220K 22M X o R
ESTER i g0 25 330 Sax 32% 30k 23w | HE DMM FOR THE PROFESSIONAL \ NON-LINEA
MED  QTY  MFD  OTY  MFD QaTY  WFD  ary %; 1:’“7)3 g;‘( g;: g;g: g(’):;‘ -ZOOF—{H_ Barle:\; |F_‘ie
q _— EEm o K . o tion:
X1y Sows o8 go 0% Tele 22 Sk | 53 a0 33k 33k 330k 3w | S3egvEen o] Funcnens SYSTEMS, INC.
0012 Bipkg  00B2 Bivky 047 Tipkg 27 4/pkg | 36 360 36K 36K IBOK 3 am O (Lo e \
0015 Bk 01 8/0kg 056 7/pk 33 4'pkg 39 39g 3’;& 39K 3ggx 39m e En o R
0C18 8/pkg 012  8pkg 068 7/pkg 39 3’pkg 33 43 K 43K 430K 4 3M i
u 7 v polanty .o
0022 Biokg D15 Tioks 082 Tibkg 47 Ak | o7 &0 &k 27% 270K 27 1 -MOV proected to 6000V =L PORTAELE 15 MHz
0027 Bokg 018  7/pky 7ipkg 56 3lkg | 56 560 56K 56K 560K 5 BM against hidden transients -
0033 Biokg 022 Tlokg 12 B/pke 68 2/pky | 62 620 62K 62K 620K 6 2M and overioad protection
0639 8ok 02 bkg 15 B'pkg 82 2/pkg gﬂ 680 68K 68Kk 6BOK 63M 10 300V AC OSCI LLOSCOPE
0047 8kg 033  7/pkg 18  B/pkg 1.0 2/vkg Bg ;gg ;§§ ;g: ;;gz g;x « Diode Test Function
0056 8 ukg 91 910 91K 91k 910k 100w | °Conductence Function
checks leakage resistance
to 10.000 meg ohms :
*Size HWL (7.1 X34 X 1.8 IN.)
w e * 18.0X86X45cm
* *Weignt 13 oz ONLY $169.00
KIM-
€-Z Hooks have been designed and field tested through the (ndustry 10 save M1 MICRCCOMPUTOR
me and money ommercal electr production and servicing  The KIM-1—Computor Moduie frors MOS
e Rt LN e e e e X AAR. 2650 con
an- r an: e 1 o urab S 1Al cied 1
ngle contact point assuring true reagings  Meets exacting laboratory and finuIng System execulive complzte The MS-15 miniscope 1s only 2.7 x 6.4 x 7.5". and
space age computer iechnoiOgy requrements AVAILABLE IN 10 RETMA audio casseti niertace, 15 b durec weighs only 3 Ibs. Vernical bandwidth is 15 MHz. The
Z.OLORS Red, biack. biwe green agne. vellow, white, violet, brown nional uﬂuma?{kw ke, buard graticuled rectangular viewina ares is four divisions
ey anc asis digit LED dsplay high by five divisions wide. Division spacing s (.25
Documentarion- KM 1 Use:is Manua | inches. Internal and external triggering. automatic and
£500 Hardware Manual, anc B5C0 Pr ine synchronization modes, and a horizontal input are
FMICRO HOOK 'I E [ — gramming Manuai provided. There are 12 vertical Jain settings from
| Mo’ Mook 75 long et Ll Fully Assembled aniy | 0.01 V 1050 V per division, and twenty one time base
<1 gram) tor diificail IC Testing Micro Hooks e ] $245.00 settings from 0.1 Us to 3.5 Us per divisicn, An optional
Permits hookups to aelicate wices Order No. Length -Price v.ime 10 to' 1 probe and a :arrying case are also available
CLOGHY oty (o [GEEEE GaX) JaxM 120 12 $1.80 Power is provided by batteries or the 115V, 60 Hz line.
CELELS ""“""“(‘) e P? 359’:,' 204XM 24 $1.80 HIGH QUALITY CARBON FILM
Specity color ORDER P/N X rCily col
RESISTOR KIT {MS-15 MINISCOPE $289.00
.
XM-S MICRO HOOK SET e ea red, ulack. biue, green COMPLETE WITH STORAGE BIN 41-140 CARRYING CASE 30.00
orange flow  white brown. violet and gray Micro Mook At 1his I 41-141 10TO 1 PROBE 24.50
Drice you can aitgra more than ane se: Each KIT Contains 20 Each of 42 Diferent
COMPLETE SET {10} MICRO HOOKS s8.45 A T LU s
i roox wnin 52490 | ntersil 32 DIGI
P
4 i 24 ntersi 2 ]

Jumper with X-100W

X100W Mini Hook 2 25 10ag)

IMOiNes »ugged Lanst ycion Minia Mini Hooks

e size ana Finge: eze Hypa Ach Order No. Length Price
or  all the best lest connuchions 204 12w 12 S1.70
HOo0ok s large enough tor comoonent 204 2aw 24 $1.70
eads vet small enough to ger into Soecify color

ighi places $.80 ea l
Jpecilv. ORDER P/N X100W

Send Check or Money Order to P.O. Box 2208P. Culver City.

Jumper X-100W Min: Hook Jumper with X-100W Min

to Stacking Banana Plug Hook  Order No Length
Order No. Length  Price Z0ILeN Pu
01w 12 $1.45 ree
St $1.50
— 2
&

EXTRA LONG MINI HOOK

& Hoox (50 1ong) combines all the proven features o the X100V

with an exrra tong boay 3ne sate. short free lesi cannections
carg racas and trhough feep wiring nest up to 4 ORDER P/N XL-1
Specity color $1.30

.--—mmﬁ

Canf. 90230. ( residents add 6°. s ax. Misimum Qrder
$10.60 ADD §1.00 to cover postage and hangling Muiste
" r c 2
number and exp. daig!
TELEPHONE ORDERS: Call {213) 641 4064
VISIT ONE OF OUR STORES | CaNADA.B.C.
TODAY ANCRONA
ANCRONA STORES OO
NOT ACCEPT MAIL OR
TELEPHONE ORDERS
CALIFORNIA CALIFORNIA ARIZONA
ANCRONA ANCRONA ANCRONA

11080 Jetferson Bivd
Culver City. CA 30230

4518 E Broardway
Tucson AZ 8571

1300 E Edinger Ave
Santa Ana CA 92705

JUMPER, XL-1 MINI HOOK TO STACKING BANANA PLUG

Order No.  Length

201%L 1 32

Specity coror. Price
$2 05

(213) 390-3595 4} 547-8424 602) 881-2348
OREGON GEORGIA TEXAS
ANCRONA ANCRONA ANCRONA

1125 N E 82na Ave 130 Predmont Rd NE 2649 Rictmond
Portland OR 97220 | Atianta, GA 30305 | Houston, "X 77048
(503) 254-5541 a04) 261 7100 1713) 529-3489

PANEL METER

LCD - N
or 7
LED - ¢/

o
KITS 2

BUILD A WORKING DPM IN 1/2HOUR WITH
THESE COMPLETE EVALUATION KiTS
Test these new parts for yourself with Intersil's low cosi
prototyping kits. complete with A, D converter and L CD display
(for the 7106) or LED display (for the 107} Kits provide al

materals. including PC board. for a functioning panel meter

ICL7106EV (LCD) $29.95 ICL7107 (LED) $24.95

Y
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FOR ALL CUSTOMERS EXCEPT CALIF.

TA TPE:

)

ter

Products
CALL TOLL FREE 800-421-5809

s o S o S S S IS S S S S S I SIS S S

s Py A o Tod ST
SOROC 10120 ......... $975 00
COST APPROACH TO
“n“l.“l REMOTE ViDEO Assembled
DISPLAY TERMINALS
— ccune o kenswnaws  Price Includes
* NuMenc Rey Fed Sancare
. " P 12 3
s o sname . ® Block Mode

o Swith Seieciaure T ansmingion
trom 75 10 19 200 bus Standard

* Communication Moge
HDX FODx Bluct

* nertacer Prinier intartace
R5232 Evtension

* RS8232C intertace

* ~on Giare Reac Oul Screen

© Pr1olect MuGe Standara

o Tab Suanosra

® L cwer Case
® 24 Line Option
e and shipping

charge is on us.

THE PROM SETTER

WRITE and READ

FEATURES

Ly g 100 Bus Compatible
1702A-2708-2716 2 or 64 Characters per line
5204-6834 &raphlcs (128 x 48 matrix}

Parallel komposmve video

» Plugs Directly into your ALTAIR INSAL Comnuter On boafd |OW pOWef memory

o [niludes Main Module Board and Faternal EPROM

« Programming s accomplished by the Computer Fper case lower case & Greek
Bla

ck-on-white &

JADE VIDEO INTERFACE KIT
$89.95

Surke Uimt Powerful software m luded f
« The EPROM Socket Uit 1 connected to the Cam- ursor, home, croll Graphlcs/
puter throogh a 25 Pin Connector %haracter etC

8K STATIC RAM BOARD

ASSEMBLED AND TESTED

250ns. $189.95
450ns. $150.00

WILL WORK WITH NO FRONT PANEL
FULL DOCUMENTATION

FULLY BUFFERED

S100 DESIGN

ADEQUATELY BYPASSED

LOW POWER SCHOTTKY SUPPORT IC S

250ns. M7 516005
450ns. $129.05

BARE BOARD $25.00

W/SCHEMATIC

ADAPT YOUR MOTOROLA 8800
SYSTEM TO OUR S-100 8K RAM
BOARD. KIT PRICE $12.95

L
S-100
IMSAI/ALTAIR COMPATIBLE

* % ¥ X ¥ K

o Just Fead m the Program to be Written on the white-on-black
PROM ntn your Processar and let 1he Computer
thy the rest
e Ilse Sichel init 1o Read EPROM’s Contents 1oto
i Computer MOTHER BOARD

o Snftware sncluded

* 13 SLOT MOTHER BOARD w/front

BOARD

$210.00 BARE BOARD $35.00

$375.00

JADE PARALLEL/SERIAL
INTERFACE KIT
$-100 $124.95 KIT

2 Serial Interfaces with RS232
interfaces or 1 Kansas City cassette
interface.

Serial interfaces are crystal controlled.
Seiectable baud rates.

Cassette works up to 1200 baud.

1 paraliel port.

COMPLETE
info 2000 S-100 DISK SYSTEM
l (includes dual drive, power supply, case,

disk monitor on EPROM)

COMPLETE TDL SOFTWARE
PKG. FOR DISK

MICROCOMPUTER

MICROPROCESSOR's | BOBUA SUPPORT DEVICES ] CHARACTER PROM'S OTHER COMPONENTS
i 1995 | 8212 395 GENERATORS | 17924 2% nHoozscy 19 - VIDEO INTERFACE
$50a Bo | % EIET S ool Moo 3% e
; ! 2216 38 00 a T - ideo
COP1BO2CL 2495 8224 195 2513 UP {Sv! 995 | 30t . r]vdsr;;; 7;3 You will v_vanlt 1(0 iénowKa_bout the
AM2901 2295 3728 g&s) 2513 DOWNISY 1095 | 5201A0 200 m}gogs 2 to Televisior Interface Kit.
2853(7) 1; 32 B%S‘? toe Mgmgg;‘A :ggg 5204AQ 600 | Pleg 195 No need to buy a sTparate Video Monitor 'I':
M 1 34 16 95 5
BGOB 1 875 8253 2800 MCMES72 1080 gg“ | age| 1489 195 you already own a TV set. Just connect t ;
| sosoa 1505 | 8255 o0 MCME574 1475 | gos238 so0f D32074a 200 TV-1 between your system video output an
| Tws9900TL 8995 | 8257 5% MCME5YS 1495 | 82238 20| (N i the TV set antenna terminals - that's all there
6800 SUPPORT £.420) 495 is to it - to convert your TV set to a Video
DYNAMIC RAMS MM 5320 750 onitor, and at a much lower cost!
810 « STATIC RAMS 124 2593 100 -~ oo B £ M . PRICE $8.95
88200 800 21102 (450l 150 va0 125 2104 250| DMBI30 290
682ap 10 2 21102 1250 195 180 150 21074 375| DMB8I3} 275
68340 06K 2101 425 410 395 21078 450f DMm-8831 250
68500 995 1014 149 129 110 21078 a 400] ©DmBB33 2,50
6852p fas 2101 1 295 275 260 TMS4050 as0| DmB883% 250
68605 156 102 125 115 100 TMS4060 450) SN7415367 a0
6862p 1795 21021 150 130 118 1096 150| Snralses S0 Computer Products
6880°F 210 211 100 3150 325 a6 4200 - . .,,' P
2112 300 280 269 MM5270 500 T [ &7
780 SUPPORT DEVICES 214 1795 1695 1650 M5 280 500 |y ¥ ey 5351 WEST 144th STREET
3881 1295 ;23(32 . 1219 ‘332 “8922 MCMEE0S 600 lg502 1295 [ - LAWNDALE CALIFORNIA 90260
1882 1295 ) o 6520 900 - .
q e . e EC?T‘OS‘aA e 6522 92t v {2131 679-3313
F 8 SUPPORT DEVICES RM GENERATOR 6530.002 1595
3 8018 400 Av52376 1395 AY510148  BOE lgcq5 007 1595 RETAIL STORE HOURS M-F 9.7 SAT 9.5
e ons | WE. 3% [IREROBE |mest G jERm i3
566 175 PR G TORTRG M 8402 1080 |B530 005 1595 Drscounts avaitable at OEM quantities Add $1 25
L PPY OI NTROLLER
| LATE ADDITIONS L cox 1M 6403 080 USRT i tor shipping. Calitormia residents add 6% sates tax
TMS 4034 $14.00 2 S 2350 1095
TMS 5501  $24.95 UnBor 2650

FOR ALL CUSTOMERS EXCEPT CALIF

G A A A

RS 1al Power Supplies Your Computer dnes panel sfot
* $.100 DESIGN
e[ en as an Eaght Hit Pecallel 1 Q * FULL GROUND PLANE ON ONE SIDE
o Ml inctuded + RC NETWORK TERMINAFT)\INORN&OI\éRD
THE PROM SETTER . Kf&’g?};'“ EAEERT
KIT ASSEMBLED - STRONG 1/8" THICK DOUBLE SIDED

KIT $85.00
PERSCI DISK DRIVE FOR S-100

intelligent controller adapter, cables, and

$2,650.00
$195.00

JADEZ 80

—with PROVISIONS for KIT
ONBOARD 2708 and POWER ON JUMP

$135.00 EA_ (2MHZ)
$149.95 EA. w2
BARE BOARD $35.00

JADE 8080A KIT
$100.00 it

BARE BOARD $35.00

aoe|d 19M1en

—
CALL TOLL FREE 800-421-5809

Wwﬂwmmfmmmﬁﬂwfﬂxj
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GET THE 5-IN-1 MONITOR

ELECTRICAL TOOL YOUR BODY’S
USED BY THE.PROS...Only $9.95 STRESS
This electrician’s 5-in-1 tool makes all AMD STRAIN

wiring jobs a snap. Scissors-action tool
serves as wire stiipper, wire cutter, bolt
cutter, pulling pliers, and crimper for solder-
less terminals. Great for kit builders, hobby-
ists, and electricians. Lifetime pivot point
and cushioned vinyl handles. 814" long.

SAVE 25% - DELUXE AM/FM WALL RADID sg 9 5
Great surplus buy saves you 25% on brand new No. 42,626 AV . Ppd. Designed by clinical psychologists and engineers,
AM/FM Deluxe Wall Radio. Mount anywhere:den,

e ” ! this galvanic skin rzsponse monitoe (GSR-2) is
kitchen. bedroom, office, workshop. Self-cont. r 5 an effective device for learning tznsion reduc-
Philco-Ford radio chassis (14%x313/16x32") Free Catalog tion techniques. Muscle signals are amplified
w/11 transistors, vol. control, AM/FM hi-sensi- ’ and fed back in varying tones. Discover the

tivity tuner, AFC, 2%" dia. speaker, 712" 110V science of biofeedback with GSR-2. Comes with
AC cord. Orig. cost $30 ea. batts., earphones, cassette taped instr., meter,

No. 72.275 AV KNOW YOUR temp. and remote probes and manual. Learn to
(HéAD? TOPLAY)) S 2 2 . 5 0 Ppd. A’:Ih':)':'k unwind. 79 9 5
THETA! 0. 42,637 AV S . Ppd. ;

For greater relaxation &
conceniratior, monitor
your Alpha/Theta brain-
waves with audio or
visual signals on Bio-
sone Il. Features of

/

B — $200-up uniis. 3 feed- USE POWERFUL
= Wi ‘

TRACK ELECTRONIC DATA WITH THIS vackimodasILelb. " AU\II'ET%?%T&N

LOW-COST, STRIP-CHART RECORDER TOOLS, PARTS

Monitor Solar, Temperature, Electrical No. 1668 AV No. 71,809 AV COINS &' JEWELﬁY N

Experiments and More. (9V/2x5%gx41/4™") (FOR BEGINNERS)

Now you can monitor electronic data on this
highly-accurate,  highly-sensitive _strip-chart $1 49.95 Pod. $59.95¢..
recorder. Features gear train providing 1" per ) .
hr. chart speed, die-cast aluminum case, reroll Edmund UllrasonichIeaner is desrgneg }% clean
or tear-off operation, taut-band measuring ele- small, delicate and intricate iterrs. Solid-state
ments with shock & vibration-resistant opera- se”d for your FREE circuitry with 3 oz. capacity cleans gently yet
tion. Range: 0-1 mA. Accuracy: + 2%. 1 sec. 164 page Edmund effectively with penetrating ultrzsonic bubbles
full scale response. Records on inkless, pressure and waves. All meta’ construction, 115V AC with
sensitive chart paper. Weighs only 31z (bs. S¢:ienﬁfic Catalog in-line switch. Comes complete with tweezers,

brush, 3 pkgs. of cieaning powder, instructions.

No. 1676 AV $1 29.95 Ppd. with over 4000 bargains
6 Replacement Charts. $1 7.95 io £ — N— 343.95 B

No. P-61, 104 AV ou BN P

e 32 BRATA
6

Ppd. A,
3~ o3

TO ORDER PRODUCTS

USE THIS COUPON |
: : . [ Please send me the following items | have I
' EDMUND SCIENTIFIC CO. indicated below: |
|] EDMUND SCIENTIFIC CO. | Dept. AVOS, Edscorp Bidg, Stock Mo ay. Prce
Dept. AV06, Edscorp Bldg. | [ Enclosed please find check/M0. [ I
| Barrington, New Jersey 08007 ’I Charge My [ Amer Exp. (] BAC (VISA) [ MC ! I
| send GIANT 164 Page Catalog | - .~
n
| packed with unusual bargains. I SC"“’ * Bigabate y “ :
1g L
Name I N . residents add 5% sales tax Handling 100
I Address 30 DAY GUARANTEE Name Dj '
I You must be completely satis: I
jCiv | et 1t ‘wihin 30 gays for Address s
. a full refund. . . I
State Zip -l. City State lip
_l__——_—__ —_—_——_—_—_———_—_—-——__J
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POLY
PAKS

gy

P

O

FOR THE ELECTRONIC MAIL-ORDER HOBBYIST!

COMDUTER PERIPDHERAL
PALES WOLEKSHOD

POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE

MAIL
ORDER

Frdcdrir de dede e ke e e ke e dokeok Aok

SEREEERSNEEESEENEEESAENENEEDY
wyYCD

shift lock and carriage return. 1 modes: Normal. control, shift

ﬁhlft control. Additional functions can be assi

ed by user.

" ” A
b RED” LED READOUTS! *| HEXADECIMAL MICROPROCESSOR
: v 20¢ each ¥ Aatres merorrecessrs AND CONTROL
x Cat. No. Size Descriptio Sale  * )
§ 380”4 a3 s o oo ¥ sgipmen 7Ly wiver e KEYBOARD KIT!
15 13 MaNa- 2 for $119 ) Wt 2 lbs
»
e 27 MAN-L $1.00 5 LU ® 4 bit binary/hexadecimal output plus strobe!
pficfat 3093 By [MAN T2 jetuslm $119 % | PRATIRE Tieds dsplayihe & New! hmproved design! Saves you time!
XN o [MAN-Z4%eqls il | binary | oucpt TL/CMOS ® Keyboard pre-assembled onto PC board!
5 b tible, req +5.
312943 5 FND500" $1550 * | (YORG (omplote it Nothing Cat. No. 3E5009 Hexadecknal Kit $29.95
£ §§§2f;§ H ENDS07: %-gg b | eiseco busAN tnﬁ R truciiony Cat. No.3E5010 Hexadecimal Wired $34.95
3 3£2485 5 727-Dual* $2.50 ¥ =—— — 5 T
0 3E2256 3 747" $195 ¥ s0000e
*Comman Anode **Common Cathode 4
FAAR A A A S A kA A A Ak A e %
e a——— $l§9-9
DISCRETE LED'S 6 for $1.19 iy
Cat. No. Description  Slmilar to m
Order in multlples 3¢ 2135 Jumbo Red  MV5053 OARD & I'DT#',L,G« = Nﬂﬁ‘
of 6 of sach type! 0 3E1944 Jumbo Yellow XCSSEY JALE ¥
JumE ©3€2138 Jumbo Gresn  XCSS6G ENCODER KIT
MBO .24” h C 3E 2785 Medium Red )
MEDIUM 247 C3E2788 Medlum Green  XC226 Cat. No. 35001 Kit =~ $49.95
MEDIUM 247 3£2137 Micro Red 209 Cat. No.3E5002 Wired $59.95 e ———
3E1948 Micro Yellow XC209Y Outputs standard 7 bit ASCII; interfaces with most data systems. Uses MOS Encoder ROM'
(T0-18) 0 32140 Micro Green  XC290G Key board pre-assembled onto PC board. 2 key rollover. Electron 7 LED Test F"eamre'

64 key keyboard!
128 ASCl C

5,

_ POLY PAKS SPECiAL

BUY $15 o/ Ml
WORTH lake O% §
—__ DIscount
BUY $100 D/
WORTH Takez&%
DISCOUNT

\
FROM THIS AD ONLY

MICROPROCESSORS.'
MEMORIES! SUPPORT!

Order by Cat. No. 3£3459 and type

Description
8 bit CPU

Type
o MC6800L

DC. 200 ma. Negative or positive logie, Jumper so]«ctahle
. COMPUTER | 8,000 Sg 52‘7'; L F\Icuﬂwe test feature...7 LED's displ l1'ay the SCIl cod . l"'fa;:e'sa:":hmzl;:fm'
GRADE ‘32000 20 Complete kit. nothing else te buy’ Size: 13" x51/2x 11/4".3 l! s
14000 50
ICAPAC|TORS 15,000 12
Order by Cat. No. - %gvggg ;g :ﬁtﬂtﬂttﬂtﬂﬂttm*ﬂttttt i ~
3E5112 and valuet 24
44,000 30 » - v S Order By Cat. No.
SESEEEEEEEEEEEEEEEEEEEEEEEEE : Lg“s cl"o“er INCS *+ C-Mﬂsnzszo&npeuo.
| . rder By Cat. No. 363667 & Type No. . Sal Type Sale
ONOOOCOO0O0NO00000000000000 : Type Sala Typo Sale : O c;::;oo o 00 €p4022 1.19
i “: BRIDGE RECTIFIERS:: » g7ace i, el =ik o
g R ! [
o] [] 74Ls04 7415139 1.24 cp4a006 1.19 [J cpao2s .34
- 2:)\’ (agus:;su;) (:3;:2455) (us’:zun (:3:2273) g : 8 741508 § 74L§151 1.25 : % €Da0o7 .29 E]] go:gg; .g; |
. * 74L510 7415153 1.25 #* CcD400s8 .79 D .
o 100 -65 99 1.15 1-25 H * 0O 7aLs11 [0 74L$155 1.25 * % C¢paooe .59 | [J €DA029 1.19 |
o 200 .69 1.19 1.29 1.95 C % (] 74LS813 O 74LS5160 1.47 #* [0 cD4010 .59 [J €D4030 .49
- - B v T v S - - 1 [ 7at2ies 147 ¥ O hagi: 33 [ baoss 59
3 E B . - . 2 .29 .
o 800 1.19 1.95 225 4.95 8 * [] 74L522 B 0 7415163 1.47 ; (] Cp4a013 .69 [0 ¢p4oao 1.19
I i ® DR 3 PAHG A Qe s e Ly
. 516! . Cpoao1l6 B L
Orerbnd_ No. Amperage ano Yoltage B % [ 74L832 '35 | [ 7418173 1.68 ; O €pao17 1.19 | [J Cpa0as 1.79
[Sessnpansnansrsussuaprsssaiansuavnddnans sl * [C 741537 45 | [] 74L8174 1.05 * [0 cp4a018 1.19 [1 Cpagag .49
* [ 741538 45 | (0 7415190 177 * | [J Cpadis .49 | [l CDa06s .79
: C 7aLs4a2 1.19 | [] 7418191 1.75 : ] €pa020 .99 | [ €pao71 29
SPECTRA-TWIST * Iusteopaisoibrighty § 5 £ 781227 35 | 5 7313155 175 » | cpecat 129
T N N
RIBBON [ c.t No. 363680 48 cond. 2 ft. $1.91 ¥ K 7aLsso 89 | O 7as19s 125
con $1.98 C 7aLs92 .89 | O 74L5197 1.25 ]
CABLE Cat. No. 3£4081 32 cond. 2t 5198 | % 0 7aise3 ‘|9 | 0 7arszer 133 i SILICON POWER ‘
74L5109 .5 74L5266 .54
»
rocooooeooonoomomeceey 3 B Jabil; o8 | B jasiee gf 3| STUD RECTIFIERS!
: RIBBON CABLE Cond. Sale d % [0 7415113 [as | [J 7418350 295 ) | Order by Cat. No. Amperage and voltage.
22 23 :}98 I Lt Sisisieaistiohisiaiicloisisiainioidobisviobd BT (::24;7';;) (,53;‘-,';;, (2"53022:;)’
A‘!“":‘l\'ll!N l::lAlCEs 3 oswas e = |o'so s .29 $ .35 $4.95
= Ultra-flat! ® wG! c 100 36 1,10 6.50
® Single color! indexed! 50 3. $1.98 E POLY PAKS “CHIP AWA'Y o 200 as 1.35 7.50
Order by Cat. No. 3£3939 and conductors o IC AND CRYSTAL PRICES! | o 400 -g; 1.7 8.50
CONONOCOCOOOOOOOORCO000000000 Order by Cat No. 3£4048 and Type No! [feisosy o 223 R
-~ Type Qescription Sale 8 | = =2 229
v aiCM7205 topwatch $14.95 8
ohms SPECTROL “SKINNY-TRIMS” OAY3.8500-1 6 TV Games 995 SOLAR ENERGY DISCS
D300 2 iy e e Your Onolee B03aE Vel Controlsc i338| o Mcele SV Asiowa: $3.95
: 4 : efficiency!
G500 leads Order by Cat No and 2 for $1 OMR2376-139 BCD Encoder Rom L6358 | < Gang tor higher voltages and amps!
0 1Ko 10K value. nEogerg o 3 .
0 2K 0 20K [] Cat. No. 3E3863 25 turn upright, type 64 011¢90DC 6S0MHz Prescater 14.95 Cat. No. Slze Mils. Sale
09SH0DC 350MHz Prescaier 8.88 03E5046 27 500ma 3.95
“ SK©O SOK [] Cat. No. 3£ 3866 single turn, flat, ype 63§ § ;MC14416  Touch Tone 538| c3E3B62 37 1000ma 888 |
OMK2002P - Char Gen. (sim n3513) 395 o 3::;13; 3w 1200ma 12.50
07207A/7208 Freq Counter pair 4.95 0 3E5057 4" £
10 AMP POWER TAB SCR’'S, PIV SALE ol Ms"fg i;: Dlgti:t DVM/DMM 1%.;2 c 1
$.55 OMMS3 arm Clock i W
TRIACS, QUADRACS! ., . 300 "5 OMMS369 60 Hz Timebase IC 195 DIP S sITn HSEI§ |
SCR'S 3[1730 1200 .88 03.579MHz  Timebase Xtal 195 Cat. No.. Switghes oY oy, |
Order by Cat. No.  TRIACS 1448 0 400 1.19 01.00MHz Touchtone Xtal 595 | L1 3e3668 3 ‘88
and Voltage QUADRACS 3E1550 0 600 1.59 03.2768MHz  Stopwatch Xtal 4,95 \ EI! g:gggf a ‘99 \ /‘
a— 0 3E3670 5 1.19 =
| MOTHER EOARD = R
EDGE CONNECTOR | 1INg000 EPOXY RECTIFIERS = —
|« mini Order by Cat. No.
Une i 1t Ak R jp LT nd Type No. £ECO 10-POSITION BCD
4 0.126” mn ctrs, roldpiated Cat.No.  Type No. PIV  Sale THUMBWHEEL SWITCH
3.95 %8 wire wrap leads. Open [] 3E2377 1N4001 506 10 1orsss -2-4-5  BCD eucodmx 3
$3. ends. fit wide PC bonrds. [] 3E2378 1NA002 100 10 for Positions labeled 0-7. F. L. or
| & oza.Cat. No. 3E 3987 0 ;sgg‘;g }::gooi g‘gg 18 :or .gg [()I; co‘«;l,id' for 8. Lc;)xled for $4.
e ——— —_— 3 T ite numerals on a
ot No. Contacts Sale E}’ 3£2381 1N4005 600 ig for 1129 black backsround. Beco ,800 OdJ
-MINY a [ 3E2382 1N4006 800 for 1.39 series, 11/a x 11 x Y
GIANT SALE! MICRO ':;Es 363936 SPST 119 || €at. Ne. uaaa’s $1.49
-ro(;GLE SWITC Je4036 seor 1% B
A Center oft 353335:.»1 145 {ummam EEmEsEm [TTEL] sssss T
o Top Qual better! - 195
o 3A, 125““3‘&":“::::‘:;..:,4:;:.;' 3£5087 4PDT* 1 TRANSFORMER Cat.No.  Output V. Amps M n
Y Compleu* SALE 8 ggg:sz 500ma .\)imulfenc:m('d $1.98 ®
.lll 81 4 Open frame $2.49 =
II-IIIII mEE [J 3€3a412 #0nma Open lra:‘:e $1.95 g
» “MICRO -TON R L 3e3029 13 Open frame  $2.39 g
1 Metal encased $2.95
. . ‘ u
. AUTOPATCH ENCODE H 3E83 AT Qhen e $10% w
o Emergency! 88 © 110VAC Primaries || 3E3413 2 jictallencased (32395 |2
o Famity!
0 Criends! 2 sEEmm u

o Complete in
Its own mink-cablnet!

LLL
COPYRIGHT 1978 - POLY PAKS INC.

MARCH 1978

Cat. No. 3E3921
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ll:L\'I)Y COMPUTER MULTITESTER

Ll 5/8 « 1/2, small
Only 2 1/Bx 13 ® 1000 ohms per volt
. nughwmounl\a:v!:'k:;r;::{’ $.1000 ohms per ot 4444490400000 000000,
-““"“ bubble  KeXt) ontrol diode  protected agamst IC SOCKETS -
enl\ures n"l“r‘.‘}'\‘ua digitally burnout. Measures DCC volts S 2stow as 1T 5
xtal co hip 0-16-150-1000; AC volts ea.
nthesred T 45 o 55 0-1000. DO currenc  $® Low profie, soider tail, 3
® oeciilator e resistunce ¥ 1 o 3E212
& vyDe (‘}omp\‘em kit thmze!s 00 ohms/volt : & 3:1303 8 pl;' m‘;::dlps 11;, :
| ip buy! Wi 1202 88 AC-DC. Uses penhle"cell o C 3E1309 15 pin dj -
W ot No, 3E4086 kit $28. Dot included. Kise 2 /s X o C3E3378 18 pindin 22 e
u No. 3E40B7 wired$34. 95 374” Wi. 5 ozs. . pin dip 25 3

000000000'00'00000

INFORMATION  CARD

storv. com

O 80BOA 8 bit CPU, 2 usec 14.9
O Z80A B bit CPU 34.95
O 8008 <PU 995
o0 1101 256 x 1 stat. RAM .69
01103 1K Dyn RAM 1.29
0 1702A 256 x 8 EPROM 5.95
o 2102-11 1K x 1 Lo-power RAM 1.69
|o 2111 256 x 4 Stat. RAM .95
o2 8K EPROM 19.95
0 MK4116 16K Dyn RAM 2.00
O MK4Z200P11 4K x l Dyn RAM, 350nsec  3.95
o MM5202 6.95
0 MM5203 2K EPRDM B8.95
0 MM5260 1K Dyn RAM 99
o 2K x 1 Dyn RAM .99
o 8212 B bit 1/0 port . 395
o0 8216 Bl-direct bus driver 3.95
o 8224 Clock Gen 4.95
o 8228 System cont. 9.9
o 8251 Communication Int 11.5
o 8255 Periph inter 11.9

CP000000000000000000000000000

& ’ o SN7472 26 &

*
% TTL'S o SN7473 31 o
o TYPe Sale | O SN7474 31 o
o O SN7400 .14 | o SN7475 48 @
& O SN7401 14| C SN7476 39 @
& 0 SN7402 17 [ o0 SN7483 69 &
® 0 SN7403 -14 | o SN7485 88 ¢
® 0 SN7404 17 | © SN7486 29 ¢
o SN7405 .18 [ © SN7490 69 ¢
< 0 SN7406 19| O SN7492 45 o
< 0 SN7407 24 | 0 SN7493 a5 o
o O SN7408 .18 | o SN74107 29 o
o O SN7410 .14 | O SN74121 31 o
o O SN7411 .19 | o SN74123 49 o
0 SN7413 39| U SN74125 39 °
& 0 SN7414 61| 0 SN74132 83 &
® 0 SN7417 .24 | 0 SN7a1a5 89 &
& 0 SN7420 .14 | © §N74151 €3 ¢
¢ o SN7427 26 [ O SN74183 63 o ;
< 0 SN7430 .14 | o §N74154 99 o
< 0 SN7432 24 [ 0 SN741S7 .
o O SN7437 .24 | 0 SN74161 87 o
o 0 SN7440 14| 0 SN74164 95 o
o O SN7441 .79 | c SN74174 93 o
& © SN7442 A9 | 0 SN74175 BB &
& O SN7445 .69 [ 0 SN74181 195 *
@ C SN7446 79| 0 SN74190 115 *
0 SN7447 79| 0 SN74191 93 ¢
® 0 §N7448 75| 0 §N74192 83 o
$ 0 5N7450 .14 {0 §N74193 83 3
o U SN7451 1410 SN74195 75 .
o U 5N7470 28| 0 SN74251 1.39

00000000000000000000000000000

ttttttttt LINEARS holebaebobob bt

Sale (0 LM379N 4.95 ¥

o [mom. $.25 |0 LM3BON 1.19:

© LM307H, V, N 25 |0 LM381N 119
Xo tmosu. v 79 |0 LMsSSV 24:

o 09K 19 [C LMs! 69
J o LM3LIH, v 79 |0 LM56SN i I
X O LM320T-5V 119 |0 LM56TV 1-40:
% 0 LM320T-15v 119 |0 LM703H 3%
X 0 LM320K-12V 1.19 [0 LM709H, N .22
X 0 LM320K-15V  1.19 [0 LM710N 29 f
X O LM340T-5V 119 [0 LM723N ax i
¥ 0 LM340T-12V  1.19 [0 LM741H,V, 29 %
$ 0LM34OTI5V 119 |0 LMTATH. N 3%

0 LM340K-5V  1.19 |0 LM1458V 63
* 0 LM340K-12v 119 [0 LM180ON 1.49
¥ 0 LM340K-15V 1.19 | o LM3900N 353
e Lngg: 119 |o LM3900?V 1.(15:

a 99 |0 LM7549, :
% o Lma3en 1109 |0 LM75492 5%
T o LmM37TIN 1.50 | PA263 150 % I
T AR A AR AR A A A A A Ak ik

COMPUTER GRAPHICS 2tor $8.
“JOYSTICK” $41.50

Four 100K pots!

Chrome handle and knob! ‘cn lNo 3E3808A
“WRITE FOR
POLY PAKS

CATALOG

E?EE/
BEST BARGAINS

IN ELECTRONICS
Terms: Add postage Rated: net 30
Phone : Wakefield, Mass. (617) 245-3829
Retail: [6-18 Del Carmine St.. Wakefield.
MINIMUM ORDER — $6.00

POLY PAKS

CoDaay] PO, BOX94ZE
BLPHONEB_[ LYNNFIELD, MA. |

|
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MORE THAN 20,000 DIFFERENT COMPONENTS

I
7400 TTL \ LINEAR f NEW FROM NEWTONE
L K . 741CH 4 . .
éﬁ ié? 234:053 }335 ';/Eigz .§§ .:35 tg%ﬁ 1%5 EE;:;H .2(3 Regulated Power Supply CQmpopents Klt-Comalnsthg
7404 21 7451 27 74123 1.05 39 (M311H .30 LM1458N .80 COmponenIslneeded to build a fixed-voltage regulgte
Oy o aEmpd SR SRMVELE [y 1201 | supply including: 117/17V- 1 ampere Transformer, Bridge
;2&73 :‘3?: ;2% 13; 32132 3.00 Igg t&%%?ﬁr« 65 “Esssv 1.‘60 Rectifier, 2000 uF Capacitor, and a 1 ampere LM340
7408 25 7472 39 14141 1.15 CA3005 1.60 LM370N 1.25 NE556 150 f i 2
7410 20 7473 45 74150 110 CA3006 350 LM3BON 145 UA702 80 || >terminal IC Regulator. Makes a f ne “on board” supply
23] 30 _7,:;; & ;:}% }%g gm}g‘\ }ég Lm;ﬁw 22 Hﬁ;gggn 4811 oruse it for breadboarding. Components only. Specify
MR AR RS IR || SR 3 b, g Uwedd G| 568120 15 volts e o
: . . o . H o - Yoo -
_7,35(2) 1%(1) ;’ﬁ 1,}@ 32}21 }“éi IC’s ON THE MOVE Pioneer 6 Speaker - 72-watt, 3.’2 ohm sp%al;er matdg
7425 43 7489 243 74165 165 BBD BUCKET BRIGADE DEVICE the way speakers should be made. -1as_ heavy-duty trea e
7427 .37 7430 69 74166 1.70 MM3001 19.50  MN3002 11.70 paper cone, protected magnet housing, and a ceramic
4% 38 Ty 'E 198 MM3003 9.45 terminal strip marked with polarity. A beautiful speaker
T3 3 Taa 52 748 105 || HALLIC:DNS34 125  DN837 150 || 4t haif the price you'd expect. NT526 $2.39 Three for $6.00
7437 47 7494 91 74181 3.55 DN835 1.35 DN838(NEW)
o R LIS ' PC Boards - MIL grade, '/, glass-epoxy boards with 2-
7441 110 74100 125 74197 1.00 ZENER DIODES ounce copper on one side.
2 Watt, +10% ........ $.30eachto 33V NT521 6”x3” $50’ NT522 6”x6” $.90° NT523 6”x8” $1.20
74L SERIES TTL O oy an d $‘§o°/e§°h-f°§3 f Dry Transfer Pattems for PC Boards - Includes 0.1 spaced
74L00 .33 74LS04 .45 74LS113 .98 Voltages to 200V, and + 5% Available _ d 3-and 4 i e
7410 33 741810 38 7415138 e 1 Megohm Potentiometer - Made by Claro- IC pads, donuts, angles, an‘ 3-and 4-connector p g
;:tgg 1:65(93 ;:tg‘?l :gg ;:ggaaes ggg stat. 7/;" diam., split, knurled shaft 2" long. Over 225 patternsona 2” x 7% " sheet. ‘ NT520 $1.4
it 8 S E S 1% - QN P b A
conta n S b
74H0O0 TTL el i - o
S ! uantities.
74H00 33 74H11 33 74M53 39 5400 SERIES VOLT.REG Coil resistance is 450 ohms. A super buy Lmﬂeﬂgsoa i
7aHos 33 janl ;73 Sy || M8 190 s s (Maas 15 -
74H05 35 74H30 33 74H74 59 el B ot] B0 et 5” Taunt-Band Meter - One milliampere full scale, 3%z ",
74H10 .33 74H40 33 74H76 65 2 1%3 54100 1388 m%ﬂg}gg I'] scale length. Coil resistance 465 ohms. Made by Modutec
MOTOROLA ek (M340K24 195 | | for Bose. Meter scale in VUs (-20 to + 30). Meter is de-
MIAOTOBpITS i ed coil up. Complete with “smoke”
Mceese 250 MC1 395 RESISTORS  [M340106175 e Ol eaee o 115" f" M tp face mounts in a
C666P 160  MC1469R 250 Yo Watt = 5% TP plastic cover. Over-a s X47. Meter fa
Mc670P  1.60  MC1489 460 onevalue .. ........... (280 oo 2hice 5'5"x2%;” cutout: A beautiful meter. NT539 $4.89
e ) et (e %2 Walt + 5% Packed'5 of any [ M20T0131-72 J . _ . _
MCr89p ‘1!:50 mr:}sm 450 g?,fN‘gj{gg RESISTANGE VALUBS  LM340T0:24 175 Aluminum Knob - Solid machined alummun_v knob with
R oo Moot 11525 . fluted sides made for Bose. Black front-face insert, black
MCE36P 135  MC1741GG 120 SEE OURAD ON JAPANESE pointer line. Fits flat v shaft, does not require set screws. |
MBsle 232 MCiea 2 TRANSISTORS AND IC’s 8high, .7 diam. Easily worth $1.50 NT540 $.82 2 for $1.50,
Mew 1R MESTT 2% x|
melotol 125 MCRRL  Zes MINIMUM ORDER $5.00
IVSEEA SIS 7 B All orders add 1.00 Postage and Handling. BOSE SPEAKERS \
Mc1a7 185 MC14S07CP 198 Conada $1.50 Eose{las discorr:tinuce-jdt rEhair origmal 301 System. |
MC1439 265  MC14511CP 276 ider ° i w-Tone purchase e speakers remaining in
MEIISER" 80l [MCT3512CRIkD R iR 5% siles tax in?/entory vfhenthe 301 waspdiscontinued, an% is
ELECTROLYTIC CAPACITOR“ offering them at prices that seem impossible.
C MOS 2IMFS0 Axialleads .15 3OME2S [oial Leads .18 The spseakeés rcljave beer} tested wiéhhthe Eose
4001AE 29 4023AE 29 i SLCELE R g : “Tone Standard” as a reference and have been
3.3MF10 No Polas A5 47MF50  Radial Lead: 24 A . A
oA ool Poeeay B 10ME22 x?a: Feads 18 100MFe ;aag;als temfs 19 | | subjected to the Bose power-handling test which
4010AE 58 402BAE 1.60 M AF&ILLeeaa(:iss on  [hoonEes, [edia e B includes both fixed and sweep-frequency testing.
oA oo e 52 F35  Axaleads 18 100MF35 Axellsads 65 | | 8-Inch Woofer(Bose Part No. 102606) has a free-
4015AE 125  4037AE 450 air resonant frequency of 25-35 Hz., and has a
AT 1 T p—r l\glglsCRgoePRogﬁssng? . ! 1.5”, 8.5-ounce magnet. The upper tested-fre-
4019AE ‘65  4049AE 75 2101 575  C5101-3 450  8080A 19.95 quency is 4000 Hz.
4020AE 175 4050AE 75 2102 1.75  MM5013 = 325 8224 10.45 3-Inch Tweeter (Bose Part No. 107376) has a
kel e el free-air resonant frequency of 1200-1500 Hz.
and has an upper tested-frequency of 16.5 kHz.
RECTIFIERS UNIJUNCTIONS HARDWARE - SOCKETS Supplies are limited. We urge you 1o take ad-
10 100 Nylon Screws, Nuts and Rivets - 50 piece assortment $1.99 vantage of these prices and stock up for your
For For 2N2160 65 MU4892.50 mgg;’aﬁ Ao AtingIKit o 5for $.99 future needs.
INdoss 50 B30 2Nzos 45 MUABSI S0 03 Tomaaogsnng- Se 10setsfor$.99 | | Sorry, we have no information about the Bose
80 7.00 2N4851 75 2N6027 55 IC Socket 14-Pin DIL §25 each enclosures or the crossover networks, nor do
90 8.00 2N4852 75 2N6028 70 |C Socket 16-Pin DIL $.27 each
100 900 2N4870 50 DSE37 35 Wire Wrap 16-Pin DIL $32each | | We have more specs. Bose says these data are
110 10.00  2N4871 50 MUI0 .35 proprietary information.
e St 8” Woofer NT541 $10.95

2N1420

112

LA
.20

2N2712
2N2894

.18 2N33%4 17 2N3858 .20 2N4402
40 2N3414 .17 2N3866 1.25 2N4403
3.30 2N3415 18 2N3903 .16 2N4409
.26 2N3416 19 2N3904 .16 2N4410
.30 2N3417 .20 2N3905 .16 2N4416
25 2N3442 1.85 2N3906 16 2N4441 1
.30 2N3553 1.50 2N3954A 375 2N4442 1
.25 2N3563 20 2N3955 45 2N4443 1
.30 2N3565 .20 2N3957 1.25 2N4852
.25 2N3638 20 2N3958 1.20 2N5061
.30 2N3642 20 2NA4037 .60  2N5064
.75 2N3643 20 2N4093 .85 2N5130
1.20 2N3645 .20 2N4124 .16 2N5133
1.00 2N3646 14 2N4126 16 2N51
.30 2N3731 375 2N4141 .20 2N5294
.70 2N3740 1.00 2N4142 .20 2N5296
75 2N3771 1.75  2N4143 .20 2N5306
1.00 2N3772 190 2N4220A 45 2N
3.40 2N3773 3.00 2N4234 .95 2N5401
.50 2N3819 40 2N4400 16 2N5457
.20 2N3823 .70 2N4401 16 2N5458

ALL PARTS GUARANTEED. WRITE FOR FREE CATALOG

CIRCLE NO. 32 ON FREE INFORMATION CARD

3” Tweeter NT542 § 3.95

POPULAR JEDEC TYPES —_— .

~

NEW-TONE
ELECTRONICS

PO BOX 1738A BLOOMFIELD, N.J. 07003
PHONE: (201) 748-6171,6172,6173

POPULAR ELECTRONICS
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SHOP YOUR NEARBY RADIO SHACK
FOR QUALITY PARTS AT LOW PRIGES!

Top quality devices, fully functional, carefuily inspected. Guaranteed manufacturer’s quality control procedures. These are not rejects, not

to meet all specifications, both electrically and mechanically. All are
made by well known American manufacturers, and all have to pass

TTL Digital ICs

First Quality

Made by
National
Semiconductor
and
Motorola

Tvpe

7400 "276-1801
276-1811
276-1802
276-1821
276-1807
276-1815
276-1809
276-1823
276-1824
276-1804
276-1805
276-1816
276-1825
276-1803
276-1818
276-1806
276-1813
276-1826
276-1827
276-1808
276-1819
276-1817
276-1828
276-1829
276-1834
276-1831
276-1820
276-1832
276-1833

Resistor and capacitor Kits in handy plastlc storage boxes you
can use over and over again. Stock u

¥2 Watt, 10% Tolerance Resistors. 271- 60
Vs Watt, 5% Tolerance Resistors, 271-602 .
50WVDC Ceramic Dise Capacitors. 272- 601
35WVDC Radial Lead Capacitors. 272-602 .
35WVDC Axial Lead Capacitors. 272-603

Pkg. of 350/9.95
. Pkg. of 350/9.95
Pkg. of 175/9.95
Pkg. of 35/9.95
Pkg. of 36/3.95

PC Board Accessories

8-piece photographic PC board processing kit — fastest,
easiest way to produce perfect printed circuit prolects
276-1560 .
Etch-Resist Marking Pen. 276-1530

Etchant Solution. 276-1535 s

PC Board Assortment. 276-1573 ... .. .. ...

fallouts, not seconds. In fact, there are none better on the market!
Count on Radio Shack for the finest quality electronic parts.

Tantalum Capacitors

Maximum capacity in smallest size. Low
ESR, highly stable electrical characteris-
tics and low leakage. Radial leads.

Cat. No.
272-1401
272-1402
272-1403
272-1404
272-1405 0.6
272-1406 1.0

Nos. 1401-1408, 35WVDC; 1409 1411 16WVDC

Cat. No. F  Each

B
272-1407 2.2 45¢
272-1408 3.3 45¢
272-1409 4.7 49¢
6
0.

272-1410 8 49¢
272-1411 1 49¢

Build an LED
Digital Clock

12-HR LED Clock Module. Just add a transformer and switches for a
complete clock with 0.5" LED display. 277-1001 . .. 14.95
Transformer for above. 120VAC 60 Hz. 273-1520 .

SPST Miniature Pushbutton Switch. 275-1547 . ..

Display Case. 1'%16x37/sx47/+¢". 270-285 .
CMOS ICs .

100% guaranteed
electronically

and
mechanically

" Type  CatNo.  ONLY _
T 74C00 276-2301
74C02 276-2302

OOV IO ORI ROV OE N T RT e v T -
.l B

SECONDARY

J i
74C04 276-2303

74C08 276-2305 Dlg_ts _Size_ Dnve Cat. No. ONLY

276-2310 276-056 Il 3" Anod. 276-1210 4/6.99
276-2312 o} 4 0.3° Cath. 276-1211 4/6.99 X .
276-2315 g ] P W . Anod.  276-1201 6.95 6-Amp Full-Wave Bridge Rectifier. 50 PIV.

276-2321 E ]] ¥ d " Cath. 276-1202  6.95 276-1130 1.99
276-2322 . 50V 3-Amp Power Rectitier. 300-A surge.
276-2401 276-1141

276-2411
276-2413
276-2417

Cat. No i Onive

Pkg. 2/69¢
Electrolytic Capacitors
3300 uF at 35V. 272-1021

5000 F at 35V. 272-1022
276-2420 Heavy-Duty Transformers. All for 120VAC. 60 Hz.
276-2427

276-2449 et Cat. No Volts Current Size
276-2450 273-1512 25.2C7 2A 2¥ax2%x2

276-2447 2731513 12 SA Ax2x2'2'
276-2430 273-1514 18 CT 4A 4x2x2%"

Low-Profile DIP Sockets

g . Silicon Solar CeIIs
at. No. rice

- it o & & :

Linear ICs ® Bus Strip. 276-173 1. 276-1995 2/59¢

@ Expenmenler SOcm 275-172 I - 2/89¢

By National Semiconductor € glng ﬁ"",,"' s 13!'08 I 276- Eaz/ggg

T i T eader. . - )

and Motorola — first quality € Right Angle 16-Pin Socket. 276-1985 1. 276-199 Fa. 99¢

"~ Type  CatNo. __ ONLY _ .
301CN 276017 =

276-1711 Produce Power from Light!
g;g:;;f 2cmx4cm. 0.5V at 100mA. 276-120
2cmx2cm. 0.5V at 60mA. 276-128 ... ... ... .

276-1723

276-1728
Clock
Chips

276-1724
276-1721
276-1740
276-007

276-010

278-1713
276-1705
276-1706
276-038

276-1701
276-1702
276-1770
276-1771
276-1772

The CPU and Memory IC's
you need for building your
own personal computer.

8080A Microprocessor. An 8-bit Na-
tional Semiconductor chip in a
40-pin DIP. 100% Prime.

276-2510 . Lo 17,95

2102 Static RAM. 1024-word by
one bit read/write memory. Under
600 nS access time.

276-2501 . 2.49 Ea. or 8/14.95

50252. 12-hour clock. 24-hour alarm ch|p With
full specifications. 276-1751 . .6.99
7001. 12-hour calendar alarm clock IC th all
data. 276-1756

Radie Ihaeli

A TANDY COMPANY ¢ FORT WORTH, TEXAS 76102
OVER 6000 LOCATIONS IN NINE COUNTRIES

WHY WAIT FOR MAIL ORDER DELIVERY?
IN STOCK NOW AT OUR STORE NEAR YOU!

Prices may vary at individual stores and dealers

WWW americanradiohistorv com
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UT al00meizsns = e

For Master Charge and BankAmerlcard Orders

VARIABLE POWER SUPPLY s ol wil power o 5 wart e 60 Hz. Crystal Tlme Base UNSCRAMBLER
KITNO.1 ONLY FIEECICIREE for Digital Clocks /

By
;of\;,wmmn, varisbie Irom 5V o §40 9§ $4 50 . /3} Q = ;> 519.95

LOOK AT THIS SPECIALf Buy2for$g. 1wy

+ Excelleni regulation up to V2 Amp
* Kit includes all components
* Drilled fiberglass P.C. Board

. A 60 Hz output with accuracy comparable to a digital
 $200 g o inering FROM RADIO HUT watch
« One hour sssembly [ B Directly interiaces with all MOS clock chips Plugs Into serphone or axternel
* Power Supply Kit 5V amp reg. C Super iow power consumption (1.5 ma t+pe.} 1peaker of any Scannes or Monitor.
VARIABLE POWER SUPPLY + Lina regulation 005°. D Uses tatest MOS 17 stage divider IC Guaraniesd 1o unscramble sny
* Load regulation 50mv E Eliminates forever the problem of AC ine giitches 1085 call
KIT No- 2 Kit inciudas components PC board, F Perfect for cars, boats, campers. or gven for portable « Easily tuned
transtormer . fuse and prict light. Line clocks at ham fietd days * Full insttuction included
DD ICRO 0Lee cord not included 5 G Small size, can be used in existing enclosures + Drilled tibergiass £.C. Basra
CLODEiCE ] Only $6.50 KIT INCLUDES CRYSTAL. DIVIDER IC, P.C. BOARD + One Hour Assembly
i nly . PLUS ALL NECESSARY PARTS & SPECS « Punched Case

7400 TTL DIGITAL CIRCUITS - TTL SPECIAL! DIODES HOUSE # TTL IC’s _éRYSTALS

9002/7400 10/1.00 s IN 4002 1 VAmp 100 PIV. 40/§1 107100 prease specify 7437 6/1 00 300 KHz  $1 50
19/1%0 IN 4004 1 Amp 400V 15/§1 010 mayou oo, SIXZE 3s1eas i
£ IN 4007 1 Amp 1000V 10/81 10/1 00 are ordering 74153 3/t 00

House Number TTI

COUNTER AND (CCOCK CHIPS

9016/7404 871,00

GERMANIUM DIODES
9024/74109  3/1 00

IN 54A $8/81 2
9300/74195  3/1.00 IN 270 10/81 MK50252° Clock Chip $4 99
4 arm Ciock 3.75 L
ZENER DIODES B V0380 Alarm Chip 295 soc“":csoc’
IN 746 3.3V 400M FOM7010 Direct Orive Clock Chip 495 9 P GRS (gg0
IN 752 5.6V 400M MKS005 4 Digit Counter w/latch  8.50 3LURC e
932 Dual 4 tnput Butter 8131 - ‘W Mw5002 4Dt Counter B8.95 CL M
934 Dual 5 Input NAND Gate 1ors1 QN 1958 8.2y 400M MK50335 6 Digit UPi Down Counter 1295 WY& 0%
941 One Shot Multivibrator 5's1 N 5259 39V 500M MK50397 6 Digit Elapsed Timer 895
L i o cmenanoinon 35 [N S22 Jooc soon  toratf ST BT e 12
1 nput Gate ! al rpw/sq rt
048 MFIF 8/” IN 5280 180V 500M q
950 F/F 10781 ,
981 One shot Multvibrator 5181 HOUSE # ZENER
1800 (se6 934 above) w0ist B 7y 500 Mw TBANSISTORS : ;
1806 Ouadzmpm NAND Gate 10/81 3. V 500 MW
e (s S B 10V 1 wart INTERSIL DUAL TRANSISTORS
ot 15V 500 MW Originaily Cost $3. sach
22V 5 Watt Simllar to 2N913

. 2 Per Pack 281
9110 Hex Inverter WITCH 1
9112 H:x nverter 7:81 N 414 S ING D ODES GENERAL PURPOSE POWER TRAN
9601 One Shot 351 !N 4148/IN914 Long Leads 20/$18 .\ 005 one 45 15 W 200v NN 95
9930 Dual 4 Inpul Ext. NAND a/51 @ IN 4148/iN914 Cut Leads 2N 3904 NPN 8§ TIP29IEPYET) NPN 4 §1
9932 Quad 2 Input NAND Butter 8/51 WIN 4148/IN914 PC Leads 2N 3906 PNP 881 TiP30 (EPY25) PNP 4 §1
9945 RS F/F a/s1 2N 3392Pre-Amp 25§91 TIP3 P c Leads NPN 5 Sv
9946 Quad 2 Input NAND 8/¢1 2N 4400 NPN A 3] MJE 2371
9949 Quad 2 Input NAND 8/§1 2N 4402 PNP 0% P 3055 75
9951 Monostable Muiltiv.brator 8/%1 EN 2222 NPN 8:31 TN 2021 By ACA 95
9362 Tripie 3 Input NAND IMSAI SPECIAL EN 2907 PNP 83 FETTIS75S HOUSE » s/t
740522 28 74(S112 | et 7408670 230 CAPACITORS
112 .38 7415164 1.49 A \
74L826 32 74L$113 38 74LS168 85 7408192 95 Dual § (nput NAND Gate s s-loo ACI -
74LS27 32 74(S114 38 74(S169 85 7403193 95 Quad 2 Input Buftes open collector 18 ELECTAOLYTIC
74LS30 .26 74LS122 49 74LS170 169 741134 95 3 Quad 2 input NAND Bufter 15 -
74U832 32 748124 99 74U8173 110 7403195 g5 1 Master Slave F/F [ COn nector AXIAL TYPE RADIAL TYPE
740837 32 74LS174 1.00 Oual JK Flip Flop 20 MFD 250V 5i81 47 MFD  35V'PC Leads10/$1
Quad 2 Input NAND Gate 35MED 25V 15:81 68 MFD 25V PC Leads 8/$1
2. Dual 5 Input NAND Gate 200 MFD 25V 5:81  330MFD 5cv PC Leads o
Quad 2 Input NAND Gate $3 95 Ea S0MFD 38V €is1 S70MED un
7505257 o...zagz Inut NAND Gate - - 470 MFD 16V 431 1000 MFD 3‘\/ PC Leads 4/81
Dual 2 Dual 3 Inpct NAND Gate 500 MFD 35V 581
Dual 2 Duai 3 Input NAND Gate LIMITED SUPPLY 2000 MFD 16V 331 150 PFD MICA 5% 10781
Oual 5 Input Expander | CO CERAMIC DISC
Hex Inverter COMPUTER GRADE
7Moo 98 7aM21 29 7amss 2 7anrs o | 33 Hex inverter BRIDGE RECTIFIERS 1,900 MED 35WVDC (Min))  3/$2 68PFd 50V 680 PP 50V
74H05 29 74H40 29 T4H61 25 74H74 39 Hex inverter 1 - 8.000 MFD 15WVDC 95 cents each 100 PFd 100Y 001 Fd
2 74H72 335 Hex Inverter 33.000 MFD 40WVDC ~ $4 00 Each 150pFd S0V 002 MFa sov
Dual Ore Shot Multivibrator f PFd 50v 01 MFd 200V
Dual Aigvé?‘_cl)fn%u'mlor 3 10 330 PFg 50 .02 MFd 200V
Ui 'p Fiof
4 TR AU .001 UFAS00V 3 3PF 500V

0015 UFaSO00V 4.7 PF 500V

1 MFD20 WVDCPC Leads 15/8) 005 UFG50V 8.2 PF 500V

3 3MFD35 WVDC PC Leads 8/$1 100PF 500V
47 MFD1OWVDC PC Leads 5/81

10 MFD20 WVDC PC Leads BIS\ PC Leads 25789 cents No Mix
22UF10 VO $'

SPCKETS

$TT 501 Quac Seg Dr

17T H 10r 3 B

177 503 Gead g B > + BBnlowprale 20 RTL's BY FAIRCHILD

1TT 506 Hex Digit Dr * 14Pin (ow Pratiie 22 : i

ITT 5088 0191 O o 5° SiaEniovmeie g Tre most popular digtal (C's eve

ITT 5098 Seg Or 2 « 282n Low Profiie 69 produced Very hard to tind ﬁ
ITT511 Quad Seg Or 55 0% * 40 Pin Low profle uL DUAL 2 INPUT NOR %9

1175148 D0t Dr 9 UL923  JKFLIPFLOP  $113

VOUTAGE REGULATORS : _ LINEARS

7805 Pos. 5V1Amp 99 7818Pos. 18V 1 Amp 99 709 Operational Ampliier 25 LM77 Dualaw Ampiitier 1.85
7806 Pos 6V1AmMp 99 7824 Pos 24V 1 Amp 99 TO -5 HEATSINKS 710 Dstterent:al Comparators 40 LM 3900 Quad Op-Amglitier 40
7808 Pos  B8V1AmMp 93 7905 Ni 5V 1 Amp 1.10 ;:; DuIaI Dstterentiat Comp. 35 LM 741 Operational Amplifier i)
7812Pos  12v1 Amp .99 7912N 12V Amp 1.10 Half Alder LM 748  Operational Ampl:iher 25
7815 Pos. 15V 1Amp 99 7915 N:g 15V 1 Amp 110 Similar to Thermalloy 2205G 749 Stereo Pre-Amp by Fairchild 2/51 NE 553  Quad Tlnmev 1.95
Finned with insert.  5/%1, LM 301 Operational Amplifier 30 NE355  Timer 40
723 VOLTAGE REGULATORS TO -5 HEATSINKS LM 307  Operationai Amplifier 30 NES56 Dual Timer 95
Output vollages variable trom 2 voits to 37 volts LM 308  Operational Ampittier 95 NES67 Tone Decoder 1.25
A very versatile and popular device — 14 PIN DIP STANDARD SLIP - ON 6/%1. MoK sy Larp Regulalor el pasel Woual Orsmantic] &

1 olitage Comparator § 1 ad Segment Driver
os HEATSINKS FOR VOLTAGE CM31 Vortags Comoarator 8 1o rerOgi O ]
MOTOROLA VOLTAGE REGULATOR REGULAT LM 218  Operartonal Amplitier 115 3043 IF Amgirtier 75
MC1469R TO-66 9 (ead package for 3 10 30V out- LM 723 Voltage Comparator 69 8038 Voliage Cont. Osc 3.9

Black anodized aluminum “U” shaped.
Fits TO-220 cases.

4 FOR $1.00

A J Quad Operational Ampiitier
sz TELEPHONE RELAY
UNMARKED 12V 1 AMP POWER SUPPLY Assembled & Tested $29.95

INPUT VOLTAGE 25V MAX. OUTPUT CUR-
1702A EPROMS By, OUTPE voIaX (e PAD  REGULATION B SURREPTITIOUS INTERCEPTION OF TELEPHONE
3.50 Ea. or 10/$32.00 § TiON 0015, KIT CONTAINS ALL PaRTS § CONVERSATION IS A VIGLATION OF FEDERAL

puts Provides 600 MA direct @utpul or more by
using an externai power transistor Regular cata-
log price — $4 0 each! With specs 1.95 sach

EXCEPT FOR LINE CORD AND TRANS- @ LAW AND THIS DEVICE IS NOT DESIGNED NOR
EIRIMEBFSHEER EORMER. INTENDED FOR SUCH USE.
ONLY $4.50
(All prices subject to change
HD iD without prior notice.) Money back guarantee. NO COD'S. Texas residents add 5% sales tax. Add 5% of order for
I P.O. BOX 38323D postage and handling. Orders under $15.00 add 75 cents. Foreign orders add 20% for postage
LA 5238 For your convenience. call your Bank Americard or Master Charge orders in on our Toll Free
' | U T DA::Q&,L?T:?OZ Watts Line 1-800-527-2304. Texas residents call collect: 1-214-271-8423.

CIRCLE NO 43 ON FREE INFORMATION CARD
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S.D. SALES NEW
EXPANDABLE EPROM BOARD

16K or 32K EPROM $49.95 w/out EPROM
Allows you to use either 2708’s for 16K of
Eprom or 2716's for 32K of Eprom.

KIT FEATURES:

1. All address lines & data lines buffered.
Quality plated through P.C. Board, in-
cluding solder mask and silk screen.

2.

3. Selectable wait states.

4. On board regulation provided.
5. All sockets provided w/board.

WE CAN SUPPLY 450ns 2708’s AT $11.95
WHEN PURCHASED WITH BOARD.

P 0. BOX 28810D

| 32K FOR $475 EXPANDORAM KIT 24K FOR $367.00

INTERFACE CAPABILITY
Contro!, data and address in-
utilizes
Schotiky devices

POWER REQUIREMENTS

+8VDC 400MA DC
+ 18V DC 400MA DC
—18VDC 30MA DC
on board r
ed. On boari
is provided with no wait states
or cycie stealing required.
MEMORY ACCESS TIME

S.D. SALES CO.......

DALLAS, TEXAS 75228

MEMORY CAPACITY
MEMORY ADDRESSING
MEMORY WRITE
PROTECTION
8K, 16K, 24K, 32K using Mos-
tek MK4115 with 8K bound-
aries and protection. Utilizes
DIP switches. PC board comes
with sockets for 32K operation.
Orders now being accepted
AHow 6 to 8 weeks lor delivery

Buy an $100 compatible 8K Ram Board and upgrade the same board to @ maximum of
32K in steps of 8K at your option by Terely purchasing more ram chips from S.D.

puts

Sales! Al a guaranteed price — Look at the features we have built into the board.

16K FOR $259.00

8K FOR $151.00

1S 375ns
Memory Cycle Time is 500ns.

low  power

ulation is provid-
(invisible) refresh

tor all IC's
4MHZ operation

Z-80 CPU BOARD KIT — $139.

CHECK THE ADVANCED FEATURES OF QUR Z—80
CPU BOARD Expanded set of 158 instructions. BOBOA
software capabihity, operation from a singie 5VDC power
supply. always siops on an M1 siate. true sync generated
on card {a real plus feature'}, dynamic retresh and NMI
available. ether 2MHZ or 4MMHZ operation. quality double
sidea piated through PC board. parts ptus sockets priced
“Add $10 extra for Z—B80A Chip which allows
Z—80 chip with Manusi — 23 95

NEW FROM S.D.

“VERSAFLOPPY”™ KIT

THE VERSATILE FLOPPY DISK CONTROLLER

ONLY $149.00

Festures: 1BM 3740 Soft Sectored Compatible. S-100 BNS Com-
patible for Z-B0 or o
double mdod) Directly contrals the 0ol|o~|n| drives:

B0B0. Controls u

- Shugart SA400/450 Minj
Shugart SA8B00/850 S!lndlrd
PERSCI 705:)’\6 277.

CDC 9104/9‘06

20 PRY-

'~.w:~

34 Pin conmcwr for Mini Floppy. 50 Pin Connector for Standard
Floppy, Operates with modified CP/M opersting system snd
C-Basic COmDvIII
The new ' D,

comptete control for many of the lv.:lubl. Flopvv Disk Drives,
8oth Mini
powarful Western Digits! FD1771B-1 Singie Density Controllar
Chip. This allows a great fiexidility vis Control Softw

tor Control Software ars ncluded im the pm:o

FD 1771B-1 CHIP ALONE $39.95

and Full Size. At the hesrt of “Versa

4 Drives (single or

4K LOW POWER RAM KIT

Fuily Buffered — on board reguiated —

reduced power consumption utihzing g
low power 21L02 — 1 500ns RAMS — o
Sockets provided for all IC's. Quality
plated through PC board. " Add $10 for
250ns PAM operation
The Whole Works - $79.95

ucts provides
loppy” is the

are. Listings

Low Cost Cassette
Interface Kit

Features: Play and racord K.C, Standard 2400/1200 Hz
tapes. 300 Baud, YTL 1/0 Compatible, Phase Lock
Both 22 Pin Connector and 8
Comes partially assembled. Oscillator snd phess lock
loop pre-tuned to K.C. Standard. Selector switch sends
cassatte dats or suxilisry Input dats to Microprocessor.
LED indscates Jogic 1 level.

Pin Moiex

Loop,
Connactor.

o l'_ﬂﬂﬂ'
g‘| H
mnumuumx

$19.95

6 DIGIT ALARM CLOCK KIT

Features: Litronix dual 1/2"" displays, Mostek

8K LOW POWER RAM — $159.95

Fully assembled and tested.
Not a kit.
$100 Buss compatible, uses
low power static 21L02-500ns

tmsai — Altarr —

DIGITAL LED READOUT
THERMOMETER — $29.95

cessary parts (except case).

50250 super clock chip. single | C. segment
driver, SCR digit drivers. Kit includes all ne-
Xfmr optional.

v
w

fully buffered on board regulat-
ed, quality piated through PC

Features: Litronix dual 1/2" disptays
Uses Silicoarx LD131 single chip CMOS
A7D converter Kt includes all neces-

. 90¥Id 194N
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board, includi Id 8 -
Eliminate the hassle. Gos. ip| awitonet! for aodtess g (o (el Gl o e
AC XFMR — $1.50 Caso s3.50 912,95 select. e Sl Ve
Bowmar 4 Digit LED Readout Arra .
owmar 4 Digit LED Readout Arfay | <> MUSICAL HORN << | Jumbo LED Car Clock Kit
u 2. . inronix N One tune suppiied with each kit. Additional tunes — $6.95 FEATURES: ad
D|g|| LED Displays eDach. SpecEiaI tunes avalable. Standard tunes novw available: — a Bowmar Jumbo .5 mchsLED array. AN
4 JUMBO 50" DIGITS ON ONE STICK! D e s e Pacear o aggie ar Somg e RS e baar presizion cryatas sime base,
WITH COLONS & AM/PM INDICATOR Anghgrs Awoa;e— Nr:»fer onIS"unda; —(Yenov?%'osa ;'Texnag - D. 12nor Za: hgzsc:elgrﬁi(rfea(or‘nr:‘aet 2= \
$3.95 Deep in the Heart of Texas — Boomer Sooner — Bridge over E. Perfect for cars, boats, vans, etc. {
pL722-C.C. pL728-C.C. River Kwai F. PC board and all parts (les$ case) inc. J
DL7218C.A. DL727-C.A. CAR& BOATKIT HOME KIT Special Design Alarm option — $1.50 -
93¢ $1.29 $34.95 $26.90 Case $3.50 AC XFMR — $1.50
MICROPROCESSOR
% % % *SUPER FLOPPY SPECIALX X % % CHIPS
g:tgg 328:§ g :;gg S. D. SALES.” VERSAFLOPPY S-100 CONTROLLER BOARD PLUS
214 - Ak 1295 SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY gg}ﬁ - 1{’0I cborl
101A — 2% 8:%4 00 —PILC. ...
:|03 K 35 $479.00 8216 — Non Invert Bus .
e tt = e
- — lInve us ...
MICRO-DIP $1.95 * % JOY STICKS % % Z-80 E{g ;or §jg =
- 0] -+ —
New — Series 2300 FOUR 100 K-OHMS Programming Manual 8228 Sys. Controller
. The World's Smallest POTS IN DEPTH DETAIL OF 8251 Prog. comm. interfact.
Coded BCD Dual-In-Line THE Z-80 CPU 8255 prog. prep. interface ..
s Switcn! PC Mount Ideal for g MICRO-COMPUTER 8820 l[))u-l LLim Rgcr L ABY w1
ncludes manual 29 95 2= & - k. i
A et o Qo) Zmecechizes electronic 2 S. D. SALES SPECIAL 3833 Char. Gam.
BOBOA CPU B BIT 1195 Compli ames . . 8838 Quad Bus. Recvr. .
8008 CPU 8 81T 695 o 9 $3.95 74LS138N — 1/8 decoder
Silicon Rectifier Special 1N4007, Be| 737 HeTriState Buffer
PRO Thermistars 1.5K ohm .5/$1.00 1 amp 1000 PN. ....10/$1.00 R0 Ul
Tantalum Caps 1 mfd. 20vOC Photocell Assortment .12/%$1.00 TR 1863 Uart ...
1702A - 1K - 1.5us ..3.95 or 10/35 P.C. Leads .. ... ....15/%$1.00 Plastic Readcut Filters fD 17718:1 . ... ...,
2708 - 8K - 450ns .. ... ..., Flat Pack IC Assort. .20/%1.00 Amber .............. 6/$1.00
5204 - 4K 7.95 Electrical Coil Disc Cap Assortment .. ... 60/%$1.00
825129 — 1K ... .2.50 13T Type C - 10T Type C 12/51 00 P.C. Lead Diodes
2708U 8K signetics 650ns. 9.95 2 Transistor Audio ... ... 8/%1. 1N4148 1IN 914 ... . ... 100/%$2.00
5 Trimmer Pots 1N4002-1A-100 PN . .. .40/%$1.00 4001 19 4029
COUNTER CHIPS 10K, 20K, 25K, Mini ... .10/$1.00 MICA Trimmer 4002 19 4042
Disc Caps For Bypass PC402 Miniature 4011 19 4047
MK50357.6 Digic alapsed] timer -89 01 mfg - 160 WUDC 1.5-20 P.C. P.C. Mount. .4/$1.00 pol B e
MK50250 Alarm clock .. ...... 4.99 PC Leads .......... 40/$1.00 Resistor Special 22 ohm 4017 95 4071
mggggg GA‘Ijlrm chi/;:1 ggg New gamgﬁgd:ggsz Carbon Comp. ... ...25/%1.00 4020 97 4076
digit wp/dn.count. 1 art - Resistor Assortment 1/4 W 59 &
::gggi_éﬂlgé;iwunlor — !2!2(5) * Goid Plated ... .. ... 50/51.00** 109% PC leads ! .200/0/ 1.50 43%% % }:gég
Py S 0t BARE CHOOSE $1. FREE MERCHANDISE FROM ASTERISK ITEMS ON EACH $15 ORDER| 4027 39 14529
CALL IN YOUR BANKAMERICARD 0
(VISA) OR MASTER CHARGE OR- Texas Residents Call Collect: — e NO COD's. TEXAS RESIDENTS ADD
DER N ON OUR CONTINENTAL  214/271-0022 | @) mie @& @ onroic o tibind on
TOLL FREE WATTS LINE: S . -
S ==== . DERS UNDER $10 ADD 75c HAND- lf
—— P — t{NG.FOREIGN ORDERS - U. §S.
1—800—8527—3460 o0cALER INQUIRIES INVITED! EURGAION P
5
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L TEEZY AR XL R XX AN ERA R » rwrrw = R IR Y - X N L R S R A s R X X

1l CORPORATION
Quality Electronic Components FREE MINNESOTA RESIDENTS 218-681-6674.

1.C.'S o RESISTORS o TRANSISTORS o CAPACITORS o DIODES o I.C, SOCKETS & PINS o SWITCHES

R4

b

¥

d

K

N DON'TFORGET OUR CLOCK MODULES OPTCELECTRCNICS BREADBOADING & TESTING DEVICES o DRAFTING SUPPLIES

. /| L] .

P dbntetbb R LRSS LU LSl [ 500KS o HEAT SINKS o WIRE » TOOLS... AND MORE ... WRITE FOR FREE CATALOG........
.

A

INTEGRATED CIRCUITS MICROPROCESSORS _LED DIGITS ANDLAMPS o DATASOR

S 4
X X F X E XX RIS AR R R R L R R G0

B080A 8-8IT CPU, 2 USEC CYCLE §12.95 FND357 375 Single Dygn rc i-ﬂn :u LINEAR DATA BK, 952 P. NAT. SE <
74521 2.00 | LF3 8212 8-BIT /0 PORT $395 |1 5 Dt CC 13 03 DATA B 77 Eni1 S35, NAT. SEM
(5266 .39 | LF137: BI-DIRECTIONAL BUS DRIVER $4.25 E-( ;3 -] POWER TRANSISTORS, 151 P, NAT. SEMI
128 CLOCK GENERATOR S 305 CCRel 230 (AEMORY DATABK S92P NAT SEMI
‘(,a SYSTEM CONTROLLER § Fd 250 MOS LSIDATA BK 713P. NAT SEMI
& COMMUNICATIONS INTERFACE ke 3 Dl van G R 220 | L o 28 AT Sowi
", € N
.6 PERIPHERAL INTERFACE s LIN APPLIC. BK, VDL. 1 432 P NAT SEMI
% 2K EPROM (256x8) 0! Dars ¢ LN APPLIC.BK. VOL 2 2467 NAT, SEMi
- 8K EPROM (1Kx8 . T T L 13 Cn AUDIO HANDBOOK 196 P NAT SEMI
2102-1 1K RAM 500 NS ) K : "555,";;";,"’:‘;} 26/15%16.00/100 | 80B0A MICRO SYS. DESIGN MAN, NAT. SEMI
5 VOLT SC MP CPU WX T e hed {1 5 ?Ssé?il'“r‘ﬁﬁé’néipoﬁ‘&"é’f AT e
- | w Mg Howe
- MICROPROCESSOR 125 #1H-2 CLOZK 40 DIL.  $24.95 a Heer 3180119 516.00/100 | o U O ST AE SCIENT
] ) SIORETICS ANALOG MANUAL, 637 P
5 52“& V4 WATY RESISTOR ASSORTMENTS PROCESSOR BOOKS
z 7itss i bmae i ADAM OSBORNE N
25 741508 [EE ST X -il.,"i,::':ﬁ'?.’:""“ 59.90 ON-DISCOUNTABEE M
L} 7sis09 RS2IS 00 15 10730 2 o e ors vt v " ™ $9.90 G Ron o TOMICROCOMPUTERS, V0L . O H
| Ly e oo L N
] s 18-
51 s 8212, 8224 e e e @ | 8080 PROGRAMMING FOR LOGIC DESIGN 130028 M
i ISTER 57 and 8228 RST30 et 0772 7T 6 T et e (5 od = $9.90 | 6800 PROGRAMMING FOR LOGIC DESIGN _ 9003B-ND § i
0| 7452 o SIXTEEPI‘ILUZSlOQI RS20 2 T T o S e e $9.90 M
25| 74150 ] -1's M
30| 74522 &1 ALL FOR Bishap Graphi i b
25| 741526 8 = ishaop braphics 50 . CMOS COOKBOOK 21398-ND § 0.45 M
25| 7als27 61 THE BIG CMOS WALLCHART 21399-ND < 2.80 M
50| 74528 'e; i 1.2 10 20, The DigiKoy Catwleg foa T FET CIR 21339-ND § 570 M
j :1; ;2_ g o : 40 PIN WW. 1. 3 tures mony more qucl“y IC TIMER COOKBOOK $ 9.42 K
1 2 X ] i ——— | 5 hog 3rophics products. PRINCIPLES & APPLIC, OF INVERT. & CONV 5755 M
778 ;it 9 ], g‘ MOLEX 1.C. SOCKET PINS S H ABC'S OF CAPACITORS (2ND EDIT.) § 4.04 M
: . i S,C B2O/M  B.20/SM  275.00/S0M ABC'S OF INTEGRATED CIRCUITS $333 M
70! 74838 09 b g
e 10| 7 i : RS LOCK MODUl-ES B IS o 108 8 103 B
Y h| e u % 9 The KAIDOZ and MA' D10 sorie clock motues by National emonductor are | ACTIVE-FILTER COOKBOOK $12.20 W
7433 1 k 9 AN ASSORTMENT OF METALIZED POLYESTER CAPACITORS fully oxambled and tested ciecks using ¢ & dgit LED dissiiy and on MOS | COLLECTED BASIC CIRCUITS, S 5.23
Jas A ;:lL_A]B 77 ] [ T 52600 | Imednot crcun on the sarr'u"bw’:‘ﬂ Simply et switthes and our special | HOW TO DESIGN & USE MULTIVIBRATORS. 5375 M
. ‘ . v g | o tomer erd vou pove o huly bucraneg ¢ HOW TO USE IC LOGIC ELEMENTS . § 370
7460 21 | 741554 000 3 1.4 The MAT003 clock module is o fully ossembled ond fested 12 hour clack *
18 B i 7 ock o ‘ IC OP-AMP COOKBOOK . §12.30 M
P i llpatsss 3 {41MINIBOX METALIZED POLYESTER CAPACITORS wng u(hlq?::'l\’lrm;ngr:nal"b.urns:mi :u:zy o eyl e b kg k;gs%kcum AN PROJECTS s 199 M
ps s 36 123 isoiN pyo| 9o e visno ssoc B 1ION0ANE ol e i O 1 s e i e BRACTICAL SOLID-STATE CIRCUIT DESIGN $eia M
4 4 0022 14 13510 9.007C 7 swrrcae: for suttng be fime - g
7475 39| 74157 3 | 4008 g LMIBI2N 4,80 00/C 088 .15 1.25/10 10.00/C RC CIRCUITS 5470
S || ST || el o EEY 13 B0 e 1IN0 B00K 7T 07 13810 1100/C | MATSOZA 5 160 12 Heur Amom Cioct M :IO.SO REGULATED POWER SUPPLIES $523
4 ) 4 - i 00/
T8 0| B M o3|t pas| S8 110 S0 e Ry AL :AI-)DZA H oo g ;}g:g TRANSISTOR SPECIICATIONS MAN. (8THED ) 2 335D § ¢.60 b
7485 89| 7a8s 39 1 a0z 23 |WMION 1SO) Gy 8 19200 \gRgie A7 .36 30010 22.00/C | MAIDOIC 5 i 2itur Codk Matie 10501 1RANSISTOR SUBSITUTION HDBK (16THED 1 21333-ND § 470 g
7é8e 28| aise 39| 4013 401 s METD2C SET Modue w Transiormer & Swinches 13.95 | ABCSOF FET'S 0789-ND § 2.80 M
48 2. 15 7 %1 Ivoon 8 ELECTROLYTIC CAPACITORS MAIDD3 12 vt Cor Clouk with Swirches 94 95 | ABC'SDF TRANSISTORS(SRDED) 5304 M
70 a4 a7 | d0ls S| NSO IO 1300 | ABC,S0r ZENER $ 375
] 881 yaye AXIAL LEADS B4 LED 12 Hour AMPM Clock Matile .00 | ££T PRINCIPLES, ey & PROJECTS (2ND} 67 ND § 208
LM39SN 1.4 : : +
L Erie R [P A v i G 984510 s 11 010 7e5C | MAIDIOA SET mae wiriome s surres 116,45 UNEAR ICPRING.. EXPER . & PROSECTS gég;g w5 sso |
R BT IR MR Y 08 5210 41C 12 ool0 782C | MATOIOC 84 1 28 Hour Cick Mo ;13.00 SEMICONDLCIOR RIPLACEMENT CUIDE 21092.8D ¢ 375
299 70| 7412 30 | 4011 114 MCASBY 08 65/10 5.41/C 1210010 831/C | MAYOIOC SEY Moduie w Tramformer 2 Swiiches 16.45 | TRANSISTOR FUNDAMENTALS — A CAREFULLY PLANNED %
% 0| zasiiz BA Nl Melie ol 473w 08 6510 541 12 9510 791/ PROGRAMMED COURSE IN SEMICONDUCTOR THEQRY »
TN00N g TNy B | e 3| mcwmozp 15| 47750V 08 6810 575C 12 100/10 831/C 1 High Digit M
L) o (Tl e B Nes3r 50| 107 08 6510 541/ 11 9010 745/C 2 0.5 ASIC SEMICOND. & CIRC. PRINC. 20641-ND S 4.9 jy
74116126 | 7413126 49 | s025  23[NEaOL 204 1023% 08 6310 5.60/C .12 1.00/10 831/C VOL. 2 BASIC TRANSISTOR CIRCUITS . 20642-ND S 4.99 g
7l 36| 7alsi% gl : g Sl 1319900 eiee VoL 3BT Tac Sretia GRS Roneine § 590 M
{ a 8 H 31 I — 643-NC § 4.99
e a 566/C 12 10010 831/ 4 VOLUME SET 20645-ND $18.53 M
7h9e d0l7a8139 73 4 6.09'C 13 1.0510 8.74/C TRANSISTOR- TRANSISTOR LOGIC 20967ND 5 617 M
% w0l s 7 5 729 1511910 9'98.C TUBE SUBSTITUTION HDBK (19THEDIT.) . 21225ND § 2.14 M
Jin i 78 5 848/C 117 13210 11.22°C SPECIAL TWIN-PAK TUBE SUB. PACKAGE  21227-ND § 2'80 M
M 74132 70| 745158 10 5 690C 1210010 g SOLID-STATE COMPONENTS 21099-ND § 3.75 M
Bihi | hame 7 % Seslc 1713410 1133 ST S0 AT ooN T Sosomp & 153 M
Hohas : 3 A ‘ ‘gr <30 -STATE POWER SUPFLIES 8 CONV. ~ 20310-ND § 333 [
M 7ia a3 | 2as1e 78 3 14 1041/C .19 152,10 12.89/C o 1 TRANSISTOR AUDIO AMPLIFIERS 20838-ND § 5.62 0
MISIN RS e ey 1 SaE el S | B l\c‘\'“‘ sin T1L COOKBOOK 21035N0 5 850 M
72150 11 R . E
M 75 38| Tatsier 102 a5y 1310570 9%5/C 17 13010 11 22/C b EMRITER CO0kE00K R R R
[ 74153 65| 7415163 102 477357 4 1041/C 19 1.51/10 12.89/C UNDERSTANDING CMO5 1 .C 'S 21729°ND § $70 M
M 74154 103 | 7415164 1.02 47 50v 151 1106/ .21 17110 14.55/C UNDERSTANDING IC OPERATIONAL AMPLIF yoass zu g 3;0 P
474155 70 | 7415168 1.14 100710V B 6.58/C 14 1.13/10 9.56/C UNDERSTANDINGOSCILLATORS o D -
M 7415 70 | 7215169 1114 100/16V n ol 728/C 17 13010 1122¢C D sl Ta ok 7ND 5 470 M
M 74157 70 | 7415170 1.73 100/25V a3 915C 20 15510 1330/C HOW T0 BUY i TelioR . 63-ND s 470 M
- | e 100798V ERY 1185C 3813310 16.20/C HOW TOBUY & USE MINI & DCOMPUTERS 21557 ND § 349 ¥
N RN 100750 iRk 1SHE 33 23016 1950,€ W TO PROGRAM MICROCOMPUTERS 21459-ND § 8.50 M
M 72162 88 7415175 84 200w B gix¢ 18 Laano 1208C Q‘,{E’;%ggﬂﬁ‘c‘;o%ﬁ(‘M§‘$CROCOMPUTE 21404-ND 5 7.55 1}
M 74163 88 | 74(518) 2.50 BER 5/C 20 1155 10 1300/ »
e ey : 129y Ll 1459C 39 23510 19.96/C INTERFACING & PROGRAMMIN 21447-ND § 9.45 [
M 74165 1.15 | 7415]91 1.18 23 | LA7BISCU 1. 220135V .25 24 1726/C .35 2.79/10 23.70/C COMPUTER D>CTI0NARV(7NDEDIT) .20943-ND § 8.50 |
- VRbRRH | ol I Bluamac 138 220 v R0 19.96/C 40 32310 27 44/C o COMPUTER DICT. & HANDBOOK (2ND EDIT | 20850-ND 518153 1
M 0 2.64 | 7415193 1.06 23 | UAT824CU 1. 330/6V . 14 §50/C .19 1.4810 13.71/C 5 . COMPUTERS & PROGRAMMING GUIDE FOR &
MO0 98| Jaies & Bl Ohaeacs Bl BV N Teencietc 31 24800 B : . e
§ 93| 7415195 7 y / X 14/C 31 2.45/10 2270/ " '
& 79| 74519 8 UA78108ACZ 40| 330/25V 231 579/C 38 3.07/10 28.3B/C Y2 WATT ZENER DIODES HARDWARE ¥
M 74177 79| 745197 86 UAT8LI0ACZ 40| 330/35V 322, 4.59/C 43 3143710 31.68/C ™
x 30 70| 7415197 86 UA78L12ACZ .. 330/50v 54 4. 9.73/C .60 4.81/10 44.45/C 15 1.30110 11.00 C »|
M 76 2191 7eteta0 15 UaTtiaacs ol G0y T iFin st 3 Tasho my ; ' H
1 2. K /' B B 4. | . IN52268 3. TN524!
M 74182 76| 7405241 190 UA78L24ACT 470/16V 231 539/ N8 30V INepeas &
M 74181 215} 7215242 1.70 UA7905CU ™ 170 470/25V 272 9.96/C . INS52288 39V IN52418 M
M 74185 219 7415243 1.70 68 |UA7906CU 170| 47038V L. 41 3 026/C TN52298 43V 1N5245B M
M 74189 3.50( 7415242170 88 | UAT908CU 170} 470/50V 544 73/C N5230B 47V M
M 4190 123) 7a152:7 79 23 | Uaz909Cy 1000/6V 221 50/C 3 i IN52318 51V ¥
M 1191 123 746298 79 23 fuAT912€U 1.70[ 1000/10V. .. 3416 62/C_ 38 3.07/100 L 1N52328 5.6V .
M 7197 B3| 745249 7 vATe1SCY 1000/16V 29 2. 9.96/C "43 3.43/10 3] 68/C = IN5233B 6.0V M
M 74193 58| 7415251 B A7 70| 100025V, 132 3. 8.27/C 68 5.42/10 50.13/C INS234B 6.2V N
3 55| 7asas 84 | castae 75 ! Unrosacy 170] leog/iv. 60 ¢ 4.45/C 75 6.03/10 55:81/C - N52358 6BV "
74195 e8| 735257 75 =Ases 1 2200/6V 36 21 6.48/C 43 3.43/10 31.68/C L K M
M 7219 8g| 7215258 75 MISC 1C 2200/10V. 42 3. 27/C 60 481/10 44.45/C MAHOOS $92.95 M
74197 88 7415260 34 \Lraxm 1.20 [MMS31AN 375 ] 2200/16V. ... .. 54 4. .58/C .68 5.42/10 5013/C ) M
M
y « 4 Digh-Key M
it L N (S0 ET DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! :
. the Entire
R 7acpo SUPER PRICES LN HANDLING  ‘oiie S VOLUME o
 icoon 25 L racsen 2,90 CH a0 e e e N
4C02N 25 | 74C157N ems  excep! =2 Wi 60 M
M 7ac0aN 27 | 74cte0N 111 B 5 0003 ARGES numbers ending with she suffix-ND may D|SCOUNT }3$E MM
M 74COBN 25 §74C16IN 1 4.99. .. Add $2.00 be combined for discount. Frst—total § 3 |
M 74CTON .25 §74C162N 1 ;33,5 $ 5.00-$24.99. .. Add $ g ofl discountable jterms ond apply the $. 000§ 24.99 .. } ﬁé x H
M 7aC1aN 90 [ 74C163N 1 SoC . $0.75 {iume discount. Then odd to this sub. $ 25.00-§ 99.99 . Less “”‘ 1360/ MM
8 ;388“ gg ;jgmsg: 1.8 BNl $ 25.00-$49.99. . . Add $0.50 1otal the nondiscourtchle items. Add $ 100.00-$499.99 . Less 15% 13.60'C moM
M 7iCoN 23 | 7acioan 1 PRd $ 50.00.$99.99. . . Add $0.25 the handing chorge. Tuis s you fatol. § 500.00.8999.99 . Lass 20% e nm M
M 7:Ci2N 9 a cost. We pay oll shipoing ond insuronce Yeh A
Qi mas by Bl $100.00 & Up . . . No Charge (2% &l 0 SA, ond Conado, $1000.00 & Up . . . Less 25% 1360 -
B 7:C73N 72 174CI9ON 1 13:60°C
¥ | AL [ _voe ] Orders Accepted by Phone or Mail 3160/ M
* 75C83N 1038 | 74€221N 1 NuMERICARD MasterCharge ¢ Bank-Americard ¢ ZOD e Check e Money Order ‘master charge| 13 60/C
M 7acasn 138 | 80CoSN . B3 ©.0. Box 677, Thief River Falls, Minn. 56701 218) 681-6674 M
M 7ichen |30 1806 e
M 6N 13.60.C
M 71Co0N 98 socomy e )
: | N 13.4
74C90IN 13.60/C B
- 74C902N - 13.60/C
- 71C909N 175 B3 13.60/¢
3 74C926N 7 80 ereore
STRANDED HOOK UP WIRE| | CORPORATION 80
20 ga PVC. . 250 100° 10.00 500 S
{2 oo v 20000 s oo, 1o jus Quality; Electronic Components nme
B 2 go PVC.210100° 850 500 ] P.0. Box 677 Thiet River Falls, MN 56701 218) $81-6674 85.00/C
PI20 caamaam.. . 85.00/
XX ---I!.‘!i R LT R R YRR R ke Rk KR LR R TR T
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Operation Assist

t {0

LAl TRONICS 1 Park Ave New York

Scanfax Systems duplicator Model 200, serial
#200-000074. Any information needed. Rev. R.A. Elod,
Outreach Ministry, 800 Dunbar Rd., Fall, OH 44278.

1.T.T. instrument type PL-2 time base from precision X-Y dis-
play. Schematic, manual or manufacturer. Bob Ettare, 645
W. Garland Ter., Sunnyvale, CA 94086.

Wards Alrline Model 62-256 AM/SW. Need schematic. Da-
vid Warren, 117 Royal Crest, Los Alamos, NM 87544,

JBL SG 520 preamplifier, JBL SE 400S power amplifier.
Service manuals. Jacob Landy, 111 Gardenia La., Hicksville,

NY 11801

Simpson oscilloscope Model #476. Schematic and operat-
ing manual. M. Riordan, 109 Cayuga St.. San Francisco, CA

94112,

R.C.A. tube tester #156. Schematic diagram. David R. Ellis
138-C Weish Dr.. Lancaster, PA 17601

Collins 75A4 receiver. Instruction manual and schematics.
Allen Vinegar, 160 St.-Paul St., Brookline, MA 02146.

Precision Model E-450 dot and bar color gensrator. instruc-
tion manual and schematic. McKay Bradiey, 2324 N. Pow-
hattan St., Ardington, VA 22205.

Hammariund HX-500 transmitter. Alignment instructions.
Warren Curry. Cabery P.O., Stelle, IL 60919.

(continued on page 118)

8K ECONORAM II™: kit passcs: MORE COMPUTER ITEMS
$135, 3 kits for $375, ; 4, B .\ laie/IMSAl Extender Board Kit" We are

assembled and tested $155. y # proud to distribute this Mullen Computer Boards pro
duct for the §-100 buss A must for servicing, taking
measurements. burning in. etc Integral logic probe.
1 with needle point non-skid tip and special edge con
| ecior for easy probing: “CK-006. $35.00. Also
o 2vailble “Relay/Opto-lsolator Control Board
Kit.” 8 reed relays respond to B bit word" 8 opio
isolators accept inputs for handshaking or further
»ntrol. With applications notes. *CK-011.$117.00.

This is the board that thousands of owners
swear on, not at. There are lots of reasons, such
as unique addressing options. reliability. full buffer-
ng fast access tinie, a full set of sockets . bul prob-
ably the most popular feature 1s the price. which is
all the more rematkable because of the high level of
qualty. One owner reviewed this board in the 1 77
1ssue of Kilobaid, closing with the words *1f vou're -
not convinced by now that the Econoram li1s one of Lo
the best memory buys on the market today. vou o= om om omom om on ol DB-25 RS-232
really have to be one tough cookie—eiher that or B SUBMINI-D CONNECTORS:
you work for someone else who makes memory e tale plug. *CK 1004. $3.95; female jack.
boards ’ g ¥ 1 CK 1005. $3.95; plastic hood for male connector
CK-1006,$0.90.

12K ECONORAM VI™: $235 S ®:nGe connecToRs:

We proudly welcome our newest memory il] { CK-1001 100 pin edge connector with goid plated
board family member. designed from the -3 level wrap posts  Mates with  Altair/IMSA]
ground up for full compatibility with the - 0 .rgnphera[‘ $5 each or 5/$22.

Heath Company H8. Organized as two indzpen R #CK.1002. Same as above. but with soldertail pins
dent blocks, one 8K black and one 4K. Has the on 025" centers {mates with IMSAI motherboard)
same basic features as our ECONORAM [I™*—all " | $5 each or 5/$22.

static design. switch selested protect and phantom s ~ #CK 1003 Same as above, but with soldenail pins

~ockets for all 1Cs, full buffe plus the required on 0147 centers (mates with Altair motherboard)
hardware and edge connector to mate mechanically

with the H8 Y an have our 12K board fcr the
price of the Heath Company’s 8K . with the per

furmance you have come to expect from products F
carrying the ECONORAM trade mark ’ e ‘ = BOOKS

Some Common BASIC Programs™ by

| 27 some programs 1o play with #BK-21002.$7.50

8K ECONORAM 1™ $149 ] { 3 B Poole and Mary Borchers. If you've got BASIC. here
4 |

The first 8K X 8 dynamic RAM that per- 3 M
forms well enough to merit the The Adam Osborne and Associates Books: We offer
ECONORAM'™ name. Not a kit assemoled AL “An Introduction to Microcomputers,” volumes
tested. and ready to run in vour S-100 machine ¥ ] 1 and 2. plus “8080 Programming for Logic
{Alrair, etc) Low power Configuration as 2 sep SEREMT ] Design” at a special combination price of $25.00
arate 4K blocks. Zero wait states with 8080 CPU In wal {order #BK 1001). Also avallable “6800 Program-
cludes 1 yrar warranty @ ming for Logic Design.” “BK.5001.$7.50.

IIIIIIIIIIIIIIIIIIIII'IIIIIII-IIIIIIIIIIIIIII [ 1 11]]

Terms: “al res add 1ax Allow 5% shipping: excess refunded.
en Mastercharge® /VISA™ orders ($15 min) call (415) 562-0636. 24
hrs COD OK with street address

 (ODCOU

ﬂyer BILL GODBOUT ELECTRONICS

OX 2355. OAKLAND AIRPORT. CA 94614
CIRCLE NO 18 ON MREE INFORMATION CARD

CPUPOWER SUPPLY

5V at4A, + 12V at 24, 12V at Y2A. bias supply
10 SLOT MOTHERBOARD

18 SLOT MOTHERBOARD

These S-100 buss motherboards come with 2dge
connectors and active termination circuitry
ACTIVE TERMINATOR

Plugs into S-100 buss motherboards lacking active
iermination to clean up the glitches associated with
unterminated lines.

o <

E
1
e
c
t
r
o
n
i

O

w o -0 W

T 00

MARCH 1978

$2.50
THE WORLI'S LARGEST
INTERNATIONAL SEMICONDUCTOR
INSTRIBUTOR

Our New and Expanded
Ccomprehensive

1078 Catalogue

(144 pages) is finally
available.

Please write for your
complimentary copy.

Active Electronic Sales Corp. 3

P.0. BOX 1035
FRAMINGHAM, MASSACHUSETTS 01701

TELEPHONE ORDERS (617) 879 0077

Over The Counter Sales

12 Mercer Ad.
NATICK, MASS. 01760
{Behind Zayres on Route 9)

Active Electronic Soles Corp.

P.0. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701
OVER-THE-COUNTER SALES, [2 Mercer Rd., Watick, Mass. 01760 Behind Zayres on Rte. §
Telephone Orders & Enquiries (617} 879-0077

5651 Ferrier st. 44 Fasken Dr-Unit 25
IN CANADA Monreal, Quekec Rexdale, Ontario
Tel. 514) 735-5425 Tel. (416) 675-3311
MINIMUM ORDER $10.00 = ADD $2.0¢ TO COVER POSTAGE & HANDLING = Canadian customers add 15%

for exchange and handling. All federal and provincial taxes extra Foreign customers please remit payment on an
international bank draft or (nternational postal money crder in American dollars.

2 Locations

CIRCLE NO. 2 ON FREE INFORMATION CARD

1w

www americanradiohistorv com
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RRIN
x 6% Si

2N 3320 P
2N 5157 N
N 3%

546
ER 930 TR

?1'16" thick, unetched §
TWATT LD-65 LASER DIODE IR $8.95

2N 6328 PROG UJT

TED CIRCUiT BOARD

TRANSISTOR SPECIAL
2N6233-NPN RF POWER
MRF-8004 a CB RF Transistor NPN
2N3772 NPN S TO

2N1546 PNP GE TO-3 .

2N4308 PNP S T

2N6056 NPN S TO 4 Duihingion
2N5086 PNP S TO92

2N48398 PNP TO 66

2N4DA PNP GE TO §

NGLE SIDED EPOXY BOARD
60 €a. ... 5/%2.60

FET
FET .

IGGER D

100, 500

MINIATURE M|‘.I<LT(~TURN TRIMPOTS
. . -1
200K, S00K 1 Meg. $ 75 each B /8.

1 2N3919 NPN S: TO-3 RF
I MPSA 13 NPN S TO 92

1K, 2 10K, 50K, 100K,
3, %.00 2N3767 NPN S TO 66

This board
epoxy boa

pin IC*s or

VERIPAX PC BOARD

ETCHED whith witl nold up to 21 singte 14

ses for power supply connector

= 2N2222NPN S T0-18
2N3055 NPN 5: TO
2N3904 NPN S) TO 92
2N3806 PNP S TQ 92
2N5296 NPN S TO 220
2N6103 PNP S TO 220

I

is a 1/16" single sided paper
rd, 412" x 6" DRILLED and

o

8, 16, or LS DiP IC’s with bus-
$4.00

REL, YELLOW, GREEN or AMBE

1L-5 (MCT-2) s
MOLEX PIN

7N3638 PNP 51 TO 5

o

§ s Full Wave Bridges
$ 1.50 PRV _2A 6A 25A
$ 1.00 100 s 130
$ 75 200 78 1.25 2.00
510 400 .95 1.50 3.00
S17 600 1.20 1.75 4.00
60 SANKEN AUDIO POWER AMPS
100 Si1010°G 10 WATTS $ 6.80
150 $11020 G 20 WATTS $13.70
100 $11050 G 50 WATTS $25.90

47UF

BBVDPDH DNV Y
2

R
5I.l\‘iGE LED's 6/%1.00
100/$1.00

TTL IC SERIES
16 .45

1 00 T0UF 10V § 25
50 68UF 35V 55100 22UF 25V  § a0
55 1UF 35V 55100  150F 35V 3/81.00

100 22UF 20V55100  30UF 6V /8100

33UF 35V 48100  47UuF 20v S 35
| 47UF 15V 5/S1.00 BRUF 15V 3§ 50

TANTULUM CAPACITORS
22UF 35V 5/S100  68UF 35V 4 S100

35V 5%1 00

1000/38. 7400 16 7430- 7490 74163~ 80 I
MC6860 MIODEM CHIP $9.95 7401 16 7432- .25 7491- 65 74164- 95 | 741§ SERIES LINEAR CIRCUIT
ot pxoIciie Jrasi R ai) |eoobBeay iescy o | 41500 26 7618125 85 Lm 101 po
7 7403- 16 24 7a 45 74170-2.25 !
Silicon Power Rectitiers 7404- 20 7440- 16 7494- 70 ra179-23% | 7arser 26 7415126 65 |m 301 748 29
¥ 3A 12A 504 25. 7405- .20 7441. .70 7495- 65 74174 Q5 | 74L503 26 79LS132 B0y m307 30
100 ] 80 3 7406- 25 7442- 52 7496- .65 74175- 90 | 741504 28 74LS136 39 w308 75
> 5] 55 0= - = 7407— 25 7445 .65 74107 .28 74176- 75 | 741 S05 78 74LS138 2 gman 75
200 © ) 38 P 425 7408— .20 7446- 70 74121- .33 74177- 75 | ;.00 28 74LS139 72 L mM318 120
100 18 650 7400— (20 7447 (65 74122- 38 74180- .65 | ;uicoa 28 74LSI51 98 (m 319 95
B0 11 7 850 7410~ 16 7448- .70 74123 40 74181-2.00 Q |
D 30 8 E 3 ralsio 26 74LS153 93 (m324 105
800G g e 7411 .20 7450- .15 74125- 40 74190-1.20 7418155 2 00
FOCORR1 2] . 49,50 7412- 20 7472- .32 74126- 40 74191 1.30 | 75LS 26 T4 LAEED o 0 90
100 )45 10 27T 1280 7413— 39 7473— 32 74150-1.10 74192 83 | /ALS13 50 i:f:zf 95 1m3ss 140
7334 B5 7474- 32 74151 65 74193— 83 | 74LST5 28 74l 98 (m370 12
1024-a REDICON 1024 stage anal
§é£k&23,fgwse'- ;gm relglszteV 'f.g ? :1059_95 2416~ 25 7475 .45 74153~ 65 74194 B5 | 74LS20 26 74LS160 102 ,p37; 250
7417- 25 ;agg. 30 71154-100 74395- 85 | 731521 26 74LS161 102 | 380 95
3420 16 74 45 72155- 70 74196 86 | 741572 26 7418182 102 |
IN 2148 (IN914) 15/$1.00 | 7a25- ” . (L5 ELIT e O 8]
2708-BK EPROM (450 ns So8lo9s | 12387 92 J4BeT 39 10037 85 74279- 87 |hais;s 33 74LS163 102 (m3s2 128
2522 STATIC SHIFT RE $ 1951 2427 25 7486 .30 5 741827 33 74LS168 110 | mg3; 250
HARACT EN o % 875 { 7aLs30 26 4LS169 110 | ms53 250
IRZa05ONL aK dse RAK = 0 R SILICON SOLAR CELLS 7aUs32 33 74LS170 172 |mess 39
P03 SR e EYs RAM .. R 2% diameter 4V at 500 ma $4.00 741537 37 74LS1I3 139 | Msse 85
2102-1 1024 BT RAM {450 ns s 119 7aLs38 37 748174105 wnEsaoL 275
- - LED READCUTS 741540 27 7415175 122 560 200
K4008P ... $ 1.95 - 1aL542 88 740S190 150 565 95
5280 4K DYNAMIC RAM 8 AN JAEOEe O D B GO0 4D [ i oot ol o 125
1702A UV PROM . L3 3951 FND70CC 4" § 55 MAN7.3'CA S 95 ss1 26 7418192 175 sg7 130
52044 PRAOM .. ... .. $10.95 | ND503CC 5 § B5 NS33-30ig array $ 75 | 74155 3
82523 .. i -$ 195 FNDSIOCAA. 5 § 85 DL747CA .6 s$195 |79LS54 26 7:LS193 175 703 o
AY-5-1013 UART - $ 695 741590 95 ;‘LS'% 1 ;g 709 25
741573 a0 7415196 710 35
NI 206 POPDT Center O s 1.85 DATA CASSETTES 1/2 hr. §1.25 racs74 a0 74LS187 99 Jatcar v 37
SD 206 P-DPDT Center Off I . 7 74L5227  1.2% 747 65
Lever Switch s 1.85 | 24 Pin Solder Tail 156" Spacing .$2.20 y:f:;g ;g 74US257 135 (M 1310 290
7415258 138 1456 95
MMS53B7AA with FCS8024 readouts. This new Na-| 741592 25 5
tonal clock chip wifl directly drive LED displays.| 731593 85 74LS278 b 14sE €9
Four .8 high readouts supplied. $1095 PUSIC s e & Soomsl 1o
74LS8112 a3
Zg 40 PIN NEATB571 A T 9 uppe! & E 7405113 a3 7415368 66 go38CC 390
Case character gen $1075 I 7418114 43 74LS390 195 UAT9IPS 195
REGULATORS
309% $93 30K s
. s o1 24V ... $ .95 | CTS 206.8 eigh d
B 3a07% 6. 5713, CTS 206-8 eight position dip switch $1.90
$5v $1.40 15,18 or 24V £1.10 | CTS$-206-4 tour position dip switch $1.75
3207515 o 78MG or 79 . $1.35 4070 1.30{ 40 50 120
24V =S1aLo ALCO MINIATURE TOGGLE SWITCHES 200 70 110 1751 60 70 1.60
RS232 DB 25P male ... $2.95 MYA 106 SPDT 105 400 110 160 260[100 120 220
CONNECTORS DB 23S femalc”. $3.50 MT A 206 DPDT $1 .45 600 170 2.30 360 150 3.00
08 Carmb 4 25¢ for aur catao OLID . :
o 0
9 : P.O. 80
0 00, COD 0.00 o 0 6 47.70

CIRCLE NO

47 ON FREE

INFORMATION  CARD

" PLANNING TO

MQVE?

Let us know 8 weeks in advance so that you
won't miss a single issue of POPULAR
ELECTRONICS.
Attach old label where indicated and print
new address in space provided. Also include
your mailing label whenever you write con-
cerning your subscription. It helps us serve
you promptly.

Write to: PO. Box 2774, Boulder, CO 80322

giving the following information:
[J Change address only [] Extend my subscription
ENTER NEW SUBSCRIPTION

[] ! year $12.00 [ Payment enclosed
K Allow 30-60 days for (1 extra BONUS issue)

L

). =
{

!

|

—

EL
AFFIX OLD \:_A-B__
P andy,pr‘\ntOLD address here. !

1fyouhave no |abeth

Name/”legeml

P
) Address ———

City ————

State

NEW ADDRESS HERE 0219

Name_______

please print

Address Apt.

City

State Zip

Additional postage on foreign orders: add $3 a year for Canada, $5

a year for all other countries outside the U.S. and its possessions.
Cashonly on foreign orders, payabie in U.S. currency /

detivery. a8Bill me later
OPERATION ASSIST
(continued from page 117)

Hickok Model 288X signal generator. Schematic and/or op-
eration manual needed. Guy Edwards, 104 Hancock St.,
San Francisco, CA 94114,

Silvertone stereo amplifier 528-69682. Schematic. T.L. Pet-
tit. 113 Skyline Dr., Fairlea, WV 24902

Precision Model 98VTVM. Tektronlx 512 oscilloscope.
Schematics. Don Maeyer. 12696 Gresnhall Dr., Wood-
bridge, VA 22192,

Wurlitzer Model 4100 tube-type slectronic organ. Need
schematic. Aiso need sourcs of tubes for radar module tube
type 1B27. Neil A. Bensen, 8130 Pt. Douglas Dr., South
#104, Cottage Grove, MN 55016.

Hickok Model 288X signal generator. Supreme Model 504
tube tester, Schematics and manuals. Arthur Gillman, 14
Pine St., Princeton, NJ 08540.

118

Shakard stereo cassette deck, solid-state, Model SCD-77X.
Schematic needed. J. Beder, 95 East ‘Wayne 101, Silver
Spring, MD 20901.

Gonset "Super 12", 12-volt SW to BC converter, 12 volts in-
put. Schematic, parts fist, and data. Sam Thomas, 5901 SW
50th Ter., Miami, FL 33155.

RCA military receiver, type R-978/GKA-5. Manual, schemat-
ic, crystals. Tom Sanor, 4940 Bedell Road, Roswsli, GA
30075.

Halllcrafters S-53A receiver. Instruction manual. Michael
McLaughtin, 15 W. Durham Street, Philadeiphia, PA 19119,

Anaiab, dual-trace oscilloscope, type 1120. Require sche-
matic. John Soha, 212 Courtright St., Pringle, PA 18704.

Bendix high-band FM transceiver. Model #1V14C. Sche-
matic, operating manual or any other information. Lucills
Moody, 8618 S. Jeffrey, Chicago, IL 60617.

(continued on page 120)
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EVERYTHING
you
want to know-
need to know
about. . .

CB-HAM-SWL -
MARINE RADIO-
RADAR DETECTORS

in the all-new 1978
COMMUNICATIONS
HANDBOOK

ON SALE NATIONALLY
MARCH, 1978.

t's packed with authoritative articles about
Citizens Band, Amateur Radio, Shortwava
Listening, Marine Radio, and Radar Detec-
tors plus product buying guides for each
specialty — complete with specifications,
photos, and prices. Whatever your radio
specialty—whether you're an old hand or
just getting started — this vital how-to
guide will help you get greater value,
greater enjcyment out of every minute you
spend with your equipment.

RESERVE YOUR COPY
NOW AT THE
PRE-PUBLICATION
PRICE OF $1.95

This offer is available to readers of POP-
ULAR ELECTRONICS only. Regular news-
stand price is $2.50; mail order $3. Save
money and enjoy the convenience of hav-
ing the 1976 COMMUNICATIONS HAND-
BOCK mailed to you from first-off-the-press
copies wher published.

PRE-PUELICATION RESERVATION FORM

COMMUNICATIONS HANDBOOK, P.O. Box
278, Pratt S:ation, Brooklyn, N.Y. 11205
Enclosed tg $1.95 (outside U.S.A. $2.50) for
the 1978 COMMUNICATIONS HANDBOOK to
be mailed to me in March, 1978 when
published.

*Residents of CA, CO, FL, IL, MI, MO, NY
STATE, DC and TX add applicable tax. pg.3g8

Print Name

Address

City

State Zip
<

POPULAR ELECTRONICS
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F*BAF*BLF*B&F*BAF*B&F*B&F'D

LF*B&F*BAF*B&

Fe

Full size 3-way speaker system for su-
perior sound reproduction. Includes 2
10" woofers; 2 - 4’ dome tweeters; 2 -
8" middlers, crossovers, damping, hard-
ware, grill cloth, 2 cabinets 26% x 14% x
11%"‘d. First quality surplus parts - how
can you beat this price? Complete kit
$88 88/pair. Limited Edition, Qty. Ltd.
Sh. Wt. BO Lbs. - allow for two - 40 Lb.
packages,F.0O.B. Peabody, Ma. 01960
Order No. 8230094, . . . . . $88.88/pair

MORE SPEAKER KITS AVAILABLE

47" Tweeter
."

g
10’ Woofer

$88.88/Pr

Full Size Cabinet: 26z x 1412 x 112"

SEND FOR FREE CATALOG!

\6\“\

2 tereo

&

Qe

Power Amp
COMPLETE KIT Only $12.88!

Actually two {2) complete amplifiers &
power xformer. Takes one soidering iron
& ten minutes to complete. With instruc-
tions, no case. You only add input, con-
trols & speakers. Runs on 115V 60 Hz.

Sh.Wt. 7 Lbs. . .7E70464 . . $12.88

Computer/ T
Interface S

POWER SUPPLY KIT

An easy to bu||d kit, includes evevvthmg

Neat, complete checked-out video mod-
ulator delivers signals from video games
or microprocessors to the antenna term-
inals of your TV set. W/data, not a kit!
With 12 ft. cord for your input. 2 Lbs.
BZU80015/ $12.88 ea/$69.88 for 6

HIGH CURRENT
TRANSFORMERS

Constant voltage, ferro-resonant
types. supplied with capacitor.
Great for power supplies! Primary
115V, 60Hz. Sh. Wt. 30 Lbs. ea.

on mail or phone orders.

for any ad items. Say “P-3’

you'll need, except lhe case. 115V 60Hz }IIGD\|/‘CT é\smAp BOG'SSEJ;‘; """ S:’;g%
in, 5 to 24V DC: 5 A - regulated output. 16VCT 25A' 8GB0073 . . . $13'50
Inci. filter cap’s, IC, xistors & all parts. 20 ’ Py S EE .
Sh.we 12 Lbs_6miGo301 . S1aas | B0V SO0 RO 100
LOGIC Power Supply KIT: 5V, 1A
S volts, 1 amp, regulated. No case, all B&F ENTERPR'SES
other parts supplied. Sh. Wt. 3 Lbs.
7C70267. . . $6.00 ea. . . $15.00 for 3 Dept. P-3

10% OFF ANY ORDER : . 119 Foster Street

Peabody, Ma. 01960

Use Your BA-MC or AE for telephone
orders. No C.0.D.'s pleas

Please add POSTAGE —UPS or Parc. Post,
Llease

{ SEND FOR OUR FREE CATALOG — THOUSANDS OF SURPLUS BARGAINS AVAILABLE FOR HOBBYIST & ENGINEER t

(617) 531-56774

‘WHERE SUPPLUS REIGNS SUPREME

CIRCLE READER SERVICE CARD FOR FREZ JUMBO CATALOG

CIRCLE NGO 4 ON

FREE INFORMATION CARD

Q31d300V 553HdX3 NYOIUAWY - 3DHVYHO HILSYW - UV OINAWYMNYE - $LL5-LES (£19) - iIBWODTIM SHIAHO ANOHd *

B&F

CIRCLE NO 24 ON FREE INFORMATION CARD

L] LED DISPLAYS
SPECIA Jumbo LED S RED CC 375 AHO $ .59
green - yellow EEE
amber - clear 16¢ ea. RED CA .27° LHD 98
AED CC 30'° LHD -99
lNEA ugg gA ,33" RHD ‘-‘D;
RI .80 LHD
ZENER DIODE - aoom REOCA 80U LMD 148
el w porisolohn o vean e 3
LM3060TO-5 $ 49447y ssv 10v § {5EA ORANGE DOUBLE DIG.
LM302 TO-§ 39 ° O A 56" RHD 99
LM307 mDIP 19 8/$1.00 ANY MIX ORANGEw;mg .
LM3C8 TO-5 -gg nsocoousn.z 0iG. n
- . C .5 .
mgﬂ L%lsP .49 SIGNAL DIODES - MANG7S0  RED ooumzn%;, 0
340T-5V -79 400 MW 20/$1.00 MAN4630  REQ CA .40 RHD 89
340T-6V 79 NSN7sR RED CC .30 RHD 89
340T-15V 79
wmago-gmpip .69 | UNIVERSSLBREADAORAD FREE CATALOG
LM565 DIP BIR L sz a2 ON REQUEST
LM723 DIP .39 haies 1o DIF 10 spate duc
LM739DIP 79} tcamiion. resston 8 Capadurs
Versatile and umple toc berad
] PowrdmR i $1.30 e BARGA'NS
MM 5330 .
4. DIGITOVM LOGIC $ 4.95] MARK I CLOCK KIT | 7830 16
S50 SOLALINY Qs ras2 1o
BOARD. ACCO! N
REGULATED POWER CLOCK CHIP aND 6 - FNO3ss| 7437 19
PPLY KIT DISPLAYS x:or;vm‘résis A:E 7438 19
NT5, 3 wi H Al
su SouroNETS, 3 S¥UGES Mol 7ean 3
< TERMINALS FOR  ADDITIONAL| 74 .49
REMOTE DISPLAY 95 7495 255
g 74123 .25
WITH 12V/300 MA PC MT YRANS 74141 59
) FORMER $13.95} 75.560 99
2708 5314 s DIGIT
= FULL SPEED l‘.RﬂOM CLOCK CHIP
PLUS & MINUS 5,12 & 15 VOLT USES 3 $10.9¢
LM34CT AND 3 LM320T REGULATORS, 1702 |
115vI29vVCT TRANSFORMER PLUS PC A 745200
BOARD, CAPACITORS & DIODES + 5V $3.95 256 BIT RAM
PROVIDED WITH SINK TO SUPPLY 1 AMP ¥ o) TRI-STATF
WITH ALL PARTS. SCHEMATIC AND
INSTRUCTIONS — PS-29 ... $11 .95 8080A . 8008 $3.25
Lsmppms $1.00 5 $12.95 I UART
ELECTRONIC DOOR CHIMEKIT LDI110, LD11 AYSI013A
WITH T1 TMS 1000 T IGIT A I)(n\\!RH‘R - “95
MICROPROCESSOR CHIP e §24.7% 2;13
: PROGRAMMED TO PLAY 82823 e HARACTERGEN
24 DIFFERENT TUNES 256 BIT PROM o4 x 8y 5 ASCH
# $39.50 SHIPPING 31,00 $2.95 $6.95
Satistaction guaranteed. Parcels shipped within 3 days atter receipt ol order. Pay with
personal check, charge card or COD. Minimum COO Mchlvge’ order is $15.00. Add $1.00 SHIPPING INCLUDED
secvice charg® [t order is less than $10.00. include 10% of order 1olal lo cover shipptng and IN US & CANADA
handiing Jutside US or Canada. Calltornia residents add sales tax. DISCOUNT ON ALL
INTERNATIONAL ELECTRONICS UNLIMITED iC'S AND LED'S
VILLAGE SQUARE. P.O. BOX 449 P CARMEL VALLEY. CA 03924 USA { 10% OFF ON $15.00
TELEPHONE 408 639-3171 15 OFF ON $50.00 &

COMPARING OUR I'RICES THIS MONTII YOU WILL FIND ICC HAS AGAIN OFFERED THE

LOWEST POSSIBLE PRICES ON IPRIME

TTL ICs..

OUR NUGE PURCHASING POWER TO

EXPORT TO OUR INTERNATIONAL CUSTOMERS ALLOWS US TO OFFFR THE LOWEST

POSSIBLE PRICES AND PASS ON THE SAVINGS TO YOU.

AS ALWAYS. OF COURSE. WE

GUARANTEED

TTL .

ORIGINAL MANUFACTURER'S FULL MARKING AND BRAND SYyMBC
FUNCTIONAL ONLYS, OR FALLOUTS AT 1CC. IN ADDITION,
SCHEDULF. ALLOWS YOU TO MIX ALL YOUR REQUIREMENTS FOR
SAVINGS.

1C

OUR VCLUME DISCOUNT

)L. NO RETESTS

EVEN GREATER

GUARANTEE EVERY IC PURCHASED FROM US TO KE OF PRIME QUALITY AND WITH

7470 27 | 74166 ... 95 | 74LS09... 23 \ 7418139 . .70 | 74LS386 .. 36 | 745257 ... 115 | 74C161...1.90 VOLUME DISCOUNT SCHEDULE
7472 24| 78167 .. 320 | 74LS10 . . .21 | 74LS151 .. 65 ‘ 74LS390 . 185 | 745258 .. 115 | 74C162...190 p )

7473 . 24| 74170 ....1.85 | 74LS11 ... .21 | 74LS152 .. .65 | 74LS393 .1.35 | 745280 ...2.25 | 74C163...1.90 | Merchondise Total D‘C““E”‘
7400 .. .$ 14 | 7474 2a | 74173 ... 110 | 74LS12.. .27 | 74LS153 . 66 | 74LS490 . 110 | 745287 .. 320 | 74C164 ...2.95 | S 0005 999.... : NET
7401 15 ‘ 7475 . ... 45| 74174 ... 85 | 74LS13 .. .40 | 74LS154 .. 1.00 | 74LS670..229 | 745289 ...3.55 | 74C165 ...2.95 ’§ 2’2‘;2‘; g et
7402 15 | 7476 .. 29| 74175 .... 75 | 74LS14 . 85 | 7415155 .. 62 743300 .. 1.60 | 74C173 ... 160 | o oo e LEss 15%
7403 15 l 7480 31| 78176 69 | 74LS15 ... .26 | 74LS156 . 62 | 745305 ... 1.90 | 74C174 . 195 | ¢ oo cocogn N 25t
7404 16 | 7482 . 50| 784177 ... .70 | 741820 .. 23 | 74LS157 . .62 : 748310 . . 2.85 | 74C175 ... 195 | croo000matp ... LESS 25%
7405 16 | 7483 54 | 74178 ....1.20 | 74LS21 .. .23 | 74LS158 70 | 74800 .. § 35 | 74S312 ...1.05 | 74C192...2.00 i |
7406 .24 | 7485 . 80 | 74179 0120 | 741822 ... 23 | 74LS160 . 82 | 74802 ... 35 | 748313 ... 155 |74C193...225 [ o
7407 24 | 7486 .. ... 27 | 74180 65 | 74LS26 .. 31 | 74LS161 . .82 | 74503 .. 745316 ...2.80 | 74C195 .. 2.25 | STANDARD SHIPPING CHARGES
7408 17 | 7489 1_75' 74181 175 | 74827 . 26 | 7alsi62 . 82 | 74504 745341 . 410 | 74C200...825
7409 17 | 7490 40 | 74182 . 75 | 74LS30... .23 | 74LS163.. 82 | 74506 ... 745342 .. 120 | 74C221 ... 2.00 | 1t your merhandise total is between:
7410 15 | 7491 ... 51| 74184 ... 175 | 74LS32 ... 30 | 74LS164 .. 98 | 74S10 . .. 745343 ... 495 | 74C901 .. 96 | s 000 499 .. add §200
7411 18 | 7492 40 | 74185 ....1.75 | 74LS37... .31 | 74LS168 .. .83 | 74811 ... 38 | 745346 ...1.25 74C902 ... 96 |5 50052499 sdd $1.00
7412 20 | 7493 40 | 74188 .. 280 | 74LS38 ... 31 | 74LS169 .. 83 | 74S15.... 38 | 74S362...2.156 | 74C903 ... 96 | $ 250084999 .. . add $0.75
7413 25 | 7494 ... .. 60| 74190 ... .95  74LSA0... .26 | 74LS170..1.60 | 74520 . ... 35 745387 ...4.70 74C904 ... 96 | § 5000-599.99 .. add $0.50
7414 55 7495 60 | 74191 . 95 | 74LS42 . 60 | 74LS173..1.00 | 74522 .... 36 74C905 ... 6.60 | S100.00and Up NCICHARGE]
7416 22 7496 ... 0| 74192 . . 80 | 74LS47 75 | 74LS174 .. 75 | 74530 27 4906 .. 96 | e shipping vis
7417 22 7497 . 245 | 74193 .. 80 | 74LS48... 72 | 74LS175 . .79 | 74832 50 . | 740907 ... 96 ;:lacfaz o ,you‘f‘;mfim
7420 15 | 74107 29| 74194 ... 80 | 74LS51.. . .25 | 74LS181 ..250 | 74540 . 35 | 74C00.. S 27 | 74C908 ... 210 | L e hipments
7421 A7 | 74109 32| 74195 . 49 | 7aLS54 . 25 | 741S190. 90 | 74S51 .. . .17 | 7ac02.... .27 | 74C909...395
7423 25 | 74121 . 29 | 74196 ... .73 | 74LSB5... .25 | 74LS191 . .90 | 74864 38 | 74C04 29 | 74C910...6.60 .L
7425 25 | 74122 35| 74197 ... 73 | 74LS73 .. 35 | 74LS192.. 90 | 74565 .38 | 74C08 .29 | 74C914 ... 1.90 . . 3
7426 2 B 30| 74198 130  74LS74 .. 35 | 74LS183 . 90 | 74574 ... 53 | 74010, . 27 | 74C918...220 |  SPECIALSHIPPING CHARGES
7427 19 | 74125 37| 74199 ... 130 | 74LS76 ... 37 | 7415194 . 85 | 745112 ... 53 | 74C14... 150 [74C925...925 ¢ ., $1.00- adoitional
7430 . 15 | 74126 38| 74251 . 100 | 74LS78 ... .36 | 74LS195.. 50 | 745113 ... 53 | 74C20 .. . 27 | 74C926 .. 925 | L. $1.00-additional
7432 . 23 | 74132 65| 74279 ... 49 | 74LS83 ... .75 | 74LS196.. .80 | 745114 58 | 74C30 27 | 78C927 .. .9.25 | prat imsurance . S1.00-sdditional
7437 . 21 | 74141 70 74283 ....1.00 | 74L885...1.30 | 74LS197 . .80 | 745132 ... .75 | 74C32.... 35 |74C928...9.25 | Specas Delivery ... ..$1.25-additional
7438 21 | 74145 ... 65| 74290 .. . 59 | 741886 ... 36 | 74LS221..1.05 | 745133 ... 38 | 74C42 .. 150 | : -
7439 25 | 74147 ... 150 | 74293 .. 57 | 741890 ... 50 | 74LS251.. 80 | 74S134 ... 38 | 74C48 .. 195 | ==
7440 35 | 74148 115 | 74208 . .. 92 | 7aLS92 ... 50 | 7aLs253 . 80 | 745135 . a9 | 7ac73 .. .75 | MINRESLNSLOINT: IR "“‘""“‘“g
7441 70 | 74150 79| 74365 ... 62 | 78LS93 ... 50 | 74LS257 . 70 | 745138 ... 77  74C74 .... 65 | e WS
7442 38 | 74151 ... 59| 74366 ... 62 | 741595 ... .85 | 74LS258.. .70 748139 ...150 | 74C76 .... 95
7443 55 | 74152 .. 59 | 74367 ... 62 | 74L8107.. .35 ’ 7415259 .. 1.60 | 745140 ... 47 | 74C83 .. .. 150 COMPONENTS
7444 . 55 | 74153 . 60 | 74368 . 62 | 7418109 .. 35 | 74LS260 .. 34 | 745151 ...1.25 | 74C85....1.20
7445 . 55 74154 ... .95 74LS112 .. 35 | 74LS266 .. .26 | 74S153 . 210 | 74C86 ....1.45 CORPORATQON
7446 62 | 74155 85 : 74LS113 .. 35 | 74LS279 .. 52 | 74S157 ... .75 | 74C89....3.95
7447 57 | 74156 65 | 74LS114 .. 35 | 74LS283 .. 72 | 745158 .. 1.25 | 74C90 .. 1.10
7448 60 | 74157 ... 59 | 74LS00..$ 21 | 74LS123.. 90 74LS290 .. 60 745174 ... 150 | 74C93....110
7450 15 | 74160 . 79| 74LS01 27 74L8125.. .46 | 7aLs295 .. 90 | 745175 ...145 714c95....130 | P.O.BOX 1837
7451 15 | 74161 ... 79| 7aLS02... .21 | 7418126 .. 46 | 74LS298 .. 90 | 748189 . .2.75  74C107. . .80
7453 15 | 74162 .... .79 | 74LS03 ... .21 | 74LS132.. .72 | 74LS365.. 52 | 745194 ... 175 74Ci51...2.75 COLUMBIA,MO_ 65201
7454 15 | 74163 79 | 741504 24 | 7418133 .. .34 | 7418366 .. 52 | 745200 ...3.25 | 74Ci54 . .270
7459 15 | 74164 .. 79| 741805 ... 24 | 74LS136 . 35 | 74LS367 .. 52 | 745206 ...3.76 | 74C157 ...2.00 (3]4)_874-]]50 OPEN SATURDAYS
7460 15 | 74165 . 90 | 74LS08 ... .23 | 74LS138 .. .70 | 74LS368 .. 52 | 745253 . . 95 | 74C160...130
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YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE. YOUR COMPLETE SATISFACTION IS

120

741375

YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR

HUGE DISCOUNTS!

Savings up tc 70%
rand IC parts and computer kits.

7418161

SUPPORT DEVICES

5.00
5.00
3.45
9.50

6820
6850
8212
8214

8216
8224
8228
8226

375
3.75
6.50
3.85 |

8238

MEMORY

4.00
12.00
32.95

5]

B8030A $11.95

Z-80 24.95 6800

21L32
450ns
21L32
250ns

MICROPROCESSOR

1.2¢

1.60

Z-804 34.95

16.50 |

KITS

WAMECO
$-100 P.C. Boards
8K RAM 28
12-Slot Mother
Board
ITHACA AJDIO
$-100 P.C. Boards
8K RAM 28.
z-30 CPU 28,
SOLID STATE MUSIC
$-100 Kits & Bare Boards
MB-3 2K/4K EPROM
Uses 1702A EPROMS
Kit w/o EPROMS 59.95
MB7 16¥. STATIC RAM
Bare Eoard 2585
MBS 8K/16K EPROM
Uses 2708's
Kit Less EPROMs 75.€5

SOLID STATE muUSIC
VBIA VIDEO INTERFACE
Kit 129.95
Bare Board 25.95
102 PARFELL I/D
And Kludge
Kit 49.95
Bare Brard 25.95
104 2+2 YO
Kit 139.95
S$B-1 MUSIC
SYNTHESIZER
Kit withy

Software 174.95

/r\"» Los Argzles, CA 90045

Exp Cats:

N 1978
IC MASTER

Reeol \alus

$55.00

Your Price

Sio T

Home Computers: 210 Questions
and Answers; Volume 1: Hardware
by Rich Didday 225 pp.

Home Coreputers: 210 Questions
and Answers; Volume 2: Softwzre
by Rich Didday 175 pp.

Calculator Users’ Guide and

Dict onary by Charles Sippl 444 pp.
Microcomouter Dictionary and
Guide by Charles Sippl 704 pg.

{ Introducton to BASIC

5716 W. Manchester A-e.
Suite $£

C casy
C cop

by Jeffrey Morton 200 pp.

Ana ysis and Design of Digitat
Circuits and Computer Systems
by Faut Chirlian

Finite State Fantasies

by Pict Drdday 50 pp.

TELEPHONE O3DERS:
Cail {213) 641-4200

0 Send your complet 2 catalog of

iC's and KHs, quickd,.

O Please send me tae fcllowing

items § have listed delov:

Stock No. Qty. 3rice

$7.95

$6.95

$12.935

$19.95

$8.95

$22.50

$1.25

! Name
|

¥ Address

Postage/Handling

$1 50

State

Zip—

Satistaction 100% Guaranteed

Calitornia Residerts Add 6%

Sales Tax

§ City

Note: Minimum Order

COMPLETE SATISFACTION {S OUR GUARANTEE YOUR COMPLETE SATISFACTION

CIRCLE NO 21 OWN
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OPERATION ASSIST
(continued from page 118)

Hallicrafters Model SX 28 Super Skyraider. Schematic, op-
erators manual or other information. John Besile, 204 South
9th Ave., Hopewell, VA 23860.

Ganeral Electric sweep generator ST-4A and marker gen-
erator ST-5A. Schematics, operating manuals. Richard Rog-
geveen, 5569 Dunsburry Ct., San Jose, CA 95123,

Hammariund HQ-145 receiver. Schematic and/or service
manual needed. Stanton Martin, 1950 Vauxhall Rd., Union,
NJ07083.

Hallicrafters Model S106 50-54 MHz receiver. Schematic
and manual. Robert H. Clark, 709 Chrysier Ave., Newark,
DE 19711

Hammariund HQ-110-C. Need operation manual. Douglas
Deeds, 117 Meadow Ln., Marietta, OH 45750.

Johnson Viking Pacemaker transmitter. Manual, schematic
or any information. Joe Planisky, WBBWTR, 13690 Diagonal
Rd., Salem, OH 44460.

Air Castle 8-band receiver. Owner's manual and manufac-
turer's address. Scott Fletcher, Star Route Box 23, Lonsdale,
AR 72087.

Estey Electronica Company, ORCOA Concert Electronic
Organ, Model 552, serial 1815. Schematics alignment and
service information. Richard D. Tah, 76 Alexander Ave., Par-
sippany, NJ 07054.

Hallicrafters SX-140 receiver and HT-40 transmitter. in-
struction manual and schematics for both. David Hingst, Star
Route Box 80430, 1/10 Mile Lyle Rd., Fairbanks, AK 99701.

Precision Apparatus Co., series 10-54 tube and set tester.
Operating instructions, schematic. Martin A. Weinger, 16 Ju-
dith Ln., Monsey, NY 10952.

Heath TC-2 tube checker. Need operating manual. Blosser
Diversified Industries, Box 21, Placentia, CA 92670.

Zenith Model #HS00 trans-oceanic receiver. Instruction
book, service notes, schematics, and parts source. C.L.
Brown Jr.. 2409 Bon Air Dr., Savannah, GA 31406.

Home Fuel Computer Model Ki-1000. Schematics, parts
list, and installation instructions. Joe M. Brignota, Box 267,
New Haven, CT 06502.

International Crystal CB Model 750 or 750-H with remote
control. Schematic and maintenance manual. H.N. Marble.
4529 Mokry Dr., Corpus Christi, TX 78415,

Lear Jet Model P-570 stereo 8-track. Schematic and parts
list. Jim Kotarski, 571 Charles St., Luzerne, PA 18709.

Webcor Model 21-10 mono tape recorder. Schematic and/
or service manuai or any availabie information. Hansen Re-
cording Service, 50 Enfield St., Enfield, CT 06082.

Zenith Model 6S152 AM/shortwave receiver. Schematic
and wooden knob for sensitivity control. Paul Wojeik, 207 .
18th St., Barrington, IL 60010.

Knight T-60 transmitter. Schematic and operation instruc-
tions. Grover E. Moates, Star Route, Box 24, Leonardtown,
MD 20650.

Fisher Model X-101-B stereo amplifier. Schematic, opera-
tion manual and any other information. Also need power
transformer. Dan Mahoney, 146 Sioux Ave., Civille, IL
60110.

Scott Radio Laboratories Manne Radio, Model SLRM.
Schematic or service manual. W. Maciejewski, 1901 Croft-
dale, Florissant, MO 63031.

Teac TD-105 deck and AR-7E R/P preamps. Service manu-
al. W.A. Edgecomb, 832444 Kelvin Ave., Canoga Park, CA
91306.

Tektronix type 545 oscilloscope. Operation handbook. Ben
Goble, 1980 Dris St., Lakewood, CO 80215.

Paco speed check tube tester model T-61. Current operating
instructions. Nana Sam, 1424 W. 105th P, Chicago, IL
60643.

Sears Tower 6157 Geiger counter. Schematics and service
manual. James Hudson, 1826 Eimwood Ln., Bettendorf, IA
52722.

Minshall organ, model E series. Schematic and manual.
Ron Broadnax, Route 3, Box 117, Eden, NC 27288.

POPULAR ELECTRONICS
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AU-333

“MINI” FM
Auto Converter

eEasy Hookup
*Styles Vary
For 12 VDC
eLimited
Quantity

== 1717

. /

O NiCad Rechargeable “AA™ Cell
PEN-LITE BATTERY

BA-341 e1 2 Voit
EA eFamous
i Manufacturer
Pushbutton
AM AUTO RADIO
eMounts In Or
1 09 Under-Dash
eVolume &
Tone
Volume Controis, Pkg. of 12 Assorted VC-274 59¢
Capacitors, Low Voitage Elect 50 Pc CD-407 250
Termunal Stnps, Soider Type, 40 Assorted. XM-501 69¢
Resistors, 100 Assorted Carton. RR-077 79%¢
2" PM Speaker. 8-10 Ohm 2 tor 1.00. $S-295 79¢
Cassette Tape. Pkg. of 3-30 Minute. TA-879 79¢
8-Track Tape. 40 Minute TA-907 49¢
Earphones, 8 Ohm, Less Cord. Pkg of 4. PH-405 49¢
Singer 12 Digit MOS Calculator Chup With Data XM-635 . 1.79
UMF Yaractor Tuner With Data Sheet XM-676 149
Ceramic Capacitors, Pkg. of 100. CC-211 1.00
RED LED, 2 Voit 10mA.Pig.of 5. PL-233 59%¢
LCD 3% Dagrt Drsplay XM-371 279
709 Hegh Gain OP AMP_RE-131 . 1%
| Deluxe Stereo Headphones PH-460 . ... . .. .29
Ni-Cad Battery Pack (3 “AA" Size Celts). BA- 327 ) 350
Cassette Lapiel Mike, 3.5mm Plug. MM-174 . 1.00
3" Recording Tape. Pkg. 0f 5(125' to 300). TA-928 . 1.00
Siidemount For Auto Stereo or CB. AU-149 . . 199
610 12 Volt OC Converter, 6Y. Acc.On 12V_Batt AUZQ7 48
650 RPM Motor, 5%~ Shaft, 120V. AC. MQ-265 100
95VDC Motnr. 4 Step Shatt. MO-365 . . . 1.00
4000 RPM 117V AC/DC Motor. MO-395 1.9
18 RPM Geared Motor, 120VAC. MO-403 1.5
TV Tuner Motor. 14 RPM. 120VAC. MO-392 159
3" Fan and 1 20VAC Motor MO-416 249
| 3% Dagit L-C Display. XM-371 2375
Sperry 9 Dvgit Display. 180VDC. XM-643 . 100
20 Xey Calculator Keyboard. XM-339 . 1.50
TI Desk Caicuiator Keyboard. XM-523 . 1.00
Soldes Type Terminal Strips, Pkg. of 40. XM-501 100
Assorted Knobs, Kitof 25 KN-030 . .. . . 69¢
3" 7 Seg. LE.D. Comm. Anode, Green. XM- 341 1.9
.37 Seg. LED. Comm.Anode, Red. XM-370 . 1.9
3" 7Sed. LE.D. Comm. Anode. Yellow. XM-342 1.39
100 MFD. Elect Capacitor, 50 VOC. CC-216 99¢
12K Ohm Globar Resistor. RS-241 .. .. 59¢
Mini Poly-Styrene Caps. 500 pf.¢ 125V Pkg. 015 CC 234 59¢
Mini Poly-Styrene Caps. 1000 pf.¢ 125Y. Pkg. 5. CC-235 . 59¢
12 Drgit Calculator IC Chip. Data Incl. XM-330 149
2" Waterproof Speaker, 8 Ohms. SP471 149
80-40-20 MFD ¢ 150V Elect. Cap. CC-144 . 59¢
100-150 MFD < 150-50V Elect. Cap. CC-213 . 59¢
3VDC Buzzer, 12" Diameter. XM-756 .. . .. 59¢
Wire Terminal Lug. 50 Pcs. Soiderless. XM-735 99¢
100mA. Selenum Rect. 130VAC. RE-117 B
Output Transistor, 258474, to-66. TR-147 . . 1.9
8-Track Tape Deck Chassis, Inciudes Pre-Amp. II7VAC Just
AddCables RAS04 . . .. 9.00
Telechron Digrtai Clock. 117VAC. SW-853 KE: 3}

20,000 MFD_ 30VDC Capacitor, Computer Grade. CD478 . 2.00
600 MFD-360V. Photo Flash Capacitor CD475

electronics
260 S. Forge St.
Dept. |- Akron, Ohio 44327

. 90¢

—

NAME
ADDRESS
CITY STATE r414
Qty. Stk.# Description Price Ea. Total
FREE'PIeaéeGTax
Sen PoslageA-_

"' Catalog TOTAL

CIRCLE NO 35 ON FREE INFORMATION CARD

MINIMUM ORDER $5.00
Al orders add St.00 Postage and Hondling,
Caonada $1.50
N.). Residents add 5% sales tax

DEALERS: Write on letterhead for confidential price list.

24 HOUR SHIPMENT ON ALL DEVICES IN STOC
ALl PARfS GUARANTEED COD ORDERS WELCOME

33 ON FREE

CIRCLE NO
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OUTSIDE OF JAPAN...
NEW-TONEELECTRONICS Has the Largest
Inventory of Original Japanese Components
Anywhere!
PARTIALIST — CALL US FOR ALL YOUR T
25A49 49 J 258492 100§ 28C775 190
2SA101 49 § 25B495 75 25C776 2.50
2SA102 49 | 258507 140§ 25C777 495
2SA200 49 | 2SB511 1504 25C778 3.50
28A221 79 § 258528 1.40 § 25C781 250
2SA234 59 | 25B536 1.50 § 25C783 295
2SA353 69 J 2585394 470§ 25C784 49
2SA377 1.89 § 25B541 470 ] 2SC785 65
2SA387A 69 | 2SB554 800 25C788 295
2SA473 125} 2SB561 60§ 25C789 100
2SA483 279 32SB627 295 28C790 150
2SA484 2.44 2SC793 250
2SA485 195 ] 2SC32 135§ 2SC798 3.95
25A489 139 § 25C116 3.00f 2SC799 325
2SA495 60 § 2SC172 1.75 | 28C815 55
2S5A496 99 | 2SC206 250 § 25C828 49
2SA497 144 § 25C237 1.75 ) 25C829 49
2SA509 50 § 2SC281 50 § 25C830 295
2S5A525 195 § 25C284 1.20 § 25C838 50
2SA537A 195 | 25C287 1.25 § 2SC839 50
2SA539 60 § 2SC291 3.95 ] 25C853 a0
2S5 A561 48 § 25C325 395§ 2SCB66 500
2SA562 45 § 25C367 85 || 25C867 6.00
2SA564 50 | 2SC371 49§ 28C870 50
2SA565 105 § 2SC372 49§ 2SC871 50
2SA566 3.20 § 25C373 49 § 25C900 50
2SAG06 169 §2SC374 49 § 25C922 69
2SA624 99 § 2SC375 49 § 25C929 49
2S5A628 49 § 25C380 49 § 2SC930 49
2SA634 1.00 § 25C381 50 § 25C938 95
2SA636 125 § 25C382 55§ 25C943 1.00
2SA640 49 f 2SC384 60 § 2SC945 49
2SA643 60 f 2SC385 70 § 25C959 1.35
25A659 49 J 25C386 70 § 28C960 2.95
2SA663 4.75 || 25C387 50 § 25C984 80
2SAB66 69 | 25C394 49§ 25C1000 49
2SA671 150 §25C403 50 § 25C1013 95
2SAB72 70 | 28Cu54 190 2SC1014 95
25A673 70 § 25Cas58 494 2SC1017 1.20
2SA678 65 | 2SC460 49§ 25C1018 100
2SA679 495 §2SC4a61 49 § 2S5C1030 280
2SA680 495 J25Ca78 80 § 25C1034 5.60
2S5A682 149 J 2SC481 150 25C1047 59
2SA683 60 | 25C4a82 1.4 28C1060 1.40
2SA684 60 §25C484 260 25C1061 125
2SA695 60 | 25Ca85 1.40 § 28C1079 3.95
2SA699 130 §25C486 150 § 25C1080 395
2SA699A 1 45 § 25C493 3.50 § 25C1096 80
2SA705 75 §25C494 4.50 § 25C1098 1.00
2SA706 1.45 § 2SC495 85Q 28Ci114 492
2SA715 1.35 § 2SC496 85 2SC1115 3.00
2SA719 59 | 25C497 1404 28C1116 425
2SA720 59 | 25C502 150 2SC1116A 4.75
2SA721 59 §25C503 175 25C1124 120
2SA733 19 | 25C504 1754 25C1162 1.00
2SA740 195 §2SC509 75§ 25C1166 48
2SA745 4,50 §2SC515 195 28C11708 4.9¢
2SA747 575 §2SC517 3607 25C1172 G255,
2SA750 49 | 2SC535 55 28C1173 75
2SAT756 330 §25C536 49 1 2SC1175 75
2SA758 560 §2SC537 49 1 23C1209 75
2SA777 99 f25C538 60 [ 23C1211 59
2SA816 70 § 2SC563 90§ 23C1212 1.65
2SA839 195 §25C580 1953 25C1213 59
25C608 5.95 ] 25C1226A 85
28B22 65 g 2SC609 595 f 25C1237 4.00
2SB54 49 §2SC614 395] 2SC1239 350
25B56 95 §2SC619 65 2SC13086 3.50
2SB75 48 §25C620 491 25C1307 475
28877 48 §25C627 2.95) 25C1308 575
2SB111 59 §2SC632 60 f 2SC1312 49
2SB156 95 | 2SC634A 60 § 2SC1313 49
28B172 60 § 2SC644 49 ¥ 28C1317 49
28B175 60 | 25C645 60§ 25C1318 49
258186 49 | 2SC674 60 3 2SC1327 49
258187 55 | 2SC680 260§ 2SC1330 135
258202 1.50 | 25C684 120§ 25C1342 49
258B227 295 | 2SC693 49 § 2SC1344 49
2SB234 295 | 25C696 175§ 25C1347 85
2SB235 795 §2SC699 595§ 25C1359 65
258270 79 § 2SC708 1.75 } 28C1360 95
25B303 49 §28C710 49 ] 26C1362 52
2SB324 60 §2SC711 28C1364 1.10
25B337 135 §25C712 258C1377 4.80
258370 65 J2SC715 25C1382 95
2SB405 60 §28C717 23C1383 50
25Ba07 1.35 §2SC730 25C1384 80
2SBa15 65 §28C731 25C1402 3.60
25B434 2S8C732 25C1403 3.60
25B435 2SC733 2S8C1419 95
258440 25C734 25C1447 90
258461 28C735 2SC1448 100
258463 25C738 2SC1449
25B471 25C756A 25C1475
2SBa72 2SC763 25C1507
25B474 25C773 28C1509
25B481 25C774 2501624

*SONY*RIKYU*TOSHIBA®
SNECSHITACHI*MITSUMI®
*SHINDENGEN *MITSUBISHI®
SFUJITSU*FUJI-TEN*JRCe
*SANYO*R-OHM*UNIDEN®

*PANASONIC*CYBERNET®
_SANKEN°NPC*ORIGIN® .

25C1628 40081 S6087A

25C1669 1.25 [ 40082 3.00 560878 380
28C1674 49 J AN136 2.90 STKO11 750
23C1675 49 J AN214 3.35 STK015 650
25C1678 2.00 § AN239 6 50 STK025 12.50
25C1679 295§ AN241 240 STK032 14 20
25C1684 49 § AN245 5.50 STK036 19.00
2S8C1728 185 § AN247 480 STKO50 2450
28C1730 95§ AN271 3.20 STK056 i)
2SC1756 2.75 § AN289 790 STK405 920
2S8C1760 160 § AN315 350 § STK415 850
2SC1816 350 § AN331 540 STK433 925
25C1908 49 § AN343 390 | STK435 950
25C1909 3.75 { AN360 250 STK437 11.50
25C1957 100 § AN380 750 STK439 1160
25C1964 395 BA302 2.50 TA7028M 350
2SC1969 4.70 § BA511 300 TA7045M 325
2S8C1973 90 § BAS21 3.40 TA7051P 300
25C1974 50 § C3001A 295 TA7054P 3.05
2SC1975 350 § CX0758 2.95 TA7055P 300
25C2020 4959 CX100D 8.50 TA7060P 140
28C2027 6.00 f CX101G 8.50 TA7061P 150
25C2028 80 § CX103D 8.50 § TA7062P 150
25C2029 3.40 § CX104A 8.50 TA7063P 150
25C2034 295§ CxX121A 750 TA7072 300
25C2074 2.50 § CX130A 7.00 TA7074 290
25C2075 4.00§CX148 11.70 TA7075 375
25C2091 250 fCX149A 14 00 TA7076 3 1!
25C2092 325§ DN834 1.50 TA7089 290
25C2098 390 § DN835 160 TA7102P 580
25C2166 3758 DN837 150 TA7106P 3125
25D45 495§ DN838 170 TA7120P 1.50
25D68 90 g HA 1151 320 § 1A7122 150
2S8D72 80 § HA1157 4.20 TA7124 1.85
2SD77 150§ HA1158 420 TA7146P 375
2SD81 3.95 § HA1159 5.00 TA7148 390
25D88 480 HA1199 325 f TA7149P 390
2SD118 3.00 § HA1202 2.20 TA7150P 375
2SD130 120 |HA1306 4.90 TA7153 6.90
2SD170 1.50 § HA1308 450 TA7167 6.20
2sD180 250§ HA1312 340 TA7200P 350
2S8D187 49 HA1314 420 TA7201P 4.50
2sD188 270§ HA1316 3.50 TA7202 450
250201 450§ HA1318 500 § TA7203 425
25D213 495 fHA1322 120 TA7204 370
2SD217 380§ HA1325 320 § TA7205 360
25D218 390§ HA1339A 495 TA7207 350
25D227 48 f HA1342 4.50 TA7208 350
28D234 85 f HA1366 420 J TA7209 3.80
2S5D235 85 HA11112 890 TA7210 6.50
25D257 350 BA11113 650 TBAB0O 4.40
28D261 100§ HD3113 490 J TBAB10DS 440
25D287 370§ HD3127 780 | TC4081P 175
25D288 150 LA1201 4.25 1C5080P 580
2SD313 1.05¢ LA1240 3.30 § 7C5081P 360
25D314 1500 LA1364 370 TC5082P 400
2SD315 120Y LA1366 425 § TC9100P 8.50
2SD318 195Q LA1369 4.25 § TD3400P 1.55
2S8D325 90 f LA3155 225 | TD3441AP 510
2SD330 1.50 § LA3201 195 § TMa312P 1.00
2SD331 1.50 | LA3301 340 UH1C001 650
25SD356 1.00§ LA3310 420 f UH1C003 650
25D358 110§ LA3350 3.30 UH1C004 650
2SD360 105§ LA400O 750 J UHICO05 6.50
25D382 120§ LA4030 5.40 UH1C006  6.50
2S8D427 255§ LA4O3IP 320 UPC16C 250
25D525 1508 LA4032P 420 upPC20C 3.75
2SCF6 125§ LA40S1P 320 uPC30C 3.75
2SCF8 350§ LA410 320 UPCa1C 2.80
2SF8 300% LA4201 325 UPC48C 395
2SK19 1258 LA4400 340 UPC157CA 250
28K23A 100§ LA4420 340 upCh54GC 250
2SK30A 75§ LADOO 320 | UPC5S55H 220
2SK33 90 § LD3040 160 UPC563+H2 8.00
2SK34 90§ LD3120 240 UPCS66H 125
2SK40 130§ M5112 8.40 UPC573C 325
2SK55 100 MS5151PR 780 UPC575C  2.60
3SK22 220§ M5152L 275 UPC576 3.25
38K22Y 220 M5192 480 UPC587C2 295
3SK35 200 M51171L 200 UPC592H2 140
3SK39 200§ M51513L 510 UPC595C 295
3SK40 2.00§ MB3705 335 uUPC596C 2.75
3SK41 220§ MN3001 1950 UPC1001H2 3 50
3SK45 2.209 MN3002 1170 uPC1008C 575
3SK49 220§ MN3003 9.45 UPC1020H 425
JSP7001 75§ MN3004 1795 UPC1025H 350
MA26 28§ MN3005 7500 UPC1026H 310
MPS8000 125§ MN6040 16.75 UPC1152H 3.95
MPSB001 1.25§ MNB040A 1675 UPC1154H4 395
MPSU02 50 UPC1155H 395
MPSU31 400¢PLLOTA 13.50 UPC1156H 450
MRF8004 300§ PLLO2A 8.50 UPC1380C 950
SD1074 1995 PLLO2A-G 850 UPC78L05 140
SD1076 28 951 SG609 4.80 upD277C 450
4004 300 SG613 675 UPD857C 1550
4005 300 J S6080A SITAS) UPDB58C 950
40080 125 S60808B 3.80 1JPD861C  18.50

NEW-TONE
ELECTRONICS

0O.Box 1738A, Bloomfield, N.J. 07003

Phone: (201) 748-6171,2, 3

INFORMATION  CARD
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ABOUT YOUR SUBSCRIPTION

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

We have found thal when complaints do arise, the majority of them occur because people have writ-
| ten their names or addresses differently at different times. Fo- exampie. if your subscription were listed

| under “William Jones, Cedar Lane, Middietown, Arizona.” ard you were to renew it as “Bill Jones, Ce-

| dar Lane. Middletown, Arizona," our computer would think that two separate subscriptions were in-
volved. and it would start sending you two copies of PopuLAR ELECTRONICS each month. Other exam-
ples of combinations of names that would confuse the computer would inciude: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and Mary Jones. Minor differences in addresses can also lead to

| difficulties. For example, to the computer, 100 Second St. is not the same as 100 2nd St.

| So. please. when you write us about your subscription, be sure to enclose the mailing tabel from the
| cover of the magazine—or else copy your name and address exactly as they appear on the mailing

[ label. This will greatly reduce any chance of error, and we will be abie to service your request much

| more quickly.

P.0. Box 4430C Santa Clara, CA 95054
For will calt only: (408) 988-1640
2996 Scott Bivd.

Same day shipment. First line parts only. Factory
tested. Guaranteed money back: Quality IC's and
other components at factory prices.

INTEGRATED CIRCUITS cpasz P
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Ité?g': t'éﬁg{,, ”} LD130 9‘ C04503 4.25 21111 7. Eﬁ?.m }3?,2 100 pin edge Ww 525 32°-230°F. Dispasable prode cover = 2° usm s m it drsplay 50
SIS 50 LM340K-15 119 H4DACIF CD4512 1.02 21122 790 COPIB02D 2500 TRANSISTORS acturacy. Comp. assy In compact case. 1520) Chm hiorsts 3
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41 LM340T-12 110 £04000 § C04518 102 MM 4 5502 2450 2N3055 Bezutful case, fuby assemdled $54.95 s 5V power supply  735.00

Sinclair 32 Digit Multimeter
Batt. oper. 1mV and . 1NA resolution. Re-
sistance to 20 meg. 1% accuracy. Small,
portable, completely assem. in case. 1 yr.
guarantee. Best value ever! $59.95

Not a Cheap Clock Kit $14.95
Includes everything except case. 2-PC
boards. 6-.50" LED Displays. 5314 clock §
chip, transformer, all components and
fuil instructions. Same clock kit with .80"
displays. $21.95

60 Hz Crystal Time Base
Kit $4.75 Cconvens digital clocks
from AC line frequency to crystal time
base. Outstanamg3 accuracy. Kit includes:
PC board, MM5369, crystal, resistors,
capacitors and trimmer.

New Cosmac Super “ELF”’

RCA CMDS expandable microcomputer
w/HEX keypad input and video output for
graphics. Just turn on and start loading
your program using the resident monitor
on ROM. Pushbutton selection ot all four
CPU modes. LED indicators of current
CPU mode and four CPU states. Single
step op. for program debug. Buitt in pwr.
supply, 256 Bytes of RAM, audio amp. &
spkr. Detailed assy. man. w/PC board &
all parts, fully socketed. Comp. Kit
$106.95 High address display option
8.95; Low address display option 9.95;
Custom hardwood cab.; drilled front
panel 19.75 Nicad Battery Backup Kit
w/all parts 4.95 Fully wired and tested in
cabinet 151.70 1802 software xchng.
club; write for info.

RCA Cosmac VIP Kit  275.00

Video computer with games and graphics.

Paratronics 100A Logic
Analyzer Kit $199.00

Converts an oscitloscope into a digital
tester and analyzer. Trace computer pro-
gram flow. monitor I/0 sequences, etc.
Trouble shoot all digital, CMOS and MDS
families. 128 bit truth table (8 by 16 bits).
Compiete with case, parts and instructs.
Model 10 Trigger Expander Kit expands
Modei 100A to 24 bits $229.00. Model
150 Bus Grabber Kit $369.00, a one
board logic analyzer for S-100 bus appli-
cations instant access to 56 5-100 bus
signals. Complete kit with all parts and £
instructs. i

2.5 MHz quencyunter
Kit Complete kit less case $37.50 §
30 MHz Frequency Counter

Kit Complete kit less case  $47.75
Prescaler Kit to 350 MHz $19.95 §&

Stopwatch Kit $26.95 §
Full six digit battery operated. 2-5 voits. %
3.2768 MHz crystal accuracy. Times to g
59min.. 59 sec., 99 1/100 sec Timesstd.,
split and Taylor. 7205 chip. alt compo-
nents minus case. Full instruc. White or
black plexiglass case. $5.00

Auto Clock Kit $15.95

DC clock with 4-.50" displays. Uses
National MA-1012 module with alarm
option. Includes light dimmer, crystal
timebase PC boards. Fully regulated,

Digital Temperature Meter Kit
Indoor and outdoor. Automatically
switches back and forth Beautiful. 50”
LED readouts. Nothing like it available.
Needs no additional parts for complete,
full operation. Will measure —100° to
-200°F, air or hquid. Very accurate.
Complete instructions. S

Ciock Calendar Kit $19.95
CT7015 direct drive chip displays date
and time on .6” LEDS with AM-PM indi-
cator. Alarm/doze feature includes buz-
zer. Complete with all parts, power supply
and instructions, less case.

1977 IC Update Master
Manual

Final 1977 closeout $15.00 while they
last. 1978 Master available late Jan. 1978
$30.00. Compiete IC data selector, 1234
pg. master ref. guide, 17.000 cross ref-
erences. Free update for 1977. Domestic monitor without affecting ncrmal usage. comp. instructs. Add $3.95 for beautiful
postage $2.00. Foreign $6.00 Complete kit with full instructions. dark gray case. Best value anywhere.

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. FREE: Send for your copy ofour NEW 1978
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 24¢ stamp.
Shipping_charges will be added on c}ia_rge cards. . .

Original Cosmac “ELF” kit
All parts and instructs. $89.50
Board only 14.95

Video Modulator Kit  $9.95
Convert your TV set into a high quality
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Flectronics Clossifieo

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.40 per word. Minimum order $36.00. EX-
PAND-AD ~ CLASSIFIED RATE: $3.60 per word. Minimum order $54.00. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. PERSONAL

RATE: For individuals with a personal item to buy or sell, $1.40 per word. No minimum! DISPLAY CLASSIFIED: 1’

"by 1column (2-1/4" wide}), $280.00. 2" by 1 col-

umn, $560.00. 3" by 1 column, $840.00. Advertiser to supply film positives. For frequency rates, please inquire.

GENERAL INFORMATION: Ad copy must be typewritten or clearly printed. Payment must accompany copy except when ads are placed by accredited advertis-
ing agencies. First word in all ads set in caps. All copy subject to publisher’s approval. All advertisers using Post Office Boxes in their addresses MUST supply
publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which advertise or promote the use of
devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go to press after closing date. Closing
Date: 1st of the 2nd month preceding cover date (for example. March issue closes January 1st). Send order and remittance to Classified Advertising. POPULAR
ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal Cymes.

FOR SALE

FREE!Ear;ai;Calalog—l.C.'s, LED's. readouts. fiber op-
tics, calculators parts & kits, semiconductors. parts. Poly
Paks. Box 942PE, Lynnfield. Mass. 01940,

GOVERNMENT and industrial surplus recewers. lransmul-
ters. snooperscopes. electronic parts. Picture Catalog 25
cents. Meshna, Nahant. Mass. 01908.

LOWEST Pnces Electromic Parts. Confudemnal Catalog
Free. KNAPP. 3174 8th Ave. sw ., Largo. Fla 33540.

ELECTRONIC PARTS semlconductors kits. FREE FLYER.
Large catalog $1.00 deposit BIGELOW ELECTRONICS.
Bluffton. Ohio 45817,

RADIO—T.V 1_'ubes—36 cents each. Send for free catalog.
Cornell 4213 Unwversity. San Diego. Calif. 92105

AMATEU‘? SCIENTISTS. Electronics Expenmemers
Science Fair Students.. Construclion plans—Compiete.
including drawings. schematics, parts list with prices and
sources _Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter...over 60 items. Send 50 cents coin {no
stamps) for compliete catalog. Technical Writers Group.
Box 5994. University Station. Raleigh. N.C. 27607.

METERS—Surplus. new, used, panel or portable. Send for
list Hanchett. Box 5577, anersude CA 92507

ROTARY SWITCH 4P11P 5/85. 6P11P 5/$7.25. Dip Swiich
10-SPST 10615 Transformers 12.2V CT-6A plus 8 5V.5A
$6 95.24V-5A $595 10° RG58C/U 12/810 Fertiks, 5249 "'D"",
Philadelphia. PA 19120.

SOUND SYNTHESIZER KITS—Surf $12.95, Wind $12 95.
Wind Chimes $17.95. Musical Accessornes. many more
Catalog free PAIA Electronics. Box J14359. Oklahoma
City. OK 73114

HEAR POLICE / FIRE Dispatchers! Catalog shows ex-
clusive directonies of ‘confidential” channels. scanners
Send postage stamp. Communications, Box 56-PE. Com-
mack. NY 11725

UNSCRAMBLERS Fits any scanner or monitor. easily ad-
Justs to all scrambled frequencies. Only 4~ square $29.95.
tully guaranteed. Dealer inquiries welcomed. PDQ
Electronics. Box 841, North Little Rock. Arkansas 72115

POLICE/Fire scanners, large stock scanner crys-
tals, antennas. Harvey Park Radio, Box 19224,
Denver, CO 80219.

TELETYPE EQUIPMENT for sale for begmners and exper-
ienced computer enthusiast. Teletype machines. parts.
supplies Catalogue $1.00 to ATLANTIC SALES 3730
Nauulus Ave , Brooklyn NY 11224 Tel. 1212 372-0349

WHOLESALE C.B.. Scanners. Anlennas. Cata!og 25 cents.
Crystals Special cut., $4.95 Monitor $3.95. Send make.
model. frequency G Enterprises. Box 461P. Clearfield. UT
84015

UNREAL CATALOGS Surplus Factory Liquidations, Bank-
ruplcy Inventories, Deals. Thousands of items at Bargain
Surplus Prices. Rush $1. Eicoa Electronics. 521 5th Ave.,
NYC, NY 10017

FREE CATALOG Flash Tubes, Nicads, Kits, Calculators
Digitat Watch Modules. Ultrasonics, Sirobes. LEDS. Trans-
1stars, IC’s. Unique Components Chaney s, Box 27038.
Denver. Colorado 80227

BUILD STEREO SPEAKERS
WITH JUST GLUE AND STAPLES.

Save up to 50% of the cost of ready-built
. speakers by assembling Speakeriab kits.
We've done the design. carpentry and
wiring, leaving you only the actua!l in-
staliation of the speaker drivers. Most
people take tess than two hours to
assemble a kit. lllustrated, easy-to-follow instructions
check you each step of the way. (And if you stili can't
finish the kit, we'll do it for you for just the cost of
return freight.)

When you're through, you have a hugh quality. multi-
element stereo speaker with a resonance-tree-enclosure,
fiberglass damping, a crossover with level controis. and
drivers that are some of the best in the industry.

Send for our free 52-page catalog. It's practically a
manual on speaker building. .

[l

Dept. PE-H ﬁ 5500 35th N.E., Seattle. WA 98105

BUILD AND SAVE TELEPHONES. TELEVIS!ION. DETEC-
TIVE. BROADCAST Electromcs We sell construction
plans with an Engineering Service Speakerphones, An-
swering Machines. Carphones. Phonevision, Dialers. Color
TV Converters. VTR. Games. $25 TV Camera, Electron
Microscope. Special Effects Generator. Time Base Correc-
tor. Chroma Key. Engineering Courses in Telephone. Inte-
grated Circuits, Detective Electronics. PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year s subscrip-
uon io Electronic News Letter. $1.00 Don 3ntton Enter-
prises. 6200 Wiishire Blvd Los Angeles. Cam 90048 o
NAME BRAND Test Equmem. Up to 50% ciscount Free
catalog Salen Eiectronics, Box 82, Skokie. ltlinots 60076.
SURPLUS COMPONENTS. Communication and tesl equip-
ment lijustrated catalog 25 cents. E French. P.O. Box 249.
Aurora. lllinois 60505
CB RADIOS. monttors, crystals., CD ignitions  Southiand.
Box 3591-B. Baytown. Texas 77520

TELEPHONES UNLIMITED, Equipment, Supplies,
All types, Regular, Keyed, Modular. Catalog 50
cents. Box 1147E, San Diego, California 92112.

CARBON FILM RESISTORS 1/4W, 1/2W - 1.7 cenls each
FREE sample /specifications. Other components COMPO-
NENTS CENTER. Box 295, W. Islip. New York. 11795

b
ROQFPHON)
World's smaliest; solid state. self-contain-
ed. Picks up and transmits most sounds L]
without wires up to 300 ft. through FM Ra- [l
dio. Use as mike, ampf., alarm & alert sys., ]
! hot line, baby sitter, etc. Money back guar.
1 BIA, M/C cds, COD ok. $18.85 plus $1.00
| post. & hdlg. Calif. res. add tax. Mail orders [Ij
SIZE Qty Disc Avail. AMC SALES, INC.
Ve x 3 x 12" Oept. 23, Box 928 - Downey, Calif. 90241
S = G S S NS N R S S R . .

AUDIO EXPERIMENTERS, Serious Music Syn-
thesizer Stuff: literature, kits, components, cir-
cuits and more. Send SASE for FREE INFO. CFR
Associates, POB F, Newton, NH 03858.

SEEKING ORIGINAL JAPANESE TRANSISTORS FOR CB
AND STEREO REPAIR”? Request complete list. Compare 1
0 9 prices 2SC710. 59 cents, 2SC517. $3.95; 2SC799.
$360; 25C1306. $4.40, 2SC1678. $2.25: TA7205P. $3.90.
BAS521, $370. BA5S11. $3.40. Fuj-Svea Enterprises, Dept. P,
Box 40325. Cincinnati. OH 45240.

NEW PERIODIC TABLE OF ELEMENTS AlOmlC physxcs
breakthrough now reveals precise atomic models of each
element. Striking wall chart. $3.00. Circlon. 29500 Green-
rver Gorge Enumclaw - WA 98022, -

PC BOARDS from your art. Send SASE for m(ormahon
John Harvey. 3197 Chateau Court, Atlanta, GA_SOS_OS
FANTASTIC WIRELESS TV COMMERCIAL KILLER. Never
fisten to another commercial! Plans and Catalog, $4.00.
P.O. Box 5983. Ft Lauderdale, FL 33310.

ELECTRONICS PROGRAM. Used in industry. Transistors
to Micro Processors. FCC preparation Troubleshooting.
Many experiments. Reasonable. A.L.l. Schools. 6501 NW 14
St., Plantation, FL 33313.

Build The Artisan Electromc Organ....
The 20th century successor to the classic pipe
organ. Kits feature modular construction,
with logic controlled stops and RAM Pre-Set
Memory System. Be an ar-ti-san. Write for
our free brochure. AOK Manufacturing, Inc.
P.O. Box 445, Kenmore, WA 98028.
ruaa

UNSCRAMBLERS FOR any scanner. Several models avail
able. Free literature Caprt Elecironics. 8753T Windcm,
S Lows. MO 63114

UNSCRAMBLE CODED MESSAGES from Police,
fFire and Medical Channels. Same day service.
Satisfaction guaranteed. Don Nobles Electronics,
inc., Rt. 7, Box 265B, Hot Springs, Arkansas
71901 (501) 623-6027.

ANYONE CAN SOLDER WITH—

DO-IT-YOURSELFERS!

Let Kester solder aid you in your home repairs
or hobbies, A radio, TV. model train. jewelry,
plumbing, etc. Save money — repair it yourseif.
Send self-addressed stamped envelope to Kester
for a FREE Copy of “"Soldering Simplified™.

KESTER SOLDER / (i3 %ocse

Chicago, Ill. 60639

PHOTO-METER: For the hobbiest. science buff. Parts list
Specs & Plans for 5% accurate meter. 2 Ranges Equal to
Hi cost meter. Send $6.00 to: Lite, 1005 Eggleston Rd..
Aurora. Ohio 44202.

PRE-RECORDED VIDEOCASSETTES: 1/2"
Betamax and VHS formats. Send for free fist. TRI-
STATE VIDEO PRODUCTIONS, P.0. Box No. 1332,

Portsmouth, Ohio 45662.

NEw ADJUSTABLE, THREE OUTPUT. REGULATED
POWER SUPPLY, plus 900 parts worth over $400.00 in com-
plete CARTRIVISION television electronic assembly. Docu-
mentation included. Perfect for MICROPROCESSOR and
all electronic applications. $17.95 plus $3.50 S&H. Master
Charge. Bank Americard. Free brochure. MADISON ELEC-
TRONICS. 369, Madison, Alabama 35758. SATISFACTION
GUARANTEED.

NAME BRAND TEST EQUIPMENT at discount prices. 72
page catalogue free. Write: Dept. PE, North American Elec-
tronics. 1468 West 25th Street. Cleveland. OH 44113.

ORGAN KITS
. _ KEYBOARDS

| THE ULTIMATE IN DESIGN
- AND SOUND

Demo Record & Brochure $1 00

-
R

e

Wuriitzer reproductions
DEVTRONIX ORGAN PRODUCTS, Dept. C
% 5872 Amapola Dr.e San Jose, CA 95129

MARCH 1978

USED TEST EQUIPMENT — Tektronix, HP, GR. Write: PT),
Box 8699, White Bear Lake, MN 55110. Phone: (612)
429-2975.

WEATHER MAP RECORDERS: Copy Satellite
Photographs, National-Local Weather Maps. Learn
How! $1.00. Atlantic Sales, 3730 Nautilus Ave.,
Brooklyn, N.Y. 11224. Tel: (212) 372-0349.

www americanradiohistorv com

HIGH FIDEL|TY COMPONENTS. All top brands. dis-
tributor’s prices. No-risk buying. No deposit. 48-hour de-
livery anywhere in Continental U.S. C.O.D. or charge card.
Call: (301) 448-9600 daily till 9:00 P.M., Saturday till 4:00
P.M. or send $1.00 for brochure, buying tips. plus $2.00
merchandise certificate. INTERNATIONAL HI-FI
DISTRIBUTORS. Moravia Center Industrial Park, Ballo.,
MD 21208.

AMAZINGLY Low component prices! Ask for free fiyer.
Write: EEP, 11 Revere Place, Tappan, NY 10983.
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JMSCRAMBLER FIT: Tunes &'l scramble Insquencees, may
B Uil an most scanners, 2234 % 2-14 % 12, S12.95 Facla.
rp il Code-Braakar 32085 Frer Cataleg, KHYSTAL
KITS, Box 445, Barlanville, &, 2712, (501 2754040
STATE F THE AAT tesl instramenis. kils, ara plans, Free
Grochurg, Dealar nguiries invited. Fartes, Inc. P.O. Dox
L8 Whilehall, 26 18042

1% 100 Asgorted 7400 2eries — all marked — $12.50
prit. Band stamp tor pargain gl Gull Electronics, 12690
Fie. 30, M. Hutingdoa, PA 1h687

FRI%TED T HUPFLIES. Chemicals, tools lami-
r mna capy film reversal films, plating,
o K b Dremel , &lc. Send two stamps. CIR-
COLEN o 183, Mescy, N Y 73408,

COMPUTER TEAMINALS 5250 — $1,100. SASE for list
Telecommunications Services Co., Box 4117E, Alexandria,
VA 22303

PET owners need information?! Send SASE for details. TIS
Box 921, Los Alamos. NM 87544

FREE BARGAIN CATALOG, IC's, Semiconductors,
Crystals. Send Stamp. Astral, P.0.B. 707 pes,

Linden. N.J. 07036.

MAKE YOUR PLANS COME TRUE by using electronic kit of
Touch Switch, Patrol Car Siren. Sound Switch, Singing
Bird Each Kit $5.00 ppd. QMC. P.O. Box 4816. Irvine, Cali-
fornia 92716.

TRANSISTORS FOR CB REPAIR, IC's and diodes.
TV audio repairs. 25C799 — $3.00, 25C1306 —
$2.95, 25C1307 — $3.85, TA7205 — $3.50,
more. Free catalog and transistor. B&D Enterpr-
izes. Box 32, Mt. Jewett, PA 16740.

CB ANTENNA CONSTRUCTION MANUAL: Build 16 DB
Ga.n Beams plus Quads. Verticals. Ground Planes using
common hardware. Easy assembly/highest performance —
Complete $4.00. Tenna-Farm, 1117 Dewitt Tr., Linden, N.J.
07036,

PLANS AND KITS

AMAZING ELECTRONIC
. PRODUCTS .~

LASERS SUPER POWERED RIFLE PISTOL POCKET - SEE IN DARK - PYRO
TECHNICAL, DE-BUGGING - UNCRAMBLERS GIANT TESLA - STUNWAND - TV

RA
DISRUPTER - ENERGY PRODUCING SCIEgTAI;Ig aEETECTION ELECTRIFYING.

CHEMICAL ULTRASONIC CB AERO AUT CH DEVICES. HUNDREDS
MORE  ALL NEW PLUS INFO UNLTO PARTS SERVICE
INFORMAT ION unlimifes

CATALOG $1 Box 626 Lord Jetfery PZ. @ Amherst. N.H. 03031

FREE KIT Catalog contains Test and Experimen-
ter's Equipment. Dage Scientific Instruments, Box
1054P, Livermore, CA 94550.

TIGER SST
SIMPLI-KIT

Y2 high quality CD Electronic
Ignition System in kit form.

Contains all components and solder to
build complete Solid-State Electronic
CD Ignition System for your car. As-

sembly requires less than 3 hours,

®Iincreases MPG 15% ® Eliminates 4 of 5 tune-ups
® Increases horsepower 15% @ Instant starting, any
®Plugs and Points last weather
50,000 miles ® Dual system switch
Fits only 12 volt neg. ground . Only $21.95 postpaid

Tri-Star COrp0ration e
P.0O. Box 1727 Grand Junction, Colorado 81501

MIXERS—Preamps—Speakers, Top Quality
Kits—Plans—Parts. Send 25 cents for catalog.
Audio Design & Engineering Co., P.0. Box 154,
Lee, Mass. 01238. (413) 243-1333.

FIVE LASER PLANS — $8.00; Welding-Burning
Laser plans — $9.00. Catalog $2.00. Solaser, PE

378, Box 1005, Claremont, California 91711.

ROBOT PLANS That Work! $5.00. American Robots, Dept.
E.. P.O. Box 1304, Tulsa, OK 74101.
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QUALITY KITE, over 7,000 senemanics. 51 (refundable) Tor
uatrated catalog. Tek-Devaes, Box 1315%4c, Honolulu, H!
FLANS — light seeking robot, whistle controlled
robot, AYD converter, D/A converter, listing of
parts suppliers. $4 for one, $2 for each additional
one. ARC Enterprises, RD No. 2, Box 89, Valatie
New York 12184

BUILD YOUR OWN
SYMPHONY
OF SOUND!

it's fun and easy —takes just minutes
a day! Compiete kits for or?ans_
pilanos, strings, rhythms,
amplifiers, synthesirers. Aiso
factory assembled. 104-page
catalog $2.00

OUWERSI

Wersl Electronics, Inc.,
Dept. ZD, Box 5318,
Loncaster. PA 17602.

NEGATIVE ION Generator. Complete Plans. $10.0C.
Fascinating Details $1.00. Enterprises, Box 1282-PE. Glen-
dale, Arizona 85311,

ELECTRONIC DICE make every game more exciting. 14
LED's and plans, $5.99. Add 95 cents shipping. Tech Sales
Center, 63 Overbrook Drive, Colonia, N.J. 07067.

BUILD YOUR OWN SMOKE DETECTORS. Schematics, lay-
out, parts list. Satisfaction Guaranteed. Send $3.00 M.O..
Cito Sales Dept.. P.O. Box 182PE, Watertown. WI 53094.

CB/HAM-OMNIPOLARIZED BASE ANTENNAS,
Modulation boosting VOX-COMPRESSOR. Portable
/ mobile / memory, 300 MHz FREQUENCY
COUNTER. Complete plans $3.00 each. $7.50 /
all. MANY OTHERS! Catalog — PANAXIS, Box
5516-A3. Walnut Creek. CA 94596

MICROCOMPUTER KITS. $85. Information §1.
Keyboard, PC Board, 1K RAM. NBL-E, Box 1115,
Richardson, TX 75080.

SOLAR POWERED PROJECTS. P.C. Boards & Plans in-
cluded to build: Solar Power Supply. $5.95; Solar Powered
LIX & Thermometer, $9.95 each. See cover Dec. '77 PE,
ALPHA, Box 1005, Meritt Island, FL 32952

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering. Stanton, Empire, Grado and
ADC. Send for free catalog. LYLE CARTRIDGES, Dept P,
Box 69. Kensington Station, Brooklyn, New York 11218. For
Fast Service call Toll Free 800-221-0906.

ALARMS

g= = = SECRET NEW INVENTION <t = ey

[ PROTECTION FOR VEHICLES & HOMES (]

Are you afraid of being RAPED, ROBBED OR ASSAULTED? The BACK UP
ALARM SYSTEM wall let you know before you enler{our house i it 1s SAFE or .
NOT SAFE. If CAR 15 stolen. CAR can be LOCATED. LEARN HOW a BIG

' FAULT can be corrected in mest existing silent alarm systems to-day. Send .
$15.00 Check or Maney Order, 6% Tax Calif. PRINT name and address & we

' wi.| send you a CONFIDENTIAL BACK UP ALARM REPORT, Plans included '
on how to make your own £ 00L PROOF Alarm System for your own, persan-

' al. individual needs and protection. '
FOWLER ALARMS, P.0. Box 64466, Llos Angeles, Calf. 90064

B em on om em o0 s e ° Fowler Alarms 1977 20 om ol

QUALITY 3URGLAR/FIRE ALARM equipment at discount
prices. Catalog 50 cents. Stetfens, Box 624C, Cranford, N.J.
07016.

DON'T PURCHASE atarm equipment before getting our

free value packed catalog. Sasco. 5619-C St. John, Kansas
City, MO 64123. (816) 483-4612.

TELEPHONES & PARTS

TELEPHONES AND PARTS. Free catalog. Write: Surplus
Saving Center. P.O. Box 117, Waymart, PA 18472.

MUSICAL INSTRUMENTS

UP TO 6G% DISCOUNT. Name brand instruments catalog.
Freeport Music. 114 G. Mahan St., W. Babylon, N.Y. 11704,

www americanradiohistorv com

WANTED

i."-:'.lLl'.'l._SCIﬂ:-'. Plalinum 'q,"q:.rnl.-r_.' wantad ng'u"_.s_'. -:-_"zF_l-E
pand by refinery, Cras assay=d. Free circular. Mercury Ter-
minal Morwood M A 2062,

TUBES

RADIO & TV. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105.

T_UBES receiving, factory boxed, low prices. free price hst.
Transleteronic, Inc., 1365 39th Street, Brooklyn, N.Y
11218A, Telephone: 212-633-2800

TUBES "Oldies”, Latest. Supplies, components,_sche-
matics Catalog Free (stamp appreciated). Steinmetz, 7519-
PE Maplewood, Hammond, Ind. 46324

FREE BARGAIN CATALOG, Industrial, Ham, Re
ceiving Tubes. Send Stamp. Astral, P.0.B. 707
pet. Linden, N.J. 07036.

TAPE AND RECORDERS

8-TRACK and CASSETTE BELTS — money back
guarantee. Long wearing. Free Catalog — $3 minimum
crder. PRB Corp.. Box 176, Whitewater, Wisconsin 53190,
{300) 558-9572 except WI.

TAPE HEAD CLEANER. 8 0z. — $2.30. Includes postage
and handling. Write: “Cleaner”, Box 176. Whitewater, W
53190.

RECORDS — TAPES! Discounts to 73%; all labels; no pur-
chase abligations; newsletter: discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music
Club, 850 Main St., Dept 5-0378. New Rochelle, New York,
N.Y. 10801.

BLANK CASSETTE TAPES. 87 cents each and under. Send
$1.00 for information. Write: Sonny, P.O. Box 3111, Muncie,
N 47302. .

GOVERNMENT SURPLUS

MANUALS for Govt Surpius radios. test sets, scopes. List
50 cents (coin). Books, 7218 Roanne Crive, Washington,
D.C. 20021.

GOVERNMENT SURPLUS. Buy in your Area. How. where.
Send $2.00. Surpius, 30177-PE Headquarters Building,
Washington, D.C. 20014.

GOV'T SURPLUS — buy direct from gov't. Complete info
plus application form $2.00. Info-Capsule A-1, P.O. Box
151, Shelocta, PA 15774.

PERSONALS

MAKE FRIENDS WOFRLDWIDE through international
correspondence. Illustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany.

CHESS ENTHUSIASTS — play by mail. Free information for
SASE. ARS-Chess, P.O. Box 1145, MacArthur Station, PA
15001.

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC, Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif.
95820.

SCORE high on F.C.C. Exams...Over 300 questions and
answers. Covers 3rd. 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tests.
$26.50. R.E.I.. Inc., Box 806, Sarasota. Fla. 33577.

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D's. Free revealing details. Counsel-

ing, Box 317-PE03, Tustin, California 92680.
SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more information write: CB RADIO REPAIR
COURSE, Dept. PE038, 531 N, Ann Arbor, Oklahoma City,
Okla. 73127.

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507.

GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages.
1465 questions with answers/discussions — covering third,
second, first radiotelephone examinations. $13.45 post-
paid, GSE, P.O. Box 25992, Los Angeles, California 90025.

POPULAR ELECTRONICS
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INTEMEIVE & week tourse for Broadeast Ergingars. FOG
First Class license. Studer] rooms al the school Hadio
Engineering Inc.. 61 M. Pinegpe® Ava , Barasata, FL ISP
and FH1E T|dewaler Traul. Fremenckshurg, VA 22407

1978 “TESTS - ANSWERS" for FCC First Class
License. Plus - **Self-Study Ability Test.”" Proven!
$9.95. Moneyback Guarantee. Command Produc
lions, Box 26348-P, San Francisco, CA 94126

F55S FCC EXAMS. New tests by noted author and teacher
570 Questions Second Class. $11.95; 200 First Class, $7.95,
100 Radar. $4.95, postpaid. Save, all three. $19.95. Com
plete mathematical solutions. Free counselling service
Victor Veley. P.O. Box 14. La Verne, Calif 91750
AMATEUR RADIO. Correspondence, no-textbock. code
and theory General Class license course. Ron Reed
Electronics Institute. 12217 Santa Monica Bivd.. Los
Angeles. Calit. 90025.

BROADCAST STATION: Start your own. Any type'
Home, school, church, business operation. Get
free equipment, records. Details free. *'Broad-
casting”’, Box 5516-A3, Walnut Creek, CA 94536.

MATHEMATICS, Electronics, satisfaction guaranteed. In-
diana Home Study. Dept. PE, Box 1189, Panama City. FL
32401.

INVENTIONS WANTED

I If you have an idea for a new product. or a way

to make an old product better, contact us, “the
idea people” We'll devetop your (dea. introduce 1t to
industry, negotiate for cash sale or royalty licensing.

Write now without cost or obligation for free
information. Fees are charged only for contracted
services. So send for your FREE “inventar's Kit."” It
has tmportant Marketing Information. a specal
“Invention Record Form" and a Directory ot 1001

B Corporations Seeking New Products.

HHT

< RAYMOND LEE ORGANIZATION

the'g 230 Park Avenue North.New York.NY 10017 I

iges :E At no cost or obl ;
H gation, please rush
people N my FREE “Inventor's Kit No. A.112
I Name
Address -

Caty. = State—_Zip

Phone No Area Code

FREE PAMPHLET: “Tips on Marketing Your Invention'.
from an expenenced fee-based invention service company.
Write: United States Inventors Service Company. Dept. T,
1435 G Street NW, Washington DC 20005. -
IDEAS, INVENTIONS, New Products needed by innovative
manufacturers. Marketing assistance available to individu-
als. tinkerers, universities. companies with feasible con-
cepts. Write for Kit-PE, 12th Floor, Arrott Buitding, Pitts-
burgh, PA 15222.

BUSINESS OPPORTUNITIES

| MADE $40.000.00 Year by Mailorder! Helped others make
money! Free Proof. Torrey, Box 318-NN, Ypsilant.
Michigan 48197.

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton.
Dallas, Texas 75201.

PROFITABLE ONE-MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge ot required,
sales handied by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta- DC Box 248, Walnut Creek, CA 94597.

NEW LUXURY Car Without Cost. Free Delails| Codex-ZZ,
Box 6073. Toledo. Ohio 43614 o~

GET RICH!!! Secret law erases debts, Free report exposes
millionaire $$ secrets, Blueprinis. No. EE3. 453 W 256
NYC 10471

MECHANICALLY INCLINED Iindividuals desiring owner-
ship of Small Electronics Manufacturing Business — with-
out investment. Write: BUSINESSES, 92-K2 Brighton 11th,
Brooklyn, New York 11235.

MILLIONS in Mail!! Free Secrets. Transworld-17. Box 6226.
Toledo, OH 43614.

ELECTRONIC SURPLUS BUSINESS. Exceltent Reno-
Sparts location. Largest Northern Nevada cutlet operating
four years. New equipment for amateur hobbyist and indus-
try. Established distributorships. $57.200 includes business
and inventory. Fernley Really, (702) 5754444, P.O. 27,
Fernley. Nevada. 89408.

EARN $1,000 MONTHLY, sparetime at home "GUARAN-
TEED." Write: UNICORN, ZE-3. 1140 Chelton-628. Col-
orado Sorinas. CO 80910. o
$3,000.00 MONTHLY. Start immediately. Stuff envelopes at
home. Information. send self-addressed stamped envelope.
Viltage. Box 2285-HGC. Irwindale. CA 91705.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Emptoyment Information Service. Box 240E, Northport,
New York 11768.

DO-IT-YOURSELF

MODULAR TELEPHONES now available. Sets and com-
ponents, compatible with Western Electric concept. Cata-
iog 50 cents. Box 1147W, San Diego. California 92112

TAPE-SLIDE SYNCHRONIZER, lap-dissolve. multlprOJeclor
audiovisual plans $8.50. Free Catalog. Millers. 1896
Maywood: South Euchid, OH 44121,

REAL ESTATE

BIG...FREE...CATALOG! Over 2.500 top values coast to
coast! UNITED FARM AGENCY, 612-EP. West! 47th, Kansas
Cry. MO 64112

SERVICES

PRINTED CIRCUIT BOARD SERVICE. Design, Schematics.
Tape Ups. Photography. Prototypes. Production. Project
Boards. We sell material or build boards. Kraemer Gallery.
982 North Batavia. Orange, Calif. 92667.

RUBBER STAMPS

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts. Catalog. Jackson's, Dept. K, Brownsvilie Rd.. Mt. Ver-
non. |1, 62864.

MAGNETS

MAGNETS. Ali types. Specials-20 disc. or 10 bar. or 2 stick
or 8 assorted magnets. $1.00 Magnets, Box 192-H Randalls-
town, Maryland 21133

MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive (1K3),
333 North Michigan, Chicago 60601.

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K3, 333
North Michigan, Chicago 60601.

RECEIVE MONEYMAKING OFFERS GALORE! Your name
listed nationally $1.00. Zodiac, P.O. Box 12310-PE, East
Cleveland, Ohio 44112.

BUMPER STICKER PRINTING DEVICE. Cheap, Simple.
Portable. Free Details. Bumper, P.O.B. 22791 (PE), Tampa,
FL 33622.

GUARANTEED SECRETS of stufting envelopes for com-
fortable income! Free! Wayne. Box 644-ZDC, Ottawa, Kan-
sas 66067.

MARCH 1978

BOOKS AND MAGAZINES

FREE book prophet Elijah coming before Chris:. Wondertul
bible evidence. Megiddo Mission. Dept. 64. 481 Thurston
Rd., Rocnester. N.Y. 14619,

HOME ENTERTAINMENT FILMS

JUST OUT! 1976 World Series S-8/Snd 400" Eastman Colar
$46.95 ea saie price + $0.75 ship "Grt Moments in Base-
ball” {memories galore) 400" S-8 B&W/Snd $36.95 ea sale
price + $0.75 shipping. "'Star Wars™ 200" vivid color/sd
$29.95 ea PPD. “Jesus Christ Superstar.” legendary rock

400 ColorMag Snd. 344.95 ea sale price PPD. March
BUDGET Specials. 1969 & 1970 Indy ""500"" Race Films, ea
200° St 8 color. only $12.95ea + $0.75 shipping. “Miracle at
Qakmont” (U.S. Open} 200" St 8 color (Johnny Miller) only
$12.95 ea (save $7.00 per reel!) 54-page Columbia Pictures
catalog. $0.85. New Universal 64-pg 4-cclor catalog, $0 95
Sportlite & WUniversal film lists, $0.35 ea. SPORTLITE
FILMS, Elect-3/78. Box 24-500. Speedway. indiana 46224.

ALTERNATE ENERGY

INDEPENDENT THINKER: You can become an Allernate
Energy Systems Designer. Prestigious New Field informa-
uon Package $2.00. Energy Dwvision, Valmont Enterprises.
Box 186. Bocne. North Carohina 28607.

SOLAR INTERMEDIATE AIR HEAT. Simple. Efficient — For
New or Existing Structures. information Package $2.00.
Energy Division, Valmont Enterprises. Box 186, Boone,
North Carotina 28607.

REPAIRS AND SERVICES

SERVICEMEN — Cleaners. Lubricants. Adhesives for all
electronic repairs. Write for FREE catalog. Projector-Re-
corder Belt Corp., Box 176, Whitewater. WI| 53190.
800- 558-9572 except Wi,

PRINTING Rubber Stamps, Photo Offset much more. Cat-
alog $1.50. Magestro’s Printing. North Ave.. New Brighton.
PA 15066.

KRIS BIG BOOMERS & others. Manuals, Parts, Repairs.
Free information. G.P.E.. P.O. Box 216PE. Watertown, Wi
53094.

HYPNOTISM

SLEEP learning. W)/;)Tmngmethoa. 92% effective Detarls
free. ASR Foundation. Box 23429EG, Fort Lauderdale.
Florlda 33307.

FREE F Hypnotlsm Self- Hypn05|s Sleep Learnmg Calalog'
Drawer H400. Ruidoso. New Mexico 88345,

AMAZING self- hypnosis record reieases fantastic memal
power. Instant results! Free trial. Write. Forum (AA3). 333
North Michigan, Chicago 60601

TREASURE FINDERS

FIND LOST coins. jewelry. gold. silver. relics! Find buried
treasures of all sizes, but elminate metal trash. Free infor-
mation. GOLD MOUNTAIN, Box 40507-Y. Garland. TX
75040.

MISCELLANEOUS

MPG INCREASED! Bypass Pollution Devices easily RE-
VERSIBLY!! Free details—Posco GEE3. 453 W. 256. NYC
10471

MAGI. Now produce REAL smoke from flngemps Amazmg
effect. Pro method merely $1.00. Manderson. B 788, Dept
B1. Sutton W., Ontario. Canada LOE 1RO. U.S. Inquines.
Welcomed.

This fatest edition includes a Hob
byist and Microcomputer Section!
It also features a host of exciting
construction projects with complete
construction plans, parts lists and
printed-circuit board patterns. PLUS
—A complete Home Computer Buy
ing Directory with product specifi
cations. latest prices, and photos.
i

POPULAR ELECTRONICS INDEXES For 197€ now avail-
able. Prepared in cooperation with the Editors of "P/E,"”
this index contains hundreds of references to product
tests, construclion projects, circuit tips and theory and is
an essential companion to your magazine collection. 1976
Edition, $1.50 per copy. All editions from 1972 onward still
available at the same price. Add $.25 per order for postage
and handling, $.50 per copy, foreign orders. INDEX, Box
2228, Falls Church, Va. 22042.

wWWWwW americanradiohistorv.com

Only $1.95
Order your copy from ELECTRONIC EXPERIMENT
ER'S HANDBOOK, P.O. Box 278, Pratt Station
Brooklyn, New York 11205. Enclose $2.50* ($1.95
plus 55¢ postage and handling)., Outside U.S.A. $3
*Residents of CA, CO, FL, IL, MI, MO, NY STATE,

DC and TX add applicable sales tax (Postage and
handling charges non-taxable)
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WAV ORI T evstihights infrie

Picture-Thin TV Screen

You may be able to hang a TV screen on your wall in the
near future if a lab-demonstrated device is developed
further for the public. Real-time video on a thin-film
transistorized electroluminescent (EL) panel that’s no
thicker than ordinary window glass has already been
demonstrated at the Westinghouse Research Laborato-
ries in Pittsburgh, PA. When first announced in October
1974, the Ys-inch-thick display panel was primarily for
digital alphanumeric use. The present panel, taking
advantage of the EL’s grey-tone operation capability,
accepts signals directly from taped-video or commercial
TV signals, pro-
ducing excellent
contrast with no
flicker. The panel
itself 1s actually
an enormous inte-

grated circuit,
measuring Six
inches square,

with 12.000 glow-
ing picture ele-
ments. The ele-
ments are phos-
phor dots that
light up when
electricity passes
through them.
similar to those
on the inside face
of a TV picture
tube.

Music Synthesizers for Rent

Professional electronic synthesizers are available for
rent at $3.00 per hour at PASS (Public Access Synthe-
sizer Studia. 135 W. Broadway, New York. NY 10013
Tel: 212-964-9891). They have put together Elec-
troComp and Electron Farm/CBS Buchla Series 100
synthesizers with accessory equipment including tape
decks and electric pianos. A staff member and an elec-
tronic music tape library are also available for consulta-
tion.

Pulse Width Modulation

A device developed by a medical engineering team at
the Hadassah Medical Center, Jerusalem. is said to in-
troduce a new dimension to the control of pain in vari-
ous parts of the body through transcutanzous nerve
stimulation (TNS). Marketed by Agar Electronics. Ltd..
of Israel. the portable. battery-operated therapeutic in-
strument weighs just 7 0z (200 g). In using the device.
two vulcanized rubber electrodes are applied to affected
parts of the body so that modulation puises work on the
blood flow and provide therapy to the muscle levels.
The unit (3200 retail) operates on a fixed frequency so
that no human variables are involved and it is said to
give effective pain relief to areas of the back. elbows.
knees. etc. Something like ‘electronic acupuncture?”

TV Servicing Cost Survey

According to a Connecticut-based TV service associa-
tion (TELSA) survey, residents in Bridgeport. CT. pay
an average of $19.00 for a color TV home service call,
$64.55 for bench repair of a tube receiver with pickup
and delivery. and $101.20 for solid-state color receivers
(with PU). $42.10 for bench repair of color TV with cus-
tomer carry-in. and an hourly bench rate for color TV of
$21.45. Most other areas in Connecticut have service
charges that are slightly lower. the exception being re-
pair of solid-state color TV, which is dramatically lower
(8$55.40 in Hartford. for example).

Robot Guard

“*Century I"" is the name of a 7-ft. 650-1b bulletproof,
computerized robot designed by Quasar Industries Inc.
to be used as a security guard by the United States
Army. Sensors in the robot can detect movement. body
heat. or any noise caused by an intruder. Electronic cir-
cuits then cause the robot to ‘‘lock onto’’ the subject
and follow it. issuing aural instructions to stop when the
robot is about 8 feet from the intruder. If disobeyed. the
robot is prepared to take measures to stop the intruder.
such as emitting a high-frequency sound that causes ex-
treme pain in the inner ear, a strobe light that temporari-
ly blinds the intruder, etc. So far. there are no plans to
equip the robot with lethal restraints. The Century I can
roll along at 20 miles an hour in pursuit of an intruder.

Automatic Digital Audio Processor

A computer-based processor that eliminates unwanted
noises from audio signals and recordings in real time has
been developed by Rockwell International Corp. The
Automatic Digital Audio Processor can be used either to
“‘clean” an audio signal as it is being received or to en-
hance a recording already made. It can remove from 40
to 50 dB of highly correlated noise with what is said to
be virtually no degradation in the desired voice signal. It
removes two types of noise from voice tracks: additive
sounds, generally music. traffic, or other background
noises: and convolutional sounds such as resonances.
room acoustics. or noises inherent in equipment.

Coast Guard Will Monitor cB

The U.S. Coast Guard recently announced that it will
begin installing Citizens Band radic equipment at its
Search and Rescue (SAR) stations throughout the Unit-
ed States in an effort to improve its communication link
with the thousands of small-boat owners. A decision re-
garding which channel the Coast Guard will monitor has
not been made at the time of this writing. but tha CG in-
tends to have Citizens Band service available in time for
the 1978 recreational boating season. The CG noted
that. "*The current national maritime communication
and distress system associated with vhf and 2182 kHz
will continue to be the primary system.”’
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You bet! Meet CSC’S»MuIti-family Logic Probe 2.

Specifications

Wherever youneed fast, safe, accurate digital testing— Inputiim>edance better than 300KsL
you need CSC'S new LP-2.Wsa compact' enormously Thresho‘ds(switch selectable) DTL/TTL HTL/CMOS
versatile circuit-powered unit that's become indispeqns- logic 1 thresheids (HI-LED)  2.25V=.10V  70% Vccx 10%
able. AS a leVel detectoﬂlpulse detecto[ And pulse |09IC'0 tk-eshaids (LO-LED) 0.80V + .05V 30% Vece = 10%
stretcher. Min. detectable pulse wudt_h 300nsec.

: 1 : - = 2 Pulse detector (PULSE LED) “o-sec. puise stretcher makes
Easier to use. Set LP-2's switch tothe proper logic family,  high-speed pu se train or single events (+ or — transitions) visible
connect two clip-leads to the circuit’s supply, touch thf Input peatection overload, + 25V continuous; 117 VAC for less
probe to the node under test—and you get an _ than 10 sec.;reverse-polarity, 50V
instant picture of circuit conditions. Separate Power requirements 5-15 volts Vcc; 30mA max:

Operating temperature 0-50°C
Physical size (I x w x d)
58x10x0.7" (147 x 25.4 x 17:8mm}

Weight 30z. (085Kg)

Power leads detachable 24" (610 mm) with color-
.coded insulated clips; others-available

3
H

LED’s indicate logic “1”, logic “0”, and all pulse
transitions. And a 300K-plus input impedance
insures minimum circuit lozding.

Atjust $24.95*, you don't have to think twice
about owning the LP-2. Especially when you
see how it simplifies testing, debugging and
servicing all types of digital circuits.

Order today. Call 203-624-3103 (East
Coast) or 415-421-8872 (West Coast):

9 a.m.-5 p.m. local time. Majar credit

HILED ON
LOGIC "1 -

LDLEDON
LOGIC "0

PULSE LED BLINKS
ONFOR 1 10 SEC

LOGIC "1°
o~ HILED ON
cards accepted. Or see your CSC d Losic-0" —l—-/
dealer. Prices slightly higher ! |.__,L.°.‘ff§l—-|
outside USA. L g
L/va o HiLED ON
Logic Family Switch—TTL/DTL § oot Puss
or CMOS matches Logic “1" and oo | Lo it

“0" levels for greater versatility. oFE

CMOS position also compatible
withHTL, HiNIL and MOS logic.

4
PULSE LED —indicates positive
and negative pulseand level
transitions. Stretches pulses as
narrow as 300 nanoseconds to
full Y40 sec. (10Hz pulse rate).

HI/LO LED’s —Display level ———
(Hi-logic 1", LO-logic “0") of
signal activity.

LOLED ON

QURING PULSE TRANSIT:ONS PULSE —ED BuinaS
AY 1OHz RATE E

HiLED ONO N rine 4
P TO NARRCW Py
LOGIC 1 LO LED DOES NOT RESPOND LSE

0

DURING PULSE TRANSITIONS PULSE _ED BLINKS
AT 10 P RATE

RS A BER R

L LOGIC O

€D Of
1 LED DOES NOT RESPOND TO NARRCW PULSES

ACONTINENTAL SPECIALTIES CORFORATION

Interchangeable ground.
lead connection— Provides
ground-side input connection via
optional cables.

Interchangeable probe
tip s — Straighttip supplied; opticnal
alligator clip andiinsulated quick-
connecting clip available.

70 Fulton Terrace, Box 1942, New Haven, CT 06509
203-624-3103 TWX 7-(-465-1227

WEST COAST: 351 California St., San Francisco, CA 94104
415-421-8872 TWX 910-372-7992
GREAT BRITAIN: CSC UK LTD.

Spur Road, North Feltham Trzding Estate,
Feitham, Middlesex, England
01-890-8782 Int'l Telex: 351-881-3669
CANADA: Len Finkier Ltd.; Ontario

Plug-in leads — 24" supplied, wiln
alligator clips. Virtually any length ieads
may be connected.

*Manufacturer’'s Recommended Resale

© 1978 Continental Specialties Corporation
CIRCLE NO. 9 ON FREE INFORMATION CARD
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Technics infroduces three ways
10 achieve the one idedl.
wavetorm fidelity.

3

v - =
1

{o achieve waveform fidelity is an achievement in itself. * Compare specificarions and prices. And you'll realize
But how Technics audio engineers accomplisked it is an there'sino comparison for Technics weveform fidelity.
even greater achievement. ST-9030. THD (stereo, 1 kkz): Wide—0.08%.

Like the unprecedented use of two automatically Narrow —0.3%. S /N istereo): 73 dB. FREQUENCY
switchable IF bands in the ST-9030 FM tuner A narrow RESFONSE: 20 Hz—18 kHz + 0.1, =0.5 dB. SELECTIVITY:
band for extra-sharp selectivity. And a wide band for Narrow—90 dB. CARTURE RATIC: Wide—0.8 dB. IF,
extra-high $/N and extra-low distortion. But just as IMAGE and SPURIOUS RESPONSE REJECTIONS (98 MHz):
Jincredible is a pilot-cantel circuit which Technics 135 dB. STEREO SEPARATION (1 kHz): Wide —50 dB.
inventedfor optimum high-end response. Even the S5U:9070. PHONO MAX. INFUT VOLTAGE (1 kHz
basic tuning function in the ST-9030 is unique. Like an RMS): MM —380 mV. MC—$ mV. S/N (IHF A): MM — 100
8-ganged tuning capacitor for outstanding reception. dB (10 mViingut]. MC—72 dB (60 uV). FREQUENCY

The engineering in the SU-9070 DC pre-amp is RESPONSE: Phono 20'Hz — 20 kHz (RIAA + 0.2 dB).
similarly unique. Thers's a built-in moving coi: pre-amp SE-9060. POWER OUTPUT: 70 watts per channel
with. ~157 dBV noise voltage. A moving magnet {stereo), 180 watts (mono) min. RMS'into 8 ohms from
pre-amp with an extremely high S/N of 100 dB {10 my 20 Hz to 20 kHz with no mors than 0.02% total i
input). Direct-coupled circuitry to keep distortion at a harmonic distartion. S/N: 120 ¢B (IHF A), i
minimum of 0.003% {rated THD). What's more, the Technics. A rare’ combination of audio technology. A

SU-9070 has inputs for three tape decks. new standard of audio excellence.
Finally there's Technics SE-9060 amp. It's DC like

our pre-amp. Has a frequency/response of 0-100 kHz ' I 1 l hni S . R
{+0, -1 dB). And a "'strapped’’ circuit for more thcn eC C Professional Series
double the power in a multi-amp system. . ot yo «© o =i scsmvson o Dy Panasonic - T

—
e

waany americanradiabistoryy com

,.r/# )



www.americanradiohistory.com

