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The Cobra BOXLR CB has it all

AM/FM Stereo. Cassette. And
CB. All in one compact unit. All
engineered to bring you the same
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
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Installation Kit makes them the
easiest in-dash radios 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
be sure of getting the best sounding
radio going. The ultimate car radio.

TheCobra. €
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obra:

Punches through loud and clear.

Cobra Communications Products

DYNASCAN CORPORATICN
6460 W. Cortland St., Chicago, lllinois 50635
Write for color brochure
EXPORTERS: Empire * Plainview, NY * CANADA: Atlas Electronics. * Ontario

Subject to FCC type acceptance
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Scnsui is proud to introduce the rew AU-717 DC
integrated amplifier and matching TU-717 tuner, designed
fcr your greatest lisening pleasure: We are proud of the
suerlative specifications that our sophisficated research.
has achieved. The tinest available at ary piice.

But the bes: specs alone den't always mean th= finest
rrusic regroduction. And so we are preud that our precision
engineerihg and s..petior circuitry design crzate pureand
bril iantly clean tonal quality that's distnztly superiot

Listen to wrat we offer: Frequency response ot the
AU-717 frem main i7i, OHz to 200kHz (+@cb, —3dB), (the
widest ofany DC i~tegrated amp ifier available). gives
you sharge, clean tiansients and grsatly reduced phcee
shitt probems. Tota harmonic distortion '€ astounding v
Icw less than 0.025%, from 10-20,C00He. §5 watts/chaanel
min. RMS- both channels driven inio 8 ohms

Dual indegendent power supfelies provide tusst
stereo separation and a large power resenvoir. For un
o"ed phano reproduction equalization is within 0.2«
20J00Hz extended RIAA curve). Angjhe. alibre

ON FRREE INFORNATION CARD
o

Where superior technology makes the musicdl
difference: Sansui’s new DC integrated
amplifier and maiching tuner.

attenuator level control guarantees volume precisior-

T~e matching TU-717 tuner features dual IF ban=-
widtr tolet you select forfowest distortion (0.D7% rronc.
0.07% stereo) or maximum selectivity (80dB). S/N is
exce lent: 80dB mono, 7-dB stereo.

In addition, the A J/TU 717's are elegantly stvled
offer -ack mounting adastors and are most aftractively
priced Less than $450* for the AU-717 and less than $320*
for tha TU-717.

Listen to ~hese briliant new components at yaur
frandh sed Sans.i deatertoday. When you hear the nes
Sansui AU/TU-717's, you will never again want to seftls
for lessthan the Dest.

Sansui. A whole nrew world of musical plecsu-e.

* Apprexdmate natiorally advertsed value, The actual retall price

will be setby the incividual dealer 01 his opfion.
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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.

Our 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
packages are Convers, Assembler or Maxi-Basic, in
tkat order.

Some of the features include:

Motherboard & Power Supply

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

e +5V DC15% @ 1A, +12V DC 15% @ 1A, -12V DC
15% @ 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)

® [ncludes cable and paddlecard for connection to dual
22 on Digital Group CPU back panel. Two 22-pin
edge connectors included

® Requires two output ports and one input port

AC Controller

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

e Control AC motors, lamps, switches, etc.

® Opto-isolated (MCS-2400 or equivalent)

DC Controller

® Eight output devices (2N6055) each output up to
50V and up to 5A

® Control DC motors, switches, solenoids, etc.

® 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 assembled. 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 call The
Digital Group now for complete details.

And welcome to our world.

(thedlgitelgrovp )

P.O.BOX 6528 DENVER, CO 80206 (303)777-7133
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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 an issue: 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 little younger (while I'm slightly old-
er) and has gone farther in formal education than ever before. Also, Forrest Mims’
“Experimenter's Corner” 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 to 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 asked 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

AmericanRadioHistory Com



Get Ready

If you thought the pocket calculator started a
revolutionin 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,
guickest 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) |s 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
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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. Itis 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.

5) INNATIONAL
ANSALES
GROUP

/

®

There are hundreds of new micro-electronic
products about tc enter the consumer market.
Here is how readers of Popular Electronics

©JS&A Group, Inc.,1978




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 handle 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 heart,
lungs, blood vessels and lymph glands. 2) It
helps control your weight without resorting to
starvation diets, and 3) It is one of the few safe,
strenuous exercises that creates the exertion
necessary for good physical conditioning.

A NEW JOGGING COMPUTER

There is 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 you which speed to select
based on your sex and age.) 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 indicated on the chart, and gradually
build up a little each day. In just one week you'll
notice the difference, feel great, have greater
endurance, and you won'ttire as easily. Thatis
what's so 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 ycu
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 body and eliminates this common jog-
ging problem.

BRING IT ANYWHERE

The Jogging Computer is powered by four
"C" celibatteries 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.

Amarican DPadinkictary Com

Jogging
computer

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 anything 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 and design. JS&A is
America’s largest single source of space-age
products. We've been in business over a
decade—further assurance that your modest
investment 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 and handling. You
can'tlose.

Simply send your check for $149.95 plus
$3.00 postage and handling (lllinois residents
add 5% sales tax) to the address below or call
our toll-free number. By return mail, we will
send you the complete jogging computer sys-
tem with instructions, 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.

o) INNATIONAL
C/ANSALES
@\ GROUP

Dept.PE One JS&A Plaza
Northbrook, IIl. 60062 (312) 564-9000
Call TOLL-FREE...... 800 323-6400
Inlllincis Call ...... (312) 498-6900

©JS&A Group, Inc.,1978



HATS OFF TO IBM

Printer
. _ Break-
through

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

 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.

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.
Its 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 {lip 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-
tant 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
e percentage key ¢ add-on and discount cal-
culations ® power and reciprocal calculations
e repeat calculations e add-mode @ switch for
full-floating or second and third fixed decimal
positions @ round off or round down switch e
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

The sleek'appearah'ce of the Canon P10-D
makes it a handsome addition to any desk.
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The direct-impression dual discs print cleaner
and sharper on conventional paper tape.

operafed 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 itin
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 whole 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 guality and value of this incredible
new product.

JS&A is America's largést 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 world'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 to its new technology. To
order, send your check to the address below
(Ninois residents add 5% sales tax) or credit
card huyers 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.

0 NATIONAL
o SALES
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DeptPE One JS&A Plaza
Northbrook, lil. 60062 (312) 564-9000
Call TOLL-FREE..... 800 323-6400
In lilinois Call ...... (312) 498-6900
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Burgiar 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
peeping 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 aeio-
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

AmericanRadiaHictaory Com

The Midex security computer looks like a
handsome stereo system 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 degrees 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. "'l 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 while 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 may call our oll-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
aone year limited warranty. If you do not have
stereo 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 computer to deter-
mine unauthorized entry, and 3) A way to buy
the system, in complete confidence, 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.
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1t’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. [n 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 your 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

computer Scale

Add some fun to losing weight
with a new, extremely accurate and
easy-to-read digital scale.

i ;.g The world’s first bathroom digital
" computer scale is simple to
operate, fun to use and
costs only $49.95.

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
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 af 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.

CIRCLE NO 25 DN FREE INFORMATION CARD
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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. Illinois
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. |f 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.
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Letters

MORE DX PUBLICATIONS

I'd like to add the following to the Septem-
ber “DX Listening” list of available publica-
tions. The IRCA (International Radio Club of
America) can supply . :prints of BCB DX arti-
cies. Also, the club otfers the IRCA Foreign
Log and Sunrise-Sunset Maps for the serious
DX'er, as well as a bulletin, “The DX Moni-
tor,” issued 34 times a year. For a free fist,
write: IRCA Goodie Factory, P.O. Box 17088,
Seattle, WA 98107, enclosing a SASE—Don
Davis, Warner Robins, GA.

ANOTHER POWERFUL MICROPROCESSOR

| feel that “Basic Guide to Computer Buy-
ing” (December 1977) is one of the finest arti-
cles of its type to 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 uP in our Super
Starter System and, to date, have more than
1000 users. (This is the same processor used
in TI's 990/4 computer. ltis also to be used in
1979 Chrysler vehicles and is the only 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. —8Bill Regan, Pres., Technico Inc.,
9130 Red Branch Rd., Columbia, MD 20145,

HP-25 CLOCK/TIMER ADDENDUM

“The HP-25 as a Digital Clock and Timer”
(August 1977) fails to mention severat 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 to or from the original time base
(1/3600), one must divide by 10,000 to com-
pensate 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 itself properly and
stops on zero. The extra steps (except 02)
will not affect timing because they 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 GTOO07 07 RCL2
02 RCL1 08 STO -1
03 g,x.0 09 GTO02
04 GTO10 10 CLX
05 f,H.MS 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 count-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 cormrect.

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

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

10 CIRCLE NO
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protects your vehicle and contents from theft by literally
blowing the horn on anyone who intrudes into the
harmless, 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 Delta, invest a minute of your time by filling out
and mailing the attached coupon today!

DELTA PRODUCTS, INC. |

One Detlta Way, Dept. PE
Grand Junction, Colorado 81501/(303) 242-9000

Please send complete information about the Mark Ten B and
the Sonic Sentry, together with facts on Delta’s full line of dynamite
automotive, recreational vehicle, and security products to:

Name

Street Address

City State Zip I
L _ 1
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You
Get ALL
FOUR Of These
Huge Books
For Only
$1.99

ELECTROMC CIRCUIT DESIGN HANDBOOX — 4th Edition
This new fourth edition contains 633 proven circuits for all types of

functions, selected from thousands on the basis of originality and
practical application. This detailed com pilation of pradﬁcal design
data is the answer to the need for an organized gathering of proven
circuits that can easily serve as stepping stones to almost any kind
of circuit you might want to build...adapted or modified to suit your
own specific needs. Here is a GIANT of a book—an 8 1/2x11"
hardbound vokime 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 buitt 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 all
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 evefything 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 in this
book! 392 pps., 301 illus. List Price $12.95.

INDEXED GUIDE TO MODERN ELECTRONIC 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
majority 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 circuit function so you can find it in seconds! 216
pps., 92 illus. List Price $7.95.

library

all four!

Top-Quality
Binding

Contains
/ Thousands
of Circuits

Over 2,600
illustrations

1,626 data-

Y

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 itor
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, too.

This Special Offer is just a sample of the help

Facts About Club Membership

® The 4 introductory books carry a publishers retail price of
$51.80 They are yours for only $1 99 (plus postage and
g) with your Trial Membership

MASTER HANDBOOK OF 1001 PRACTICAL ELECTRONIC CIRCUITS

Here are IC and transistor circuits for practically anything and
everything —with ALL the data needed to put them to work. it's the
ideal schematic sourcebook for all active technicians, engineers,
experimenters, amateurs —for anyone who must occasionally or
regularly 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 individuai applica-
tion. If there are cails to be wound, you'll find full and compiete
coil-winding detaits right 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 #t'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 uitracomplete 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.

MARCH 1978

® You will receive the Club News descriting the current
Selection, Aternates and other ofterings. every 4 weeks (13
times a year,

® If you wat the Selection. do nothing it will be sent to you
automatically 1f you 60 not wish to receive the Selection, of if
you want to order one of the many Alternates offered, you
simply gwve instructions on the reply form ¢and in the en-
velope) provided. and return it to us by the date spectied
This date aliows you at least 10 days in which to return the
form . because of late mail delivery. you do not have 10
days 10 make a deCision and so receive an unwanted Selec
100, 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 akternates during the
next 12 months You may cancel your Membership any time
after. you purchase these four books

@ All books—including the Introductory Ofter—are fully re-
turnable after 10 days if you're not completely 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 Certdficate for every book
you purchase. Three Certificates. plus payment of the
nominal sum of $1 99 will entitle you to & valuable Book
Dwvidend of your choice which you may choose from a list
provided Members
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Only $1.99 for

Regular List
Price $51.80

Contains over
600,000 words

packed pages

ELECTRONICS BOOK CLUB

invites you to take this
1,626-page electronics circuits

for only

36]@@]

with a Trial
Membership in
the Book Club

that Saves you
25% to 75% on

a wide selection of
electronics books

and generous savings the Club offers you. For here
is a Club devoted exclusively to seeking out only
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 :s 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 at least 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
'------------

§ ELECTRONICS BOOK CLUB

Blue Ridge Summit, Pa., 17214

Piease 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
retum the books within 10 days and owe no-
thing, and have my Trial Membership cancelled.
| agree to purchase at least four additional
beoks during the next 12 months, after which |
may cancel my Membership at any time.

Name Phone

Acdress

City

State Zip

(Valid for new Members only. Foreign and Canada add 18%) PE-38
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New Products

Additional information on new products
covered in this section is avm’lafle 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 fength of 32’ 8" (9.95 m);
tuning radius 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/h).
CIRCLE NO. 94 ON FREE INFORMATION CARD

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 |l 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 ctaimed 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, signai-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.
C'RCLE NO 93 ON FREE INFORMATION CARO

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 radio in a dashboard-mounted unit.
Features of the CB section include front-
panel controls for mike gain and squeich,
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 station. 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

T

e ———— =

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 x 55.9x 5
cm), stands on a 24" x 14" (61 x 35.6 cm)
base, and weighs 35 |b. $495 per pair.
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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'%-octave range. Two styli
can be used at once to create harmony.
Tone switches atlow the simutation 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 Ib 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 dB at
30 Hz; the LA-100 Line Amplifier ($70),
which provides 0, +6 dB, +12dB 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 amplifi-
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).
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number including area code, access code,
and foreign exchanges. Optional sensors
include a Doppler-shift radar prowler de-
tector; smoke, toxic-gas, freeze, glass-
break and refrigerator-temperature sen-
sors; two pressure sensors (one for use

under valuable objects, the other for use
under carpets); and a pocket-size wireless
alarm for remote triggering. $269.50 (sen-
sors extra). Address: Seaboard Electron-
ics Co., 70 Church St., New Rochelle, NY
10805.

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 availabii-
ity of its Dial-Alert Il burglar alarm, which
plugs irto 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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KITTATURE’

for the
computer

'hobbyist

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 ..................... i
0O FTK 0002 .05" Common Anode Digit 9000 .. ..
O FTK 0003 .357 Common Cathode igit
0O FTK 0004 0.8 Common Cathode Digit .

FTK 0005 0.8 Common Cathode Digit .

FTK 0100 Clock Calendar with Radio Apphcauons

000

FTK 0101 6-Digit Wall Clock/Calendar ..................iiiiiiiiiiiiiiiieaeanan.s
OFTK 0106 Auto Clock Calendar ..............iuiuiniiii it nens
10% OFF ALL TTL, including 7400 #s L, S, H and LS

OE & L SK10 Breadboard Socket
O IMSA1 8080 Computer Kit
O Motorola MEK 6800 DI1 Computer Kit ..
O Vector Photo-resist Printed Circuit Kit .

.. THE BOOKS THAT SHOW YOU HOW'
lcroCompuler PITIOT ... ittt et e e
& L Bugbook Vol lll . .. Save $1.00 . ..
& L Bugbook Vol 1 & 11 . . . Save $2.00 .
& L Bugbook Vol V & vl ... Save $2. 00
nderstanding MicroCompulers
icrComputers at a Glance
sborne Vol ) Basic Concepts .......
O How to Program MicroComputers .
O TTL Cookbook
O Computer Technicians’ Handbook .
O Build Your Own Working Rabot

computer depot, inc.

“"Malung Efficier.cy Economical™

M
E
E
E
u
M
[o]

3515 West 70th Street, Minneapolis, MN 55435 g\
Phone: (612) 927.5601 ESNS

0O RUSH me the items | have checked above. | have enclosed s
my check in the amount of § (Or, credit my

_ or ’] account No. _
— m L

O | want to see more. Please SEND my ‘FREE catalog.
NAME
ADDRESS
CiTY STATE ZiP

CIRCLE NO 8 ON FREE INFORMATION CARD

AmaricanRadinklictary Cam




30-slot brushiess dc motor with electronic
servo speed control, + 3% speed adjust-
ment for pitch control, and a 2.2-Ib, 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
error is + 1.5%. With hinged dust cover and
base, dimensions are 173" W x 15" D x
9%"H (45.1 x 38.1 x 24.8 cm). $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:
DISPLAY: 8 RED LED DIGITS 4" CHARACTER HEIGNT
GATE TIMES: 1 SECOND AND t/10 SECOND
PRESCALER WILL FIT INSIDE COUNTER CABINET
RESOLUTION: 1 HZ AT-1 SECOND, 10 HZ AT 1/10 SECOND.
FREQUENCY RANGE: 10 HZ TG 60 MHZ, [55 MHZ TYPICAL].
SENSITIVITY: 10 MV RMS TO 50 MHZ, :o MY RMS TO 80 MHZ TYP
INPUT IMPEDANCE : 1 MEGOHM AND

[DIODE PROTECTED INPUT FOR nv:u VOLTAGE PROTECTION.|
ACCURACY: + | PPM[* 0001%]:AFTER CALIBRATION TYPICAL.
STABILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP | .001% XTAL|

REGULA
INPUT POWER REQUIRED: 8-12 VOC OR 115 VARG At sors0 nz.
POWER CONSUMPTION: 4 WATTS

KIT #FC-50C IS COMPLETE WITH PREORILLED CHASSIS ALL HAROWARE AND STEP.BY.SYEP INSTAUCTIONS.
WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEEOD.

*1199%
. 60 MHZ COUNTER WITH CABINET & P.S. COMPLETE!
. 850 MHZ PRESCALER [NOT SHOWN] .

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

KIT#FC-50C .. ... ..
KIT#PSL-650 .. .. .. ..

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

AUTO BURGLAR
ALARM KIT

ANEASY TO ASSEMBLE ANO EASY TO INSTALL
ALARM PROVIOING MANY FEATURES NOT

XTAL TIME BASE
Power Regq: 5-15v

Will enable
Digital Clock Kits

2.5MA TY
Tt "l SenGe B @ [ orCiockcaiendar  Z3MA TYP)
SWITCHES OR SENSORS WILL PULSE HORN P“\' Kits to operate up
RELAY AT 1MZ RATE OR DRIVE SIAEN KIT .‘% & ' 2 Accuracy: * 2PPM
PROVIOES PROGRAMMABLE TIME DELAYS *\ gg rom 12v-DC

FOR EXIT, ENTAY & ALAAM PERIOD UNIT
MOUNTS UNDER DASH - REMOTE SWITCH
CAN BE MOUNTED WHERE DESIRED CMOS
RELIABIITY RESISTS FALSE ALARMS &
PROVIDES FOR ULTRA OEPENDABLE ALARM
00 NOY BE FOOLED BY LOW PRICES! THIS IS A

1"x2"PC Board #TB-1(Adjustable)

Complete Kit .495

HALR-1WT
WIRED & $19.95
TESTED

Wir & Cal $9.95

TOP QUALITY COMPLETE KIT WITH ALL PARTS
INCLUOING OETAILEO ORAWINGS ANO iN-
STRUCTIONS OR AVAILABLE WIRED ANO
TESTED

PLEXIGLAS CABINETS

Great for Clocks orany LED
-Digital  project. Clear-Red
Chassis serves as Bezel 1o
increase contrast of digital

ABINET | cispiays
3"H6% "W 5%"“D Black, White or
Clear Cover

SEE THE WORKS Clock Kit
Clear Plexiglas Stand

e6Big 47 digits
e120r24 hr time
e3setswitches
ePlug transformer
eall parts included

Plexiglas is CABIN ET "
Pre-cut & drilled 2%"H,5"W,4"D sssu ea
Kit #850-4CP

Size: 6"H,4%"W,3"D

VARIABLE REGULATED

RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS
I'x6"x1/8"

95¢ ea 4/43
I'I'IL'ISII.E LE0 CLOCK

1 AMP e IEITE T
POWER SUPPLY KIT 12128 %
VARIABLE FROM ¢ to 14V MODEL ‘2 VOLT AC or

#2001 DC POWERED

.
s« SHORT CIRCUIT PROOF
e 723 IC REGULATOR

o 2N3055 PASS TRANSISTOR
o CUSRENT LIMITING AT 1 Amg
KIT IS COMPLETE INCLUDING
DRILLED & SOLDER PLATED
FIBERGLASS PC BOARD AND
ALL PARTS (Less TRANS-
FORMER)  KIT#PS-01  $8.95
TRANSFORMER 24V CT will
provide 300MA a1 12V and

1 Ampat 5V, $3.50

popular FND.70.

95¢ ea, 10/$8.50

* OPTIONAL CONNECTION TO BLANK DISPLAY [Use When Key Oftén Car, Etc.|
«TOP QUALITY PC BOAADS & COMPONENTS . INSTAUCTIONS
« MOUNTING BRACKET INCLUOED

115 VAC
SETOF§ FND-359 [l comriere wr $2795 155, 42695 romers 4280
il Y i
Vel R P

OPTOELECTRONICS -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.
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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 .V for SSB; adjacent channel rejec-
tion of 70 dB, and cross-modulation sup-

pression of 60 dB. $369.95.
CIRCLE NO. 99 ON FREE INFORMATION CARD

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-
nected 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" Hx 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 NO. 100 ON FREE INFORMATION CARD

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
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 sectionofex:
isting FM tuners and receivers. Prices vary
with system components. Address: 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
* Microelectronics « Computers
» Fiberoptics * Medicai

* Semi-conductors Electronics

LOOK at ali the valuabie “extras” this one
handy reference volume contains:

« Hundreds of easy-to-grasp ILLUSTRA-
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
look 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
etectronic terms showing syliabic 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.

Ciearly-iliustrated SCHEMATIC
SYMBOLS.

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

819 Pages of crystal-ciear definitions.
Over 18,500 terms defined and alpha-
betically arranged. Size: 5-1/2x8-1/2.
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e Authoritative ¢ Comprehensive « Completely up-to-date

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-
perts around are calling it the most
complete, up-to-date, authorita-
tive dictionary ever compiled for
thisexacting field. And geta FREE
$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, technicians, ex-
perimenters and hobbyists from
coast to coast. So don’'t be sur-
prised if it becomes one of the

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,
vou'll get a free copy of “How to
Read Schematic Diagrams™ to
keep...as our “thank you” gift.

{ FREE TRIALCOUPON 3 izt matitoosnnocron

i
Pt
#57

YOURS
FREE...

“How to Read Schematic Diagrams”
A $4.95 value...keep it—even if
you decide to return the DICTIONARY.
SAVE postage and handling costs. Full pay-
ment enclosed (plus tax where applicable).
15-day return privilege still applies.
(Prices subject to change without notice)

Radiallict Coam

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 handiing and local
taxes (where applicable).

Name

Address

City

State Zip

Maii to: SERE

Howard W, Sams & Co., Inc.
4300 W. 62nd St.,
®, Indianapolis, Ind. 42602
15




TheCooperGroup

Xcelite
COmpaCt
Converiil
friver

do double duty on dozens
of popular screws and nuts

Ten assortments of professional qual-
ity, midget, color-coded 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

WELLER® . WISS®- XCELITE®

PO BOX 728, APEX. NORTH CAROLINA 27502, 919/362-7511
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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-inforced 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 oscillc-
scopes, vectorscopes, multimeter 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 numbers for CB equip-
ment. Included are diodes, integrated cir-
cuits, modules, rectifiers, and transistors
used in 73 different brands of CB equipment
It also contains 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 the expanded AR
high-fidelity speaker line. Charts, photos, and
artwork are provided.Complete specifications
are included for all seven AR speakers. Other
information helpful to the prospective loud-
speaker buyer is given. Address: Acoustic
Research, 10 American Drive, Norwood, MA
02062.

ANTENNA REFERENCE CHART

Now available from Antenna, Inc. is a new
reference chart describing antennas with var-
ious mounting configurations for 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
base 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
lamps of all types, including 38 halogen-cycie
lamps, and 19 wedge-base lamps. It has a
numerical index, table of applications and de-
sign considerations as aids in famp selection.
Address: Miniature Lamp Products Depart-
ment, General Electric, #3382, Nela Park,
Cleveland, OH 44112,

CE1 EQUIPMENT AND KIT CATALOG
The new 36-page catalog from Caringella
Electronics describes its line 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'%4"-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----------------------|
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I Bearcat ;-'|// Scanner

r--

"COMMUNICATIONS ELECTRONICS
Mo s0OX 1002 DEPT. PE3
ANN ARBOR, MICHIGAN 48106

$289.

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

=i
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Newsstand Rate: 32 issues/$9.60

Newsstand Rate. 26 1ssues/$26

“ANNIE LEIBOVITZ

)
Sopecial fifry pags cvtor cdiccrna f Greatest Ko Plns 14

Reg. Rate: 26 Issues/$18

You SAVE 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 titles 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
AT DISCOUNT, A Division of Ziff-Davis Publishing Co., PO. Box 2703, Boulder, Colorado 80322.

CHOOSE YOUR FAVORITES AT DISCOUNT PRICES!

241SSUES @ Yishes 121SSUES @ Sports " @
APARTMIENT LI \-ﬂ GOLF DIGEST Popular Electronics Niustrated &
g eg. Rate: 2 . Rate:
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CRrawDADDY
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Newlimes

YOU PAY ONLY $7.50

REDBOO

YOU PAY ONLY §7.97 ,

Reg. Rate:
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Stereo Scene

By Raiph Hodges

THE FUROR OVER (GULP!) CABLES

OME YEARS ago, while visiting the

JVC Research Center outside of
Tokyo, | 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
and 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
sound? | 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
determine, 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
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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 dealer
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 to 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 fiat-
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 ﬂ
shows some
rounding after JL
passage through (A)
standard zip cord
(A). An equivalent
length of JVC cable
leaves square wave

comparatively

intact as at (B). (8)

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—amplifier
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 cabies 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. o
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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 0.01¢, 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

CIRCLE NO. 46 ON FREE INFORMATION CARD




clectronics
carecer

training
irom
specialists.

If youw’re interested in learning how to fix air
conditioners, service cars or install heating
systems —talk to some other school. But if
vyou’re serious about electronics, come to
CIE —The Electronics Specialists.

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

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

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

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

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

Specialists aren’t for
everyone.

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

But if you think you have the
cool —and want the training it takes
—to make sure 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 builton
ideas. So, look for a program that
starts with ideas —and builds
on them.

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

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

In fact, depending on the course
vou take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty ofa
Zenith color TV set. . . or studying a
variety of screcn 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, fyou 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,
your best bet is to go with the elec-
tranics 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.

Cleveland Institute of Electronics, Inc.

1 ClI

Check box for G L Bill information: |

Mail today?
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Veteran

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

U YES... John, I want to learn from the specialists in electronics — CIE.
Send me my FREE CIE school catalog— including details about troubleshooting

courses — plus my FREE package of home study information. PE.58
Print Name . ;

Address _Apt._ 000000
City - - - N

State - Zip.

Age Phonec (areacode) -

Active Duty
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Julian Hirsch
Y- Audio Reports

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-
ion, 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 other 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 these 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
stereo sound...
Pickering’s new

PICKERING =
XSV /3000 e

XSV/3000

e T .

The reviewers applau& as never before!

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

“The new unit offers the stereo performance of the XUV/
4500Q (or perhaps a little 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 8
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.

101 Sunnyside Bivd., Plainview, @ PICKERING

New York 11803 “for those who can [hest] the difference™
PICKERING & CO., INC., CGPYRIGHT 1977

For further information write to
Pickering & Co., Inc. Dept. PE,
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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 from 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 low-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 allowable 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 even 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
audiences 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 through 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 manufacturers. Properly used,
these can go a long way toward restoring a missing
ambience to a recorded program. They are far from
being panaceas, however, and are quite expensive.
One should not expect any audio component to work
miracles and transform a poor or mediocre 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, solderless circuit building and
testing. All models will accept all DIP sizes—plus TO-5's
and discretes with leads to .032" diameter. POWERACE
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

power supply, a fixed +15VDC 250 ma power supply, and
a fixed —15VDC power supply at 250 ma.

Order from your A P distributor today. For the name of
the distributor nezrest you cail Toii-Free 800-321-9668.

Faster and Easier is what we’re all about.

AP PRODUCTS INCORPORATED
Box 110 » 72 Corwin Drive, Painesville OH 44077
(216) 354-2101 TWX: 810-425-2250

MODEL #103
$124.95
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MODEL #102
$114.95
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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. Inciudes 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
adult 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)

SOLBERING IROI\I!
m“:&ff'?m‘i B llét,ts soua- |
iring iron that's perfect for printed |

circuit work — a $7.95 mnpamhll
vahm»—- rom FREE[ t

\HHH'IHHHHIHHHHH‘HHHHHHHH/

= MONEY-BACK GUARANTEE! £

If you are not 100% satisfied with your Heathkit S
Course, we will refund the full purchase price of &
the course text material, less trainer.

i

00000000

;HHHHHHHHHHHHHHHHHHHHHH:
NEED DIGITAL TECHNIQUES TRAINING?

Comprehensive Digital Technigues Course — the background you need
to understand computer and modern electronics technology! 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, parfs
for experiments and more,

Digital Design Experimenter/Trainer lets you perform 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 Educatlon Units.

ORDER EES-3201 (Course and Trainer Kit) ............... 311995
(Add $3.64 shipping and handling)

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

HERTT ‘-----------—------------
Heath Company, Dept. 010-392
STy lVylel-(« T8 Benton Harbor, Michigan 49022

Gentlemen: Please send me the item(s) checked befow and -

include my FREE Soldering Iron.

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

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

[ Microprocessor Trainer kit only (ET-3400) $189.95
(+ $1.69 shipping & handling)

[ Digital Techniques Course and Trainer kit

(EES-3201)

................................ $119.95
(+$3.64 shipping & handling)
Prices subject to change without notice
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OR, MAIL COUPON TODAY!

| enclose [J check [] money order for $___
(Michigan residents, add 4% sales tax)
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Master Charge Code #
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Please print
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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 33'5 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 17142" W x 1434" D x 578" H (44.5
x 37.5 x 14.9 cm) and weighs 22%2 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 headshelis with cartridges.
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Stroboscope markings for the two
speeds are cast into the outer rim of the
aluminum-alioy 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
arecord (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

[ VRPN

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 verity
that the tracking error is at a minimum
near the inner diameter of a record.

Laboratory Measurements. Al-
though we instailed several types of car-
tridges in the player for our listening
tests, our measurements were made us-
ing a Shure Model M95ED 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 M95ED 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 channeis 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 control,
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

CIRCLE NO 101 ON FREE INFORMATION CARD

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.

oy f

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

l!!’i

AR

al, distortion-free electrical performance,
above-average phono acccommodation
fiexibility, 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-

punch in your work. |: : &

With a Greenlee 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 203 W s
parts dealers. Write for catalog E-730.
Greenlee Tool Co, Rockford, Ill. 61101.
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er” and an input position for low-output,
moving-coil cartridges.

The overall dimensions of the Modet
P-3030 are 161" W x 127" D x 2 5/16"
H (41.9 x 32.7 x 5.9 cm). it weighs
approximately 142 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
lamp above it. Similar switches in the
center section of the pane! 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 AuUx 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 huilt-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 atrend 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
on the top plate, simplifying their use if
the rear apron of the preamplifier is nct
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
instcad 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.

Aiter 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 lcads 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 that is op-
timum for most cartridges. Of course,
the load can be adjusted to suit one’s lis-
tening taste or the recommendations of
a cartridge manufacturer. (Shure and
Ortofon, 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 models, 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 voits. 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
aenerator, 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 0.1-volt output being mostly
noise in our Crown IM analyzer. The
measured IM 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 voit (high-
impedance load), the high-level inputs
required 0.13 volt at 1000 Hz. The un-
weighted S/N ratio referred to the 1-volt
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 Vv
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, droppeditto —10dB 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 perfect in
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 would 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 @ 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
Model 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
JYC 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,
s0 the omission is not drastic.

The enormous output voitage capabil-
ity of the Mode! P-3030 and its literally
undetectable distortion will probably be
congidered a case of “overkill." No pow-

er amplifier requires more than a volt or
twa 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
therr ears, this is an excellent choice.
CIRCLE NO 102 ON FREE INFORMATION CARO

DAHLQUIST MODEL DQ-1W LdW—BASS MODULE

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

In recent years,

HIRSCH- . i iexicon
m " has been en-
gy riched by a new
i 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
Dahiquist Model DQ-1W Low-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 » 8.6 x 19 cm) and is designed
for crossover between a pair of 8-ohm
speaker systems and the Model DQ-1W
at either 60 or 80 Hz. The Model DQ-
LP1 measures 132" W x 244" H x 54"
D (34.3 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
143" D (66 x 47 x 37.5 cm) and weighs
about 65 Ib (29.5 kg). Suggested retail

prices of the Models DQ-1W, DQ-LP1,
anc¢ 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%5" (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-
temis rated at a nominal 8 ohms.

_The simplest and least expensive way
to add a subwoofer to an existing sys-
terr 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 resuits 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 leve! 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 fiiter
or to 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 2V4-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 =15
dB from 70 to 1800 Hz. It rolled off at a
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 andonly 5.3% at 2Q 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-
quency 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 maxirmum 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 o 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 shaking 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 results 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 Iowéri‘ng 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” ligtening
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 formidable high-fidelity
speaker system whose sound can hold
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 TVY
Quadraphonic

36

Two home training schools give you a
hobby-kit Color TV to assemble. Two
others give you a commercial set right
off the shelf. Neither was designed to
teach you how to repair Color TV's.
Only NRI invested the time and money
to design equipment with learning in mind!

No other home training school gives
you both a solid state Color TV and
SQ* Quadraphonic Receiver

complete with four speakers . . . all in
one course. In fact, to even match this
kind of thorough training at another
school, you'd have to take an extra

* Trademark of CBS. Inc.

AmericanRadinHicetory Com

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

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

NRI passes the savings on to you

NRI engineering eliminates the cost of
buying from an outside source. We pay
no salesman’s commission. Students
are enrolled by mail only. The savings
are passed on to you in the form of iow
tuition fees, extras like the TV's console
cabinet and the Quadraphonic System;
professional test instruments like a 5"
triggered sweep oscilioscope, CMOS
digital frequency counter, and
integrated circuit Color TV pattern
generator. You can pay hundreds of
dollars more for similar courses and not
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gives you this

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

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 under
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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for-learning
s complete
dio Center.

Marine Electronics, ) :,‘
Mobile Radio and more.

Send for your free catalog and

see for yourself that no one gives you " F
more training and equipment for your

dollar. There's no obligation and no

salesman will call.

If card is missing, write to:

NHI NRI SCHOOLS

N V‘ "ol McGraw-Hill Continuing
e-‘ A Education Center

4} 3939 Wisconsin Avenue.
I B n Washington. D.C. 20016
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...now that
Radlo Shack has the

amazing new Realistic 2001 with built-in mlcroprocessor'

The PRO-2001 makes possible continuous,
automatic reception of six UHF and VHF bands

for all kinds of action — police, fire, Ham,
weather, mobile telephone, railroad
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 into 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
x 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*

"

Mobile use in some states and localities may be unlawful or require a permit — check with local authorities.

Ster charge)

N
These credit cards honored
at most Radio Shack stores.

*Price may vary at individual
stores and dealers

€ INTEABANK ¢ang. ge.
Y000 1538,%' .

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radie fhaek

A DIVISION OF TANDY CORPORATION ¢ FORT WORTH, TEXAS 76102
OVER 6000 LOCATIONS IN NINE COUNTRIES
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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 importance 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.

mance or were too 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 shownin Fig. 1.

An analog muitiplier (or operational
multiplier) is a circuit whose output volt-
age is the product of the two voltages
fed into its inputs. The muitipliers used
here are of the four-quadrant type,
which means that they can accurately

AR S
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multiply for all combinations of positive
and negative input voltages, a neces-
sary feature for the converter circuit.

To understand how the convenrter
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-controlled 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 proportionatl to the volt-
age level of the input signal. Thus the
beam moves radially in correspondence
with the instantaneous voltage of the in-
put waveform, tracing out the waveform
as it sweeps around the circle. The re-
sultis 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 converter is shown in Fig. 3.
A 741 operational amplifier (/C1) ampli-
fies and buffers the input signal, which is
then fed to one of the “X" inputs of each
muttiplier (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 muitipliers
(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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INPUT(
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| 90° PHASE SHIFT
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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 multiptier (pins 1
and 2 of IC3 and /C4) 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 leve! shifting.
The output of each op amp is connected
to the corresponding output of the con-
verter. The signa!l 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 multiptier IC's which
have a bandwidth extending to severat
megahertz. All capacitors, except C1
and C2, should be connected close to
the multiptier 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
corresponding parts associated with IC3
and /C4 shoutd be the same values (C6
and C8, C7 and C9, R8 and R9, R10
and R16, efc.) 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. f 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

a front panel similar to that shown in Fig.
4, with the appropriate markings. (Use
press-on type or some simitar 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-
PLITUDE (R71) 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

c BASELINE "\ y
POSITION '\ _ -
-

—_—_——

INPUT SIGNAL
DISPLAY

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. Almost any
scope will suffice if it has a vertical and

POPULAR ELECTRONICS



citor

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

C7,C9—0.001-pF, disc ceramic capacitor

C10, Ct1—100-pF, disc ceramic capacitor

IC1, IC2—741 operational amplifier (or one
747 dual op amp)

IC3, 1C4—XR-2208 operational multiplier
(Exar)

Unless otherwise noted, the following are
V4-W, 10% resistors:

R1—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. Its frequen-
cy should be five or ten times that of the
sweep. The sweep sine-wave source
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F1g. 3. Input 1s passed to two four-qua
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P 6| 7] 8] 2 ‘ llo
RI6S Zr17 “R28 R29
56K3 327k 22K ®270K -l2v
| L4
+i2v  Riel 2R20  +12v -
PARTS LIST 100K3 100K *
HORIZ 3 HORIZ NOMINAL (SEE TEXT)
SWEEP SIGNAL
C1,C2—100-uF, 16-V electrolytic SRR OERSE]
C3, C4, C6, C8—0.2-pF, disc ceramic capa- 25K 25K

drant multipliers while

sweep input to each multiplier is applied 90° out of phase.

R3, RS, R6, R13, R14, R19, R20—100,000
ohms

R4, R12, Ri15, R18, R21—25,000-ohm lin-
ear-taper potentiometer

R7—50,000-ohm 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 (R1). 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

AmericanRadioHictaory Com

R11,.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.

T2 sins == SRR SSS L ian

sweep control (R12) and H OFFSET
sweep control (R18) to reduce the line to
a point.

Turn the SIGNAL AMPLITUDE (A7) toits
minimum position, and adjust the SWEEP
AMPLITUDE (R4) “about half-way up
(avoid overdrive). Then adjust the v OFF-
SET signai control (R15) and H OFFSET
sigral control (R27) 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 (R1).
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 to 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 signal 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.

R2! RIS R
RI8 | RI2 | R7 CS ] R4
VERT . ' ¢ p ~
cor—b | !:] .| 7k | "{T {1 — stenaL
o Gal PR R ; J — T h
GND-——\ IS 7R i AN e "{,; EAE S onp
HORIZ—— WY “» IC3 ~. | /- —— SWEEP
uT 1 2 > |/ IN
Ic2
Icl

com
POWER INPUT

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

sl TI

nrv
AC

Fl
174A

D4

poud DI-
- IN4OOI
S

Icl
7812 [gur—o+rev

ha COM
cl
'°°°”Fl COMMON
00V
£ _I+
— c2
2 lOOOuFI o
i
Ic2
: -12v
iN| 782 JouT

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

POWER SUPPLY
PARTS LIST

C1, C2—1000-pF, 25-V electrolytic

D! through D4—Rectifier diode (IN400! or
similar)

F1—Va-A fuse
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IC1—Positive 12-V, 100 mA or greater volt-
age regulator (7812 or equivalent)

[C2—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 frequency was adjusted to
give 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 adjusted 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-
former to supply the 60-Hz sweep. The
waveforms were obtained 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-
ever 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 patterns synchro-
nized to the music. No examples are
shown because the patterns and effects
cannot be satisfactorily captured by still
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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) betwzsen 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 wavefarms
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
pattarn. Thus, the sweep-to-signal fre-
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Fig. 9. Pinwheel (A) and spiral (B) patterns are
produced by sawtooth waveforms of different frequencies.

+i2v
50K
SYMMETRY
33K3 233k S22
3 : H
4 5 sl o
2 8 3 1B WAVEFORM
3 8038 o O— o
35K ‘ OUTPUT
JFREQUENCY 12_ 5
10 o2 ®Y
FREQUENCY —
RANGE | PULSE i
2 TRIANGLE /SAWTOOTH
: ] 3SINE
210K j
" SwF 02k3 Fig. 10. Schematic of waveform
3 generator that can be used to
TF ’I.O\OIpF produce displays shown here.
k % -2V

Fig. 11. Filter can be used to
10 AL Temove subcarriers when audio
INPUT - from FM stations is displayed.

FM
RADIO |.0022pF
O

Fig. 13. Three imaginative examples of the thousands that
can be generated with the circular-sweep converter.
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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 pattern is stationary. A
rotating pattern indicates a slightly high-
er or lower frequency, depending on the
direction of rotation.

Besides circular sweep, the convenrter
can be used for other types of displays
which may be less practical and more
difficult to analyze, but are just as inter-
esting. For example, you can adjust R15
(or R21) to the opposite end of its range
to get the diamond-shaped display men-
tioned earlier (Fig. 6). For even more va-
riety, all seven controls on the converter
can be varied. Combine this with all the
different waveforms and combinations
which can be used as the signal or
sweep and you should be kept busy for
a while. Figure 13 illustrates a few pos-
sibilities. But be warned—you may be-
come so engrossed that you abandon
your color organ, computer graphics,
and even television! <o

Fig. 12. Frequency comparison
with circular sweep. Ratio of
triangle to sine sweep is 11:4.
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BUILD A By Walter Sikonowiz
=

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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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-
tions 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 small 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 Q7, 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 Q17 is illuminated by a
chopped light beam, it alternately turns
on and off. The resulting waveform at
the collector 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 A2 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 IC1 are gated by
flip-flop IC2. The control signal for IC2is
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. Output signals
from IC6 are applied to /C7, 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 flip-flop is permanently
grounded. Its J input is driven by the
time-base signal, and output pulses
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 IC1 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 IC4 counts the overflow
pulses 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 half of IC8, a 74123
dual monostable multivibrator. A nega-
tive-going, 100-microsecond wide pulse
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 /IC3 and /IC4. When the time
base returns to logic 1, pulses are gated
to the counter to repeat the process.

If more than 99 puises 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 IC4 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 outputto go to logic one.

The strobe pulse at pin 12 of /C8
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 IC5 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 0
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 puise then
resets the first flip-flop, but the overflow
information remains safely stored in the
second flip-flop. ,.

The power supply furnishes both a
regulated dc voltage 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 volts dc required by the
TTL integrated circuits is provided by
regulator /C9. Capacitors C6 through C9
shunt any noise on the +5-volt 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 ail semiconductors and elec-
trolytic capacitors. Mount regulator /IC9
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
should 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 vinyl 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—I-uF Mylar capacitor

C2—1000-pF polystyrene

C3, C4—0.033-pF Mylar

C5-—2000-1F, 35-volt electrolytic

C6—100-1F, 16-volt electrolytic

C7,C8, C9, C10—0.1-pF disc ceramic

D1—I1N914 signal diode

D2, D3, D4—1N4002 rectifier diode

DIS!, DIS2—DL-747 common-anode, seven-
segment LED display

Fl1—V4-ampere fuse

IC1—LM31 1 comparator

1C2--7470 J-K fiip-fiop

IC3, IC4—74143 decade counter/decoder/dis-
play driver

IC5—7474 dual-D flip-fiop

IC6, IC7—7492 + 12 counter

[C8—74123 dual monostable multjvibrator

[C9—LM309K 5-volt regulator

J1—RCA phono jack

P1—RCA phono piug

Q1-—FPT-110 phototransistor (Fairchild)

Q2—2N3904 npn silicon transistor

The following are Y2-watt, carbon composition

AmericanRadioHistory Com

tesistors with 10% tolerance uniess specified
otherwise:

R1—5600 ohms

R2 through R5—270,000 ohms, 5%

R6—1.2 megohms

R7—1000 ohms

R9. R10—470 ohms

R8, Ri3, R14—10,000 ohms

R11—15,000 ohms

R12—2200 ohms

S1—Spst switch

T1—16-volt center-tapped, l-ampere trans-
farmer (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
dsivers IC3 and IC4 are available for $3.25
(each IC), from James Electronics, 1021
Howard Avenue, San Carlos, CA 94070.
Transformer T1 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 and braid with a small
amount of solder.

Feed the coax through the pen barrel
until 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 Q1 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 the 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

AmericanRadinHietory 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 functioning 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
more 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 shouid 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.
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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 to 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, /C3's count will represent
hundreds of rpm, the newly installed
counter thousands of rpm, and /C4 tens
of thousands. The project’'s power sup-
ply has enough reserve to handle the
extra components’' demand without any
strain.

it is also possible to obtain resolution
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, a circular disc of metal or
plastic should be formed. Ten slots
should be punched out at eqral intervals
along the perimeter and a -ole 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 be measured using the
transmissive mode and displayed in
hundreds and tens of rpm. The addition
of another decade of counting and dis-
play, as described 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 if you're checking the
speed of a four-blade fan, the actual rate
of rotation is one-fourth of what is dis-
played by the readouts. (&
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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 *Semiconductar breakdown
voltage to 100 volts, nondestruc-
tively - Reverse leakage of transis-
tors, SCR’s and diodes * Gate
leakage of FET's. Identifies: < De-
vice as bipolar, 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
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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
equivalent 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 contro!-
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
who 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 detailed 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 least 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 =
9;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, multiply and divide
decimal numbers. In all, there are literal-
ly hundreds of individuai rules for per-
forming 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, s0 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
1+0=1

1+1=0,carryiori10
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-

POPULAR ELECTRONICS



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
11 111 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, difficult 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 inventad
several handy shortcuts and tricks for
remembering binary numbers and ccn-
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 decimral
number into its component parts. For ex-
ample, 653 is 600 + 50 + 3.

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

5x10'= 50
3x100= 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 21 = 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

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 can represent 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'll 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
in octal.

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
1664 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:

1 =01

6= 110

6 = 110
01 110 110

by two. The remainders of each division, (continued overleaf)
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
51/2 = 25, N 1
25/2 =12, " 1
12/2 = 6, " 0
6/2 =3, " 0
3/2 =1, " 1 —
Final " 1=—= l |
102 = 1100110
53
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Digital Watch Breakthrough...
LCD
ALARM \WATCH
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a 6-digit 6 function LC
Watch! New Price $54.95!

At last, a constant readout (no buttons to push) precision
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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:

© Never again miss an appointment hecause you lost track
of time.

© Never again miss a plane or a train because you didn't
relize how late it had become.

© Never again forget to make that all-important phone call.

THINK ABOUT IT!
Even if 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 has
10 be wound - put it on, and the time and date are correct
even if it has been in a drawer for a month!
3. its elegant styling will compliment any attire — and elicit

pli s from your associates and friends.

o Never worry about forgetting to take important medi d
on time.

o Never worry about waking up from that catnap, or at a
hotel if your wake-up call isn’t on time.

© Always being aware of when you should be coming or
going or doing all that your hectic schedule demands —
without devoting your valuable time to trying to remember
itall.

THE ALARM

The MICRO-ALARM has a 24
hour Alarm System, allowing you
to set your watch to signat at
any minute of the day or night.
Once set, you need not be con-
cerned about vyour next ap-
pointment or train, plane or
phone call. The MICRO-ALARM
will remember for you and re-
mind you when you need to
be reminded.

Set to Ring
at 7:55 A.M.

SNOQZE/REMIND CONTROL

For your convenience the MICRO-ALARM 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
shart beep, the alarm will then beep for 15 continuous seconds.
Push the deactivate button twice and the alarm is 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 Light Emitting Diode {LED),
no button has to be pushed; the
time 1s continuously displayed!
A built in mght-light functions
at the push of a button for read-
ing in darkness.

August 15th
Friday

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.

QUARTZ ACCURACY

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

4, At this price you cannot find a better buy.

5. One day you will have a critical need to be reminded of
a vital appointment — and then, having used the alarm func:
tion once, you will never again return to any other remindes
system.

6. Why buy an ordinary watch when you can own 3

MICRO-ALARM?

ELEGANT MESH BRACELET

Each MICRO-ALARM comes with a matching, elegant, thin
mesh bracelet_ more handsome and much more practical than
those “pull over-snap” type bracelets. This band adjusts com-
fortably and easily, eliminating cumbersome link adjt

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 dissatistied for any reason you may return it for a

prompt refund, no questions asked.

[ 1YEARLIMITED 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

Wonthiry ogos ot V5

|

|
Box A69, 1135 Greenridge Rd., Buffalo Grove, 11 60090 |
Please send __ MICRO-ALARMS @ $54.95 each |
plus $1.99 for shipping and handling. |
Silvertone MICRO-ALARM |
Goldtone MICRO-ALARM |
If | am not completely satisfied | may return it |
for a full refund. Total amount enclosed $ o
|

l

|

|

|

]

|

I

i

|

I

]

1

add 5% sales tax.) No C.0.D.s please.

Charge: [Omaster Charge MCBK# _ __
JAamer.E xp.D Bank Amer./Visa

Exp.

Card =
Signature
Name
Address
City State__ 2p

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

!
|
|
|
|
|
!
I check or money order. {IHlinois residents please
|
|
1
|
!
[
|
!
[

tumher
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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 F,g and 0110, is 6,5 Therefore,
11110110, is F6,g.

To convert a hex number to binary,
just assign the binary equivalent to each
hex digit. Thus F6,¢is 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 $F6E9.

Most of today’s microprocessors 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
5 101 5 5
6 110 6 6
7 111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F

become more familiar with both octal
and hexadecimal numbers. (o

{Series continues next month)
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[OW-COST €PROM
PROGRAMMER -~~~

PART 2 Power 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, R2 and 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 Vpp 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-

v ssov  FIS3 ﬂ
DI s%6n INa743 b
IN40G2 RI R 12v
-o/‘/ _ £ +75V  MJET702 A
| Fl PINSi2,
| 174 A 14,22,23
)
: :
> REZ 9
w7y E gloo;.r 56K§E 1.2K
|
Zor
210k
VEN = .
FIGI NOTE:R1 IS TWO RESISTORS
IN PARALLEL
~ 5-vOLT
BEY v 2 & HES R o ey Fig. 5. This high-voltage
. 2000pF 10pF power supply is controlled
—I from the system’s timer
! i for correct pulse application.
OPTIONAL 5-VOLT SOURCE =
PARTS LIST Note—The following are available from
C1—400-wF, 75-V electrolytic capacitor The following are Y4-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-wF, 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 paraliel) 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%, Y%2-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—MJE702, 80-V silicon Darlington pnp R9—12000hms, 2 W plete stand-alone Programmer, assembled
transistor St—Dpdt. 1-A toggle switch and tested, at $99.95. All prices postpaid.
Q4—MJEB02, 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
415% sales tax.
[ — 4
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.

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
Q74 through Q29 until after reading the
checkout section of this article. Mount 1-
inch by 2-inch thin metal heat sinks on
transistors Q3 and Q4 . Using the fuse
as a guide, install a fuseholder or fuse

AmericanRadinoHistary Com

clips at the F1 position. Do not install a
socket at position S02 or the LED for
LED1 if you are going to mount the
board in an enclosure.

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

POPULAR ELECTRONICS
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Programmer can be used with a com-
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

are the on/off switch, the program push-
button switch, LED1, and a zero-inser-
tion-force 24-pin PROM socket. Identify
the switches and controls properly.

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

AmericanRadioHistory Com

row of address switches. Interconnect
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

57



switches. Do the same with the lower
lugs—lower fugs to lower lugs.

Using the small insert schematic of
the S$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 also 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 panel, mark and drill the
four spacer mounting holes.

With the pc board held in its final
mounting position (edge 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 alsoc 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.

Drilt 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 to be installed after performing
the following Checkout procedure.

The 5-volt supply is mounted under the pc board. With
a little care, as 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 reguiator 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 regulator. 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-voltline.

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 Q7 ,
Q3 and R1.

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 S18 (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 normaily.

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

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 be 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 (518).
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 more locations to
go. If you use the microprocessor option
(Fig. 3) and a suitable program, the
EPROM can be programmed in just a
few minutes. <o

AmericanRadioHistorv.Com
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One-Stop
Component Center

QUALITY PRODUCTS

raLsn
74L575

4000
4001
4010

13123
74125 10M80921
22154
74161 (OMO16)
74176 (DMB280)

LINEAR
LrA301Y L240T 1517815
Lr307V LM55SY
LMI09K LMBSEN
LMY

LM320K 5179C5) LMI23N

1113207 §7905) LMTIGN
LMI20T12(79°7) LIA2a TV
LM320T15(1915} LM24 7N

LMI39 L1458V {55681
LMIA0T-517605) LMISSGV
LMI407 12078121 LI43900NICAI40N

13177 IDMB261)

14192

76191
72367 10MB0971

7418367
€/MOS

4029
4034
3046
4049
4050
3051
2069
“on
4081
a5

MICROPRICESSOR

0
80804 02
8212 T1L02
224 489

6630 1708
AY 5101) £M8815
281312120 ngT9?
DIODES
[Le11} 1N414BUNSIS
IN3733 182000
4738 143004
INa42 NAOUT
nar1a ~0A-960 3
TRANSISTORS
10681 N3055
V27224 ~3904
2N29074 N3905
VJE2955 N5129
W JE 3085 *NB139

IESISTORS
\SS T ASSTS
ASST 2 ASST6
AsST ASST 2
ASSH 3
CAPACITORS
Aluminum Electrotyti
1mta 50 100m#a 50V
4 220mta S0V
270mta 50V
22em1d 50\ 1000m1g 25V
A7min S0\ 2200m1d 16V

Ceramic Disc

SWITCHES
SPST 4 4ta a0 SPOT push button
SPSTBsa a3 SPDT oush burton
SPDT on-o't-=n  SPST push bution

toogee SPST push bution
SPOT onnonyon SPST push bution
0PDT shae

1099%
OPDT on atft-an
toggir
c

OPDT on none-on
1oggie

SOCKETS

8pm
¥ pn

w Dt
ow Potibe
16 (un taw ptie
24 i low pratiie
40 pin Jow pohite
Motes Puns.

14 pin wire wrap
16 Din wire wrap
23 gun wre wrap
40 0o wire wrao
103 Sacker
TO 5 Socket

100t 50V 001 mist 50V
470! 50 004 7mta 50V
100p1 50 01mia 50V
22001 50 022mtd S0V
Q0! 50V 04 Imtd 50V
47001 50V Tmid 50V

D1 sped Tantalum

1miet 35 2 2mia 25V
22mia 35~ 3 amta 25V
33mta 35 1 Imta 25V
& 7mto 35~ 6.8mig 25V
68mta 35~ 10mia 25V
Smia 35V 15mig 25V
1 5emta 35~ 33mta 25V

Display LEDS Discrete
527 01 mat 600 com anode
300 com. an e com cathode

300 com. cahode  200LED Lomp-red

COFNECTORS
08 25P Pua 08258 Socket

DATA BOOKS®
7400/74LS Bata Book
CMOS/Linear Data Book
Mucropr ocesm /LED Data ook
*JIMPAK P oducis only
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ALABAMA
Mobile

ARIZONA
Fountain Hills
Tempe
Yuma

CALIFORNIA
8ellflower
Berkeley
Fontana
Fullerton
Long Beach
Mission Viejo
Monterey
Palo Alto
Pasadena
Sacramento
Sacramento
San Carlos
San Diego
San Francisco
San Jose

San Luis Obispo

Sunnyvale
Valiejo
Walnut Creek
CANADA
Alberta
Ontario
COLORADO
Aurora

Sreamboat Springs

CONNECTICUTY
Bridgeport
FLORIDA
Lakeland
Oriando
Tampa
Tampa
FRANCE
Paris
GEORGIA
Atlanta
HAWAL
Aiea
Honoluiu
IDAHO
Ydaho Falls
ILLINOIS
Evanston
Groveland

Lafayette Radio Eletronics

P & C Comrmwurwcations
Computerwerld inc.
Yuma Ele-tronics

Earl’s Koboy Shop

Al Lasher Eleztronics
Fontana Eletronics

Drvac Electronics Inc.
Scott Radic Supply

Tower Electroni:s Corp.
Zackit

Zack Eletronics

Dow Radio Inc.

The Ragso Place

2ackit

J&H Querzt Store

Radio Shack A.S.C. Mra Mesa
Zack Electronics

Quement Ele-tronics
Mid-State Eletronics
Sunnyvale Ele-tronics
Zackit

Byte Shop Comouter Store

The Compu.er Shop
Hame Compute Centre

Com Co Elecironics
Nom’s TV & Electronics

Computer World

Lakeland Specialty Electronics
Altair Computer Center of Oriando

AMF Electronics
Mécrocomputer Systems

Computer Eoutique
£ tanta Computer Mart

Delcorms Hawali
Intagrated Circus Supply

Aud otronics

'ty Birry Machine Co.
Moyer Electronics

ILLINOIS (Cont'd}
Mcunt Prospect
Oa< Park
Scraumbyrg

INDIaNA
Eat Chicago
Hanmnond

owe
Incianola

KENTUCKY
Lexington

LOUBIANA
Ba-on Rouge

MAR /LAND
B8a timore
Ba timore
Reckville
Tawson

MASE ACHUSETTS
Mediford
Nerth Adams
Waltham

MICHIGAN
Grand Rapids
Lasing

MINP ESOTA
Deduth

Eagan
MISSIURI
Pakville
MONTANA
Bidings
NEBRASKA
Lioin
Oraha
NEV DA
L= Vegas
NEW JERSEY
Bayville
Ct erry Hill
Heboken
Pornpton Lakes

Tri-State Zlectronics
Spectronics
Deta Domain

Acra Slectronics
Quarrtum Computer Works

Electror ix Limited

Radio-Electronic Equ pment Co.

Davis Electromics Supply

Computer Workshop a* 8altimore

Everything Electronic
Computei Workshop
Computers. Ertc.

Tufts Electronics
Electronics Supply Center
Computer Mart Inc.

Micro Comy uter World
Fuiton Redio Supply

Northwest Racis of Duhith
Computer Room inc.

Computer Workshop of <ansas City

Conley R:dio Supply

Altair Compruter Center
Omaha Cormouter Store

Century 23

A.R.S. Communications Services
Computer Systems Unlimited

Hoboken Comguter Works
Compater Corner
of New Jersey

Ramse) Typetronic Conruter Stare
NEW YORK

Afany Fort Qrange Electronics

New York The Computer Stores Inc

New York Computer Mart o° New York

Try Trojan Electronics

Weite Plains

CIRCL: NO 27 ON
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NORTH CAROLINA
Greeasboro
Raterzh

OHIO
Bucy-us
Cincinati
Daytan
Reyroldsburg
Steumenville

OKLAHOMA
Guyron
Oklaaoma City

OREGCN
Beavarton
Coos Bay
QOntaio

PANAN A
Panana City

PENNSYLVANIA
Hersrey
Murraysville

RHODE ISLAND
Cranzton
Pawtscket

SINGAFORE

SOUTH CAROLINA
No. Charleston

TENNESSEE
Kno.-ville
Memohis
Oak Ridge

TEXAS
Dalles
Hou: ron
Hou: ton
San Antonio

VIRGIAIA
Alexandria
Alexandria
Charottesville
Richmond
Sorir gield

Virgmia Beach
WASHINGTON

Beliesue

Longview

Pasce

Spokane
WEST VIRGINIA
Morcantown
Morcantown

A component product line davzloped for the independent dealer. Guzranteed, naticnally 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} 592-8097.

1 6 8. 2.2 0.0 6060886 0.¢222008 86800808 6000880

SEE YOUR LOCAL J DEALER TODAY...

Byte Shop
By e Shoo of Raleigh

Mead Electronics

Ligital Design

Altair Computer Center
Universal Amateur Radio
Hosfelr Electronics

Sound Service
Bits, Bytes & Micros

Altair Computer Center
Herrick Electronix

Mille- Electronics

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

of Pittsburgh

Jabbour Electronics City
Jabbour Electronics City
tnter-Trade (PTE) Ltd.

Technical Services Inc.

Byte Shop

Sere-Rose & Spencer Electronics

Computer Denn

Compurer Shops Inc.

Altair Comouter Center
Interactive Computers
Sherman Electranics Supply

Computer Ha-dware Store
Computers Plus

Lafayerte Electronies
Computers-To-Go
Computer Workshop

of North Virginia

Heathkit Electronics Center

Altair Comouter Center
Progress Electronics
Riverview Electronics
Personal Computers

The Computer Corner
Electro Distributing Co.




60

WIRE-WRAPPING KITS

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

Prestripped wire 1" to 4”

lengths (50 wires per package)
stripped 1" both ends.

Wire Wrappmg_Kll_ {Blue) WK-2-B

Wire Wrapping Kit (V_e!ow) WK-2.Y

Wire Wrapping Kit. {White} WK 2 W

WRAP UNWRAP

REGULAR
WRAP

MODIFIED
WRAP

U o “
e m’: M B T .

Wire-wrapping, stripping, unwrapping tool for
HOBBY WRAP AWG 30 0n.025 (0,63mm) Square Post.

TOOL [ Regular wrap [ wsu3o [ seos
{__ Modified Wrap | WSU-30M [ $795 |

NEW WIRE-WRAPPING TOOL
HRBBY-WRAP
Mogdel BW-630
-

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

Battery ' For AWG 30 BW-630 | $34.95"
wire ¢ For AWG 26-28 | BW-2628 | $39.95*
wrapping
tool . Bit for AWG30 | BT-30 | $395
COMPLETE e Bit for AWG 26-28| BT-2628 | $7.95
WITH BIT 4

AND SLEEV] USE “C" SIZE NI.CAD BATTERIES

(NOT INCLUDED)

ROLLS OF WIRE

Wire for wire-wrapping AWG-30
(0.25mm) KYNAR® wire, 50 ft. roll,
silver plated, solid conductor,

easy stripping.

30 AWG Blue Wre 501t Roll_ | R 3080050 | 5198
30 AWG Yetlow Wire 50t Rall | R 30Y 0050 198
30 AWG White Wire. 50ft Roll | R 30w 0050 | $1.98
30 AWG Red Wire 50t Roll | R 30R0050 | $1.98

Wire Wrapping Kit (Red) WK 2R

e e

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
H-PCB-1.

[ wirewrapping Kit  Jwk-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-PCB-1,
DIP/IC Insertion Tool INS-1416 and
DiP/1C Extractor Tool EX-1

[ wire-wrapping Kit  [WK-4B (Blue)] $25.99]

WIRE DISPENSER

a With 50 ft. Roll of AWG 30
KYNAR?® wire-wrapping wire.

a Cuts the wire to length.

® Strips 17 of insulation.

B Refillable (For refills, see above)

Blue Wire WD-30-B | $3.95
Yellow Wire WD-30-Y 3.95
Winte Wire wD-30-w | $3.95
Red Wire wD-30 R [$395

30 AWG btue Wire 1™ Long 30850010
0 AWG Yellow Wire 1 Long 30 Y 50010
PRE CUT 0 AVIG White Wire 1 Long 30 W50 010

30 AWG Red Ware 1" Long 30.R 50010

PRE STRIPPED WIRE 30-AWG Blue Wiwe 2 Long 30 8 50020
4 30 AWG Yelion Wire 2" Lony 30 ¥ 50 020
Wire for wire- 30 AWC White Wre 2 I.oﬂ; 30 W 50020
wrapping AWG-30 30 AWG Red Wire & 30 R 50 020
{0.25mm) KYNAR" 30 AWG Biue Wire 2 Long 30 B 50 030
wire, 50 wires per 30 AWG Yellow Wire 3" Long 30 Y 50030
. 30 AWG White Wire 3 Lon, 30 W 50 030

package stripped TG Reqvive T Long R 50030
1" both ends. 30 AWG Blue Wire_ 4~ Long 30 B 50.040
30 AWG Yellow Wire & Long 30 ¥ 50 040
30 AWG White Wire & Long 30 W 50.040
30 AWG Red Wire 4~ Long 30 R 50 040
30 AWG Blue Wire 5 Long 30 B 50050
30 AWG Yellow Wire 5 Long 30 ¥ 50 050
30-AWG White Wire 5" Long 30 W 50 050
|30 AWG Red Wire 5" Long 30.R50 050
30 AWG Blue Wire. 6" Long 30 B 50 060
30 AWG Y<'low Wire. 6 Long 30-Y-50 060
30 AWG White Wire 6 Long 30 W 50 060
30 AWG Red Wire 6 Long 30 R 50 060

KYNAR PENNWALT

MINIMUM ORDER $25.00, SHIPPING CHARGE $1.00_ N.Y. CITY AND STATE RESIDENTS &DD

OK MACHINE & TOOL CORPORATION

3455 Conner St.. Bronx. N Y 10475 ®(212).994-6600 @ Telex 125091
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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 14 Dip | $0.79
16 Pin Dip Socket 16 Dip | $0.89

RIBBON CABLE ASSEMBLY
SINGLE ENDED

With 14 Pin Dip Plug
24" Long (609mm)

With 16 Pin Dip Plug
24" Long (609mm)

SE14-24] $3.55

" H
STRAIGHTEN PINS RELEASE m INSERT

[ 1416 Pin Dip IC Inserter [ INS-1416 [$3.49]

SE16-24] $3.75

DIP/IC EXTRACTOR TOOL

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

7
QUANTITY: 2 PLUGS, 2 COVERS
EE A

o= l Extractor Tool I EX-1 le .49J

P.C. BOARD The 4x4.5x1/16 inch board is made of glass coated EPOXY Laminate
and features solder coated 1 oz. ccpper pads. The board has provision

fon 212274 11we Slasaedge cOnmeCtoL o] vt RIBBON CABLE ASSEMBLY
DOUBLE ENDED

With 14 Pin Dip Plug - 2" Long | DE 14-2]$3.75
With 14 Pin Dip Plug -4” Long | DE 14-4/$3.85
With 14 Pin Dip Plug -8 Long | DE 14-8/$3.95
\_l\l-lh 16 Pin Dip Plug -2” Long | DE 16-2]/%4.15
With 16 Pin Dip Plug -4” Long |DE 16-4[$4.25

The board contalns a matrix of .040 in. diameter hofes on .100 inch
centers. The P side ins 76 t hole pads that can accom-
modate any DIP size from 640 pins, as well as discrete camponents.
Typical density is 18 of 14.Pin_or 16-Pin DIP's. Components may be
soldered directly to the board or intermediate sockets may be uded for
soldering or wire wrapping.

Two i bus sy are pi for voltage and ground on
both sides of the board. In additian, the component side contains 14
individual busses running the full langth of the board for complete wir-
ing flexibility. These busses enable access from edge contacts to distant

e || [ O e g A P With 16 Pin Dip Plug -8" Long | DE 16-8[$4.35
i [ Hobby Board [ Hpce1 [s4.99]
TERMINALS
. o il _
PC CARD GUIDES “ ‘\' s .025 (0,62.3mm) Squ.are Post
watl ) a 3 Level Wire-Wrapping
=T H=) | » Gold Plated
[ Card Guides l TR-1 [SI.BQ] o badiid » Slotted Terminal WWT-1 | $2.98
= ’1[ "—u Single Sided
QUANTITY — ONE PAIR (2 pes) Y ] WWT-2 | $2.98
C‘ﬁ.‘d‘!“.’-:’f.rx:» IC Socket Terminal | WWT-3 | $3.98
Double Sided
: PC CARD GUIDES & BRACKETS = et WwT-4|$198

25 PER PACKAGE

. TERMINAL INSERTING TOOL

\\ For inserting WWT-1, WWT-2, WWT-3,
= | [ Guides&Brackets | TRS2 |$379] > _ and WWT-4 Terminals into .040
QUANTITY — ONE SET (4 pcs)) - (1,01mm) Dia. Holes.

- [ [3239]

PC EDGE CONNECTOR

44 Pin, dual read out, .156" (3,96 WIRE CUT AND STRIP TOOL
mm) Contact Spacing, .025" (0,63

mm) square wire-wrapping pins. Easy 1o operate . _ place wires (up to 4) in stripping slot with

. ends extending beycnd culter blades ... press tool and pull
\y wire Is cut and siripped to proper ‘‘wire-wrapping™’ length.
¢

The hardened steel cutting blades and sturdy construction of
the tool insure long life

[—F‘.C..Edgec:)nnector l CON-1 [S@

Strip length easily adjustable for your applicalions.

ADJUSTABLE
“SHINER" LENGTH .
PR — P.C.B. TERMINAL STRIPS DESCRIPTION o OF STRIPPED WIRE Price
;I'he TS strips providedpcslll've screwl:calataled clag\s‘ INCHES T0O  INCHES
ction, t i -30 AW .80, - N

ey N B e Pone ara oider piated copper. 012 inch (1mmy 24 ga. Wire Cut and Strio Tool | sT.100-24 | 1%~ 1% [$8.75
o’ diameter. ona.-ZPO;Ilmcn {(5mm) cem‘errss. 7 SER 76 qa. Wire Cut and Strip Tool $T-100-26 M —— 1% 5 8.75
e = 2 ’_?_6 ga. Wire Cut and Strip Tool |ST-100-26-875 Yo' T 1" 8.75

8Pole 7S- 8 [$1.89 28 ga. Wire Cut and Strip Tool | sT-100-28 Y ——— 12" [$11.50

12-Pcle TS-12 |$2.59 30 ga. Wire Cut and Strip Tool | 5$T-100-30 Yo" ———— 1%" [$11.50

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

MINIMUM ORDER $25.00. SHIPPING CHARGE §1.00, N.Y. CITY AND STATE RESIDENTS #D0 TAX

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y 10475 ®(212) 994-6600 ® Telex 125091
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BY MARTIN MEYER AST month, POPULAR ELECTRONICS

described some hardware and soft-
ware methods of upgrading a basic Elf
microcomputer, based on the 1802
MPU. Here are plans to go beyond this,
boosting an EIf from a microcomputer
trainer to virtually a personal computer.
Though based on an Elf |l model (see
“Build a Personal Microcomputer 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 EIf.

The upgraded EIf 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 on the main EIf 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 board. If 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 of the EIf Il odd-num-
bered bus lines is currently used.) It is
advisable to keep a record identifying
each signal on the newly used lines.

The expansion system described here
introduces a new monitor, located in
ROM, that allows:

e 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 I/O
port, interface for 20-mA/RS-232 peri-
pherals, and the decoding of the three
1802 "N” lines to fully utilize all *6n"
(I/0) instructions.

 g-git paraliel 110 N3
20 maRS-232110

 N-Lime Decoding g

ol ||} A

Monitor. The monitor 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

62 POPULAR ELECTRONICS

AmericanRadinHicetory Com



BILE
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D2

D3

D4

013

D6
o2 4

A4

A8 *

+5V 18} 13f 12
1
s 3&2 i "
< 2
=y 2
Al ___5.9 2 7
o 7'*\6 3 6
9 10 l 4
A3 »* 1c2
e = 5| 745471

+5V I
]
» 3|$ 2 18 s
5 4 111 s 16

AT *

8
|o|
B 8 —
#- 14,4050 | =
3 = 1C5,4050 ! 2 3y -
6 5 1c
ICl 8
13
af7aci7a |7 12 7“290-;
} 3 10 13
J:_. 4
2
TPA 6 9 s |1
] cs IO oy
2 == D
RI 2
ENABLE = 200K iN414B
PIN |7 OF ===
9
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 IC3.
When the FOOO 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 Mm/pP (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 po-
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 00.
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

ELF

22uS_ +5V —@
c3
A pf
TAPE
IN
EF2
R3| |
Jl 100K | 3
ot AA Ik
S § =
Q L JB ICI08 3
5 vw——z.‘q.
R32
J2 100K
R34 3
K3
TAPE *,,3
¥ R2 <
o~k o0n ¥
FoMIT IF DRIVING HIGH-LEVEL s
INPUT ON CASSETTE RECORDER =
. N

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

AmericanRadinHictory Com

the monitor and key in 01. 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,
entar 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 compiete-

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).

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

Cassette Read/Write. This simple
circuit (Fig. 2) uses the Q and EF2 lines
on the Eff 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 A2 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
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tape recorder has an auxiliary (high-lev-

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 BA 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 F8 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 8A A0 EO DO 4A D5 30 58 78 DO D5 tape recorder until a good square wave
60 5A 1A 30 5D D3 78 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 BA 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 volume comro('jfor il Mo, 'fé’?ufa:
AO AD D6 2B 8B 32 AB 98 FE BB 30 A1 8D F6 D6 2C 9C [EUEE e dosaeg e Fiaits o 5] Rie
BO 3A 96 D6 D6 D6 D6 30 38 1D D3 F8 OD 35 BC 35 B8 recording level by decreasing the value
Co FF 01 33 BE 3D C4 30 B9 F8 CD Al 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 If 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.
BRE +5V
s 2ra R53Z RE
PARTS LIST Bk 33300 15K 15K
afpe 1 360K a3
2N5232 $— W A 2N5232
Cl, C3—0.1-pF, 100-V Mylar capacitor Ak o RO
C2—0.005-wF My!lar capacitor F??'#{ o 1K
D1,D2—1N4148 diode OB P D G
1C1—74C174 hex latch R33 RB3 _L
IC2—745471 256x8 PROM 3P 11
IC3—74C20 dual 4-input NAND gate -- ’IﬁF
1C4.1CS, 1C9—4050 hex buffer RS- 2520 {. Pl |
IC6—1853 N-line decoder : i 1y ; L
IC7, IC8—1852 8-bit 1/0 port =a TTY J I
IC10-—LM3900 quad op amp ] \?
Q1. Q3—2N5232 transistor EF4
Q2,Q4—2N5306 transistor 5 = +5v
The following are Y4-W, 5% resistors unless 2 02
otherwise noted: ROZ  2ns306
R1—200,000 ohms 3
R2-—100 ohins 3 T ZNggOG
R3,RI1!, R18—3900 ohms Rl
R4—330 ohms H
RS. R6, R10, R14—15,000 ohms
R7-—300,000 ohms L
R8, R9,R15,R16,R 17,R34—1000 ohms % Msiter roe
R12—47 10 250 ohms (value for 20 mA cur- <) ol 20mA 20mA, 30-2200
rent loop) Y
R13—2200 ohms g i
R 19 through R27, R30--22,000 ohms =NOK 1K
R28,R29—1 megohm ( {FOR R5232 ONLY)
R31,R32—100,000 ohms i
R33—10,000 ohms Sl TP e
Misc.—Pc board with edge connectors to o v Wi M
match EIf i1 bus, 86-pin connector, optional ( '3::: “RI6
sockets for IC's, etc. S T W T s a7
Note—The following are available from Ne- e K3
tronics R&D Ltd., 333 Litchfield Rd., New SRS _ﬁ
Milford, CT 06776: complete set of parts =
including pc board, pre-programmed moni- =I5V RIS
tor PROM, less 86-pin connector for $39.95 3.9k
pius $2 postage and handling; PROM IC2
available separately for $25 plus $1.50 post- WAL 2 T F o TORCITENLIS
age and handling; 86-pin connectors for FOR TTY/RS-232 ONLY
$5.70 each plus 30 cents postage and han- ]

dling.

Fig. 8. Transistors Q1 and Q2 form the 20-mA current
loop with Q3 and Q4 added tamake up the RS-232 loop.

AmericanRadiaoHictaory Com
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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 (onthe TTY, terminal 3) is fed
to the Q17 input circuit. The output of Q7
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 extemnal
RS-232 device, R15 is inserted between
R12 and ground, and Q4 is added to
produce the correct output. Note that a
negative voitage supply is required for
RS-232 operation. A jumper, or switch,
is optionally used to remove or turn pow-
er on to this circuit.

ESE
BUS

TPB

CHIP
ENABLE|~——
DEFEAT

+5V
15 ||e

4
Rp
s =
el-=--
Dsqusoﬂ"'
T A
5
|- [
R ]

CATHODE
OF DIO,

REMOVE D9|--~-—
{CONTROL
CIRCUITSY

Fig. 4. The N-line decoder expands
three lines from 1802 into eight.
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+5V #:1C5, 4050
TPB = e % = IC9,4050
. 3 4 R DAQTA
Do V
DI - I 2. g li\ :
- il =1 6 N 2
= T I | 9 10 l/J*\ 3
‘T i | 6] 1c7 {15 Rl oy - 4 \OUTPUT
D4 1852 l*/ FoR
05 AT | I I | 18 7 l*\ 5
B T T 2 19 [*\ |2 6
b7 AT I | | I | | 22 2| V *R 7
1. Tl NN |-|z 23 | DATA READY |
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o I =
1 14] 24 DATA
12 3 ?
‘ 2 il | e }
4 A e T 2
6 9 bt I ¥ _ 3
8 167 L 1L 4 L NpUT
10 R By 2
5] zca feo 10U P 0T 6
i) 1952 o2l T G IO Sl 7
19 i 1 § 0 1 1 1 VT _ DATA STROBE
21 Bpual = CalE ol
INT —d-‘J [ 23 s Tfuﬂgcgﬂsé’u?"
EF3 ———0 R26!
CERENDS S
¥~1  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 /0O (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 /O con-
trol inputs. Control line 4 is connected to
the cathode of D10in the Elf-ll (D3 in the
original Elf) 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. If 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 /C7 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.

AmericanRadioHistory 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 heid
low by resistors R19 through R25. Pin
13 is tied to the desired decoded N-line.

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-fiop 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 Barbarzlio

A Practical Guide to Multitrack Tape Recording

OPHISTICATED open-reel tase
ecks with four-channel capability
enjoy a markedly higher degree of ccn-
sumer acceptance than other quadia-
phomic 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 se-
cording studio. Here is an overview of
the equipment and techniques em-
ployed by amateur recording engjneers.

Multitrack recording has been used
by professionals for years, with any-
where from 8 to 32 tracks commonly in-
volved in the transcription of live perfor-
mances. Recently, musicians such as
Briar Eno, Mike, Oldfield, Walter Carlos,

Techniques and
equipment necessary
for professional results
at home.

Patrick Gleason and Isao Tomta have
recorded music on a symphonic scale,
even though only one artist was actuoally
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, grapnic equalizers, echo
devices, etc. Muititrack recording there-

B 0 T D et e e et B MRS e ST




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-

dicated, each tape track is erased. As
the tape passes by the second head, the
program material presented at the in-

<~ DIRECTION OF ifi is im-
DIRECTION OF 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
~orm| [T “SEL-SYNC" norm| [T |"ser-svnc”
Fig. 2. Innormal
recording (A), track
SOURCE TO - l Ir Al 1is monitored by
TRACK | ": 3 :p SOURCE ": playback head. In
R 3 L TRACK R
ol . I* o o (B), part of record
T TS head is used for
RECOR Y .
TO layback monitoring.
HEAD HEAD HEADPHONES play g
(A) (B)
ERASE RECORD

HEAD

TRACK |
TRACK 2
TRACK 3
TRACK 4

TAPE TRAVEL —

PLAYBACK
HEAD

Fig. 3. Diagram
shows how program
ontrack 1 leads
that on track 2

by a time depending

Xz

on head spacing

i and tape speed.
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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 multisync mode has limited
bandwidth and is at a much lower level
than the output the playback head would
provide. This is a minor point. The im-
portant thing is that track sync is main-
tained. Further, the fidelity of the record-
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 it is
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 partially
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 simultaneously 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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SOUND~-WITH-SOUND CONNECTION
(MAY BE INTERNAL)

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
shown 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 channet 2
of the live program material and that re-
corded on channel 1. Channel 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-
ometer) 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-
gramatically 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.

ORIGINAL SIGNAL FROM PLAYBACK

BEING RECORDED HEAD ;

| ZSIGNAL RECONDED\-

HERE ARRIVES HERE —
/ AN INSTANT LATER

Yia /
v

~ /

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 control am-
plifier should have a tape-monitor input,
a headphone jack, and 15 watts per
channel 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,
white 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 sounds coming directly from the live
performers will be mixed with signals
from the microphones and tape deck.

4

TAPE TRAVEL

Fig. 5. Diagram showing
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

TAPE DECK

5

LINE g\ @
b—bendb \\U ’
ouT IN
S#EEAFKER O— OREARO—O sSIEGAT(ER
@)
) controL |
12345 LR AMP
DECK
| ‘ ? 9 9 0—0-L HE ADPHONES
! 2 3 a4 awpMEER )
TTLbLL BER Coled
+tt4lt A
o o o o
MIXER I 2 4 5
VIXER
FATCH PANEL
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 mixer has five input and
two output connectors, and the control
amplifier has two input connectors.
These 17 hookup points must be inter-
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 audio cable are sol-
dered. Each cable must be terminated
with an appropriate plug to allow 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.

SIMUL-8YNG

Fig. 7. The Teac 3340S multitrack
deck. Inset shows Simul-Sync panel.
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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 will 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-
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SAMPLER OF 4-CHANNEL

SYNCHRONIZED TAPE DECKS

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

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

Pioneer Model RT-2044—15 and 7' ips;
10%%" reels; $1600.

Sony from Superscope Model
TC-788-4—15 and 7% ips; 104" reels;
$1450.

Teac Model A-3340 S—15 and 7' ips;
104" 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

AmericanRadioHietary Com —

the four channels on the tape recorder
so that fropt 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 multitrack piece is like
building a house in that each partis 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 adrum 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-
signead 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 everything from Personal

The Digital
Electronic Scale
with laboratory-type
precision

Unique and functional truly describe
the new Digi-Scale electronic ‘‘weighing machine”. 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
IT-5283 Signa! 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 build the I1PA-
5280-1 power supply. Only
$37.95 each, $24.95 for the
power supply.

CONTIVMUING EPUCATION

STy s

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

Our EE-3401 Microprocessor Course ($89.95) is your key to
learning about microprocessors. Features Heath's famous
individualized learning techniques to provide you with a
thorough background in microprocessor operation, inter-
facing and programming. Accompanying software and hard-
ware experiments provide "hands-on” experience with the
companion ET-3400 6800 Microprocessor-based trainer
($189.95).

O & $394FFYVY

& € &

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 8
ohms with less than 0.1% total harmonic distortion from
20-20,000 Hz. The AR-1429 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 xV. Has provision for optional Dolby™ FM
module. AR-1429, only $319.95

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

RESUME 20N —OFF

as5 - N

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 light. It also has the
features you need in a clock; 24-hour “'smart” alarm, snooze
switch, alarm-on indicator and power failure indicator.
GC-1107, only $27.95

Read more about these and nearly 400 other unique and exciting

kit products — all in the big, NEW, Heathkit Catalog.

POPULAR ELECTRONICS
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Entertainment to Personal Computing

L

Assembled

LA36 DEC
Writer Il

|

i

H9 Video
Terminal

H8 Computer

H11 Computer

H10 Paper Tape
Reader/Punch

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.

MAIL COUPON TODAY

or bring it in person to any of the
50 Heathkit Electronic Centers
(Units of Schlumberger Products
Corporation) listed at right,
where Heathkit products are
displayed, sold and serviced.
(Retail prices on some products
may be slightly higher.)

Prices are mail order net F.O.B.,
Benton Harbor, Michigan.

Prices and specifications subject
to change without notice.

Heath Company, Dept. 010-390
MARCH 1978

[l -clectronic kits

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 mcde, long and short form
and plot mode displays and ASCII 67-
key keyboard for just $530. If you need
hard copy, the LA36 DEC Writer H 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
tull duplex 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

Schlumberger

Get your copy of the latest

HEATHKIT CATALOG

HEATH

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

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-
887C; Los Angeles, 90007, 2309 S. Flower St.,
Phone: 213-749-0261; Pomona, 91767, 1555 Orange
Grove Ave. N., Phone: 714-623-3543; Redwood
City, 94063, 2001 Midd!efield Rd., Phone: 415-365-
8155; Sacramento, 95825, 1860 Fulton 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, 81364, 22504 Ventura
Blvd., Phone: 213-883-0531; COLORADO: Denver,
80212, 5940 W. 38th Ave., Phone: 303-422-3408;
COMNECTICUT: 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
Growe, 605158), 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-
3624486, 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-
531-8330; Boston (Wellesley, 02181), 165 Wor-
cester Ave. (Rt. 9 just west of Rt. 128), Phone:
617-237-1510; MICHIGAN: Detroit, 48219, 18645
W. Eight Mile Rd., Phone: 313-535-6480; E. De-
troil, 48021, 18149 E. Eight Mile Rd., Phone: 313-
772-0416; MINNESOTA: Minneapolis (Hopkins,
55343), 101 Shady Oak Rd., Phone: 612-938-6371;
MISSOURI: St Louis (Bricgeton), 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, 11753, 15 Jericho Turnpike, Phone: 516-334-
8181; Rochester, 14623, 937 Jefferson Rd., Phone:
716-244-5470; White Plains (North White Plains,
106n3), 7 Reservoir Rd., Phone: 914-761-7690;
OHPO: 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-
720C; 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 1SLAND:
Prowvidence (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;
VIRGINI|A: 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:
414-873-8250.
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Heath Company, Dept. 010-390
Benton Harbor, Michigan 49022
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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 should 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, channe! 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 multisync 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 channel 2. Fi-
nally, vocals one, two, and three are
again combined on channel 1. Echo is
added to only the last track (channel 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

74

TABLE I—TYPICAL RECORDING PROCESS FOR BASIC SYSTEM

¥

1 Blank Blank Drums Blank TTST OO0OO0CO Noma=0
(Mike or line) Mutisync = X
2 Blank Blank Line% Bass TTTS 00X O
Guitar
(line) (mike)
3 Blank Blank Rhythm guitar TTST 000X
(mike)
4 Vocal, Part 1 Blank STTT 00X X
(mike)
Vocal,
5 Line ¢Ouput A} pan2 TSTT XO0XX
(mike)
Vocal, Add echo
6 pan3+ Line 9 Output STTT OXXX tocht
(mike) .
7 Leadinstr. TSTT X O X X Add echo
{mike or line) as desired
Mix down
8 !L L TTTT 0O0OO0OO thucht4
of mixer

Notes: (1) In step 8. outputs of mixer can be applied to line inputs of another tape deck for a permanent two-track stereo recording.

) Step: 12345678
Channel being recorded: 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 {l. 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. Channels 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 1l—TYPICAL RECORDING PROCESS FOR EXPANDED SYSTEM

Channei TaperSaumu Deck
2.3 4 A 8

1 Blank Blank Blank Drums TTS 000O Normal = O
{mike or ine) Mutusync = X
2 Blank Blank Elec. base TTST 0000 @
(mike)

3 Flanged Guitar Gutar input
Guitar Flanger output SSTT OO0OXX @ toch1&
{mike) {Mike or Line) flanger input

Ch 1-4, Deck A

4 l & TTIT OO0OO0OO ®@® mixeddown

. thru mixer. Out
of mixer to
line inputs of
Ch34&4,DeckB
5 Vocal, Part 1 Blank Mixdown Mixdown STTT 00X X [ ]
(mike) left nght
6 Line g Qutput Vocal, TSTT X O X X [
&_, + Part 2
(mike)

7 Vocal. Line 9 Output STTT O X X X [ ] Add echo
Pan3 4 F—J toch 1
(mike)

8 Lead instr. TSTT X O X X ® Add echo

(mike or line) as desired
Ch 1-4 deck B
l mixed down
9 L 4 Y TTTT 0OOOO @@ thumier.
Output of mixer
to line Inputs
ofChi1&2,
deck A.
Notes: (1) Instep 4. input guitar (thru preamp) to ch 5 of mixer. Monitor ch 3 & 4 of deck Bin "Source”.
2) ln‘slep 9, monitor ch 1 & 2 of deck A in “Tape™.
(3} Step: 1 2 3 4 5 6 7 8 9
Channel being recorded: 4, A 3.A 182, A 384 B 1B 2,8 1.8 2,B 1&2A

{4) ( ) signifies the nput connector 10 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 channeis 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
10K 2M
INBPYT +9VDC { |
C A A & 7 OUTPUT
(oK - pazaicy DL —o
Wl
—9vDC

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-
lined 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. o
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i W ?ﬁ% Solid State

DIGITAL METER CIRCUITS

A

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."

13% DIGIT OPM {SINGLE POWER SUPPLY)

+POL

By Lou Garner
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Fig. 1. Simple 25-digit meter circuit
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suggested by National Semiconductor.
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Typical 2'4- and 3¥2-digit meter circuits suggested by various
semiconductor manufacturers are illustrated in Figures 1
through 4.

A word about “V4 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 fumish readings of only O to 99, then, a 2'4-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 O to 9 digit, hence the
popularity of 4-digit circuits.

Featured in a four-page data bulletin published by the Na-
tional Semiconductor Corporation (2900 Semiconductor
Drive, Santa Clara, CA 95051), the 2V-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 (Vge) 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 volts atan
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 decimai-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, C\n. 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 voltage, 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 voltage. 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 controlled by analog in-
puts referenced to a —3-volt level, permitting the instrument to
accept both positive and negative input voltages.

With neither layout nor lead 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 perf 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-
Jowing calibration procedure is recommended:

1. Using an accurate voitmeter, adjust the SCALE ADJUST
potentiometer for —3 volts at pin 5(Vggg)-

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 V|, 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 3'4-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
voltage 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
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tions require travel ranging from a few days
to several months at a time. Duties will in-
volve using your technical knowledge and
the latest test equipment to troubleshoot,
diagnose and repair a broad range of so-
phisticated PABX and central telephone
office equipment.
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2000 S. Wolf Rd., Des Plaines, lilinois 60018.
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LCD DISPLAY: SHELLY NO. 8654-01 DR EQUIVALENT
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Fig. 3. Teledyne’s 3¥5-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-uF unit, by replacing
the capacitor between pins 4 and 5 with a 0.47-wF 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 3%-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 should be set precisely for 1.0 V for a 1.999 V
full-scale range or at 0.1V for a 199.9 mV range. The negative
voltage power supply (including the 74C04, two diodes and
two 10-uF 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 3V5-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 A, 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, 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 into the digital outputs in a 3V5-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
3Va-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 (Ry) is determined by the full-
scale voltage range required, based on an input of 10 A 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

+ 15V $
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2N5246],

c3
|57
R8 3

c2 10K S
JuF Zre VOLUMES
IM

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 amplifying 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, A8, 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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Train with

NTS for the

MicroComputers, digital
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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-art 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 to demonstrate
electronic principles and applications. The kit-building
not only shows you how electronic hardware
functions, but how various circuit designs accomplish
different purposes. Your lessons guide you through
any number of experiments associated with many
projects. This is the Project-Method, and it works.
Step-by-step, you 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 covers,
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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 probably want to
be a part of it.

It's free. Just mail the card or coupon. Today.

NO OBLIGATION. NO SALESMAN WILL CALL.
APPROVED FOR VETERAN TRAINING.

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.

] Color TV Servicing
I B & W TV and Radio Servicing
[J FCC License Course
[J Electronic Communications
I [J Electronics Technology
[J Audio Electronics Servicing
I [ Digital Electronics

O wWticroComputers/MicroProcessors

Name

Address

Apartment Number 3 Age

City = -
State o _ Zip

[OCheck if interested in G.I. Bill information.
I [DCheck if interested ONLY in classroom training in Los Angeles.
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= Experimenter’s
—[0( ) Corner

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

LOGIC IN

ENABLE ~=-==-—-=—= == 4

ENAGLE

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 O'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

t5V

ENABLE | IN | ouT
o] o o
o ] /

[ X Hr-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 . N
1 1 . .

*Both LED’s at half brightness.

Three-State Multiplexer. A multi-
plexer is a data selector. 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 multiplexer:

Datalnputs DataSelect Output
ABCD AB CD

0 X X X 0111 0
1 X X X o1 1 1 1
X0 XX 10 1 1 0
X1 XX 10 11 1
XX 0 X 11 0 1 0
XX 1 X 11 01 1
XX Xo0 1110 0
XX X1 1110 1

Note: The X means “don't care”; the
input can be eitheraOor 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
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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 puise
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 pulse (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, turn 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
controller are binary bit patterns called

The data word is copied on the first ris-  microinstructions. o
+§‘y
o o Y c| 8} A
{ LED RERDOVT
SERNN O
RI-RHY= 1.2 K RIS RERIRY
)T
il
i »”| /3 /4L
" v D C r-] A THREE ~STATE
7 cc N — BIDIRECT1OVAL
cLock ORTAR BuUS
50l woire 74175
ha READ
/5 CLEAR N
8l e wo =L f‘ﬁ srﬂrg
o <
¢ & @ 3I; PoLES /-4 =0ORTA
|| 5 = READ
l 6 = WRITE
7 T CLOCK
& = coRD

1”

DRTAR INPuT g
RND CONTROL D U []
SwIrCHES

Fig. 4. Three-state bus demonstrater.
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small computer
systems.

They'rethe
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 Sol in conjunction with
our new Helios 1l 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/S language. At modest
extra cost, Extended BASIC. Assembler.
PILOT* FORTRAN?* and FOCAL as
well as game software are also available.
Processor Technology backs up its
products with an excellent warranty and
support program after they're out
in the field.

¢ Sol 20/8 Terminal Computer with
8192 hytes of RAM memory and SOLOS
module (ROM).

Factory Assembled/Tested . . . .. .$1850
Kit. . ... .0 o $1350

¢ Sol System II includes Sol-20/16

with 16,384 hytes of RAM memory and
SOLOS module (ROM), video monitor,
cassette recorder, and BASIC/S cassette.
Factory Assembled/Tested . . . .. $2250
Kit. . ... ... .. ... $1825

¢ Sol System III includes Sol-20 with
49,152 bytes of RAM memory and BOOT-
LOAD module (ROM), Helios II Model
2 Floppy Disk System with Extended
Disk BASIC, and video monitor.

Factory Assembled/Tested ... .. $5750
*Available soon.
ProcessorTechnology

Processor Technology Corporation,
Box 1. 7100 Johnson Industrial Drive.
Pleasanton, CA 94566. Phone (415) 829- 2600,
CIRCLE NO 41 ON FREE INFORMATION CARD 8§




Hobby Scene

A

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 voltage will be induced across it,
and thus across the inputs of the op amp
or comparator. (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-
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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 turn on a pho-
totransistor or LASCR which in turn
couid 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.

i 4
'°°"EE +9v TRIAC
— OP AMP OR
= COMPARATOR
RINGER PICKUP
SOLENOID coiL
LEDS
- N
:l:.oowr |
= =~ cas\*3
- PHOTOCELL\_] <<3>
DYNAMIC T T
MICROPHONE 2 11’0

r—ﬂ -COMPARATOR
=—2 \lNPurs

c .
- Fe—’ 117VAC
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LINE FREQUENCY AND CLOCK CHIPS

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 ratios 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 osciliator divider. This chip, when
connected to a few external compo-
nents, will provide a 60-Hz output.
Consequently, many crystal-controiled
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. Compiete 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



Product
Test Reports

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-controlied 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
volts from O to 500 Hz, up to 100 volts
from 1000 Hz to 5 MHz, and up to 30
volits 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.
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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/year and =1
ppm/month. Settability is to =1 Hz. (An
external oscillator can be connected via
ajack on the instrument's rear panel.)

The Model 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, automaticai-
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
1/1.) In the PERIOD mode, the kHz LED
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indicates the period in ps, 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 (ps). In
the 1 sec mode, it is a 100-period aver-
age (s 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 Aaccu (accumulate) mode permits
measurement of electrical events that
occur during a specific time period. It
has a range of from 0 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 handle 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 weli-illustrat-
ed. In addition to providing a complete
discussion of the instrument’s operation,
it details operation on the various func-
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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.
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SBE KEY/COM 1000 MOBILE AM CB TRANSCEIVER

Keyboard system provides scanning, channel selection, and memory capabilities.
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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 calculator-
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 adjustabie
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
73%"W x 214"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
fiter. 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
channel 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 modulation contro!.

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 le-
gends are easily readable under all light-
ing conditions. In addition to their 0
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-
neis/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 at a
time, you momentarily tap 0, 1, 2, 3, etc.,
according to the desired progression.

To scan through alf 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 labelled 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
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channels in memory, you can repeatedly
tap the 8/m 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 ail 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, ali
other functions are overridden.

Laboratory Measurements.
receiver sensitivity measured 0.55 pV
for 10 dB (S + N)/N over most of the
range. It was 0.8 nV 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 squelch
was 0.3 to 2000 pV. The S meter in-
dicated a relative signal strength of S9
with a 100-uV signal. The meter pointer
just started to move up-scale with a
0.5-pV input signal. The agc system
held the audio output to within 6 dB with
a 20-dB r-f signal variation at 1to 10 V.
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 ovyerall 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 itis in actual use. One quickly
gains familiarity with the various controis

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
nV. 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,
whiie the anl does a better job on other
types. The latter was exceptionally ef-
fective on ignition noise.

In short, this advanced-type mobile 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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Advanced Electronics

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 in 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

o 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

hd 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 television 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

o
training in electronics. Of course, while
it takes extra preparation to qualify for
. these career areas, the rewards are
i 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
CREI prepares you at home theory and practical experience in ad-

vanced electronics.

for broader and more advanced Unique Design Lab

A unique feature of CREI training is its

OppOrtuni‘ties in eleCtronics_ Electronic Design Laboratory Program,
which trains you to actually design cir-

plus Oﬂers you speC|a| arrangements cuits. It also helps you understand the
theories of advanced electronics and
H H ives you extensive practical experience
for englneerlng deg rees ign suc% areas as testspand measurements,
breadboarding, prototype construction,
circuit operation and behavior, charac-
teristics of electronic components and
how to apply integrated circuits.
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Career 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
interesting and effective. And the pro-
fessional equipment in this program be-
comes yours to keep and use throughout
your professional career after you com-
plete the training.

Engineering Degree

CREI offers you special arrangements
for earning 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 is that you can continue
your full time 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.

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

Mail card or write describing qualifications to

CAPITOL
RADIO
ENGINEERING
INSTITUTE

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

Accredited Member National Home Study Council
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HANDLING RADIO-FREQUENCY INTERFERENCE

hat can you do when a neighbor

complains that your CB transceiv-
er is 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 result in your receiving a
violation notice, forcing you to have
technical tests conducted on your tran-
sceiver by a qualified technician.

Is It Really RFI1? 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,
it is more likely a problem inthe TV.

RFI1 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.

94

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-
neis, 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 legal 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 to TV channel 2 (54 to 60 MHz)
and channels 5 and 6 (76 to 88 MHz2),
while the seventh harmonic falls right in
the middle of channel 9 (186 to 192
MHz). FCC regulations stipulate that to-
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CB Scene

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 of 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 RF!. 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 virtually all base and
mobile rigs and many hand-held trans-
ceivers. It is more likely that overmodu-
lation occurs with 23-channel rigs than
with the new 40-channel rigs because
manufacturers’ CB models are now
more closely inspected.

If you have any reason to suspect that
your transceiver is overmodulating or ra-
diating excessive harmonics, 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.

Demon-
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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.

RFIis 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-uH choke in series with
a 2-20-uF ceramic trimmer capacitator)
across the antenna terminals 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
little TV receiver improvement in com-
batting interfering signals 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| problems,
the FCC has prepared “"How To |dentify
& 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 Internationat CB Radio
Operators Association, Box 10-2, Roa-
noke, VA 24005. o

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 Lo date on all that’s
happening in CB with 59, the cidest
and largest monthly magazine de-
voted to CB in the country. But S9
is more than just a CB magazine. [t
covers atl facets of Personal 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.

CIRCLE NO

DON’T YOU

BELIEVE IT!

Bank Americard

Visa
[ Mastercharge

Port Washington, New York 11050

14 Vanderventer Avenue

N
’

2
el
151

X

=
W
o
>
E
w
o
]

¥ o

Q

Credit Card Number:

@
£
=2}
-~
wv
o
(@)
<
oc
a1]
o

=]

c

o

3

b ]
0

2

>

E

@
=
wi

w
@
=
7
2
o~
—
Ty]
@3
{=1]
o
o]
¥
—
i
-
@
%]
=
°
@
—

CBIRADIOANY

Check enclosed [
City, State, Zip

Signature

10 ON FREE INFORMATION CARD

95




=

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 “home 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
groups: 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 handied 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 a2 random

By Hal Chamberlin

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 memory contents.

Vee

Q3 Q4

DATA__g

LINE o 0le

LINE

Six-transistor static memory.

The read-mostly kind of memory IC
normally behaves just like a read-only
memory but itis 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 in the
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 S7 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 S1 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 2 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 adynamic 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 difftused 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 {0
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 haiting 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 aiso
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 idie 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 puton a
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 b@ 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. o/

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 lgor timing pur-
poses and a double-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 avideo display ... CREAT

GRAPHICS pictures, aiphanumer-
ics, animated effects ... learn how to
DESIGN CIRCUITS using a
microprocessor ... the possibilities
are infinite!

RCA COSMAC microprocessor/mini-

computer

A THOUGHTFUL GIFT
NYONE WHO MUST
UP TD DATE IN
UTERS AND
LECTRONICS!

C . ¥ ¥ K ¥ SENDTODAY————--1
NETRONICS R&D LTD., Dept. PE3

3313 Litchfield Road, New Miltord. CT 06776 Phone (203) 354-9375 I
Yes! I want to run programs ai
home and have enclosed:

controllers. eiv. (soon
available as kits). Manual in-

to be

NOW AVAILABLE

ELF II explodes into a giant when you
plug the GIANT BOARD'™ into ELF's
expansion bus. This powerful board in-
cludes cassette 1/0, RS 232-C/TTY, 8-
bit P 1O and system monitor/
editor...meaning your ELF Ilis 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.C.’s of various sizes. $17.00 kit. $1

p&h.
'zEx ansion Power Supply. $34.95 kit.
$ GPZ

h.
® Gold plated 86-pin connector. $5.70
postpaid.
Coming Soon!

: .
Tiny Basic
ASCIIKEYBOARD* CONTROLLER
BOARD * D-A, A-D CONVERTER *

CABINET

AmericanRadioHietory Com

PROM, ASCI! keyboard inpuls.
L _x _§ _§ _§ § & N B _B 8 _§ R R N ]
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O $99.95 plus $3 p&h for RCA
COSMAC ELF 11 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 you display video
graphics on your TV screen. De-
signed to give engineers practice
in. computer programming and
microprocessor circuit  design.
ELF Il is also perfect tor college
and college-bound students (who
must understand computers for
any engineering. scientific or
business career). Easv instruc-
tions get you started right away,
even if you've never used a com-
puter before!

As your need for computing
power grows, five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger,; monitor, cassette 1, O, A
to N and D to A converters.

cludes instructions for assembly,
testing, programming, video
graphics amd games plus how
vou can get ELF 11 User’s Club I
bulletins, Kit can be assembled
in a single evening and you'll
still have time to run programs.
including games. video graphics, I
controllers. etc.. before going to
bed! (O $4.95 for 1.5 amp 6.3
VAC power supply, required for
ELF 11 kit. C $5.00 for RCA
1802 User's Manual. I
(3 1 want mine wired and tested
with the power transformer and
RCA 1802 User's Manual forl
$149.95 plus $3 p&h.

Conn. res. add sales tax. I
NAME -
ADDRESS I
cITY . |
STATE_ ZIP__ l
{J Send info on other kits!

Dealer Inquiries Invited
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e SOUTCES

8080 Music System. This new music
system for 8080/2-80 computers includes a
monitor, a text editor whose file structure is
compatible with Processor Technology's
ALS-8 Assembly Language 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 KIM 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 annotated 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-assembier 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

{CP Computerland

1550-D Montgomery Hwy.
Birmingham, Alabama 35226
(205) 979-0707

CALIFORNIA

Computer Emporium
17931-J Sky Park Circle
Irvine, California 92714
(714) 540-8446

Computerland

6840 S. La Cienega Bivd.
inglewood, California 90302
(212) 776-8080

Inland Computer &

Electronics House

537 North 'E’ St.

San Bernardino, California 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, California 91344
(213) 360-2171

GEORGIA

Datamant, Inc.

3001 North Fulton Drive, NE
Atlanta, Georgia 30305
(404) 266-0336

ILLINOIS

American Microprocessors
Equipment & Supply Corp.
At the Chicagoland Airport

MICROCOMPUTER MART

COMPUTER RETAIL STORES

20 North Milwaukee Ave.
Haif Day, lllinois 60069
(312) 634-0076

Computeriand of Arlington Heights
50 East Rand Rd.

Arlington Heights, llinois 60004
(312) 255-6488

Imperial Computer Systems, Inc.
2105 23rd Ave.

Rockford, Hlinois 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 Mile 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

Omaha 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 Hamilton Ave.

White Plains, New York 10601
(914) WHY-DATA

PENNSYLVANIA

Personal Computer Corp.
Frazer Mall

Lancaster Ave. & Rte. 352
Malvern, Pennsylvania 19355
(215) 647-8463

TEXAS

Compushop

13933 North Central Expressway
Dalias, Texas 75243

(214) 234-3412

Interactive Computers
7646'% Dashwood
Houston, Texas 77036
(713) 772-5257

Interactive Computers
16440 El Camino Real
Houston, Texas 77058
(713) 486-0291

The Computer Shop

6812 San Pedro

San Antonio, Texas 78216
(512) 828-0553

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

785 S. 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.

AmericanRadinHictary Coam

POPULAR ELECTRONICS




DX
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 gctual-
ly it resuits 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 theé SSB audio
changes, becoming unintelligible uniess
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 withit.

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 resoived 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 availabie, 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

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 inciuded
foreign service programs employed a
30-kW transmitter. This regularly sched-
uled service runs 16% hours per day on
several frequencies within the SWBC
bands. It is admittediy not intended for
the general public, 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-
odifusao 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 reason is
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

99




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 resonts to sat-
ellite 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 North 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-
tionnaire 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

TUNER SUB
$19.95

Since all tuner subs that we know of are modified
TV Tuners, we decided to 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 excelient . . . 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 ... andis 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 af/the comparison tests we made . . . and
often a lot easier to use . . . Even though instructions
aren't needed . . . you get those too.

The *'Poor Boy'" is small enough to easily hold in
one hand . . . nowires 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 C.0.D. FEE)

Try it for 10 days ... if not completely satistied
... return for full refund,

ALL ORDERS SHIPPED THE SAME DAY RECEIVED!
CALL US TOLL FREE 1-B00-433-7124

TEXAS TUNER SERVICE

4210 N.E. 28TH STREET,
FORT WORTH, TEXAS 76117

CIRCLE NO. 51 ON FREE INFORMATION CARD
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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 tc
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 of
value to you. o

 ENGLISH-LANGUAGE SHORTWAYE BROADCASTS FOR MAR. & APR.

by Richard E. Wood

TO EASTERN NORTH AMERICA

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 a.m. 1100-1300 Melbourne, Australia G 9.58
London, England G 5.99 (via Sackville) 6.195 (via Antigua), 15.07
6:00-3:00a.m. 1100-1400 **VOA, Washington. USA G 5.955, 6.185, 9.565, 9.73
6:05-7:35 a.m. 1105-1235 Trans-World Radio, G 11.815
Bonaire, N.A.
6:28-9:00 a.m. 1128-1400 *°Montreal, Canada G 6.065, 9.625 (includes other Janguages)
{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, Ecuadar G 11.745
7:30-8:00 a.m. 1230-1300 Stockholm, Sweden F 15.305
7:309:30 a.m. 1230-1430  Trans-World Radio, G 15.255 (Sat., Sun.)
Bonaire, N.A.
7:30-11:30 a.m. 1230-1630 « HCJB, Quito, Ecuador G 11.745, 15.115
8:00-8:30 a.m. 13001330 London, England G 5.99 (via Sackville}, 6.195, 11.775
{both via Antigua), 15.07
Helsinki, Finland G 15.105 (Sun. to 1455)
8:15-8:45a.m. 1315-1345 Berne, Switzerland G 15.14
9:00-9:30 a.m, 1400-1430 Osto, Norway G 15.175 (Sun.)
Stockholm, Sweden F 15.305
9:00a.m.-6:30 p.m. | 1400-2330 “*Montreal, 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 F 15.325, 17.82
11:00:11:30 a.m. 1600-1630 Oslo, Norway G 15.175 (Sun.}
11:00 a.m.-12:09 p.m. 1600-1709 London, England G 958 (via Sackville; Sat., Sun. to 1745)
12 noon-3:00 p.m, 1700-2000 ' *“Kuwait, Kuwait 1] 12.085
12:05-12:55 p.m. 1705-1755 | **Paris, France ] 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. 1900-1930 **Montreal, Canada F 11.865, 15.26, 15.325, 17.82
2:00-5:00 p.m. 1900-2200 | “*Jiddah, Saudi Arabia F 11.855
2:30-3:00 p.m. 1930-2000 °°Tehran, Iran G 9.022 (Time may change after Mar. 20)
2:30-3:30 p.m. 1930-2030 *“Baghdad, lraq F 9.745
3:00-3:30 p.m. 2000-2030 | * *Montreal, Canada F 11.865, 11.945, 15.325, 17.82
Jerusalem, !srael [¢] 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.
5:00-5:15 p.m.
5:00-5:30 p.m.
5:00-5:45 p.m.
5:00-6:15 p.m.
§:00-7:30 p.m.
§:30-6:00 p.m.
5:30-6:20 p.m.
5:30-8:30 p.m.

5:45-6:00 p.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.

7:00.9:00 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.

8:30-8:56 p.m.

8:30-9:25 p.m.
8:30-11:00 p.m.
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2000-2115

2010-2050
2030-2120

2050-2120
2100-2150
2115.2200

2130-2200

2130-2220
22002215
2200-2230
2200-2245
2200-2315
2200-0030
2230-2300
2230-2320
2230-0130

2245-2300

2300-2330

2300-2355
2300-0050
23000100
2330-2355
2330-0030

2230-0607

2345-0045
0000-0025
0000-0030
0000-0055

00000200
0000-0245
0015-0030
0015-0100
0030-0100

0030-0130

0040-0500
0100-0115
0100-0120
0100-0130
0100-0145
0100-0155

0100-0300
0100-0330

0100-0400
0100-0450
0110-0130
0130-0150

0130-0155

0130-0225
0130-0400

London, England

**Havana, Cuba
**Hilversum, Holland

**Havana, Cuba
**Johannesburg, S. Africa
London, England

**Sofia, Bulgaria

* "Montreal, Canada
Hilversum, Holiand

* *Belgrade, Yugoslavia
Oslo, 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
Dslo, Nerway
Sofia, Bulgaria
Peking, China
**VOA, Washington, USA
**Luxembourg
Athens, Greece
Brussels, Belgium

London, England

Stockholm, Sweden
Kiev, U.S.S.R.
**Trans-World Radio,
Bonaire, N.A.

HCJB, Quito, Ecuador
Vatican, City

Rome, ltaly

Montreal, Canada
Berfin, Ger. Dem. Rep.
Prague, Czechosiovakia
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 Ascension),
15.42 (via Antigua}

17 885

11.23, 15.22 (both via Talata), 17.81,
21.64 (both via Bonaire)

11.8685, 17.75, 17.885
5.98,9.585, 11.90

5.975, 6.195 (via Antigua), 9.58,
11.75, 11.91 (via Montserrat)
7.115,953

11945, 15.15, 15,325, 17.82
9.715, 11.73 {exc. Sun.)
6.10,7.24,9.62

9.645 (Sun.)

5.975, 6.195, {via Antigua), 9.58
9.805

9515,11.88
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),
7.325,9.68, 11.75

5.975, 6.175, (via Sackville),
6.195, {via Antigua), 7. 325,
9.51 {via Sackville), 9.568

(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

.96 (exc. Sat., Sun.}

11.755

5.975, 6.175 (via Sackville),
7.325,9.51 (via Sackville), 9.58,
(via Ascension), 11.756

{via Montserrat}

6.195, 9.625 (inctudes other tanguages)

11.708, 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 Sackville),
7.325, 9.51 (via Greenville),
9.58 (via Ascension), 11.75
(via Montserrat)

6.045, 9.62

7.15,7.215

11.925

9.56,11.915

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} 11.455,
11.945, 12.055, 15.06, 15.52, 17.68
15.32,17.795

5.975, 6.12, {via Antigua),

6.175 (via Sackville), 7.325,

9.51 {via Greenvilfe), 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 Mal1a), 9.545 (via Montserrat),

9.565 (via Germany and Malta),9.605,
11.865 (via Malta)

6.20,7.30

6.155,9.77

5.99,6.19,9.57, 9.69, 11.77, 11.94
6.07,7.105, 7.115, 7.13,

7.195, 7.205, 7.44

AmericanRadioHistorv.Com

cordless
soldering
iron for
heavy-use
applications.

Complete
racharge 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
plus a PC Drill.

T

WAHL CLIPPER CORPORATION
Originators of Practical Cordless Soldering
Sterling. lllinois 61081 « (815) 625-6525

‘Manufacturing Excellence Since 1919
CIRCLE _NO 52 ON FREE INFORMATION CARQ

[medallion sy

IDLAND
PUSHBUTTON COMBINATION

AM/FM Stereo-8 Track
40 channel CB

R

*1292>

While Supply Lasts

Reg. List Price
$399.95

Model 63-540

FULL POWER TOP OF THE LINE

® L.E.0 Shows Operating Radio Mode.
CB Chanrel, and B-Track Program

® (B Monitor, Transmit/Receive Light,
Adjustable Squelch

® Automatic or Manual Tape Programming

® Local - Distant Switch tor FM

® Midiand Nationwide Warranty

® T"wide x 7"deep x 2% "high w/custom
with custom trim plate

[Accessonas e ————

AM/FM/CB Antenns (mounts

fike rag. car antennal List $39.95 now $29.95
Madsllion 5% Co-Axisl Speakers

List $39.95 pr. now $19.95 pv.

10 02. magnets

-LESLIE EDELMAN -

J.S. Rt. 309, Box 547, Montgomeryville,
PA 18936 'Phone Orders Call {215) 322-8599

Name

Address

City —_______ State ____2ip
I BankAmericard, Master Charge are accepted

| Card Number

CIACLE NO. 15 ON FREE INFORMATION CARO 101



100% Solid State * 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; reterence 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
Deater or call (516} 681-9300, 9:00
a.m.-5:00 p.m. EST. Major.credit cards

accepted. C rirn s
EICO--108 New South Rd. 7@%
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 you 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.
degree. 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. 13 ON FREE INFORMATION CARD

8:45:9:15 p.m. 0145-0215 ~ Berne, Switzerland

9:00-9:25 p.m. 0200-0225 ' Budapest, Hungary
9:00-9:30 p.m. 0200-0230 = Montreal, Canada
Oslo, Norway
Warsaw, Poland
9:00-9:55 p.m. 0200-0255 Peking, China
9:00-10:30 p.m. 0200-0330 Cairo, Egypt
9:10-9:30 p.m. 0210-0230 **Santiago, Chile
9:30-9:55 p.m. 0230-0255 ' Tirana, Albania
9:30-10:00 p.m. 0230-0300 = Stockholm, Sweden
8:30-10:15 p.m. 0230-0315  Berlin, Ger. Oem. Rep.
9:30-10:20 p.m. 0230-0320 Hilversum, Holland

10:00-10:25 p.m.
10:00-10:30 p.m.

0300-0325 Budapest, Hungary
0300-0330 Montreal, Canada
Warsaw, Poland

Lisbon, Portugal

Kiev, U.S.S.R.
0300-0355 Peking, China

Prague, Czechoslovakia
0300-0400 Buenos Aires, Argentina
0330-0355 Tirana, Albania

Vienna, Austria
0330-0430 ' London, England
0330-0450 ' Havana, Cuba
0400-0430 Montreal, Canada

Budapest, Hungary

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.

Bucharest, Romania
11:30 p.m.-12 mdt.  0430-0500 London, England
11:50 p.m.-1:00 a.m.  0450-0600 ! Havana, Cuba
12:00 mdt.-12:15 a.m. 0500-0515 | Jerusalem, Israel
12:00 mdt.-1:30 a.m, 0500-0630 London, England
12 mdt.-2:00 a.m. 0500-0700 HCJB, Quito, Ecuador
1:30-2:00 a.m. 0630-0700 London, England

TIME-PST TIME-GMT STATION
4:00-4:15a.m. 1200-1215  Tokyo, Japan
4:15-4:30 a.m. 12151230 HCJB, Quito, Ecuador
4:30-6:30 a.m. 1230-1430 Trans-World Radio
Bonaire, N.A.
4:30-8:30 a.m. 1230-1630 HCJB, Quito, Ecuador
5:00-5:30 a.m. 1300-1330 London, England
6:00-6:30 a.m. 1400-1430 | Tokyo, Japan
7:00-7:15 a.m. 1500-1515  Tokyo, Japan
7:15-7:30 a.m. 1615.1530  Athens, Greece
8:00-8:15a.m. 1600-1615 ' Tokyo, Japan
8:00-8:30 a.m. 1600-1630 Seoul, Rep. Korea
Oslo, Norway
9:009:15 a.m. 1700-1715 | Tokyo, Japan

9:00 a.m.:12 noon
10:00-10:15 a.m.
10:00-10:30 a.m.

1700-2000 | **Kuwait, Kuwait
1800-1815 | Tokyo, Japan
1800-1830  Seoul, Rep. Korea
Oslo, Norway
1900-1915 Tokyo, Japan
2000-2015 = Tokyo, Japan
2000-2030  Jerusalem, Israel
2000-2115 ¢ London, England

11:00-11:15 a.m.

12 noon-12:15 p.m.
12 noon-12:30 p.m.
12 noen-1:15 p.m.

12:10-12:50 p.m, 2010-2050 « **Havana, Cuba

12:30:1:20 p.m. 2030-2120  **Hilversum, Holland
12:50-1:40 p.m. 2050-2140  **Havana, Cuba
1:00-1:15 p.m. 2100-2115 Tokyo, Japan
1:40-2:40 p.m. 2140-2240 Taipei, Taiwan
2:00-2:15 p.m. 2200-2215 Tokyo, Japan
2:00-4:00 p.m. 2200-2400 °°*VOA, Washington, USA
2:30-3:00 p.m. 2230-2300 ' Jerusalem, Israel
2:30-3:20 p.m. 2230-2320 Johannesburg, S. Africa
2:30-4:00 p.m. 2230-2400 Moscow, U.S.S.R.
3:00-3:30 p.m, 2300-2330 TYokyo, Japan

Vilnivs, U.S.S.R.
3:00-4:30 p.m. 2300-0030 London, England
3:00-4:50 p.m, 2300-0050 _ Pyongyang, P.D.R. Korea

AmericanRadinHictaory 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
11.818, 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,
11.815, 15.12

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)

T0 WESTERN NORTH AMERICA

QuAL*

FREQUENCIES, MHz

5.99
11.745
15.255 (Sat., Sun.)

11.745,15.115
11.775 (via Antigua)
5.99

5.99

11.73,15.345, 17.83
9.509

9.64

15.175 (Sun.)

9.505

12.085

9.505

9.72 (variable)
15.175 (Sun.)

9.505

9.505
7.412,9.425,9.815
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
6.98,9.585, 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, 9.51 (both via Antigua),
9.58, (via Ascension)
9.977, 11.535



4:00-4:15 p.m.
4:00-4:30 p.m.
4:30-5:00 p.m.
4:30-5:30 p.m.
4:30-7:30 p.m.

4:40-9:00 p.m.
5:00-5:15 p.m.
§:00-5:30 p.m.
5:00-5:55 p.m.

5:00-6:00 p.m.
5:00-7:00 p.m.
§:30-6:00 p.m.
5:30-6:30 p.m.
6:00-6:15 p.m.
6:00-6:30 p.m.

6:00-7:00 p.m.

6:15-6:30 p.m.
6:30-7:00 p.m.
7:00-7:15 p.m.
7:00-7:25 p.m,
7:00-7:30 p.m.

7:00-7:55 p.m.

7:00-8:00 p.m.

7:10:7:30 p.m.
7:25-7:30 p.m.

7:30-8:15 p.m.
7:30-8:30 p.m.

7:30-10:00 p.m.
8:00-8:15 p.m.
8:00-8:25 p.m.

8:00-8:30 p.m.

8:30-9:00 p.m.

8:30-11:30 p.m.
9:00-9:15 p.m.

9:00-9:30 p.m.
9:00-10:30 p.m.
9:00-11:00 p.m.
9:30-9:50 p.m.

9:30-10:20 p.m.
10:00-10:15 p.m.
10:00-10:30 p.m.
10:00-11:00 p.m.
10:30-11:30 p.m.
10:30 p.m.- 12 mdt.
11:0011-15 p.m.

11:30 p.m. 12:20 a.m.

12 mdt.-12:15 a.m.
12:30-1:20 a.m.
1:00-1:15a.m.
2:00-2:30 a.m.
3:00-3-15 a.m.
3:00-4 50 a.m.

0000-0015
0000-0030
00306-0100
0030-0130
0030-0330

0040-0500
0100-0115
0100-0130
0100-0155

0100-0200
0100-0300
0130-0200
0130-0230
0200-0215
0200-0230

0200-0300

0215-0230
0230-0300
03000315
0300-0325
0300-0330

0300-0355

0300-0400

0310-0330
0325-0330

0330-0415
0330-0430

0330-0600
0400-0415
0400-0425

0400-0430

0430-0500

0430-0730

0500-0515

0500-0530
0500-0630
0500-0700
0530-0550

0530-0620
0600-0615
0600-0630
0600-0700
0630-0730
0630-0800
07000715
0730-0820
0800-0815
0830-0920
0900-0915
1000-1030
1100-1115
1100-1250

Tokyo, Japan
Moscow, U.S.S.R.
Kiev, U.5.5.R.
Moscow, U.S.S.R,
London, England

HCJB, Quito, Ecuador
Tokyo, Japan
Montreal, Canada
Peking, China

Taipei, Taiwan
Melbourne, Australia
Moscow, U.S.S.R.
Tokyo, Japan
Tokyo, Japan
Montreal, Canada
Oslo, Norway
Moscow, U.S.S.R.

Athens, Greece
Stockholm, Sweden
Tokyo, Japan
Budapest, Hungary
Montreal, Canada
Kiev, U.S.S.R.
Peking, China

‘Buerno Aires,

Argentina

Prague, Czechoslovakia
Taipei, Taiwan

* *Santiago, Chile
Erevan, U.S.S.R.

Berfin, Ger. Dem. Rep.
London, England

Moscow, U.S.S.R.

Havana, Cuba
Tokyo, Japan
Budapest, Hungary

Bucharest, Romania
Montreal, Canada
Oslo, Norway
Berne, Switzerland
Vienna, Austria
London, England
Moscow, U.S.S.R.

Jerusalem, Israel
Tokyo, Japan

Lisbon, Portugal
London, England
HCJB, Quito, Ecuador
Cologne, Ger. Fed. Rep.

Hilversum, Helland
Tokyo. Japan

Seoul, Rep. Korea
Buenos Aifes, Argentina
London, England
Havana, Cuba
Tokyo, Japan

* *Hilversum, Holland
Tokyo, Japan
““Hilversum, Holland
Tokyo, Japan
Tokyo, Japan

Tokyo, Japan
Pyongyang, P.D.R.
Rep. Korea
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16.105

12.05, 16.14, 15.18, 15.455
11.69, 11.79, 15.10,15.18, 17.87
9.78, 12.05, 15.14, 15.455
6.12 {via Antigua), 6.175

{via Sackville), 9.51

{via Greenville}, 9.58

(via Ascension}

9.56, 11.915

15.105

9.535, 11.94

11.375, 11.455, 11,945,
12.055, 15.06, 17.68
15.345, 15,425, 17.89

15,32, 17.79%

9,78, 11.86, 12.01, 15.14, 15.455
11.84, 15,195, 15.42, 17.825
15.108

6.185,9.535

9.645 (Sun.)

9.735,9.78, 11.86, 12.01,
15.14, 15.455

9.76,11.73

6.045, 9.695

15.105

6.00,9.585, 11.91, 15.225
5.96, 6.185, 9.535, 9.605
9.58,9.78, 11.86

7.12,9.78 {both via Albania}
11.375, 11.65, 12.055, 15.08,
17.535, 17.65

9.69 {exc. Sat., Sun.}

5.93, 7.345,9.54,9.63, 11.99
15.345,17.89

9.566, 11.705, 15.13

9.735, 12.00, 15.18 {Tues.,
Wed., Fri,, Sat.)

5.955, 6.08, 9.73

6.12, {via Antigua), 6.178

{via Sackville)

7.13,7.175, 7.26, 7.30,
954,958, 9.61,9.735,9.78
11.76

15.105

6.00,9.585, 11.91, 15.225
{Tues., Fri.)

6.99, 6.19,9.57,9.69, 11.77, 11,94
5.96, 9.535

9.618, 9.645, {Sun.}
6.045,9.725

6.015

6.175 (via Antigua)
7.13,7.175,1.26,7.30,

9.54, 9.58,9.61,9.735

5.90, 7.412, 9.82 {variable)
9.505

6.025, 11.93%

6.175,9.51, (both via Ascension)
6.095, 9.56, 11.915

5.96 (via Antigua}

6.04 {via Montserrat), 6.10, 6.185,
9,545, 9.59, {via Montserrat)
6.165, 9.715. {both via Bonaire}
9.505

9.64,9.675, 11.86 (variable)-
9.69 [(exc. Sat., Sun.}

6.175 (via Sackville}

9.525

9.505

9.715, 9.77 (both via Bonaire)
9.505

9.715, (via Bonaire)

9.505

599

5.99

9977, 11583

*Reception quality, East Coast (West Coast) location: G-good, F-fair, P-poor

**Not intended for North Amernica. but recewable satisfactonly
Days refer to local date in target area

AmericanRadiaHictory Com

[SAVE!)

MONEY © TIME o rmm

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY

FACTORY SEALED CARTONS—
CUARANTEED AND INSURED.

SAVE ON NAME BRANDS LIKE:

PIONEER SANSUI
KENWOOD DYNACO
SHURE SONY
MARANTZ KOSS

AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL - FROM

illinols audi
| N Quolo
12 East Delaware

Chicago, Illinois 60611
312-664-0020

CIRCLE NU 22 ON FREE INFORMATION CARD

2 Manufacturer

8700 Processor: 6503 MPU._ Wear free
“Active Keyboard". Micro-Diagnostic.” Extensive
documentation, FullySocketed.

Piebug Monitor: User Subroutines,

Relative address cakulator, Pointer High-low,

Badk-step key.

Cassette Interface: Load & Dump by

file #, Positive indication of operation. Tape

motion control.

Applications systems from $30 (10unit quantity)
Development systems from $149 (single unit)

myseclf that the 8700 is The Answer, t

[ 1 Please send documentation $10 enclosed. ;

{ ] send price lists & FREE Catulog of other

PAIA kits. 1
name:

: Address:
: City: State: zip

: DEPT. 3-P o 1020 W. Wilshire Blvd. :
| ELECTRONICS « Dklahoma City. OK 73116

CIRCLE NO. 37 ON FREE INFORMATION CARD



ELECTRONICS Market Place

. Ik )
7 f . tinuing E n Series 2 || e e e WRAP o STRIP unwm\p
2N || Continving . - '
) SN7. » SN74180N 125 "3 ! ; o Tool for 30 AWG Wire
SNTA00N 1 47N Wir
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= Ihe leags are bent 90° for]| 8212 8 Bll Input/Qutput d 95 MCGSOO 8 Bit MPU 24.95
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924005-18R 40 18" 8.27 ea. | 5% 0Oua0 80 BIT 195 UPD414(210414K ’%;m»c 16 P 5% to 20 dbm
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Model 100A - :
i INTRA-SWITCH $229.00/kit s em | R

« Times to 59 minutes 59 59 seconas
» Crystal Comiolied Time Base

Permits instant line-by-line switching for diagnostic or QA

= 90€|d 19M1eN

testing. Switches actuated with pencil or probe tip. Mates withle Analyzes any type ol digital system -'Ymee g!np‘wlsl:he(s n 2:( -
standard .10" x 10" dual-row connectors. Low profile design.§e Checks data rates in excess of 8 e o i‘l .F imes Singie Event — Spiit & Taylor
Switch buttons recessed to eliminate accidental switching million words per second w ] :3':::15”’:"?""50"7590 {4% ounces)
Pari No.:15-25  No. of contacts: 26 Price 513 80 e2. | o Troubie shoa! TTL. CMOS. OTL. RTL ¢ f°'“§|a°r"’"“"°"5 are Kit $39.95
— - r Schoitky and MOS families foubleshooting mucropvodc:ss?r a
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Biturcated Contacts — Fils .054 to 070 P.C. Cards < 102 0 onmesouton | 3 Fomkuomane e Charger 12V wih auto | e Auto Zeroing o Low Power s
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22/44 PINS (Solder Eyelet) $2.95 Ranges: OC Vottage - 0-1000V; x5.63° Model 311D-5C-5V Power Kit $17.50 -
50/100 PINS (Wire Wrap) $6.95 :'c Val::oe o-mo;;vm e -
50/100A (100 Soacna)  PINS (Wire Wrap) §6.95 s T et JE700 CLOCK
25 PIN-D SUBMINATURE {RS232) :;:'S‘;"‘tel 3:0 2 ohm k - The JE70015 2 fow cost digal cock. but § 8
DB25P PLUG $3.25 ! 15 3 very high quanfy umt _vm unit fea-
Model 2800  Accessorles: ures & smuiated waimut Case with g
DB25S SOCKET $4.95 $99.95 AC Adapter BC-28  59.00 | ACCESSORIES FOR MAX 100: mensions 016 12 « 1 N ulizes 3
o g Mabile Charger Eliminalos § MANT2 hign braghiness readoul and Ing
Rech bl
w’ mouning hoies  SWITCHES Comes wi st celaigeane use power from car battery  Modal 100 — CLA $3.95 Mo 2ty MBI cock ctp
ieads. operatng manval  Batterles BP-26  20.00 | chagger/Eriminatar
19 108 ang epare tuse Carrying Czse LC-28 7.50 | s 116 AC Matel 100 — €A1 55.95 | yys e KIT ONLY Ei
e g oo ande 2 0 L GONTINENTAL SPECIALTIES | eeorocues HEXRDECIMAL ]
R MI221  OPDT -ott-on 255 187 ther CS Proto Board . |
MR oo-mmawee) 2ol QRO oot 238 PH()TS()1 g(;gnn 6 Pmoq 48'56,( Sro o oarss19 ] :; m s:;g ENCODER (1)9 KEY PAD§ 4
) . .95 . 1
MPCI2)  SPDT  on-gft-on 5205 $153 (6" long X 4" wide) PB101 - 5.87 x 4.5’ 29.95) 24 PN 8.50 : ABCDEF "d
< T0GGLE M::ca;a Ssn; on-none-on ;;g :g; - PB102 - 77 x 4.5 39.951 40 PIN 13.75 o Shift Key b =
P ut) MPC221 0 on-opH-on . . = - §
f 1Prtes Grcan) e I PBlog 9 X6 gg ga OESIGN MATES « 2 Optional Keys 5
PB104 - 9.5 x 8 5 1 - Circuit Designer i
- s spor . PB203 - 9.75x 6% x 2%  80.00 $69.95 $10.95 each I
- maintained 1.95 o - -
B e 3B S e om0 PBRO3A - 0.75 6% X 2% 129.95 | oz . Funcion & ¥
, $74.95 A&
) LOGIC MONITOR $84 95 DM3 - RC Bridge Hew 63 KEY KEYBOARD $29-9c? Bl
PUSH BUTTON MS102  OPST  momentary open 35 30 i IN STO -
T:‘ Minature M5103  SPST  momentary m;ﬂ » for DTL. HTL. TTL or CMOS Devices O o ’.574'95 =y This keyboard teatures 63 unen- Pi'
pe #nales P |
— J — —|E=S5E= QT PROTO STRIPS g e e ety i | |
DIPSWITCH 206-4 pin dip swiich 75 165 - . Q1598 pusstp 240 molded plastc 13 « & base
B St 206.7 14 pindp 7 swich 195 185 - iy arses 01475 470 1P suts mosl appiicanons k=
2068 160mdip 8 swich 225 215 umzm DN - o g;';;: Pralin] s T WDBeS  Fncoder Chp fencodes 16 Reys) BEXE
07358 o 260 AY-5-2376  Encodsr Chip fencodes 88 Kevsh $14.95 oa.
1/16 VECTOR BOARD ‘ s v 4% .1
s PP P o125 120 375 -
e - S JE803 PROBE - |
PHENOLIC 6443 062XXXP 150 650 172 154 b i - of 355 — - - T6e Logee Peobe s 2 unit whiCh 16 [0 the most par* =, .
- ;Eg::Aoggﬁxxv :gg nz 23 ;g; egg o i d ‘:.'q' ot Expenimentor 300§ 995 -;_-'amg'sme' m;_rw Snooting Iogic darubes %
8 . EET T Py - L A . " wes the ta L 3
GLASS 52;;4 oezwvs 4.50 8.50 ; 56 2.:; - alse Expenmmrgoog_s“lg%. neegs lu‘ operate ety owu:; |:e um:?::an = 9‘3‘—7 - o |
169P4 062WE 450 1700 S04 4 35.00 Minlmum Order — U.S. Funds Only Spec Sheeis - 25¢ — Send 35¢ Stamp for 1978 Catalog || 161 91w 2 scant 10 mA ma. 1t uses 3 MAK
EPORY|GUASS "ggz‘:: m:u 3 z :; % :g :~fg Callturnia Residents — Add 6% Sales Tax Dealer Information Avallabie :;ﬁ:‘:&m‘ﬁ: '7‘;[‘3;4':' ::'";’;&"( ”“F',“,:: 3 .
GOPPER CLAD [ He s i) 1978 Pt i i g ey it 015 W $9.95 Per Kit
1t €an t De used a1 MOS levers or Cacut tamage
INSTRUMENT/ ames CGATALOG  amien orinted circuit board F
CLOCK CASE NOW T2L 5V 1A Supply b
Injection molded unit. E L E CT RON |C S AVAILABLE This 5 a standard TTL power suppiy using the well knawn E;,
I I M309K iC to proved g | AMP of currentats | I8
e e s 1021-A HOWARD AVE., SAN CARLOS, CA. 94070 vots. We iy 1o make T ¢y 1 you oy orovang | B
\ PHONE ORDERS WELCOME — (415) 592-8097 everying you neeawn one package. mcruting e hardware Jf 88
$3.95 ea. Advertlsed Prices Good Thru March e $9.95 Per Kit '-u
CIRCLE N0 28 ON FREE INFORMATION CARD N
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SANKEN Seres S1-1000G amplifiges
are setf-contained power hybnd an
vhifiers designed for H\-Fi. siereo
musical snstruments. public address
systems and other audo adphcanons
The ampnfiers have guasi-cormiple
menary class B autpui The circunt
employs  fhpchip transistors  with
nigh reliabiinty and passivated chip
power transistors with excellent sec
ondary breakdown sirengih. Built-in
current limiting s provided for Si-
1050G and al! devices can be oper-
ated from a single or sphit power
uoply

$1-1010G (10V¥ outputh
§1-1020G (20W output|
$1-1030G {30W output)
$1-1050G (S0W autput| .

$ 6.90
$13.95
$19.00
§27.80

Data Sheet wih Application Notes

$0.50

irial apphc.

Buill-in ¢
radiating ¢

LEFT

«

ot

Multi-purpose hinear amnlifiers for

:

HYBRID
AUDIO
POWER

AMPLIFIERS

acations

Less than 0.5% harmonic distortion at full power tevel
1/2 dB response trom 20 10 100.000 H7
Stngle or split {duall power supply

Rugged. compact and I'ghtweigh! packages

urrent himiting for $1-1050G and ef!
onstruction

TYPICAL CONNECTIONS
$1-1050G WITH SPLIT SUPPLY

{—ty

Mo 10 1

It

W p0e
+

v 3 5
jrapz ]

omercial and 1ndus

SOCKET FOR
SANKEN
AUDIO AMPLIFIERS

FEATURES

rent heat | page at a time.
tensity.
to end of

o> 4| acters {1,920).

pad.

phosphor.

CURSOR CONTROL- Forespace, backspace,
up, down, new line, return, home, tab, plus
absolute cursor addressing.
TRANSMISSION MODES— Conversation (half
and full Duplex) plus block mode—transmit a

FIELD PROTECTION— Any part of the dis-
play can be "protected’ to prevent overtyping.
Protected fields are displayed at reduced in-

EDITING— Clear screen, typeover, absolute
cursor addressing, erase to end of page, erase
line and erase to end of field.
DISPLAY FORMAT-— 24 lines by 80 char-

CHARACTER SET— 96 characters total. Upper
and lower case ASCI!.
KEYBOARD— 73 keys including numeric key

REPEAT KEY— 15 cps repeat action.
DATA RATES— Thumbwheel selectable from
75 to 19,200 baud.

J SCREEN— 12 inch rectangular CRT — P4 ASSEMBLED

SOROC 10120
TERMINAL

S $995.00

CARBON FILM RESISTORS I5%)

STANDARD MICROSYSTEMS
DATA COMMUNICATIONS CIACUITS

COM2017H  UART {High Speed} § 9.00
COM2017HP UART (High Speed) $.10
COM2017P  UART 570
COM2502H  UART {High Speed)  14.20
COM2502HP UART (High Speed)  9.00
COM2502P  UART 8.00
COM2601  USAT 30.00
COMS50t6 Dual Baud Rate Gen. 13.20
CRT5027 CRAT Controtler $0.00

M
AEQ CASE
[
.00 HC33
18432 HC33
200  WC33
24576 HC33
32768 HWCA3
35719 HC33
4.00 HC18
4434  HC1B
4.55 HC18

ICROPROCESSOR C

PN

(2473
CO1A
cy2a
Cv2B
CY38
Y3
CY3A
cyac
CY4B

RYSTALS

PRICE| FREQ CASE P/N  PRICE| FAEQ CAasE PN PRICE
MK} MHz}
$9.50 49562 HCI8 CYBA $6.00| 1500 HC18 CYISA $4.75
950 6.00 HCI8 CYJA 600 18.00 HCIB CYI3A 475
825 6068 HC18 CYSB  6.00| 18432 HCIB CY13B 4.5
825 57143 HCI8 CBSC  6.00 | 196608 HCI8 CY20A 475
600 600 HCI8 CY6B 600 2000 MCI8 CY22A 525
6.00| 6.144 HC18 CY6C 6.00 23684 HCIB CY238 525
600 B.D0  HCI8 CYBG 600 2700 WL CY27A  B.1S
£.00 | 10.00 HC18 CYIZA 475 | 3200 HCIB CY32A  BIS
6.00 | 1431818 HC1B CY14A 475 1 100.00 HCI8 CY100A B.1S

50 VOLT CERAMIC DISC CAPACITORS

$1.00 Per Package Only 1n Muitiples of

Spt 9/pkg 220pt Bipkg .00Imid S/pkg .015mid B/pke 100 pes per value (ohms)

15pf G/pkg 270pt T/okg 0015mid 9/pkg 02mid Blpkg ;x ::«gg per :gg

25pf Q/pkg  300pt 7/pkg .0022mid 9/pkg .022infd B/pkg ° Za3iper

27pt 9/pkg 3300t 7/pkg 003mtd 9/pkg .03mfd B/pkg | 10 100 1.0K 10K 100K 1.0M
a7t Biokg 3900t 7pkg 0037mid O/pkg 03gmid Zpkg | 11 110 11K 11K 110K 11Mm
8801 B/pkg 4700t 7/pkg .005mid Q/pkg .047mid Tipkg | 12 120 1.2k 12K 120K ) 2M
13 130 1.3k 13k 130Kk 1 3™
1000t 8/pkg 5600f 7/pkg .0imfd 9/pkg Imid  6/pkg 15 150 15K 15K 150K 1 5
150pt B/phg 680pt 7/pkg 16 160 16K 16K 160K 1 6M
18 180 18K 18K 180x 18M
20 200 2.0k 20K 200K 2 OM
PLESSEY POLYESTER MINI-BOX CAPACITORS gi 220 22k 22 220K 2.2%
$1.25 Per Package 24 24K 24K 240K 2.4M
MED  QTY  MFD  QTY  MED QTY  MFD GTY 27 270 27K 27K 270K 2 IM
30 300 3 OK 30K 300K 3.0M
001 @/pkg 0068 8/pkg 039 7/okg 22 S/bkg | 33 330 3 3k 33K 330K 3 IM
0012 8fpkg 0082 Bipkg 047 kg .27 dlfoka | 36 380 3 6K IEK 3IGOK 3.6M
0015 8/pkg .01  S/ipkg .05 7okg .33 4/pkg | 39 390 39K 39K IYOK 39M
0018 B/fpkg 012 B/okg 068 7/okg 39 3/pkg | 43 430 4.3k 43K 430K 4 IM
47 470 47K 47K 470K 4 97M
0022 B/pkg 015 7ipky 082 7/ekg 47 ki | 51 510 51K S1K 510K 5 1M
0027 8/pkg 018  T/pkg .1 Tipkg 56 3/pkg | 56 560 5.6K 56K 560K 56M
0033 8fpkg 022 7/pkg 12 Glokg .68 2/pkg | 62 620 62K 62K 620K 62M
0039 B/pkg 027 7/pkg 15  Gipkg .82 2/pkg 9]: coogelekon <y enoki felam
0047 Bipkg .033 Tiokg 18 Sipkg 1.0 2ikg | g3 233 1% 19k Jo0% agm
0056 8/okg 91 910 91X 91K 910K 10.0M

«+ EZ-HOOK +

E-2 Hooks have been des.gned and treld tested through the indusiry (O save
ommerc.al elecieonic produchon and serv:

time and money in

spring toaded ook attaches tirmily . yel so gently it w

eot  rees hands while lesting

Durably comtructed and fully insulated 10 a
single CONtact POt assuning frue readings  Meets exacting laboratory and
space age computer technology requirements

AVAIL

ng  The
not damage compon

ABLE IN 10 RETMA

COLORS Red. black. blue, green, Oragne, vellow, white, viotel, brown
or gray
MICRO HOOK .' E
Jumper with XM
XM  Mwicso Mook 11 7% tong

<1 gram} tor aifticutt 1IC Tesung
Permits NOORuDs to delicate wires
where  weighl  and  leverage may
damage component 5.95 ea

Specity coror ORDER P/IN XM

Order No.
204xM-12°
204XM.24°

Micro Hooks

Sorcity color

Length Price

NEW from FLUKE MODEL 8020A
THE DMM FOR THE PROFESSIONAL

*200-Hr. Battery tife

* 26 Ranges for 7 Functions

* 2000 Count Resolution

» High Low Power Ohms

» Autozero and Auto
polanity

+» MOV protected to 6000V
against hidden transients
and overioad pratection
10 300V AC

+ Diode Tes1 Function

» Conductance Function
checks leakage resistance
10 10,000 meg ohms

*Size HWL (7.1 X34 X 1.8 IN

(18.0X86X4a5cml|

*Weight: 13 02

ONLY $169.00

. NON-LINEAR
SYSTEMS, INC.

PORTABLE 15 MHz
OSCILLOSCOPE

KIM:1

KIM-1

aud

and asin-digt

gramming Man.

Fully Tested

Fully Assembled

MICROCOMPUTOR

Computar Module irom MOS
Technalogy. 1K RAM. 2K ROM con.
finuing system evecutive, complete
catsett intertace, 15 bidirec
tional 1/0 lines, 2 24 key keyhoard

LED display

Documentation—KiM-1 Users Manual
6500 Hardware Manyal, and 500 Prc

ual

Only
$245.00

The MS-15 miniscope is only 2.7 x 6.4 x 75", and
weighs only 3 Ibs. Vertical bandwidth is 15 MHz. The
graticuled rectangular viewing area is four divisions
high by five divisions wide. Division spacing is 0.2
inches. Internal and external triggering, automatic and
line synchronization modes, and a horizontal input are
provided. There are 12 vertical gain settings from
0.01 V 10 50 V per division, and twenty one time base
settings from 0.1 us 10 0.5 us per division. An optional
10 to* 1 probe and a carrying case are also available.

12 $1.80
24 $1.80

XM-S MICRO HOOK SET
orange, yeltow, while. brown
Drice you can attord more than one set

COMPLETE SET {101 M

(L3

hades ca req

violet and gray Micro Hook

ICRO HOOKS

. Olack, biue, green

At this tow

58.45

MINI HOOK
18

X100W Mini Hook 12 25 1ong)
COMDINEs rugged cONStIUCLION Mini
ture size and Finger eze Mypo Action
for a5t the Dest test connections
Hook 15 large enough 1ar component

teads. vel small enough to gei nto
tight places $.80 ea
Specdy ORDER P/N X100W
caior

Minf Hooks

204 12w
204.2aw
Specity color.

Jumper with X-100W

Order No. Length Price

trom 68 ohm
t0 4.7 megohm

HIGH QUALITY CARBON FiLM

RESISTOR KIT

COMPLETE WITH STORAGE BIN

Each KIT Contains 20 Each of 42 Ditterent
% WATT 5% CARBON FILM RESISTORS

$2490

Power is provided by batteries or the 115 V_ 60 Hz line.

MS-15 MINISCOPE $289.00
41140 CARRYING CASE 30.00
41141 10 TO 1 PROBE 24.50

Intersit 32 DIGIT

12
24

$1.70
$1.70

S

Jumper X-100W Mini Hook

1o Stacking Banana Plug

Order No. Length
200w 22

@:K e

Price
$1.45

Jumper with X-100W Min:

ANCRONA

Send Check or Money Order 10 P.O. Box 2208P, Culver City.
Calif. 80230. Cani. residents add &
$1000 ADD St 00 1o cover postage and nandiing

sales 1ax. Minimum Order

Master

EXTRA LONG MINI HOOK
XL | Meny Hook 150
with an extea long body

2@ racks and Irhough deep wiring nest up to 4

i

Specity cotor

$1.30

JUMPER, XL-1 MINI HOOK TO STACKING BANANA PLUG

11080 Jetterson Bivd
Culver City.CA 90230
{213) 390-3595

1300 E Edinger Ave
Santa Ana, CA 92705
(714) 547-8424

Hook  Order No. Length Charge and Bankamericard weicomed linciude yout card
201 XM a2 number and exp. dave)
) Price TELEPHONE ORDERS: Call (213) 6414064
—_— ’ $1.50 CANADA.B.C
VISIT ONE OF OUR STORES A.8.C.
TODAY ANCRONA
« ANCRONA STORES DO
NOT ACCEPT MAIL OR
TELEPHONE ORDERS
tongl combines all the proven features of the X 100W
1 will make sate sharl free lest connections CALIFORANIA CALIFORNIA ARIZONA
ORDER P/N XL-1 ANCRONA ANCRONA ANCRONA

4518 E Broardway
Tucson. AZ 8571)
602) 881-2348

PANEL METER

LCD
or

KITS

BUILD A WORKING DPM IN 1/2HOUR WITH
THESE COMPLETE EVALUATION KITS

Test these new parts for yoursell with Intersi's low cost

OREGON GEORGIA TEXAS prototyping kils. complete with A/D converter and LCD display
Y28  Order No. Length ANCRONA ANCRONA ANCRONA {for the 7106) or LED display {for the 7107). Kis provide alt
iy 201%0L 1 32 tp‘zs N,s 82;37;‘;0 3330 Predmont Rd. NE 2649 Richmond materials. including PC board. for a functioning panel meter
oy 2
N Price ortland. Atlanta. GA 30305 | Houston. TX 77098
Specty calor ol {503) 254-5541 {404} 261-7100 (713) 529-3489 ICL7106EV (LCD) $29.95 ICL7107 (LED) $24.95
CIRCLE NO. 3 ON FREE INFORMATION CARD
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FA TDIES P

FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809

) Y o S S o S S I A S S S o o oS S = o ) oSS o o A & O A o o S S S IS S S S S S S SIS S IS

SOROC 10120 COSY APPROACH TO $975 00 8AKsssS MTBAL;[ DI cA NRDAT?ST?DO ARD
“n"l.“l REMOTE VIDEO Assembled

ol . 250ns. $§18995

Price Includes

BRI o Block Mode 450ns. $150.00

+ Swith Sereciatiie Trenamission

. ":lnm 7510 19 200 bys Stancard O‘LOWef Case * WILL WORK WITH NO FRONT PANEL
O FOx Broar o . . * FULL DOCUMENTATION {
« maces Prmn narncs ® 24 Line Option * FULLY BUFFERED X
= - « B5232C wierace @ an I i % S100 DESIGN
[ AR KA E Ty A : hon Giare Reso Out Scivan d Sh'Pp ng * ADEOUATELY BYPASSED
e charge is on us. * LOW POWER SCHOTTKY SUPPORT IC S

KIT

THE PROM SETTER | JADE VIDEO INTERFACE KiT | 250ns. $169.95

WRITE i READ FEATURES $89.95 450ns. $129.95 Q)
$-100 Bus Compatible
1702A-2708-2716 32 or 64 CRaratters per line . BARE BOARD $25.00 3
5204-6834 Graphics (128 x 48 matrix) —sCHEMAT P Y
o Plugs Dirertiy into your ALTAIR/IMSA[ Camputer Paralle ompositive video | 8800
e g1 Ml el et e s board lowrpower memory S8YSTEM TO OUR §-100 8K RAM (0]
S, Powerful softhabe |n§Iuded for BOARD. KIT PRICE $12.95 =
* The EPROM Sockel Unit is connecled lo the Com- ursor, home croll Graphlcs/
zulrr through a 28 Pin (;,nr:‘n:’clhnr e ' haracter etlc & G k S 100
¢ Peagramming is accomplished by the Computer er e wer case ree =
o Jusi Read 1n the Progtam to be Wrilten on the ngk o%as\/vhltt)e: whsute -on-black S Tl COMPATIBLE u
};N:,":":P;':'" your Processar and let the Computer E
® tise Sockel (it to Read EPROM’s Cantents into DE
vour Computer MOTHER BOARD JA Z
e Saltwarr neluded » ARD f .
* N0 Extvenal Power Supphes. Your Computer does DB L e R Bc)panel \g{nrom —with PROVISIONS for KIT o
« b a5 <n bt B Paralel 10 . T D D PLANE ON ONE SIDE CNBOARD 2708 and POWER ON JUMP ()]
o Maniial included * RC NETWORK TERMINATI
THE PROM SETTER . (EVERY LINE EXCEPT PWR & GRD $1 35.00 EA. ewa)
KIT ASSEMBLED . STRONG 1/8" THICK DOUBLE SIDED )
$210.00 $375.00 BOARD

BARE BOARD $35.00 KIT $85.00
PERSCI DISK DRIVE FOR S-100

COMPLETE
Info 2000 S-100 DISK SYSTEM
(includes dual drive, power supply, case,
intelligent comroller adapter, cables, and
disk monitgr on EPROM]) $2.650.00

COMPLETE TDL SOFTWARE
KG. FOR DISK

$149.95 EA. w2
BARE BOARD $35.00

JADE 8080A KIT
$100.00 it

BARE BOARD $35.00

JADE PARALLEL/SERIAL
INTERFACE KIT
5100 $124.95 KIT

2 Serial Interfaces with RS232
interfaces or 1 Kansas City cassette
interface,

Serial interfaces are crystal controlled.
Selectable baud rates.

Cassette works up to 1200 baud.

1 parailel port.

Qi e

$195.00

MICROPROCESSOR's | 80BUA SUPPORT DEVICES | CHARACTER PROM'S OTHER COMPONENTS
£8 1995 | 8212 395 GENERATORS | 17924 o9l nwoozsen a0 - VIDEO INTERFACE f
280 25.00 g;: 9.23 2513 UP 575 | 2708 1300 ::?(;gGCN :7128
1 4 ~ .
e e (157 495 o) 29 21 8ol ners 245 You will want to know about the TV-1 Video :
AM2901 2295 | 8228 875 2513 DOWNISVI 1095 | 5203a0 aoo| 14367 30 to Televisior Interface Kit. . . £
6502 BEON RS B0 MCM65 71 1080 | 570420 oo OM8098 & No need to buy a separate Video Monitor if 3
¥
5008.1 875 |[B253 28 00 :gxgg;;“ o p 16oe| aso 95 you already own a TV set. Just connect the S
B0BOA 1595 | 8259 1200 MCME574 1475 | g25238 ap0| 032074 200 TV-1 between your system video output and =
TMS 9900TL  B9.95 | 8257 2900 MCMB575 1475 | 82238 20| Gl p5 the TV set antenna terminals - that's all there 3
5800 SUPPORT - £.1201 295 is 10 it - 10 convert your TV set 1o a Video -
DYNAMIC RAMS MM.§320 750 itor, and at a much lower cost! E
68100 a9 STATICRAMS 124 2593 100 S ool P o, fonitersland,at alimuic PRICE $8.95 -
6820° 8,00 21L02 14501 150 a0 125 2108 as0]  om-830 290 z
68280 pas 2102 (2500 195 180 150 21074 3715| DMm8I31 275 L
6884F, ‘- 2001 425 a0 395 21078 as50| omB8M 250
6850P 995 11014 1,49 129 51 21078.4 400| OMBB833 250 B
68529 1195 210 295 275 2860 TMS4050 as0| oDOm-8835 250
68600 1485 2107 1.28 115 100 TMS4060 450 | sN7aLS367 20
6862P 1o 21021 150 130 115 2096 a50|  sn7a5368 50 Computer Products
men i I 1] A I B e
2112 Y ~<
Z80 SUPPORT OEVICES 2114 1795 1695 1650 MMS528G 600 | ine. s 22500 <l g 5351 WEST 144th STREET
1881 1299 42004 1295 o ‘K‘)gz McMeses 600 {6602 1295 4 = LAWNDALE CALIFORNIA 90260
3882 12.9% 5101C € 195 q 6520 900 - )
W FORM G A KEYBDARD CHIPS E:;‘IOS'J‘\ 5.50 oo Hs o4 (219 679:3313
£-8 SUPPORT DEVICE AVEFORM GENERATOR 6530002 1595
$1 " a0as <00 avs2ar6 1295 [ AYS101aA 895 fees0003 1595 RETAIL STORE HOURS M-F 9.7 SAT 9.5
st s MCa024 250 Avedgoo 139 | TR 16024 252 |es30002 1695
- - (i) L Ty R 10.80 6930005 b Drscounts available at OEM quantities Add $1 25
M. 10.80 RY
LATE ADDITIONS FLow e 6403 us tor shipping. Calitornia residents add 6% sales tax
TMS 4044  $14.00 27180 5 $-2350 10 95
TMS 5501  $24.95 ! ‘ 9195

FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809
PV I I T VI VI I VI, SO O DL = Y oA o o I Y A I o ) o S o IS S =S =/
CIRCLE NQ. 26 ON FREE INFORMAT'ON ©CARD
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SAVE 25% - DELUXE AM/FM WALL RADIO
Great surplus buy saves you 25% on brand new
AM/FM Deluxe Wall Radio. Mount anywhere:den,
kitchen, bedroom, office, workshap. Self-cont.
Philco-Ford radio chassis (14%x313116x3Y2"")
w/11 transistors, vol. control, AM/FM hi-sensi-
tivity tuner, AFC, 2%" dia. speaker, 712" 110V
AC cord. Orig. cost $30 ea.

No. 72,275 AV 32250 Pod.

(READY TO PLAYY)

TRACK ELECTRONIC DATA WITH THIS
LOW-COST, STRIP-CHART RECORDER
Monitor Solar, Temperature, Electrical
Experiments and More.
Now you can monitor electronic data on this

highly-accurate,  highly-sensitive  strip-chart
recorder. Features gear train providing 1" per
hr. chart speed, die-cast aluminum case, reroll
or tear-off operation, taut-band measuring ele-
ments with shock & vibration-resistant opera-
tion. Range: 0-1 mA. Accuracy: + 2%. 1 sec.
full scale response. Records on inkless, pressure
sensitive chart paper. Weighs only 312 Ibs.

$129.95.,

No. 1676 AV
6 Replacement Charts.
No.P-61, 104 AV

Ppd. |

55
==

je==

GET THE 5-IN-1
ELECTRICAL TOOL
USED BY THE PROS...0nly $9.95
This electrician's 5-in-1 tool makes all
wiring jobs a snap. Scissors-action tool
serves as wire stripper, 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. 8!/ leng.

No. 42,626 AV 39.95 Ppd.

KNOW YOUR
ALPHA
FROM
THETA!

For greater relaxation &
concentration, maonitor
your Alpha/Theta brain-
waves with audio or
visual signals on Bio-
sone |l. Features of
$200-up units. 3 feed-
back modes! 4-Ib.

No. 1668 AV
(9V2x5%/gx414")

$149.95;,

No. 71,809 AV
(FOR BEGINNERS)

359.95de.

Send for your FREE
164 page Edmund
Scientific Catalog

with over 4000 bargains

$17.95 o £

MONITOR
YOUR BODY'S
STRESS
AND STRAIN

Designed by clinical psychologists and engineers,
this galvanic skin response monitor (GSR-2) is
an effective device for learning tension reduc-
tion techniques. Muscle signals are amplified
and fed back in varying tones. Discover the
science of biofeedback with GSR-2. Comes with
batts., earphones, cassette taped instr., meter,
temp. and remote probes and manual. Learn to
unwind.

No. 42,637 AV 379-95 Ppd.

USE POWERFUL
ULTRASONIC
WAVES TO CLEAN
TOOLS, PARTS,
COINS & JEWELRY

Edmund Ultrasonic Cleaner is designed to clean
small, delicate and intricate items. Solid-state
circuitry with 3 oz. capacity cleans gently yet
effectively with penetrating ultrasonic bubbles
and waves. All metal construction, 115V AC with
in-line switch. Comes complete with tweezers,
brush, 3 pkgs. of cleaning powder, instructions.

343-95 Ppd.

No. 41,373 AV

TO ORDER PRODUCTS
USE THIS COUPON

: (] Please send me the following items | have
I EDMUND SCIENTIFIC CO. indicated belaw:
| EDMUNDSCIENTIFICCO. | (e BfAVCESdscorside Stock No. ay Prce
Dept. AV06, Edscorp Bldg. REs=| [ Enclosed please find check/M.0 .
I Barrington, New Jersey 08007 l Charge My [JAmer.Exp. (JBAC(VISA) (JMC
I I Baeaninicant  Interbank # — Acct # __
Send GIANT 164 Page Catalog [t & ] Card # Exp. Date
I packed with unusual bargains. I MMW . ’
------ £ 8. —
I Name I . 2 N.). residents add 5% sales tax Handling $1.00
e SERCE—
Address I 30 DAY GUARANTEE Name
; Ted with any Fomund Hem o1
IcIty I rl:t’urI? il' w::lhin 30 days for Address
(] nd. .
State Zip -| = City State Zip L
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POLY
PAKS

FOR THE ELECTRONIC MAIL-ORDER HOBBYIST!

COMDUTEDR DEDIDHEDAL
PALTS WOLEKSHOD

POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE

MAIL
ORDER

Tk A A A ik Sk Ak A ARk dedoke A Ak Ak A dee e o

HEXADECIMAL MICROPROCESSOR

POLY PAKS SPECIAL

t “RED” LED READOUTS! BUY $i5 YA
: en asiowas 20¢ each :oe‘tz:glsnwv:\n|curloeprn;c;:rn:‘r:d AND CONTROL 95 WORTH Take O
t. D :Z
B us-;"" MAN-:!""“”WO" o Sailio0 * esmpmenl 2Ee} rollover. Has KIEYBOARD KIT! _biscou T
0 JE1503 19 mMAN4: 2 for 3119 FessTlSiencoded, ff"‘"”}[h Wt. 2 Ibs B
x 9 g be assigned by user. ulput 3 3 z
g;:;"; 27 "‘:"';2 $1.00 § binary. Also. an EXCLUS IVE o 4 bi binary/hexadecimat output plus strobe! uy $ IOO O
% CEES &3 MAN 72jeau $1.19 FEATURE... 4 leds display the ® New! Improved deslgn' Saves you time! WORTH Take ()]
: 2 ji‘JSl; -35 ?‘N::;;s_e.q ziag i binary oulpu\ rrl./CMos ® Keyboard pre-assembied onto PC board! DISCO
D 262949 5 FND500* $1:50 12vﬁ‘c Com '2?,“';(:?- Noﬂ"ng Cat. No. 3E5009 Hexadecimal Kt $29. F — SCOUNT
: 0 3E2950 S5 FND507° $1.50 35010 Hexadecimal Wired $34. 95 ROM
¥ o3t 0 o s else to buy! B instructions. Cat. No. exadecimal Wire TH]S AD ON Ly
g :5;;:2 g ;3;"‘)"“" 3230 isad * Uses Encoder MCS ROM 7 “LED"
9 $1.95 r MG e
B ot Scmonciie MICROPROCESSORS!
Fedrielr i A A e Ak e A AR A A A A o ke > ,/‘S /9 MEMORIES! SUPPORT!
" Y $L"- g ! Order by Cat. No. 33459 and type
DISCRETE LED'S 6 for $1.19 ’ Bocpoo, | Doiptlon safte
. No. imit o t
Order in multiples g'a'z';‘ias f.fm“h':r';':; snrc;és“a’ KEYBOARD & gggggA gg:: cru 2 usec ;.gg
of 6 of each type! O 3E 1944 Jumbo Yellow XCS556Y -
© B0O8 CPU. 9.95
Dromao aer s 2352338 tmiccreer xzzee | § ENCODER Kt [} S
 03E2788 Medium Green XC22G Cat. No.3E5001 Kit  $49.95 o0 1103 1K Dyn RAM 129
CMEDIUM .24 [ 355137 Micro Red X€209 Cat. No.3E5002 Wired $59.95 0 1702A 256 x 8 EPROM. 5.95
OmiCrRO 217 ﬂ 3E1948 Micro Yellow XC209Y Oulguls standard 7 bit ASCII; interfaces with most data systems. @ Uses MOS Encoder ROM! g ;:“)Kl'-u ;gsl l‘l-g‘w:w':;:l" é-gg
(T0-18) 0 3£2140 Micro Green  XC290G Khe\;' Iar)t(i pr:’nsncmbledanm P(;bolré! 2l;$v rol:lllilver E]elclr;y 7 LED Test Feature! ol2708 SN EPROM 1995
shift lock and carriage riturn. 4 modes: Normal. control. sl ® 64 key keyboard! RA 32'00
shm con!rol Additional functlons can be assigned by user. +5, O MK41 16K,Dyn RAM 3
L AL ALV ELLLI L LU Vhe 900 ma. Newm o ,m,e logic, Jumper, selectatie M ."‘:‘::"’,"5.:‘,?2['&?;"‘“" O MK4200P11 4K x 10yn RAM, 350nsec Ak
= COMPUTER M B e o feaare. Ds display the’ ASCII cade. ® "ntaLIages 85 |0 MMS5202 2K P d
. o 200 20 275w § Eorieieu noihing cle to bigt Size: 1573 5 12 x TI/A" 5 1o I and mdrel O MMSZ03 2K EpROM 535
& GRADE o }3'8% 20 225 P g : . | o MMS260 1K Dyn RAM 29
k] ! a x 1 Dyn RAM :
'CAPACITORS: 15000 12 150 0 8212 8 bt 1/0 port 395
a5 @ po X
Order by Cat. No. 75 395 Sl Ar-drd e A e e A A dirodoird e e o 8216 Bl-direct bus driver 395
3E5112 and valve! n 24 000 30 250 ® L o 0 8224 Clock Gen 4.95
. o 44, 30 395 B * Order By Cat. No. 0 8228 Syst t. 995
FESSEEENENEESSEERNE NS EEEENEN : Lg’d“: clt’r?:‘:‘a’sgﬂ IFS : C-Mos 3E2320 & Type No. | us§§1 czu;-"-‘n:lz:ﬁonlnt 11.50
rder By Cat. No. ype No. Type  Sale Type  Sale | |0 8255 Periph inter 1195
0000000000 l_._L.!_L‘lel__x‘l.___lJL;_J‘l_‘é : Typo Sale I Type : 0] €Da000 $.28 | (] CD4022 1.19
EuLL BRIDGE RECTIFIERS' H * g 7aso 2|0 7ateiaz 3| 0603001 23 | I EDI023 25 | 200000000000000000essrrctttee
2 AmP OIAME. Sy128 0 0 741504 0] 74L8139 x €Da006 1.19 | [] CDao2s .34 | $ o SNT4T72 .26
Zw (nu:&u) (t:zzcss) (a3|:2447) (n:zzm) ] : ED] ;/ausos 0 74L5151 b E]] C€D4007 .29 8 Snagg; .g; :T TTL S o SNT473 31 :
5 b 41510 74L5153 b CD4008 .79 D4 B ype Sale | 0 SN7474 31 @
G 100 85 R v #* O 74Ls11 g 7acsiss T | H 83508 55 | O Gpao2s 113 | $ o en7400 $0.14 | o SN7475 a8 e
0 200 .69 1.19 129 1.95 o % [0 74LS13 O 74L5160 * | 0] CDa010 .59 | (J CD4030 .49 | 4 0 SN7401 14| o sN7476 39 e
O 400 .89 140 1.79 2.95 0 % 0O 74LS20 O 74L5161 % (] €pa011 .29 | [] CDAa033 1.60 | ¢ 5 §N7402 .17 | 0 SN7483 69 @
0 600 99 169 185 395 B % [ 7aus21 0 74Ls162 * | [] €épao12 29 | (J €DA035 .99 | ¢ o 5N7403 ‘14| o EN74ss a8 *
0 800 1.19 1.95 225 495 H X (O 741522 0 74LS5163 % | (] €Da013 .69 | [] CD4040 1.19 | ¢ o gN7404 ‘17| o sN7486 23 ®
01000 125 225 2.50 sso [ & O 74Ls2y 0 74Ls168 3| g Shastz 13| Hcoaeay *:33 | oo swrdos .18 0 5N7490 65! %
Orer by Cat. No. Amperage ana voltage X Ul 7aLs39 L 7aLs169 3 €oao1e .49 | (] CDA042  -BB | & 5n7406 13| o SN7492 as ¢
0 74Ls32 [0 74L5173 (0 €Dbao17 1.19 (] €paoas 1.7 .D SN7407 24| 0 SN7493 45 >
[asaassananassssassssssasnnsssninnsadsacsae : 5 74t§g‘é a 1::::}13 : [] CD4ao18 1 ;9 % (ég:g:g .';g ® . SN7408 18| o 5N74107 29 :
74l 7 9 CDdOlB .49 B * N
PoumE bl DA LD BORE N iEdR Rhufl 83
SPECTRA-TWIST * I;'o’,a“c’,'h'.',’."z'ﬂ{ﬁ""' 1 E A B Taneiod Fas R =2 1 $asNra13 39| 0 SN74125 39 e
RIBBON . X E 741590 0 74L5195 b &0 SN7414 610 SN74132 83 o
at. No. JE3680 48 cond. 2 1. $1.98 | % [ 7als02 0 74L3197 , &0 SN7417 24| 0 SN74145 89 ®
CABLE U Cat. No. 384081 32 cond. 2 ft. $1.98 3 g 7aLses. 0 74L5257 b SILICON POWER ¢ o SN7420 14| 0 SN74151 €3 3§
1 0 74Ls266 0 $N7427 26 | 0 SN74153 3
7 * [ 7als112 O] 7aLs3e6 X STUD RECTIFIERS! @ ¢c w730 14| o sN74154 99 ¢
OO000000000000000000D0000N000000000000 100, [ 74LS8113 (] 74L5368 P! | * O $N7432 .24 | 0 SN74157 .64 *
ond. Sale B % 0 7ausia | O 7aLs3%0 | 0"‘"'"0" No. Amperage and voltage. | ¢ [ o737 24| 0 SN74161 87 3
RIBBON CABLE 020 81t 3198 [ [ psuahhadidkhidiihiohihiionid 2AMP  SOAMP 250 AMP | g 5 SN7440 14| 0 sN74164 95 o
AT THIN PRICES 025 6f 3198 = PiV (a:nzn ($3E727) (H3E685) | o 0 SN7441 79| 0 SN74174 93 o
o 034 S5#H .$198 [ o 50 $ .75 $4.95 & O SN7442 49| D SN7417 88 &
Bl 5 Gvadiatl e 28Awa) S IRHIRIETR, POLY PAKS “CHIPS” AWAY o100 = €50 | &0 SN7ads 69| 0 SN74181 195 ©
= ngle color! Indexe . $1.98 o IC AND CRYSTAL PRICES! o & .50 © 0 SN7446 79| 0 SN74190 115 :
Order by Cat. No. 3E3939 and conductors o i o 233 13’?3 be 3 2:333 B4 H 2:;::3; '33 K
Hononomcannoononooonnnnonoommonoonooooo: L Order by c;t ""'-‘3:‘0“ and)TypelNo! sate 3108 275 1150 | ® 0 SN7450 14| o sN74193 83 3
’ : OIEM7205  Stepwatch $14958 . | o3 SN1dst 14 (0 SN74195 15 o
onms SPECTROL “SKINNY.TRIMS” OAY38500-1 6 TV Gamos 9.95 SOLAR ENERGY mscs $ o SN7470 28lo sn74251 135 o
OMMS5330 4% Digit DVM 4.95 ' 0000000000000 000000000000000¢
280, HF swarn serewdrive shali, vour Gnoise | SMMEZ  4APELONN, 33| spmco sV ariown $3.95
o800 feais Order by Cat. No. o, and 2 for $1 ONRZR76,199NBCDIEncodar Hum), 15938 | » Gang for higher voltages and ampa! twesekiendwex L INEARS soomwanns
0 10K g
011C90DC  650MHz Frescaler 1495 Cat.No.  Ske  Mils Sale Sale |0 LM379N 4.95
a g:g gga B g-t No. 3:;863 25 tum updﬁh'. type g‘ 095H30DC 350MHz Prescaler 8.88 0 3ES046 27 500ma  $3.95 o Emsom V  $.25 |0 LM38ON 1.19
at. No. 3E3866 single turn, flat. type 63 OMC14410  Touch Tone Chip_ 9.95 o 3E 3862 ;w 1000ma lggg | % o m3o7H v, N- 25 |o LM3BIN 118
OMK2002P  Char Gen. (sim 2513 3.95 0 3E3788 ¢ ma 12! 0 LM308H, V 79 |0 Lm555V a4
07207A/7208 Fr:q' C::n{:r":ulr : 4.95 O 3E5057 4" 1500ma 1595 ¥ o LM309 1.19 |0 LMS! .ssf
10 AMP POWER TAB SCR'S,Pv  saLe aicM7107 34 Digit DVM/OMM 1250 e ﬁ s X0 LM3L1H. v 79 | o LMsESN 1'3‘5):
o S0 .55 ol larm Clocl 1 o LM a 1.19 |0 LMS
TRIACS, QUADMCS! Cat No. 0100 “g9| 8 OMMS365 GO M Timebase i€ iszg DIP SV!II? E,, o LM320T-15V 1113 [0 LM703H %
3:1730 0200 .88 03.579MHz Timebase Xtat 1.95 Cat. Mo, Switches © LM320K-12V  1.19 |0 LM709H, N 22
2 77
Order by Cat. No. raucs 448 0400 1.19 01.00MHz Touchtone Xtal s9se| O 3e3ses 3 ‘88 O LM320K-15V  1.19 (O LM710N 29 %
and Voltage QUADRACS ::1590 0 600 1.59 032768MHz  Stopwatch Xtal 4959 | E LR a ‘29 o mgﬁg}f;v Hg o Lmz:l;: .;g
) M731H,V,N .
| G 3e3e70 5 119 O LM340T-15v 115 |0 LM74TH N | 39
— | O 3e3erl 6 1.29 i o k T : 7
MOTHERBOARD F. 0 3E 2677 7 1.78 O LM340K-5V  1.19 |0 LM1458! 6%
EDGE CONNECTOR 1Ngo000 EPOXY RECTIFIERS | e————=—————— g S Ladokisv 115 (G Lmasoon ‘32 %
a ur . No.
11106 pins (53 ench side). D15 Ampt and Type No. | EECO 10-POSITION BCD aftmagan L1310 Lhmegoay L13
0 207 min f{:f, ‘;oﬁ;ﬁﬁﬂ Cat. No.  Type No. PIV  Sale THUMBWHEEL SWITCH : o LM339N 1.09 [0 LM75492 7s
%" wire wrup Teads. Open [ 3E2377 1N4OO1L 50 10 for $.65 || 1-2-4-8 BCD encodmk T 0 LM377N 1.50 |0 PA263 1.50
| $3.95 ena.. 0 100 10tor .75 | | Pasitions labeled 0.7, F, L. 3 for Ak At ek e Ak Ak ok
ozs 200 10 for .85 (F coded for coded for
 —— % 400 10 for .99 9). White n:mle‘mlnd gn‘ a M 1
- ] 18] 600 10 for 1.29 | | biack background. Eeco 800 [ ] COMPUTER GRAPHICS 21tors8. |
8] 800 10 for 1.39 | | series. 1

IANT SALE! MICRO-MINt
Tr;)GGLE SWITCHES
e Top Qual Center oft

R tter!
AC contacts or be
§ 3R A emounting hardware!

uM]cRO—TO NE"
3 Auromrcu EN
. Frtends

Emar(ﬂ'cy 2888
 Complete in

Jts own minkcabinet!

CODER Kl'l"

Cat. No.

Aissis $51.49 |

10 o
SaEsansssEAREsARsAscaRmEnEEEnE |, Chromch-ndlcandknoh‘)Cat No. 3E3808A |

Sale L]
Cat. No. Output V. Amps M Each L]
O 3€£3399 4.3V 500mn Metul encised $1.98 B
O 3E3814 6.3V Open frame 52,39 n

O 3e3ai12 12v 300mn Open frame $1.95

O 3E4029 12v Open frame $2.39

O 23E4028 12V Metal encased $2.95

. 0 3E3323 24VCT 300nm Open frame $1.95
. 8 §§3937 2"‘\’cr é (:pen frame $1.95 ®
a 2773 48V ietal encnsed 32, 95 L}
m - 110VAC Primaries [§ 3g3875 110V 300ma lsolatio: $1.19 =
llIlll"ll.ll.llllllIIIIIIIIIIIIIIIIIIIIIIIIIII

® Only 2 1/8x 15/8x l, . 8
@ enough to ma
actlon

ru ou
@ Featu

bubble k!) ‘

xtal contr
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ta gyntheslzegeqluf:“ "o 5

T contact.

tevel control.
lo\l'ed dlglll”Y
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© COPYRIGHT 1978 - POLY PAKS INC.

MARCH 1978

® 1000 ohms per volt
1% precision, movements
diode protected  againat
burnout. Measures DC volts
0-16-150-1000; AC volts
0-15-160-1000; DC current

0-160ma; resistance X1000.
Sensitivity 1000 ohms/volt
AC-DC. Uses penlite cell,
not included. Size 2% x
3lp x 19%”7. Wt. § ozs.
Cat. No. 3£3921

CIRCLE NO 40 ON FREE
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“JOYSTICK"

| ® Four 100K pots!

0 $4.50

“WRITE FOR
POLY PAKS
CATALOG

FEATURING

BEST BARGAINS

IN ELECTRONICS
Terms: Add postage Rated: net 30
Phone : Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St., Wakefield,

MINIMUM ORDER — $6.00

POLY PAKS

CoDuway] P:O-BOX94ZE
] LYNNFJELD, MA. |
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MORE THAN 20,000 DIFFERENT COMPONENTS

7400 TTL LINEAR F NEW FROM NEWTONE
7400 .18 7442 108 74107 .49 75450BP 49 LM301H .35 LM741CH .45 . .
7401 21 7448 115 74121 56 74518P 39 LM3OTH 35 LM7eT 90| ( Regulated Power Supply Components Kit - Contains the
%ﬁ .’gi 355 Igg géé 1j§ é?égig; _‘§ WD R ey com;’)onerlmtz nee?e%;?vbtiﬂd afixedT-voIt?ge reguBIz?\éed
- : i P39 LMIIBN 150 NS85V 150 | | supply including: 11 - 1 ampere Transformer, Bridge
7407 45 7454 41 74126 81 754918P 79 L 185 NESS68 1. L A
7408 25 7480 .22 74132 3.00 756492BP 85 LM%%?AN 65 NESS5V .88 Rectifier, 2000 uF Capacitor, and a 1 ampere LM340
G 23 iy = Al Tl CAzgos  ¥50 Lwalon 125 Nesse 1.8 || 3terminal IC Regulator. Makes a fine ““on board” supply
7411 30 7474 45 74181 1.25 CA3018  1.10 LM568 225 UA703cH 45| | or use it for breadboarding. Components only. Specify
7413 85 7475 80 741 1.3 CA3018A 1.60 LM7I1CH .80 UA709CH .30
mg .23 ;% ”g mg; :.% EAsoze 1.50 thag ’22 UA749CH 45 5,6, 8, 12 or 15 volts. NT525 $4.99
7420 21 7486 112 74161 1.45 IC;SSF, OWSI!HNE MSOVE Pioneer 6” Speaker - 7V2-watt, 3.2-ohm speaker made
;ﬁg ‘:i’% %& 2223 %2}% }j% BBD BUCKET BRIGADE DEVICE the way speakers shou!dbema?i. Ha§ heavy-guty treatgd
7427 37 7490 69 74168 1.70 1. magnet housing, and a ceramic
Gl 28 ) & L) MM3&0&31§630945MN3002 70 paper cone, protected nagnet h uAg, o "
7430 26 7492 .82 74175 195 d terminal strip marked with polarity. eautiful speaker
7oz 3 783 82 1m0 105 [fHALLIC:DN834 125 DNB37 150 || athaif the price you'd expect. NT526 $2.39 Three for $6.00
7438 40 7495 .91 74191 150 L) TR L) PC Boards - MIL grade, '/,,"" glass-epoxy boards with 2-
7440 21 7496 91 74195 1.00 IODES r e
7441 110 74100 125 74197 1.00 ZENERD ounce copper on one side.
4L SERIES TTL Sy ib U0 ogcosoes S oy | | NT521 67x3” $.50, NT522 6x6” $.90' NT523 6"x8" $1.20
TT p 53 ® cacaacao b "
74000 33 74LS04 45 74LS113 98 Voltages to 200V, and = 5% Availabie Dry Transfer Patterns for PC Boards - Includes 0.1" spaced
7410 33 74510 % 74lS138 189 1 Megohm Potentiometer - Made by Claro- IC pads, donuts, angles, and 3-and 4-connector pads.
74042 150 74(S51 39 74LS386 550 stat. 7" diam., split, knurled shaft %2" long. / | Over 225 patternsona 2" x7%" sheet. =~ NT520 $1.49
Jal%0 R JasTh e 143%y %2 NT544 $.39 Three for $1.00 3PDT - 24 Volt DC Relay - Potter & Bromfield KUP14D15.
74H00 TTL Each contact can handle 10 amperes at voltages to 240 Vac.
74H00 33 74H11 33 74HS3 .39 5400 SERIES VOLT.REG Coil resistance is 450 ohms. A super buy! Limited quantities.
Gl < Dubd =8 Bl <3 5400 100 5475 150 LM340KS 195 NT508 $.99
74H05 35 74H30 33 74H78 69 S04 125 H4a6 190 LM3AOKE 1.95 5” Taunt-Band Meter - One milliampere full scale, 3%2",
24H10 33 74040 33 Jamve  oe 5410  1.00 5493 200 LM340K8 1.35 L ;
- - : 5426 12 s 1.80 LM340K-15 1. scale length. Coil resistance 465 ohms. Made by Modutec
LA ’ ’ for Bose. Meter scale in VUs (-20 to + 30). Meter is de-
MOTORO LM340T0-5 1. s?gr?eod to be :‘munted coil up( Complete \)Nith “smoke”
MC663P 250 1460 395 RESISTORS LM340T06 1.75 . A, f ;
o 8 1, {7 . . = 8 .
MceeeP 160  MCI4GoR 250 i Watt +5% Packed 5of any LM340T08 1.75 plastic cover. Over-all 5',"x4". Meter face mounts in a
mcgg? ;1658 MEES% ?Ig‘s’ ohevalue ... ...... $25 ' M3A0TO15 176 5',"'x2%," cutout: A beautiful meter. NT539 $4.89
g 02 LD L e e Do P ToNeITS Aluminum Knob - Solid machined aluminum knob with
mg;ﬁ’gg }% m%}fgggh §'§3 ptaitliz P SN E fluted sides made for Bose. Black front-face insert, black
C836P 135  MCI741CG  1.20 SEE OUR AD ON JAPANESE pointer line. Fits flat %" shaft, does not require set screws.
MioolP 238 mcimep 12 TRANSISTORS ANDIC’s Bhigh, .7 diam. Easily worth$1.50 NT540 $.82 2 for $1.50,
A g
MC1010L 126  MC3060L 265 MINIMUM ORDER $5.00
1305 195 MC3062L  3.00 4 X Bo E SPEAKERS
Ak L SV Y B All orders add 1.00 Postage and Handling. S
mg}:& ;Ig mgzgﬂg; ;Zgg Conada $1.50 EoseThas discogtinugdt r:heir ori.g(;inal 301 System.
MCUsP 5o McusizCe 170 B Baamaact § s suist 1 inventory when the 301 was discontinued, and is
ELECTROLYTIC CAPACITORS offering them at prices that seem impossible.
CMOSs 2ZMES0  Axial Loads 18 JOMEZS  Axieleads 18 The speakers have been tested with the Bose
S 8l Leads . ladial S L Uo
AT it 33MFI0  NoPolarity .15  47MF50  Radial Leads .24 Tone Standard" as a reference and have been
g g o || Amimm o i Bdaime || sublested to the Boso powerhanding test which
58 4028A 1.60 : . g . includes ixed and sweep-frequency testing.
MF150  Axial _ M Axiol Leads .
& G 290 e P i Rl e R T 8Inch Woofer(Bose Part No. 102606) has a free-
1256  4037Al 450 MICROPROCESSOR a|r'[esonant frequency of 25-35 Hz., and has a
&8 SR 5 C1702A 995 2708 3485 8008 995 || 1.5, 8.5-ou6lce magnet. The upper tested-fre-
Eose R\ EL R Gums i e ) quenoyisd00oks
0 | Contct s o o Your micrpioemtr o frep-alr resonant Troduoney of 12001200
and has an upper tested-frequency of 16.5 kHz,
RECTIFIERS UNIJUNCTIONS HARDWARE - SOCKETS Supplies are limited. We urge you to take ad-
10 100 Nylon Screws, Nuts and Rivets - 50 piece assortment $1.99 vantage of these prices and stock up for your
For For 2N2160 .65 MU4goa.s0 MK 20 TO-3Mountin it o - Stor$.99 1 | future needs.
We002 30 800 aNaekr B2 MUASI T03.7088 o Tosa0 Y SPect 10seistors.99 | | Sorry, we have no information about the Bose
1N4003 .g g.oo 2N4851 .72 2N6027 .65 :ggg::: }&;}2 g:t :%?::22 enclosures or the crossover networks, nor do
INGOs 150 900  aeooz 5 B 38 Wire Wrap 16-Pin DIL $32e0ch | [ We have more specs. Bose says these data are
1N4006  1.10 10.00  2N4871 .50 MU10 .35 proprietary information.
1N4007 1.20 11.00 MU4891.50 MU20 40 8” Woofer NT541 $10.95
3” Tweeter NT542 §$ 3.95 J
POPULAR JEDEC TYPES —_—
1N34 26 2N1540 90 2N2712 .18 2N33%4 .17 2N3856 .20 2N4402 .16
1N60 25 2N1544 B0 2N2894 40 2N3414 17 2N3866 1.25 2N4403 20
1N270 25 2N1554 125 2N2903 330 2N3415 18 2N3%03 .16 2N4403 20
1N914 10 2N1560 280 2N2904 26 2N3416 .19 2N3904 .16 2N4410 16 -
IN4148 25 2N1605 1.75 2N2904A 30 2N3417 20 2N3805 .16 2N4416 78
151585 .35 2N1613 50 2N2905 25 2N3442 1.85 2N3906 16 2N444l 100
N1711 50 2N2905A 30 2N3553 1.50 2N3954A 375 2N4442 115
2N173 175 2N1907 410 2N2906 256 2N3563 20 2N3955 245 2N4443 135
2N443 250 2N2218 25 2N2907A 30 2N3642 20 NS0 60 2N5084 50 NE.W- TUNE
2NS0BA 45 2N2218A 30 2N2913 75 2N3643 .20 3 85 2N5130 .20
2N706 25 2N2219 25 2N2914 120 2N36456 20 2N4124 16 2N6133 15
2N718 25 2N2219A 30 2N3019 100 2N3646 .14 2N4126 16 2N5138 15
My Zam Zoae 2 A g N 2 2 ELECTRONICS
B2 B hmn Pam namn zae DS B
102 125 2N2270 40 2N3247 340 IN3NI3 300 2N4234 98 NEAOY  ig PO BOX 1738A BLOOMFIELD, N.J. 07003
2N1305 .75 2N2369 26 2N3250 50 2N3819 40 2N4400 .16 2N5457 35 o b LACD
2N1420 20 2N2484 32 2N3393 20 2N3823 .70 2N4401 16 2N5458 30 PHONE: (201) 748-6171, 6172, 6173
. y y
ALL PARTS GUARANTEED WRITE FOR FREE CATALOG
CIRCLE NO. 32 ON FREE INFORMATION CARD
112 POPULAR ELECTRONICS
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SHOP YOUR NEARBY RADIO SHAGK
FOR QUALITY PARTS AT LOW PRIGES!

Top quallty devices, fully functional, carefully Inspected. Guaranteed manufacturer’'s quality control procedures. These are not rejects, not
fallouts, not seconds. In fact, there are none better on the market!
Count on Radlo Shack for the finest quality electronic parts.

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

Resistor and Capacitor Packs

il ‘ﬁ\\\\_

Resistor and capacitor kits in handy plastlc storage boxes you

Type

276-1826
276-1827
276-1808
276-1819
276-1817
276-1828
276-1829
276-1834
276-1831
276-1820
276-1832
276-1833

CMOS ICs

100% guaranteed
electronically

and
mechanically

Type Cat. No

74C00 276-2301
74C02 276-2302
74C04 276-2303
74C08 276-2305
74C74 276-2310
74C76 276-2312
74C90 276-2315
74C192 276-2321
276-2322
276-2401
276-2411
276-2413
276-2417
276-2420
276-2427
276-2449
276-2450
276-2447
276-2490

Digits Size_

can use over and over again. Stock u
12 Watt, 10% Tolerance Resistors. 271-60 . Pkg. of 3503/9.95
Y Watt, 5% Tolerance Resistors. 271-602 . Pkg. of 359/9.95
50WVDC Ceramic Disc Capacitors. 272-601 ... ... Pkg. of 175/9.95
35WVDC Radial Lead Capacltors. 272-602 ......Pkg. of 35/9.95
35WVDC Axiai Lead Capacitors. 272-603 ... . ..... Pkg. of 35/9.95

PC Board Accessories

8-piece photographic PC board processing kit — fastest,
easiest way to produce perfect printed circuit projects.

276-1560 .. ... 12,95
Etch-Resist Mnrklng Pen. 275-1530 ... . .o (W 1:19
Etchant Solution. 276-1535 .. NCl i - 1489
PC Board Assortment. 276-1573 ... L8 e 1.98

OO Y TN T T 481

Tantalum Capacitors

Maximum capacity in smallest size. Low
ESR, highly stable electrical characteris-
tics and low leakage. Radial leads.

Cat. No. F _ Each

272-1407 45¢

Cat. No. uF  Each 1
2.
272-1408 :;i 45¢
5.
10.

272-1401 0.1
2721402

272-1403

272-1404

272-1405 3
2721406 1.0 39¢

Nos. 1401-1408, 35WVDC; 1409 1411 15WVDC

272-1409 49¢
272-1410 49¢
272-1411 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
Transfurmer for above. 120VAC 60 Hz. 273-1520

SPST Minlature Pushbutton Switch. 275-1547 L

Display Case. 1'3/16x37exd47%16". 270-285 ... .. e 5

SECONDARY
28V

Cal. No. Drive

Cat. No.

ONLY

Linear ICs

By Nationai Semiconductor
and Motorola — first quality

Cat. No.

ONLY

276-017
276-1711
276-1712

276-1772

276-056 4 Anor.

276-066 . .3"  Cath

276-053 8 5" Anod.
276062 1. 5" Cath

276-1210 4/6.99
276-1211
276-1201 6.95
276-1202 6.95

4/6.99 - . .
6-Amp Full-Wave Bridge Rectifier. 50 PIV.
275-1180 1.99

) Low-Profile DIP Sockats

50V 3-Amp Power Rectifier. 300-A surge.
2751141 Pkg. 2/69¢
Electrolytic Capacitors

3390 uF at 35V. 272-1021 2.99
5000 uF at 35V. 272-1022 3.49
Heavy-Duty Translormers All tor 120VAC. 60 Hz.

Cat. No Volts Current Size Each
273-1512 25.2CT 2A 2% x2%x2"

2731513 12 54 4%
2731514 18CT A 40w 895

Silicon Solar Cells

Pms Cat. No.

Price

276-1395
276-1399
276-1598
276-1397
276-13%6

us Slrlp 276-173
xperimenter Socket. 276- 172
DIP Switch. 275-1301
© DIP Header. 276-1980
Right Angle 16-Pin Sockel. 276-1985 .

19700
i

s The CPU and Memory IC's
you need for building your
own personal computer.

2/59¢
2/89¢
2/89¢
Ea. 89¢
_Ea. 99¢ \ 1

Produce Power from Light!
2cmx4cm. 0.5V at 100mA. 276-120 .. ... ... ...
2cmx2cm. 0.5V at 60mA. 276-128

Clock
Chips

1 90€|d 1SN

8080A Microprocessor. An 8-bit Na-
tional Semiconductor chip in a
40-pin DIP. 100% Prime.

276-2510 17.95

WHY WAIT FOR MAIL ORDER DELIVERY?
IN STOCK NOW AT OUR STORE NEAR YOU!

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 chip. With
full specifications. 276-1751 . .. .......... 6.99
7001. 12-hour catendar alarm clock IC. With all
data. 276-1756 ... .10.95

Prices may vary at individual stores and dealers

AmericanRadioHistorv Com

A TANDY COMPANY o FORT WORTH, TEXAS 76102
OVER 600C LOCATIONS IN NINE COUNTRIES
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o
CORPORATION FREE :
Quality Elecironic Componenits MINNESOTA RESIDENTS 218-681-6674 -
) #
M
DON'T FORGET OUR I.LC.'S o RESISTORS e TRANSISTORS o CAPACITORS o DIODES o I.C. SOCKETS & PINS o SWITCHES M
DISCOUNTS WHEN COMPARING PRICES [tteTiiebadiiig OPTOELECTRONICS o BREADBOADING & TESTING DEVICES « DRAFTING SUPPLIES N
DATA BOOKS ¢ HEAT SINKS ¢ WIRE ¢ TOOLS... AND MORE ... WRITE FOR FREE CATALOG.... M
DATA BOOKS o
INTEGRATED CIRCUITS MICROPROCESSORS LED DIGITS AND LAMPS o yre v rroraste .
80B0A 8-BIT CPU, 2 USEC CYCLE $12.95 - | IND3ST 315" Single Oigin, CC. Red $3.33 tc%%%l‘tagxgs%ﬂ N‘;Ts Pssmu e :
L£357N 20| 8212 8-BIT 1/0 PORT $ 395 FNDS00 '$™ Smgle Digr CC_Rod 1,33
; \ 8216 BI-DIRECTIONAL BUS DRIVER § 425 |1 : SRt 133 | POWER TRANSISTORS 1317 NAT. SEMI. bt
D800 it €C. Red. . 2. MEMORY OATA BK. 592 P, NAT. SEMI
7400 ! o E203 4 CLOCK GINERATOR) s 3% e Dgit. O 30 | MOS/LSI DATA BK 713 P. NAT. SEMI. ™
7a0) - ! - 641 8228 SYSTEM CONTROLLER S 6.95 NSN3 ' igits, CC.Red. INTERFACE DATA BK. 464 P. NAT. :
7402 - i COMMUNICATIONS INTER(ACE $12.95 ighs, CC. Red . VOLTAGE REG. BK, 128 P, NAT. SEMI. ... . »|
7403 - | X PERIPHERAL INTERFACE. $11.95 T CA, ¥ LIN. APPLIC. BK. VOL. 1, 432 P, NAT. SEMI. s
7408 i i 2K EPROM (256x8) $ 695 . €C. .00 | LIN. APPLIC. BK. VOL. 2. 246 P, NAY SEMI. i
;:82 . i K EPROM {1Kx8} $29.50 78 T Dl D | .00 | AUDIO NAE{DBOOK 196 P, NAT. SEM .
i d j X 80B0A MICRO. SYS. DESIGN MAN, WAT SiMi M
5 ] . . P21l KiRanIs00 Ns SRl 1 ¥ hoee 4100710 316.001100 SC/MP MICRO. APP, HANDBK, NAT, SEMI. .. .
2408 . [MP 5 VOLT SC/MP CPU § 9.9 e e o todiRed t1 bome | SPECIAL SUNCTION DATA BK, NAT. SEMI It
7409 2 i k MICROPROCESSOR 1.25 MH-2 CLOCK 40 DIt . $24.95 i Howe 31.80/10 316:00/300 | s 1.C. S, 278 P, SOLID STATE SCIENT. .
o 2 9 1 SIGNETICS ANALOG MANUAL. 637 P b
A 2 ::..:un RESISTOR ASSORTMENTS MICROPROCESSOR BOOKS .
;:‘: i 3 L T Xl ~a ADAM OSBORNE -
L2 2 i e S e e e B
7417 7 29 18 PIN SOLDER . 129 2 I RS125 2.1 R $9.90 INON-D1SCOUNTABLE) =
7420 9 20 PIN SOLDER . RS Tal' S 4,000, e 3% e i ke i sl AN |Nmonucnon TO MICROCOMPUTERS, VOLI =
7421 28 27 PIN SOLDER. 33 3. 75/C) A e BASIC CONCEPTS ... ... ... 0008-ND &
7423 8 24 PIN SOIDER 32 ONE EACH 808DA, | Y2 WATT RESISTOR ASSORTME AN lmouucnon vo Mlcnocowums vol I M
7425 28 28 PIN SOLDER. 45 4. ¥ 8212 8208 | == SOME REAL PRO 90018-ND »
7426 a7 40 PIN SOLDER. 63 6! i , 822 e eI e e aeTaare T 8080 PROGRAMMING ron LOGIC DESIGN . . 9002B-NO ¥
7427 . SPINW-W .. ¥ i and 8228 RSTS0 s 1012,15. 1872 s ey 10 meghonm (45 sl e 6800 PROGRAMMING FOR LOGIC DESIGN . . 9003B-NO ¥
b PLUS | gegegiecstmst i 3t o S v -
7432 E 4 i L i g SIXTEEN 2102-1°s - " "
0 a7 ! BIBINNN 8 £ Parpiaps : ?»"&"éé"&os WALLCHART o § ;;3
% 50 ] 4118 1. i o ; 549.95 ; FET CIRCUITS . 2 D s 470
; : 6L 24 1. ool = o ¥ 1€ TIMER COOKBOOK ..l 2 $ 9.42
7820 ] 1136 12.50/10115.:0C ony voiity B
7447 y 4 ¥ PRINCIPLES & APPLIC, OF INVERT. & CONV. $ 7.55
R ' | P CEOSKETIL wigencmane) el g
748 7 | ! 133
7447 7 L 10 85/C  B.20/M  38.20/SM  275.00/50M ABC'S OF RESISTANCE & RESISTOR $375
7448 7 1 W VA C'5 OF VOLTAGE- DEPENDENT REsisToRs $ 309
7450 . ) M3 P-IB 1 clock modules by Notiono! Semiconductor oy A(TIVE FILTER COOKBOOK $14.20
7451 2 - IM341P2d AN ASSORTMENT OF METALIZED POLYESTER CAPACITORS | fully assembled ond rested clocks usmg c 4 diit LED deplay ond on MOS | COLLECTED BASIC CIRCUITS. - $5.23
7453 s N J nfogeated circut on the some board. Simply connect switches and our soeciol | HOW TO DESIGN & USE MULTIVIBRATORS. | $ 375
7458 d 300 CAPS 18 VALUES. ey e tromsformar ard you have o fully funcriortng clock HOW TO USEICLOGIC EEMENTS $ 170
7460 i M358 The MAT003 clock modale is o fully assembled ond tested 12 hour clock | |C OP.AMP COCKBOOK $12.30
7470 : :mw lolhish b""nv:;vm fourascant fnly cndcoyae ‘,'m;‘,,'g:',‘g LED CIRCUITS ANO PROJECTS' $ 4.99 I
It 5 Yol DG 0o omtor et vaaiet Our e s et posh bonion | MAOS DIGIT $601s 8
73 [ ; 90141 I 08 13 1350 16, e e e :EACCTICCMSSOLID STATE CIRCUIT DESIGN . s 618 M
L i 0022714 1 X iaataine e i s 4.70 [
a7t A5/ 1 MAT002A 5 LED 12 Hour AM-PHM Ciock Module $10.50 | REGULATED POWER SUPPLIES . 5523
747 3 | . / d.oar . ! s s 548 M
7480 7 i . g i i Y 92%.423 11 . MATO02A SET hcduie whh Tronsfomer & Switches 13.95 46
7483 7 izs] Sa0%8 LA : 00/C 1050 | (@THED) S 6.60
7285 B | | ¢ Y MATO002C 5+ 160 24 Howr Clock Moduie ‘:3'35 TRANSISTOR SUBSITUTION R s 870
74 2 X MAT002C SET  todue w/Tramsformer & Switches 5 ABC'S OF FET'S . $2.80 N
7489 23 3 j . MATO03 13 ven Cor Coocs man Sutenes $24.95 :gg gg; }RANSISTORS(JROED) $4.04 W
7490 44 ; X ENER DIO D5 375 M
7491 70 i E MATOTOA 84" LED 12 Hour AM-PM Clock Madula ‘13.00 FET mNccnmﬁczx:;;“s Z“Snjéﬂév(s § ggg o
7497 44 | d ; . — .45 | LINEAR IC PRI D850 M
7‘9:7’ . 4 .g ;1 41/C .11 9010 7. sc MAIOIO: SET mcduie wiTromformer & Swaches ‘}g Og RN SEEE T ORICes -
] 8 e b e 4y e S48 SASHPECUAACHT QUi el 375 §
7495 7 1 : : 7 . — -
799 7 e . MAT010C SETC i’ o ameutis =i PROGRAMMED COURSE IN SEMICONDUCTOR THEORY -
74100 12 8o s y AND CIRCUITRY: -
24107 3 8510 5. i VOL. 1--BASIC SEMICOND & CIRC. PRINC. 2064100 § 4.99 g
720109 3 €510 3. i VOL. 2—BASIC TRANSISTOR CIRCUITS . . D3 499 M
24116 1.2 70/10 6. 1 VOL. 3—ELECTRONIC EQUIP. CIRCUITS $499 M
74121 3 7510 & K VOL. 4 —DIGITAL & SPECIAL CIRCUITS .. § 4.99 M
74122 44 67110 5.4 3 & VOLUME SET 20 $18.53 M
24123 6 7010 b : TRANSISTOR- TRANSISTOR LOGIC s 617 R
74125 4 85010 7.29/C ) TUBE SUBSTITUTION HDBK (19TH EDIT.} . 5214 B
7812 4 100110 8 j M | SPECIAL TWIN-PAK TUBE SUB. PACKAGE . s 280 M
4
aaens 7510 690 ¥ SOLID-STATE COMPONENTS . s375 M
L Bin0 750/ h - 50LID-STATE IGNITION SYSTEMS s a70 N
14ds 3 13105010 94 ; = 30 SOLID-STATE POWER SUPPLIES & CONV.. s 333 |
24147 15! 14 1) 10.4° B - Gize: 5 TRANSISTOR AUDIQ AMPLIFIERS $ 562 34
74148 13 0 7 65! Q0 Actuol O 0K s 8.50 14
IRy Rk 10 8 74 . USERSGU o 01T s 2.38 M
el 310 965, . TV TYPEWRITER COOKBOOK s 945 M
N5 b 411310 10,41/ i UNDERSTANDING CMOS 1.C."S $470 M
74153 10 512001 - UNDERSTANDING IC ommorm AMPLF, 2oass ND § 375
74155 7 0 6.5 g UNDERSTANDING OSCILLAT ND § 4.70
7413 7 1 7.2 - UNIQUE IC OP-AMP APPLICAIIONS m 63-NO § 4.70 M
74157 7 311010 9.1 - HOW TO BUY & USE MINI & MICROCOMPUTERS 21351-ND § 9.45
74180 8 - { }; uﬂ i HOW TO PROGRAM MICROCOMPUYERS “21459-ND § 8.50 A
74161 B oy o g MICROCOMPUTER PRIM ... 21408.ND § 755
74162 8 ; = A i THE 30601 BUGROOK. MICROCOMPUTER
74163 B [ TPy ent) a8 ¥ INTERFACING & PROGRAMMING 21447-ND § 9.45 3
74168 9 [ E2% 123D o 5 COMPUTER DICTIONARY (2NO EOIT.) ... 20943-ND § 8.50 o
74165 1715 i 2 I e B X COMPUTER DICT. & HANDBOOK (2ND EDIT.) 20850-ND $1853
7168 115 3 23908 e oy COMPUTERS & PROGRAMMING GUIDE FOR
T4 24 K 21510600 983/C 21 1 ENGIN. ) ... 20950-ND $12.30
X .2 L 4. .
% 3 it 180 saee 33 Y2 WATT ZENER DIODES |  WARDWARE
74177 7 05 .33 2.66/10 24 433 [
74180 7 80 54 43010 3 60 & 15 1.30n0 11.00/C .
74180 7 .80 1812 .20 1.6411 |+
74181 2) 2 217 31 24 152268 3.3Y 1Nsa4zs M
74182 7 e 2318 33 268 »
74184 2115 14 2923 4334 .
74185 2119 8 L4 32 47 37801 4
74189 35 8 54 43 75 60 I
74190 12 4 3 : . 2219 35 278/ »
74191 12 . 3 i R TR 1Y .38 3,07/
74192 B : AHORHE 433,43/
74193 8 84 18 . 42 3 68 5.42)1
M 7491 B i 15 [ UA7924CY AR X b §'° .....
74195 8 37 1 a g 43 3.4, 1
M 7019 8 [ 76 ' 42 3 60 4.8 NO 4 LOCKWASHER
74197 38| 7415260 3 ny,n 1.20 [MMS3TAN 375 ] 2200116V, .. . 54 4 36158/C .68 5.4 NOe LOCKWASHER
1 4

-

. t X 0 8 LOCKWASHE
4C

S oren aCaury] i B v DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! e FRer CATALOG

the Entire OLUME DISCOUNT & " SILICON TRANSISTORS
7acop SUPER PRICES = HANDLING e s VOLUME T rRETEY
d | 60/C

74C00N 7401548 2.90 . h

All items except those with cotalog
g i 1o CHARGES u.moevein e  DISCOUNT
74C0BN 74C161N 1. $ 0.00-$ 4.99, .. Add $2.00 be ‘;'“bi""’ ;;" 4 °”";ﬂd“""|"°"h°‘ $. 0.00-$ 24.99 .....NET

e

JiEan Tiieam 1 $ 5.00824.99.. . Add $0.75 [ SIS Ol sub. § 25.008 99.99 . Less 10%
74C20N 74C166N 1. $ 25.00-$49.99. . . Add $0.50 1otal the nondiscountable items. Add $ 100.00-$499.99 . Less 15%
74C30N 74C165N 1. . $ 50.00-$99.99. . . Add $0.25 the hondiing charge. This is your total ¢ 500,00-$999.99 . Less 20%
JACIN . 74C173N 1. K . ’ * cost. We pay ol shipping ond insurance v N o
pacazn 98 | raciian 116d INade 0o 3. $100.00 & Up ... No Chorge | % g oy o s A. ond Canodo. $1000.00 & Up . . . Less 25%
74€73N 72 fraC19aN 1L
74C74N 7aciom 13s) FREE CATALOG your Orders Accepted by Phone or Mail
;:ggn } LIDE SWITCHES BUNAMERICARD  MosterCharge s Bank-Amerlcard ¢ COD o Chock « Money Order (UEEE e
74C85N 1. ) 250 10.001 E2""W  P.0. Box 677, Thiof River Falls, Mlnn. 56701 (218) 681.6674

2N3906 . 1L
74CON e
- Y N3 |
74C95N 1 y
g i s 2 oo i D’G’-KE ; - R
74€150N 290 0 . : 5 Y 2N5089 . |

JiE1EN 136 ] Fecoaen v a0l

STRANDED HOOK UP ohgr o6 3 ‘ CORPORATION
M PYC. . 2.50/100° 10.00/500 R y g .
5250 iC. 2000 11230 Bho a%0rc Quality. Electronic Componenis
M e % e, 3a0000 8o it 398 |3 P.0.Box 677~ Thief River Falls, MN 56701 ~  (218) 681-6674
DT BEELIFTrTE "3 & G E B G EEEIIEENEEEEEEEEPEERICREANEEEEG S REEE &
116 CIRCLE NO. 12 ON FREE INFORMATION CARD POPULAR ELECTRONICS
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Operation Assist

" you need information on outdated or rare
equipment—a schematic. parts list. etc. —another reader
might be able to assist Simply send a postcard to Opera-
tion Assist. POPULAR ELECTRONICS. T Park Ave . New York
NY 10016 For those who can help readers. please re
spond direcily to them They /I appreciate 11 (Only those
items regarding equipment not available from norma
sources are published )

Scanfax Systems duplicator Model 200, serial
#200-000074. Any information needed. Rev. R.A. Elrod,
Outreach Ministry, 800 Dunbar Rd., Fall, OH 44278.

I.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,

8K ECONORAM II'™: kit
$135, 3 kits for $375,
assembled and tested $155.

This is the board that thousands of owners
swear on, nt at. There are lots of reasons. such
as unique ad iressing options. reliability. full buffer
ing, fast access time. a full set of sockets . .. bu* prob-
ably the mos: popular feature Is the price. waich is
all the more ramarkable because of the high lc sel of
quality. One owner reviewed this board in the 1/77
issue of Kilobaud. closing with the words “If jou're
not convincec by now that the Econoram [l is :ne of
the best meriory buys on the market today you
really have 1c be one tough cookie~either t=at or
you work {or someone else who makes memory
boards. '

12K ECONORAM VI™ $235

We proudly welcome our newest memory
board famiy member, designed from the
ground up for full compatibility with the
Heath Company H8. Organized as two incepen
dent blocks. ane BK block and one 4K. Has the
same basic fcatures as our ECONORAM [I™*—all
static design. switch selecied protect and phantom.
sockets for al [Cs. full buffering—plus the required
hardware and edge connector to mate mecha-tically

price of the Feath Company’s 8K . . with the per

i: it ﬁ
with the H8 You can have our 12K board {:¢ the r-------

rill\

& MORE COMPUTER ITEMS

=“Altalr/lMSAl Extender Board Kit.” We are
proud to distribute this Mullen Computer Boards pro-
m duct for the 5-100 buss. A must for servicing, taking
measurements. burning in, etc. Integral logic probe,
with needle point non-skid tip and special edge con-
nector for easy probing: “CK-006. $35.00. Also
@ 2vailble: “"Relay/Opto-Isolator Control Board
@ Kit.” 8 reed relays respond to 8 bit word: 8 opto-
isolators accept Inputs for handshaking or further
Wl control. With applications notes: “CK-011.$117.00.

| |
- o o= o o o e ] DB-25 RS-232

i
o 4 g

B SUBMINI-D CONNECTORS:

M Male plug. #CK-1004, $3.95; female jack,
M ~CK.1005, $3.95; plastic hood for male connector,
= #CK-1006, $0.90.

B EDGE CONNECTORS:
#CK-1001: 100 pin edge connector with gold plated
m 3 level wrap posts. Mates with Altair/IMSAI
peripherals. $5 each or 5/$22.
#CK-1002: Same as above. but with soldertall pins
on 0.25” centers {mates with IMSA| motherboard}
$5 each or 5/$22.
=CK-1003: Same as above. but with soidertail pins
mon 0.14" centers (mates with Altalr motherboard}
- $6 each or 5/$27.50.

-lllllllllllllllllllll
# BOOKS o

NY 11801

formance you have come 1o expect from products
carnrying the ECONORAM trade mark ’

Simpson oscilloscope Model #476. Schematic and operat-
ing manual. M. Riordan, 109 Cayuga St., San Francisco, CA
94112, forms
R.C.A. tube tester #156. Schematic diagram. Davld R. Ellis
138-C Weish Dr., Lancaster, PA 17601.

Collins 75A4 recelver. Instruction manual and schematics.
Allen Vinegar, 160 St.-Paul St., Brookline, MA 02146.

Precision Model E-450 dot and bar color generator. Instruc-
tion manual and schematic. McKay Bradley, 2324 N. Pow-
hattan St., Arington, VA 22205.

Hammariund HX-500 transmitter. Alignment instructions.
Warren Curry, Cabery P.O., Stelle, IL 60919.

(continued on page 118)

8K ECONORAMIII™: $149

The first 3K X 8 dynamic RAM that per-
well enough to
ECONORAM™ name. Not a kit it's asser bied.
tested, and ready to run in your S-100 mechine
{Ahair. etc)}
arate 4K bloct s. Zero wait siates with 8080 CF1J. In 15
cludes | year varranty.

IIIIIIIIIIIIIIIIIIIII'III.lIII-IIIIIIIIIII...I.IIIII

CPUPOWER SUPPLY ..

SVatdA. + 12V atlkA. - 12V at %A, bias supply.
10 SLOT MOTHERBOARD

18 SLOT MOTHERBOARD q

Ihese $-100 buss motherboards come witt edge
connectors ard active termination circuitry.
ACTIVE TEEMINATOR

Plugs Into S- .00 buss motherboards lacking active
termination to clean up the glitches associatez with
unterminated lines.

“Some Common BASIC Programs” by Lon
‘] @ Poole and Mary Borchers. If you've got BASIC. here
& [l 2re some programs to play with. #BK-21002.$7.50

merit  the =The Adam Osborne and Assoclates Books: We offer
] “An Introduction to Microcomputers,” volumes
] 1 and 2. plus “8080 Programming for Logic

Design™ at a special combination price of $25.00
] {order #BK-1001). Also available: “6800 Program-
@ ming for Logic Design.” “BK-5001.$7.50.

ow power. Configuration as 2 sep

Terms: Cal res add tax. Allow 5% shipping: excess refunded
e Mastexcharge® /VISA® orders {$15 min) call (415) 562-0636. 24
f hrs. COD OK with sireet address.

flyer @@@@w@

BiLL GODBOUT ELECTRONICS
18 ON FREE

OX 2355, OAKLAND AIRPORT. CA 94614

CIRCLE NO INFORMATION  CARD

$2.50
THE WORLD'S LARGEST
INTERNATIONAL SEMICONDUCTOR
IMSTRIBUTOR

]

S Ot +00® —1m

o -

Active Electronic Sales Corp.
P.0. BOX 1035
FRAMINGHAM, MASSACHUSETTS 01701

TELEPHONE ORDERS 1617) 879 0077

w ® — 0 v

Over The Counter Sales

12 Mercer Ra.
NATICK, MASS. 01760
{Bohind Zayres on Route 9]

MARCH 1978

CIRCLE NO.

Our New and Expanded ||
Comprehensive i
1978 Catalogue
(144 pages) is finally &
available. #

Please write for your
complimentary copy.

Active Electronic Sales Corp. |

P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 i
OVER-THE-COUNTER SALES, 12 Mercer Rd., Natick, Mass. 01760 Behind Zayres on Rte. 9 &
Telephone Orders & Enquiries (617) 879-0077 F o

i 5651 Ferrier st.

44 Fasken Dr-Unit 25
Montreal, Quebec Rexdale, Ontario

Tel. (514) 735-6426 Tel. (416) 6756-3311
MINIMUM ORDER $10.00 # ADD $2.00 TO COVER POSTAGE & HANDLING « Canadian customers add 15%

for exchange and handling. All federal and provincial taxes extra. Foreign customers piease remit payment on an
international bank draft or international postal money order in American dollars.

IN CANADA
2 Locations

2 ON FREE INFORMATION CARD

AmericanRadiaHietaory Com




PRINTED CIRCUIT BOARD

TRANSISTO

R SPECIALS
ER. $ 1

Full Wave Bridges

Terms: FOB Cambridge, Mass.
Send Check or Money Order.
include Postage, Minimum
Order $5.00, CUD'S $20.00

Send 25¢ for our catalog featuring
Transisiors and Rectifiers
145 Hampshire St., Cambridge, Mass.

CIRCLE NO. 47 ON

2N6233-NPN RF POW| 95 oR > 2
4w x 61 SINGLE SIDED EPOXY BOARD MRF-8004 a CB RF Transistor NPN § 1.50 RV~ 28 6A 257
1/16" thick, unetched $.60 ea. ... 5/$2.60 2IN3772 NPN $: TO3 $ 1.00 100 ) 1.30
7WATT LO-65 LASER DIODE IR $8.95 2N1546 PNP GE TO-3 .5 .75 200 75 125 2.00
2N4908 PNP S TO 3 $ 100 400 95 1.50  __ 3.00
gz gggg ZFET - 2N6056 NPN Si TO 3 Dastnnton S 1 70 600 1.20 1.75 4.00
8 oAy 2N5086 PNP S) T0.92 4§ 100
ER D00 TR DIODES . 2N4898 PNP TO 66 S 60 SANKEN AUDIO POWER AMPS
2N 6028 PROG UJT .......... 2N404 PNP GE TO 5 5/$ 100 $:11010 G 10 WATTS $ 6.80
i 2N3919 NPN S TO-3 RF S 1.50 511020 G 20 WATTS s13.70
M R s :
Lo TR T Too%, toow, | MPSA 13NPNS: 70 92 35100 S, 1050 G 50 WATTS $26.90
200K. 500K 1 Meg. 5.75 each ........ 3/52.00 2N3767 NPN S: TO 66 s 10
e
VERIPAX PC BOARD N N o >0 0 TANTULUM CAPACITORS
Inis poard Is 3,M/16", sinsle sided paper IN3904 NPN S TO.92 515 1.00 22UF 35V 5/$100 6 BUF 35V 45100
ETCHED which will hold up to 21 single 14 2N3906 PNP Si TO.92 5'S 100 47UF 35V 55100 10UF 10V § .25
pin IC's or 8, 16, Or LS| IC's with bus- 2N5296 NPN S TO 220 S 50 68UF 35V 55100 22UF 25V § 40
ses for power supply connector. ........ $4.00 ING109 PNP S, TO 220 s 5% 1UF 35V 55100  15UF 35V 3/$1.00
RED. YELLOW, GREEN or AMBER 2N3638 PNP S0 TO 5 5'S 100 22UF 20Vv5S100  30UF 6V  6/$1.00
LARGE LED's 6/$1.00 33UF 35V 48100 47UF 20v S .35
e | SIS TTL IC SERIES 4.7UF 15V 5/81.00 68 UF 15V $ .50
1000/$8. - 7400~ .16 7430- 16 7490- .45 74163~ .BO e
MC6860 MOOEM CHIP $9.95 L O 13205 .55 Tanea- 88 | PALSISERIES LINEAR CIRCUITS
Jaoa. 16 7438- 20 7493 .45 7a170.2.25 | 79LS00 201 MLSV25/ LG5 Um0} %
Silicon Power Rectifiers Jaoa ‘30 7420~ 16 749a- 70 74173-1.35 | 741502 26 76LS126 65 L m 301.748 29
PRV 1A 3A 124 50A 125A 7405- .20 7441- .70 7495- .65 74174~ 95 | 74LS03 26 74LS132 80 L m307 30
Y00 06 14 30 80 370 7406- .25 ;:Az Zg 77::.6,- .gs 74176- .90 | 74L504 28 74LSt36 39 ¢m 308 %
7407- 25 45~ o .28 74176~ .75 7415138 2 7!
200 07 20 35 115 425 7408— .20 7446- .70 74121- .33 34177- .75 ;:tig: :: 74LS138 72 tm 3’.; |zg
400 09 50 )40 50 7400- .20 7447~ .65 74122~ .38 74180- .65 | ;4,509 28 T4LStSY 98 L m 219 95
600 1 X 0 \ BO .50 7410 16  7448- 70 74123 40 74181-2.00 74LS1 74L515) 93 N
200 5 35 90 730 1050 74172 20 raso 15 74125 le0 raigo 120 | J4LSI0 26 TeLoIAd o M %
74%2- 20 7472- .32 74126- .40 74191-1.20 | J4L31! 26 3 2 L™ 339 110
1000 20 5 110 275 1250 7413- 39 7473 .32 74150-1.10 74192- .83 | ?9LS13 50 ;:t:::g 33 LM 358 140
7414 B85 7474- .32 74151 65 74193~ .83 74L815 28 LM 370 115
SAD 1024-2 REDICON 1024 stage analog B i5e 2drss as adhes 74
H o - - .65 74194 .B5 | 741520 26 LS160 1.02
Bucket Brigade*’ shift register. .$18.95 7817- (25 7476— .30 74154-1.00 74195- .85 s 2 Ze aLsiE Vo2 tx g;é 2:0'
7420 16 7480- .45 74155- 70 74196~ .86 26 74LS162 102
IN 4148 (ING14) ... 15/$1.00 7425 25  7483- 70 74157 65 24279- 87 741522 LM 281 125
2708-BK EPROM gso ns, sulxgg Jaaec 3% 2a85- B7 161~ .85 78401- .so | 19528 a3 ;:t:::; : "J: L™ 282 2%
it $ 1981 429" 25 7a86- .30 74527 33 7 LtM537 250
. $ 6. 7aLs30 26 L5169 1140 ¢m553 .250
SR $ 3.5g SILICON SOLAR CELLS 741532 33 14LS120 -1.72 555 39
5203-2K EPROM .. § ‘-go 2%4" diameter -4V at 500 ma $4.00 741537 37 74LS173 139 wmuse as
2102-1 1024 BT RAM (450 ns). s 115 74L538 37 74LS174 1.05 NES540L 275
: ! LED READOQUTS 740540 27 1418176 122 s60 2.00
isonen i 3 435 Nomece o s sooudoeaee s g AEE 0 un L %
1702A UV PROM 395 | FND70CC. 4" § 55 MAN.7.-3°CA s o5 | 79Ls47 19 Hss s 566 25
52044 K PROM .... 1935 | FNDS03CE. 5 § B5 NS333dig areay § 75 | 794531 26 TSTET 172 Gon -2
BESP0" et o 195 | FND510CA. .57 S 85 DL 747C.A, 6~ S195 | 745%¢ 2 5 203 2
AY-5-1013 UART $ 6.95 741590 95 ;‘Lz‘gz B 2: 709 25
7 ? aLs)y 9 710 35
MTA 206 P-OPDT Center O1f ... § 1.85 DATA CASSETTES 1/2 hr. $1.25 TSN jisiar 98 jacerv 31
MEG ISSPSIBTEM 8 ) (s | sepm ot v 156 spong 5220 S 8 B R W o
.| aL
#24, EIGHT CKETS MMBSIBTAA with FCSB024 readouts. This new No | 150592 85 793258 138 1ase 2
CONDUCTOF BI%IIE ng 2}?,,“ 0l tionai clock chip will directly drive LED displays | 144583 g5 ,’:LL;’S': 6': e ;’2
I < oin 25 78 Pin - SONMACLN Four 8 hign readouts supplie $10.95] 74Ls108 43 LSS 58 CAN0E e
IR 6 71N — 28 40 PIN - .60 N 7aLs368 66 803BCC 190
1001813 50 IEUL IR I MCM 65714 7 x 9 upper & lower l 7405390 195 UAZ91P5 195
S TITTLS case character gen . $1075
§ 95 da0K1218 58 3
or 2. e 8 CTS 206-8 eight position dip switch $1.90
30T S S0 2 1o | CTS-206-4 four posnion dip switeh 1.7 TOA—254 11 5A__6A 354
7BMG or 79 .. $1.36 70 130 40 50 1.20
ALCO MINIATURE TOGGLE SWITCHES 110 175 60 70 160
RS232 DB 25P male ... 2.95 MTA 106 SPDT $1.05 160 2 100 120 0
NECTORS 0B 255 femaic .. $3.50 MTA 206 DPDT $1.45 60 4 1.0 =

FREE

SOLID STATE SALES

P.0. BOX 74A
SOMERVILLE, MASS. 02143 TEL. (617) 547-7053

" PLANNING TO
=
(=

>

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 fabel whenever you write con-
cerning your subscription. It helps us serve
you promptly.

Wrlte to: PO. Box 2774, Boulder, CO 80322

giving the following information:
[ Change address only [ Extend my subscription
ENTER NEW SUBSCRIPTION

O 1year $12.00 [ Payment enclosed
K Allow 30-60 days for (1 extra BONUS issue)

|

N
3
|
|
|

EL
AFFIX OLD LABEL =
——— <1t OLD address here.
F:Hyou have nolabelhandy,pnnto “
! . A
Name please print (
/’ -
) Address ‘
ermeete- -
city —— |
e
sale—— " ___
NEW ADDRESS HERE 0219
Name
please print
Address Apt
City
State Zip
Addltional postage on foreign orders: add $3 a year for Canada, $5

INFORMATION  CARD
S

a year for all other countries outside the U.S. and its possessions.
Cash only on foreign orders, payable in U.S. currency. /

delivery. O Bill 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,

Siivertone stereo amplifier 528-69682. Schematic. T.L. Pet-
tit, 113 Skyline Dr., Falrea, WV 24902,

Precision Model 98VTVM. Tektronix 512 oscilloscope.
Schematics. Don Maeyer. 12696 Greenhall Dr., Wood-
bridge, VA 22192.

Waurlizer Model 4100 tube-type electronic organ. Need
schematic. Also need source of tubes for radar module tube
type 1B27. Neil A. Bensen, 8130 Pt. Douglas Dr., South
#104, Cottage Grove, MN 55016.

Hickok Mode! 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, Sitver
Spring, MD 20901.

Gonset “Super 12", 12-volt SW to BC converter, 12 volts in-
put. Schematic, parts list, and data. Sam Thomas, 5901 SW
50th Ter., Miami, FL 33155.

RCA milltary receiver, type R-978/GKA-5. Manual, schemat-
ic, crystals. Tom Sanor, 4940 Bedell Road, Roswell, GA
30075.

Hallicratters S-53A recsiver. Instruction manual. Michasl
McLaughlin, 15 W. Durham Strest, Philadelphia, PA 19119,

Analab, dual-trace oscilloscope, type 1120. Require sche-
matic. John Soha, 212 Courtright St., Pringle, PA 18704.

Bendlx high-band FM transceiver. Model #1V14C. Scha-
matic, operating manual or any other information. Luciile
Moody, 8618 S. Jeffrey, Chicago, IL 60617.

(continued on page 120)

AmericanRadioHistorv.Com

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.

It's packed with authoritative articles about
Citizens Band, Amateur Radio, Shortwave
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 enjoyment 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 1978 COMMUNICATIONS HAND-
BOOK mailed to you from first-off-the-press
copies when published.

PRE-PUBLICATION RESERVATION FORM

COMMUNICATIONS HANDBOOK, P.O. Box
278, Pratt Station, Brookiyn, N.Y. 11205
Enclosed is $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-38

Print Name

Address

City

State Zip
POPULAR ELECTRONICS



4F*BLF*BAF*BAF By F BaF BLF " BAF*BA&F *BAF BaF "BAF DEF BEF D&F"

LED DISPLAYS
SPEAKER KITS i T
- ND500 El B
green Ye||°w16¢ FNOSO7  RED CA .5 0
Full size 3-way speaker system for su- T amber - clear ea. Duloa R [
perior sound reproduction. Includes 2 - oLYO? RED CA .30 RHD -99
10" woofers; 2 - 4" dome tweeters; 2 - LINEA ZENER DIODE - s00m :Lxr:s, 2:2&‘&“_2:,’5?"0 "_::
8" middlers, crossovers, damping, hard- SPEClALS 36V 5.1V 6.8V 15V ::::2 ;Ettgag:;;t:g ::
ware, grill cloth, 2 cabinets 26% x 14% x - 5 LM300TO-5 § .49 d R
11%"d. First quality surplus parts - how - y *4'" Tweeter LM302 TO-5 39 hady 67 I $ .15 EA. JHanesto OMNSE ‘;E”%‘..‘D‘"“' 99
can you beat this price? Complete kit LM3C? mDIP 19 8/$1.00 ANY MIX MANGE30 onncs ‘”"i.'f,'* Al ]
$88.88/pair. Limited Etfimon, QtZ(.)LLt:. Il:::gs?;gg gg MANB740 nzoooumzmg. N =
Sh. Wt. 80 Lbs. - allow for two - b ; - = = p
packages,F.O.B. Peabody, Ma. 01960 pars 10" Woofer LM311 mDIP 49 SIGNAL DIODES MANBT50 nEncnccuaLE 0IG o™
Order No. 8230094. . . . . . $88.88/pair | 340T-5V 79 2400 MW 20/$1.00 MAN4630  RED CA 40" auo -89
g 340T-6V .79 NSNT4R  REDCC 30" AMD 49
MORE SPEAKER KITS AVAILABLE $88.88/Pr darisy 9] wwvensaisneaceoano s 7
ATALOG! i inet: " -8 m 1 et plated capper ¢ieut hoar EREE
SEND FOR FREE C i 0G Full Size Cabinet: 26v2 x 142 x 112 LM565 DIP ol S plarduoppresniunbond 2 ON REOUEST j
LM723 DIP A9 R tiles o DIB A - wpece !
tereo Power mp LM739 DIP 79 | et e i
osstile and wm

‘L kaarding 1€ srrcuitery $1.350 gm. =Y N
MM 5330 T*-
4%, DIGITOVM LOGIC $ 4.95] MARK | CLOCK KIT

REGULATED POWER
SUPPLY KIT o eny s TaneTions.
— TEAMINALS FOR ADDITIONAL
REMOTE DISPLAY. 10.95

WITH 12v/300 MA PC MT. TRANS-

possin $13.95 ;
2708 5314 eDIGIT

P FULL SPEED EROM R HIE
PLUS & MINUS 5,12 & 15 VOLT USES 3 $10,9%

Actually two (2) complete amplifiers &
power xformer. Takes one soldering iron
& ten minutes to complete. With instruc-
tions, no case. You only add input, con-
trois & speakers. Runs on 115V 60 Hz.

Sh.Wt. 7 Lbs. . 7E70464 .. S12.88

Neat, complete checked-out video mod-
ulator delivers signals from video games
ot microprocessors to the antenna term-
inals of your TV set. W/data, not a kit!
With 12 ft. cord for your input. 2 Lbs.
82U80015/ $12.88 ea/569.88 for 6

HIGH CURRENT

Computer/ T
Interface S0l

POWER SUPPLY KIT

LM340T AND 3 LM320T REGULATORS. 1702A 535300
TRANSFORMERS 115V/29VCT TRANSFORMER PLUS PC
5t0 24VDC 5Amps 1 BOARD, CAPACITORS & DIODES - 5V 156 BI1 RAM
Constany vl (age: eerrotresgnang PROVIDED WITH SINK TO SUPPLY 1 AMP $3.95 )
CQ& types.) jsupplied] withicapaditar, WITH ALL PARTS, SCHEMATIC AND UL
Great for power supplies! Primary INSTRUCTIONS - PS-29 8080A . 8008 §$3 .28
115V, 60Hz. Sh.Wt. 30 Lbs. ea. LA - $11.95
An easy to bu!ld kit, mcludes every!hmg Volt Amp Order No Price .
you'll need, except the case. 115V 6DHz 16VCT 35A, BGBOD72 " ) . '515_50
in, 5 10 24V0C; 5 A - regulated output. | 16y cy, 25A. 8GBOO73 . . . . . $13.50 AT By R $6.95
Incl. fiiter cap’s, IC, xistors & all parts. 80VCT 20A. 8HB0093¢ $15.00 WITH T1 TMS 1090 L—___4
Sh.Wt. 12 Lbs . . 6MI60301. . $14.88 : i MICROPROCESSOR CHIP 1 $24.75

2513
CHARACTER GEN

*(actually 2 - 40V windings)

7 PROGRAMMED TO PLAY 82823
24 DIFFERENT TUNES 156 BIT PROM 641 815 ASCII

$39.50 SHIPPING $1.00 $2.95 $6.95

Satistaction guaranised. Parcels shipped within 3 days efter receipl of order. Pay with SHIPPING INCLU

7d or COD. Minimum COO or charge order Is $15.00. Add $1.00 PP DED
1han $10.00. Inciude 10% of order lotsl (o cover shipping and |
a. Calllornia residents 8dd sales tax.

LOGIC Power Supply KIT: 5V, 1A

5 volts, 1 amp, regulated. No case, all B&F ENTE RPR'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

for any ad items. Say “P-3’ Peabody, Ma. 01960

IN US & CANADA

DISCOUNT ON ALL
INTERNATIONAL ELECTRONICS UNLIMITED IC'S AND LED'S

on mail or phone orders. (617) 531-5774

Use Your BA-MC or AE for telephone
orders. No C.0.D.'s please. WHERE SUPPLUS REIGNS SUPREME
Please add POSTAGE —U/I'S ur Pare. Post.

VILLAGE SQUARE, P.O. BOX 449 P CARMEL VALLEY, CA 93924 USA 10% OFF ON $25.00
TELEPHONE 408 659-3171 15% OFF ON $50.00

t SEND FOR OUR FREE CATALOG — THOUSANDS OF SURPLUS BARGAINS AVAILABLE FOR HOBBYIST & ENGINEER T

G31d300V SSIYIXI NVIIHIWY - ADHYHI HILSYW - QHYDIIHIWYMNNYE - v£25-1€S (£19) - iINODT3IM SE3IAHO INOHJ

$12.95 F UART m
ELECTRONIC DOOR CHIMEKIT[ L.D110, LDI111 AYS1013A "
o

r

CIRCLE READER SERVICE CARD FOR FREE JUMBO CATALOG CIRCLE NO. 24 ON FREE INFORMATION CARO
CIRCLE NO. 4 ON FREE INFORMATION CARD
[

COMPARING OUR PRICES TS MONTH YOU WILL FIND [CC HAS AGAIN OFFERED THE  ORIGINAL MANUFACTURER'S FULL MARKING AND BRAND SYMBOL. NO RETESTS
LOWEST POSSIBLE PRICES ON PRIME TTI. ICs, OUR HUGE PURCHASING POWER TO  FUNCTIONAL ONLYS, OR FALLOUTS AT ICC. IN ADDITION, OUR VCLUME DISCOUNT
EXPORT TO OUR INTERNATIONAL CUSTOMERS ALLOWS US TO OFFER TIF LOWEST  SCHEDULE ALLOWS YOU TG MIX ALL YOUR REQUIREMENTS FOR EVEN GREATER
POSSIBLE PRICES AND PASS ON THE SAVINGS TO YOU. AS ALWAYS, OF COURSE. WE  SAVINGS.
GUARANTEE EVERY IC PURCHASED FROM US TO BE OF PRIME QUALITY AND WITH

7470 ... 27 74166 ... 95 | 74LS09 ... .23 | 74LS139.. .70 | 74LS386 .. .36 | 745267 ...1.16 | 74C161...1.90 | VOLUME DISCOUNT SCHEDULE :
7472 ... 24| 74167....3.20 | 74LS10... 21 | 74LS151 .. 65 | 74LS390 ..1.65 | 745258 ... 1.15 |74C162...1.90 _ ) 51

7473 ... 24| 74170 ... 385 | 74LS11... .21 | 74LS152 .. .65 | 74LS393 .. 1.35 | 745280 ... 2.25 | 74C163...1.90 | Merchandise Total Discount
7400 .. ..% 14 ' 7474 24 74173 ... 110 [ 74LS12 ... 27 | 74LS153 .. 66 | 74LS490 .. 1.10 | 745287 ...3.20 | 74C164 ...2.95 | § 000S 959 ...... E-S;";: }
7401 ... 15 | 7475 a5 | 7417a .. 85 | 74Ls13 .. 40 | 7aLs1sa . 1.00 | 748670 .2.29 1 745289 ... 355 | 74C165...2.95 § 2’?% ;’;Zg - per [
7402 ... 15 | 7476 29| 78175 ... 75 ' 74LS14 ... 85 | 74LS155.. .62 745300 ... 1.60 | 74C173...1.60 | § Z502¢ 907 H n
7403 15 | 7480 31| 78176 ... 69 | 74LS15 ... .26 | 74LS156 .. 62 | pyyywrew | 745305 ...1.90 [74C174...185 | ¢ oo i ooe LG 0y y
7404 16 | 7482 ... 50| 74177.... .70 | 74LS20... 23 | 74LS157.. 62 { 745310 ... 285 | 74C175 ... 1.95 | S100000mdUp ... . NGB ™
7405 .. ... 16 | 7483 ..... 54 | 74178 ... 1.20 | 74LS21... .23 | 74LS158.. .70 | 74500 ...$ 35 | 745312 .. 1.05 |74C192 ...2.00
7406 ... .24 I 7485 . 80| 74179 .. .120 | 74LS22... .23 | 74LS160 .. .82 | 74502 .... .35 | 745313 ...1.55 | 74C193 ...2.25 —
7407 ... 24 | 748 ... 27 | 74180 .... 65 | 74LS26... .31 | 74LS161.. 82 ‘74503. . 35| 745316 ... 280 | 74C196 ... 225 | gruNDARD SHIPPING CILARGES I
7408 ... 17 | 7489 ... 175 | 74181 175 | 74LS27 ... 26 | 74LS162.. 82 | 74504 .... 36 | 74S341 ...4.10 | 74C200...8.25
7409 17 ! 7490 ... .40 | 74182 .... 75 | 74LS30... .23 | 74LS163.. .82 | 74505 .... .36 | 745342 ...1.20 | 74C221 ...2.00 | jfyour mermhandise torel is between:
7410 ... .15 17491 ... 51| 74184 ....1.75 | 74LS32... .30 | 74LS164.. .98 | 74S10.... .35 | 745343 ...4.95 | 74C01 ... 96 |5 Q0OS 499 .... .. add $2.00
7411 ... 18 | 7482 ... 40| 74185 ....1.75 | 74LS37 ... .31 | 74LS168.. 83 | 74511 ... 38 | 745346 ...1.25 | 74C902... 96 | S 50052499 ........ - 2dd $1.00
7412 20 | 7493 . ... 40| 74188 .. .2.80 | 74LS38 ... 31 | 74LS163 .. .83 | 74515 38 | 745362 ...2.15 | 74C903 ... .96 | § 2600849.99 ........ 200 $0.75
7413 ... .25 | 7494 ... 60| 74130 . .. 95 | 74LS40... .26 | 74LS170..1.60 | 74520 35 | 74S387 ...4.70 | 74C904 ... 96 | S 50.00599.99 ...........addS0S0
7414 ... 55 | 7495 . ... .60 | 74191 .... .95 | 74LS42 ... .60 | 74LS173..1.00 | 74822 .... 36 74C905 .., 6.60 | S10000andUp ........ NO CHARGE
7416 ... 22 | 7496 ..... 60 | 74192 .... .80 | 74LS47 ... .75 | 74LS174.. .75 | 74S30 27 TECU6... 96 | e shinping vi
7417 ..... .22 7497 .....245| 74193 ... BO | 741848 ... .72 | 74LS175.. .79 | 74832 ... 50’ {74C907 ... 96 F_’”r"C;’” ;“l;ﬁ'(jp‘;,auf‘;h;m
7420 ... .15 | 74107 ... 29| 74194 ... B0 | 74LS51... .25 | 74LS181..2.50 | 74540 ... 35 | 74C00...§ .27 | 74C908 ...2.10 | T =E FOV S O MO PR
7421 17 | 78109 32| 74195 . .. .49 | 74LSB4 ... .25 | 74LS190.. 90 | 74851 .... .17 | 74C02.... .27 | 74C909...3.95
7423 ... 25 | 74121 ... 29| 74196 73 | 74LS56 ... .25 | 74LS191 .. 90 | 74564 .... .38 | 74C04 29 | 76C910...6.60 | - J
7425 ... .25 | 74122 ... 35| 74197 ... .73 | 74LS73 ... 35 | 74LS192 .. 90 | 74565 .... .38 | 74C08 29 | 76c914 ... 190
7026 ... 22 714123 39| 74198 ... 1.30 | 74LS74 ... 35 | 74LS193 .. 90 | 74574 . 58 | 7aC10.... .27 | 76918, . 2.00 |  SPECIALSHIPFING CHARGES i
7427 . 19 | 74125 . 37‘ 74199 .. 130 | 74LS76 ... 37 [ 74LS194.. 85 | 745112 ... 58 | 74C14....1560 760925 ...925 | oo oo e Ex
7430 ..... .15 [ 74126 ... 38| 74251 ....1.00 | 74LS78... .36 | 74LS195.. .50 | 748113 ... .58 | 74C20.... .27 [74C926...925 | . R Vo B ot E
7432 ... 23 | 74132.... §5| 74279 .... 49 | 74LS83 ... .75 | 74LS196 .. 8O | 74S114 ... 58 | 74C30 ... 27 |74C927...925 | pycrutimurance . $1.00-aditions! ¥
7437 ... .21 [ 74141 ... .70 | 74283 ....1.00 I 74LS85 ... 1.30 | 74LS197 .. .80 | 745132 .75 | 74C32 35 | 74C928 .. .9.25 | special Delivery . ... . $1.25-additional :
7438 ... 21 | 74145 ... 65| 74290 .... 59 | 74LS86 ... .36 | 74LS221..1.05 | 748133 ... 38 | 74c42 ... 1.50 |—— ! -
7439 ... 25 74147“..1.50‘ 74293 ... 57 | 74LS90... 50 | 74LS251 .. .80 | 745134 ... 38.| 74C48 . ... 1.95 [t
7440 15 | 74148 ... 115 | 74298 ... .92 | 741892 ... .50 | 745253 . .80 | 745135 ... 49 | 7ac73 ... .75 | MUVRE LR E T TR -m .
7441 ... 70 | 74150 ... .79 | 74365 ... 62 | 74LS93 ... 5O | 74LS257 .. .70 | 748138 ... .77 | 74C74 .... 65 . !
7442 ... 38 | 74161 .. .. 59 | 74366 .... 62 | 74LS95... 85 | 74LS258 .. .70 | 745139 ... 150 | 74C76 . . 95 | %
7443 ... 55 | 74152 . . .59[ 74367 ... .62 | .74LS107.. .35 | 74LS259 .. 1.60 | 745140 ... .47 | 74C83 .. . 150 | COMPONENTS LA
7444 ... 55 | 74153 .. B0 | 74368 .... .62 | 74LS103 .. .35 | 74LS260.. .34 | 745161 ...1.25 | 74C85....1.20 !
7445 55 | 74150 . .. 95 | 7408112, 35 | 745266 .. 26 | 743153 ... 2.10 | 74086 ... 145 | ROV E[o])] £
7446 ... .. 62 | 74155 ... 85 74LS113.. .35 | 7418279 .. 52 | 748157 ... .75 | 74C89....3.95
7447 ... 57 | 74156 . .. 85 74LS114 .. 35 | 7415283 .. .72 | 74S158 ... 1.25 | 7490 ....1.10
7448 ... 60 | 74157 ... 59| 74LS00..$ 21 | 74LS123 .. .90 & 74LS290 .. .60 | 74S174 ... 150 | 74C93 _...1.10 ]
7450 ... 15 | 74160 .... .79 | 74LSO1... .27 | 74LS125 .. 46 | 7415295 .. 90 | 745175 ...1.45 | 7ace5....130 | P.O.BOX 1837 o
7451 ... .. A5 | 74161 ... .79 | 74LS02 ... .21 | 74LS126.. .46 | 74LS298 .. .90 | 745189 ...2.75 | 74C107 ... .80 !
7453 ..... 15 | 74162 .... .79 | 74LS03 ... .21 | 74LS132.. .72 | 74LS365.. .52 | 745194 . nacist...27s . COLUMBIA,MO. 65201
7454 ., .. 15 | 74163 ... .79 | 74LS04 ... .24 | 74LS)33.. .34 | 74LS366 .. .52 | 745200 .. | 7ac154 ... 2.70
7459 15 | 74164 79| 74LS05 ... .24 | 74LS136 .. .35 | 74LS367 .. 52 | 745206 .. 74C167 ... 2.00 (3]4)_874-]]50 OPEN SATURDAYS
7460 ..... .15 | 74165 .... .90 | 74LS08... .23 | 74LS138.. .70 | 74LS368 .. .52 | 745253 ... .95 | 74C160 ...1.30

CIRCLE NO. 23 ON FREE INFORMATION  CARO
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YOUR COMPLETF SATISFACTION IS OUR GUARANTEE

120

741300

741300 3
741502
740504
741508 3 .
21

741876

YOUR COMPLETE SATISFACTION 1S OUR GUARANTEE vOU

HUGE DISCOUNTS!

Savings up to 70%

on-major brand IC parts and computer kits.

748161

74L878 ! 413160 82

SUPPORT DEVICES

6820
6850
8212
8214

5.00
5.00
345
9.50

MEMORY
1702A 4.00
2708 12.00
2716 32.95
1101 75

MICROPROCESSOR

8080A $11.95

2-80 24.95 6800

8216
8224
8228
8226
8238

3.75
3.76
6.50
3.85
7.95

21L02
450ns
21L02
250ns

1.25

1.60

Z-80A 3495

16.50

KITS

WAMECO
$-100 P.C. Boards
8K RAM
12-Slot Mother
Board 33.00
iTHACA AUDIO
$-100 P.C. Boards
8K RAM
Z-80 CPU
SOLID STATE MUSIC
$-100 Kits & Bare Boards
MB-3 2K/4K EPROM
Uses 1702A EPROMS
Kit w/o EPROMS 59.95
MB7 16K STATIC RAM
Bare Board 25.95
MB8 8K/16K EPROM
Uses 2708's
KitL ess EPROMs 75.95

28.00

D Los Angeles, CA 90045

I Name.

SOLID STATE MUSIC

VBIA VIDEO INTERFACE |l

Kit 129.95

Bare Board
102 PARRELL 1/O

And Kludge

Kit 49.95

Bare Board
104 2+2 170

Kit 13995 [

$B-1 MUSIC
SYNTHESIZER
Kit with
Software

25.95 ||

25.95 {|

174.95 §

7400
7401
7402
7403
7404

NEW 1978
IC MASTER

Retall Vale

$55.00

Your Price

$46.00

Home Computers: 210 Questions
and Answers; Volume 1: Hardware
by Rich Didday 225 pp.
Home Computers: 210 Questions
and Answers; Volume 2: Software
by Rich Didday 175 pp.
Calculator Users’ Gulde and
Dictionary by Charles Sippl 444 pp.
Microcorr puter Dictionary and
Guide by Charles Sippl 704 pp.
Introduction to BASIC
by Jetfrey Morton 200 pp.
Analysis and Design of Digital

| Circuits and Computer Systems
by Paul Chirlian
Finite Stzte Fantasles
by Rich Cldday 50 pp.

5716 W. Manchester Ave.

Suite #5

—— O cop

TELEPHONE ORDERS:
Call (213) 641-4200
0 Send your complete catalog ot
IC's and Kits, quickly,
O Please send me the following
Items | have listed below:
Stock No. Qty. Price

Charge My y
O Mec ]
O BAC (visa)

O Cash

I Address.

$1.50

[}
f City.

State

Satisfaction 100% Guaranteec
Cali'oa_nia Resldents Add 6%

Zip. Sales Tax

L------

COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION

Note: Mi

CIRCLE NO. 20

ON  FREE

imum Order $10.00, 5% Discount over $100.00
W IS BN B SR BN IS ED A S BT ED BY A Ee S

INFORMATION  CARD

AmericanRadioHistorv Com

37.95

36.95

$12.95

$19.95

$8.95

$22.50

$1.25

JALNVHYND HNO SI NOUILOVASILYS 4141dWOD

33LNVHYND HNO S| NOILIVASILYS 3LITdWOD HNOA  FILNVHYND YNO SI NOILOVISILYS FLITdWOD HNOA

Sl ¥No

OPERATION ASSIST
(continued from page 118)

Hatticratters Model SX 28 Super Skyraider. Schematic, op-
erators manual or other information. John Basile, 204 South
9th Ave., Hopewell, VA 23860.

General 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,
NJ 07083.

Hallicratters Model S106 50-54 MHz receiver. Schematic
and manual. Robert H. Clark, 709 Chrysler Ave., Newark,
DE 19711

Hammariund HQ-110-C. Need aperation manual. Douglas
Deeds, 117 Meadow Ln., Maristta, 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, Modsl 552, serial 1815. Schematics alignment and
service information. Richard D, Taft, 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.

Precislon 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 #HS500 trans-oceanic receiver. instruction
book, service notes, schematics, and pans source. C.L.
Brown Jr., 2409 Bon Air Dr., Savannah, GA 31406.

Home Fuel Computer Model KI-1000. Schematics, parts
hist, and installation instructions. Joe M. Brignola, Box 267,
New Haven, CT 06502.

Intemnational Crystal CB Modsl 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 pans
list. Jim Kotarski, 571 Charles St., Luzerne, PA 18709.

Webcor Model 21-10 mono tape recorder. Schematic and/
or service manual or any available information. Hansen Re-
cording Service, 50 Enfield St., Enfield, CT 06082.

Zenlth Model 65152 AM/shortwave receiver. Schematic
and woodsn knob for sensitivity control. Paul Wojelik, 207 N.
18th St., Barrington, IL 60010.

Knight T-60 transmitter. Schematic and operation instruc-
tions. Grover €. Moates, Star Route, Box 24, Leonardtown,
MD 20650.

Fisher Mode! 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.

Scoft Radlo Laboratorles Marine Radio, Model SLRM.
Schematic or service manual. W. Macie|ewski, 1901 Croft-
dale, Florissant, MO 63031.

Teac TD-105 deck and AR-7E R/P preamps. Service manu-
al. W.A. Edgecomb, 83244 Kelvin Ave., Canoga Park, CA
91306.

Tektronix type 545 oscilloscope. Operation handbook. Ben
Gobie, 1980 Dris St., Lakewood, CO 80215,

Paco speed check tube tester modsel T-61. Current operating
instructions. Nana Sam, 1424 W. 105th PI,, Chicago, IL
60643.

Sears Tower 6157 Geiger counter. Schematics and sefvice
manual. James Hudson, 1826 Elmwood Ln., Bettendor!, 1A
52722.

Minshall organ, model E series. Schematlc and manual.
Ron Broadnax, Route 3, Box 117, Eden, NC 27288.

POPULAR ELECTRONICS



“MINI” FM
‘ Auto Converter

777 eEasy Hookup

*Styles Vary
*For 12 VDC
Q NiCad Rechargeable “AA” Cell
PEN-LITE BATTERY

eLimited
Quantity

AU-333

/ 1 BA-341 *1.2 Volt
esFamous
Manufacturer
Pushbutton
AM AUTO RADIO
eMounts In Or
1 09 Under-Dash
e eVolume &

AU-580 Tone
Volume Controls, Pkg. of 12 Assorted. VC-274 59¢
Capacitors, Low Voitage Elect 50 Pc. CO-407 . 2.50
Terminal Stnps, Solder Type, 40 Assorted. XM-501 69¢
Resistors, 100 Assorted Carton. RR-077 79¢
2" PM Speaker, 810 Ohn. 2 for 1.00. $S-295 79¢
Cassette Tape, Phg. of 3-30 Minute. TA-879 7%
8-Track Tape, 40 Minute. TA-907 ... . . 49¢
Earphones, B Ohm, Less Cord. Pkg. of 4. PH-405 ]
Singer 12 Dgit MOS Calculator Chup With Data. XM-635 . 1.79
UMF Varactor Tuner With Data Sheet. XM-676 149
Ceramic Capacitors. Pig. of 100. CC-211 1.00
RED LED, 2 Voit. 10mA. Pkg. of 5.PL-233 5%¢
LCD 3% Degnt Display. XM-371 219
709 thgh Gain OP AMP_RE-131 79¢
Deluxe Stereo Headphones. PH460 . . . .. ... . . .. 298
Ni-Cad Battery Pack (3 ""AA” Size Celis). BA-327 . L350
Cassette Laplel Mike, 3. 5mmPlog. MM-174 .. ... 100
3" Recording Tape, Pkg. of 5(125 to 300°). TA-928 . .. .. 1.00
Slidemount For Auto Stereo or CB. AU-149 .. . . .. 199
6 to 12 Voit DC Converter, 6V. Acc. On 12V. Batt. A0297 49
650 RPM Motor, 5%~ Shaft, 120V. AC. M0-265 . .. . 1.00
9.6VDC Motor, 4 Step Shaft MO-365 . . 1.00
4000 RPM 117V AC/DC Motor. MO-395 .
18 RPM Goared Motor, 120VAC. MO-409 . . . .. 158
TV Tuner Motor, 14 RPM, 120VAC. MO-332 159
3" Fan and 120VAC Motor. MO-416 . . . . . 249
3%" Digit L-C Desplay. XM-371 375
Sperry 9 Dugit Display, 180VDC. XM-&‘J ...... 1.00
20 Key Calculator Keyboard. XM-339 . 150
T1 Desk Calcuiator Keyboard. XM-523 © . . 1.00
Soider Type Terminal Strips, Pkg. of 40. XM- 501 ...... 1.00
Assorted Knobs, Kitof 25. KN-O30 . ... ... .. ... 6%¢
3" 7Seg. LE.D. Comm. Anode, Green. XM-341 . . 1.9
3”7 Seg. LE.D. Comm. Anode, Red. XM-370 .19
3" 7 Sed. LE.D. Comm_ Anode, Yellow. XM-342 . .19
100 MFD_ Elect. Capacitor, 50 VDC. CC-216 . 99¢
12K Ohm Globar Resistor. RS-241 . A . 59¢
Mini Poly-Styrene Caps. 500 pf. ¢ IZSV Pkg. 015 CC 234 5%
Mini Poty-Styrene Caps. 1000 pf.: 125V. Pkg.5. CC-235 . 59%¢
12 Digit 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, 14" Diameter XM-756 ... ... ... .... 5%
Wire Terminal Lug, 50 Pcs. Solderiess. XM- 735 . . 99¢
100mA. Selenium Rect. 130VAC. RE-117 . 3%¢
Output Transistor, 258474, to-66. TR-147 . .. ... . . 1.29
8-Track Tape Deck Chassis, Includes Pre-Amp. 117VAC., Just
AddCables RA604 ... ... .. .. . 9.00
Telechron Digitat Clock. 117VAC. SW853 kR ]

20,000 MFD. 30VDC Capacitor, Computer Grade. cb47s 2.00
600 MFD-360V. Photo Flash Capacitor. CD-475 . 90¢

5 electronics
260 S. Forge St.
Dept. I-9 Akron, Ohio 44327

NAME

ADDRESS

CITY ____STATE ZiP
Qty. Stk.# Description Price Ea. Total

R —
S—

Catalog —

CIRCLE NO. 35 ON FREE INFORMATION CARD

——
*SONYeRIKYU*TOSHIBA®
OUTSIDE OF JAPAN. " SNECOHITACHI*MITSUMI®
[ [ ] [ ]
NEW-TONE ELECTRONICS Has the Largest I uiahi et
Inventory of Original Japanese Components POILTS S-SR
Y g P P *SANYO*R-OHM*UNIDEN®
Anywhere!
PARTIAL LIS OR ALL YOUR O
2SA49 49 || 25B492 1.00} 2SC775% 190 § 25C1628 110 § 40081 1.50 S6087A 380
2SA101 49 || 25B495 751 2SC776 250 § 2SC1669 1.25 § 40082 3.00 S60878B 380
2SA102 .49 || 2SB507 1.40] 28C777 495§ 2SC1674 49 f AN136 2.90 STKO11 7.50
2SA200 49 || 2SB511 150 28C778 3.50 | 2SC1675 49 F AN214 3.35 STKO15 6.50
2SA221 79 ] 28B528 1.40 | 2SC781 2.50 | 25C1678 2.00 § AN239 6.50 STK025 12.50
2SA234 .59 || 258536 150 | 25C783 295 ] 2SC1679 295 J AN241 2.40 STK032 1420
2SA353 69 || 25B539A 4.70 ] 2SC784 49 | 2SC1644 49 § AN245 5.50 STK036 19.00
2SA377 1.89 || 2SB541 470 ] 2SC785% 65 | 2SC1728 1.85f AN247 4.80 STKO50 24.50
2SA387A 69 || 25B554 8.00 ] 2SC788 295 ] 2SC1730 95 F AN271 3.20 STK056 11.35
2SA473 1.25 {§ 2SB561 601 2SC789 1.00 § 2SC1756 2.75 § AN289 7.90 STK405 9.20
2SA483 2.79 | 2SB627 2.95 | 28C790 150§ 2SC1760 1.60 § AN315 3.50 STK415 8.50
2SA484 2.44 2SC793 2.50 § 28C1816 350 J AN331 5.40 STKa33 9.25
2SA485 1.95 | 28C32 1.35] 2SC798 3.95 ) 2SC1988 49 § AN343 3.90 STK435 9 50
2SA489 1.39 § 2SC116 3.00 || 28C799 325] 2SC1989 3.75  AN360 2.50 STK437 1.50
2SA495 .60 § 2SC172 1.75 |} 25C815 55 | 25C1957 1.00 § AN380 7.50 STK439 ! 60
2SA496 99 | 2SC206 2.50 | 2sC828 49 § 2SC1964 3.95 | BA302 2.50 TA7028M 350
2SA497 1.44 § 25C237 1.75 | 25C829 49 | 2SC 1959 4.70 § BAS11 3.00 TA7045M 325
2SA509 50 § 25C281 50 | 25C830 295 28C1973 90 § BA521 3.40 TA7051P 3.00
2SA525 1.95 § 25C284 1.20 | 25C838 50 § 25C1974 3.50 J C3001A 2.95 TA7054P 3.05
2SA537A 1.95 | 28C287 1.25 1 2SC839 50 | 25C1975 3.50 | CX0758 2.95 TA7055P 3.00
2SA539 60§ 28C291 3.95 1 25C853 90 | 25C2020 495 CX100D 8.50 TA7060P 1.40
2SA561 48 § 2SC325 3.95 ] 25C866 500 ] 28C2027 6.00 § CX101G 8.50 TA7061P 1.50
2SA562 .45 | 25C367 85} 25C867 6.00 § 25C2028 80§ CX103D 8.50 TA7062P 1.50
2SA564 50 | 25C371 49 § 2SC870 50§ 28C2029 3.40 | CX104A 8.50 TA7063P 1.50
2SA565 1.05 | 28C372 49 § 2SC871 50 || 25C2034 295 CX121A 7.50 TA7072 3.00
2SA566 3.20 § 28C373 49 § 2SC900 50 || 25C2074 2.50 | CX130A 7.00 TA7074 2.90
2SA606 1.69 § 25C374 49 § 25C922 69 || 25C2075 400 CX148 11.70 TA7075 3.75%
2S5A624 99 § 2SC375 49 § 2SC929 49 | 2SC2091 2.50 | CX149A 14.00 TA7076 375
2SA628 .49 [ 2SC380 .49 § 2SC930 49 || 28C2092 3.25 | DN834 1.50 TA7089 2.90
2SA634 1.00 | 2SC381 50 § 2SC938 95 || 2SC2098 3.90 | DN835 1.60 TA7102P 580
2SA636 1.25 § 25C382 55§ 2SC943 1.00 {| 2SC2166 3.75 | DN837 1.50 TA7106P 3.25
2SA640 49 § 2SC384 .60 | 25C945 49 | 2SD45 4.95 | DN838 1.70 TA7120P 1.50
2SA643 .60 | 25C385 .70 | 25C959 135§ 2SD68 Q0 fHA1151 3.20 TA7122 1.50
2SA659 49 § 25C386 70§ 2S5C960 295 ] 2S8D72 80 f HA1157 4.20 TA7124 1.85%
2SA663 475 [ 2SC387 50 § 25C984 80§ 2SD77 150 fHA 1158 4,20 TA7146P 3.75%
2SA666 69 [ 2S5C394 .49 § 2SC1000 49 § 2SD81 395 HA1159 5.00 TA7148 3.90
2SAB71 1.50 | 25C403 504 2SC1013 95 § 2SDas 4 80 HA1199 3.25 TA7149P 3.90
2SAB72 70 | 2SC454 494 2SC1014 9513 2SD11& 3.00 § HA1202 2.20 TA7150P 3.7%
2SAB73 70 | 28C458 49 3 2SC1017 1.20 | 2SD130 1.20 | HA1306 4.90 TA7153 6.90
2SAB78 65 § 28C460 49 § 2SC1018 1.00 § 2SD170 1.50 J HA1308 4.50 TA7167 6.20
2SAB79 4.95 § 2SC461 49 8 2SC1030 280} 2sD18n 250 fHA1312 3.40 TA7200P 3.50
2SA680 4.95 | 2SC4a78 80§ 2SC1034 5.60 | 2SD187 49§ HA1314 4.20 TA7201P 4.50
2SAB82 1.49 | 2SC481 1.50 § 28C1047 59 | 2SD188 2.70§ HA1316 3.50 TA7202 4.50
2SA683 60 § 25C482 1.40 | 2SC1060 1.40 § 280201 450 fHA1318 5.00 TA7203 425
25A684 60 | 25C484 260 28C1061 1.25 | 2SD213 495 HA 1322 420 TA7204 3.70
2SAB695 60 | 25C485 1.40 § 2SC1079 3.95 § 2SD21v7 3.80 JHA1325 3.20 TA7205 3.60
2SA699 1.30 | 25C486 1.50 § 2SC1080 395 ) 2sD21& 390 JHA133%A 495 TA7207 350
2SA699A 1.45 | 25C493 3.50 | 25C1096 80 ] 28D227 48 § HA1342 4,50 TA7208 3.50
2SA705 75 ] 2SC494 4.50 § 25C1098 1.00 § 2SD234 85| HA1366 4.20 TA7209 3.80
2SA706 1.45 | 25C495 850 2SC1114 492§ 28D23% 85 HA11112 8.90 TA7210 6.50
2SA715 1.35 § 2SC496 854 2sC1115 3.00 § 2SD257 350 HA11113 6.50 TBASOO 4.40
2SA719 59 | 25C497 1.40 § 2SC1116 4.25 ] 2SD26+ 1.00f HD3113 490 § TBAB1ODS 4.40
2SA720 59 | 2SC502 1.50 | 2SC1116A 4.75 | 2SD287 370§ HD3127 7 80 TCA4081P 175
2SA721 59 | 28C503 175§ 25C1124 1.20 | 2SD288& 1508 LA1201 425 TC5080P 5.80
2SA733 .49 § 2SC504 1.75 § 25C1162 1.00f 2SD313 1.054 LA1240 3.30 TC5081P 360
2SA740 1.95 | 25C509 75§ 2SC1166 48 | 2SD31¢ 150 LA1364 3.70 TC5082P 4.00
2SA745 450 § 2SC515 195§ 25C1170B 495§ 2SD31% 1.20 ] LA1366 4.25 TC9100P 8.50
2SA747 5.75 | 2SC517 3.60 § 2SC1172 525 2SD31& 1958 LA1369 4.25 TD3400P 1.55
2SA750 .49 1 2SC535 55§ 28C1173 75 2SD325 90 | LA3155 225 TD3441AP 510
2SA756 3.30 | 2SC536 49 § 2SC1175 75 2SD330 1.50 ) LA3201 195 § TM4312P 1.00
2SA758 560 §2SC537 49 § 2SC1209 75§ 2SD3 1.50 § LA3301 340 UH1C001 6.50
2SA777 99 | 2SC538 60 § 2SC1211 59 § 2SD356 1.00] LA3310 4.20 UH1C003 650
2SA816 .70 § 2SC563 90 | 28C1212 1.65 | 2SD35¢8 1.10] LA3350 3.30 UH1C004 650
2SA839 1.95 §2SC580 1.95§ 25C1213 59 | 2SD360 1.05 LA400OO 7.50 UH1C005 6.50
2SCB08 595 2SC1226A .85 | 2SD382 1.20§ LA4030 5.40 UH1C006  6.50
2SB22 65 | 25C609 5.95) 2SC1237 400 § 2SD4a27 2.55 ) LA4031P 3.20 UPC16C 250
2SB54 49 §2SC614 3.95 § 28C1239 350 f 2SD525 1.50 § LA4032P 420 UPC20C 3.75
2SB56 95 §2SCH19 65 | 2SC1306 3.50 | 2SCF6 1.25] LA4051P 3.20 UPC30C 3.75
2SB75 .48 | 2S5C620 .49 2SC1307 4751 2SCF8 3.50 4 LA IO 3.20 UPCa1C 2.80
2SB77 48 §25C627 2.95] 2SC1308 575§ 2SF8 3.00 ] LA4201 3.25 UPC48C 3.95
2SB111 59 §25C632 60 | 2SC1312 49 | 2SK19 1.25] LA4400 3.40 UPC157CA 250
2SB156 95 §2SC634A 60§ 2SC1313 49 | 2SK23A 1.00 § LA4420 3.40 UPC554C 250
2SB172 60 | 2SCh44 49 | 2SC1317 49 § 2SK30A 75] LADOOY 3.20 UPC555H 2.20
2SB175 60 §2SC645 60 | 2SC1318 49 | 2SK33 90 ] LD3040 1.60 UPC563H2 8.00
2SB186 49 §2SC674 .60 | 28C1327 49 | 2SK34 90 LD3120 2.40 UPC566H 1.25
2SB187 55 § 2SC680 2.60 ¥ 2SC1330 1.35 | 2SK40 1.30f M5112 8.40 UPC573C 3.25
28B202 1.50 §2SC684 1.20 § 2SC1342 49 § 2SK55 1.00 ] M5151PR 7.80 UPC575C  2.60
28B227 2.95 §25C693 .49 § 2SC1344 49 } 3SK22 2.20 g M5152L 2.75 UPC576 3.25
2SB234 2.95 §2SC696 1.75 ] 25C1347 85§ 3SK22v 2.20 f M5192 4.80 UPC587C2 295
2SB235 7.95 §2SC699 5.95 | 2SC1359 65§ 3SK35 200M51171L 2.00 UPC532H2 140
2SB270 79 §2SC708 1.75 | 2SC1360 95 | 3SK39 2.00 g M51513L 510 UPC595C 295
2SB303 49 1 2SC710 49 § 2SC1362 52 | 3SK40 2.00§ MB3705 3.35 UPC596C 275
2SB324 60 §2SC711 49 § 2SC1364 110§ 3SK41 2.20 MN3001 19.50 UPC1001H2 350
28B337 135 §2SC712 .49 § 28C1377 4.80 § 3SK45 2.20 f MN3002 11.70 UPC1008C 5.75
258370 65 f2SC715 69 | 25C1382 95 ] 3SK49 2.20§ MN3003 9.45 UPC1020H 4.25
2SB405 60 | 28C717 50 § 2SC1383 50 JSP70C1 75§ MN3004 17.95 UPC1025H 350
258407 2SC730 . 25C1384 MA26 28§ MN3005 75.00 UPC1026H 3.10
2SB415 25C731 2SC1402 MPS8090 1.25§ MN6040 16.75 UPC1152H 3.95
2SB4a34 28C732 2SC1403 MPS8001 1,25 MNBO40A 16.75 UPC1154H 395
2SB435 2SC733 2SC1419 MPSUC2 .50 UPC1155H 3.95
2SB440 2SC734 2SC1447 MPSU31 400 PLLOTA 13.50 UPC1156H 4.50
2SB461 2SC735 2SC1448 MRF8004 3 00f PLLO2A 8.50 UPC1380C 9.50
2SB463 2SC738 2SC1449 SD1074 19954 PLLO2A-G 850 UPC78L05 1.40
2SB471 2SC756A 2SC1475 SD107e 28.95 ) SG609 4.80 UPD277C 450
2SB472 2SC763 28C1507 4004 3.00) SG613 6.75 UPD857C 1550
2SB474 2SC773 2SC1509 4005 3.00 § S6080A 3.75 UPD8S8C 950
2SB481 2SC774 1.50 § 25C1624 40080 1.25 ) S6080B 3.80 1JPD861C 18.50
MINIMUM ORDER $5.00
All orders odd $1.00 Postage ond Hondling. NEW ’ NE
Conodo $1.50
N.J. Residents odd 5% sales fox EECIRONm
DEALERS: Write on letterhead for confidential
L T N GGG A P -O- Box 1738A, Bloomfield, N.J. 07003
ALL PARTS GUARANTEED — COD ORDERS WELCOME Phone: (201) 748-6171, 2, 3
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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 that when complaints do arise, the majority of them occur because people have writ-
ten their names or addresses differently at different times. For example, if your subscription were listed
under “William Jones, Cedar Lane, Middletown, Arizona,” and you were to renew it as "Bill Jones, 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 include: John Renry Smith and
Henry Smith; and Mrs. Joseph Jones and Mary Jones. Minor differences in addresses can also lead to
difficulties. For example, to the computer, 100 Second St. is not the same as 100 2nd St.

So, please. when you write us about your subscription, be sure to enclose the mailing label from the
cover of the 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 able to service your request much
more quickly.

P.0. Box 4430C Santa Clara, CA 95054
For will cail only:(408) 988-1640
2996 Scott Blvd.

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality IC's and
other components at factory prices.
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Sinclair 3%z Digit Multimeter

Batt. oper. TmV and . 1NA resolution. Re-
sistance to 20 meg. 1% accuracy. Small,
portable, completely assem. in case. 1yr.
guarantee. Best value ever! $59.95

60 Hz Crystal Time Base
Kit $4.75 Converts digital clocks
fram AC line frequency to crystal time
base. Qutstanding accuracy. Kit includes:
PC board, MM5369, crystal, resistors,
capacitors and trimmer.

New Cosmac Super “ELF”

RCA CMOS 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 of all four
CPU modes. LED indicators of current
CPU mode and four CPU states. Single
step op. for program debug. Built in pwr.
supply, 256 Bytes of RAM, audio amp. &
spkr. Detalled 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.

Paratronics 100A Logic
Analyzer Kit $199.00
Converts an oscilloscope into a digital
tester and analyzer. Trace computer pro-
gram flow, monitor /0 sequences, etc.
Trouble shoot all digital, CMOS and MOS
famflies. 128 blt truth table (8 by 16 bits).
Complete with case, parts and instructs.
Model 10 Trigger Expander Kit expands
Model 100A to 24 bits $229.00. Model
150 Bus Grabber Kit $369.00, a one
board logic analyzer for $-100 bus appli-
cations. Instant access to 56 S-100 bus
signals. Complete kit with all parts and
instructs

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
full instructions. Same clock kit with .80"
displays. §21.95

Digital Temperature Meter Kit
Iindoor 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 Ilquld. Very accurate.
Complete instructions. 39.95

2.5 MHz Frequency Counter
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 volts.
3.2768 MRz crystal accuracy. Times to
59min., 59 sec., 99 1/100 sec. Times std.,
split and Taylor. 7205 chip, all 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,

Clock 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. Complete IC data selector, 1234
pg. master ref. guide, 17,000 cross ref-

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 S
erences. Free update for 1977. Domestic monitor without affecting normal usage, comp. instructs. Add $3.95 for beautlful
postage $2.00. Forelgn $6.00 Complete kit with full instructions. dark gray case. Best value anywhere.

TERMS: $5.00min. orderU.S, Funds. Calif residents add 6% tax. FREE: Send for your copy of our NEW 1
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 24¢ stamp.
Shipping charges will be added on charge cards

CIACLE NO. 42 ON FREE INFORMATION CARD

AmericanRadiaoHistorv Com

Popular Electronics

ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
1 A P Products Incorporated ......... 28
2 Active Electronic Sales Corp ....... 117
3 Ancrona Corp ................ .106
4 B&F Enterprises .................. 119
6 B&K Precision, Dynascan
Corporation . ........... ... ...... 51
CREI, Capitol Radio Engineering
Institute . ........ .. .. .. 90, 91, 92, 93
Cleveland Institute of
Electronics, Inc ........ 22, 23, 24, 25

7 Cobra, Product of

Dynascan .......... SECOND COVER
56 Communications Electronics ........ 16
8 Computer Depot ................... 13

9 Continental Specialties
Corporation .......... THIRD COVER
53 Cooper Group, The .............. ... 16
10 Cowan Publishing .................. 95
11 Delta Products, Inc ............ .10
12 Digi-Key Corporation .......... ... 114
13 Digital Group, The .............. .. .. 2
141 EICO  menpath 2 obit snd 22 2§ nuwis badll 102
15 Edelman, Leslie .................. 101
16 Edmund Scientific Co ............. 108
17 Electronics Book Club .............. 11
18 Godbout Elecs., Bill 117
19  Grantham College of Engineering ...102
20 Greenlee Tool Co .................. 31
Heath Company ....... ... ....... ... 29
5 Heath Company .......... 70, 71,72, 73
21 HobBYSWOTTAR s me # mucse. p.mm bvsewn p g wi: 120
22 lllinois Audio ..................... 103
23 International Components Corp ... .. 119
24 International Electronics Unlimited ..119
25 S & A ... 56,7, 8 9
26 Jade Computer Parts . ............. 107
27 James Electronics ............... .59
28 James Electronics ............ 104, 105
29 Mclintosh Laboratory Inc ...... ... . .89
Micro Computer Mart .. ... . .. ...98
NRI Schools ............. 36, 37, 38 39
National Technical Schools .80, 81, 82, 83
31 Netronics R&D Ltd ... ... ......... 97
32 New-Tone Electronics ......... 112
33 New-Tone Electronics ............. 121
34 OK Machine & Tool Corporation .. .60, 61
35 Olson Electronics ................. 121
36 Optoelectronics, Inc . .............. 14
37 PAIA Electronics, Inc .............. 103
38 Page Digital Electronics ............. 31
39 Pickering & Co .................... 27
401 POly PakS! g 3mi:eidmn - k= Knied hamp 111
41 Processor Technology Co ........... 85
42 Quest Electronics ................. 122
43 Radio HUt . . uuwem:eihiead-umansm 114
Radio] SRACKS | s mk & 2w scw x5 un m g1 40, 113
44 S.D.SalesCo .................... 115
Sams & Co., Howard W ... .. .. . .. 15
45 Sansui Electronics Corp ............. 1
46 Scientific Audio Electronics, Inc ....21
47 Solid State Sales .................. 118
48 Southwest Technical Products Corp .35
49 Technics by Panasonic FOURTH COVER
50 Telecommunications ITT ............ 77
51 Texas Tuner Service .............. 100
52 Wahl Clipper Corp ............... 101
54 Winthrop-Rogers . .................. 54
55 Ximedia .......................... 79
CLASSIFIED ADVERTISING .123, 124, 125
POPULAR ELECTRONICS



Flectronics Clossiied

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 1 column (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 firstissue 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! Bargain Catalog—I.C.'s, LED's. readouts, fiber op-
tics, calculators parts & kits, semiconductors, parts. Poly
Paks, Box 942PE, Lynnfield, Mass. 01940.

GOVERNMENT and industrial surplus receivers, transmit-
ters, snooperscopes, electronic parts, Picture Catalog 25
cents. Meshna, Nahant, Mass. 01908,

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave, S.W., Largo, Fla. 33540.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS.
Blutfton, Ohio 45817.

AADIO—T.V. Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105.

AMATEUR SCIENTISTS. Electronics Experimenters.
Scjence Fair Students. .. Construction plans—Complete,
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 complete 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, Riverside, CA 92507.

ROTARY SWITCH 4P11P 5/85; 6P11P 5/87.25. Dip Switch
10-SPST 10/$15. Transformers 12.2V CT-6A plus 8.5V-5A
$6.95. 24V-5A $5.95. 10° RG58C /U 12/$10. Fertiks, 5249 "D"",
Philadelphid. PA 19120.

BUILD STEREO SPEAKERS
WITH JUST GLUE AND STAPLES.

Save up to 50% of the cost of ready-buiit
speakers by assembling Speakerlab kits.
We've done the design, carpentry and
wiring, leaving you only the actual in-
stallation of the speaker drivers. Most

- people take less than two hours to
assemble a kit. lllustrated, easy-to-follow instructions
check you each step of the way. (And il you still 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 high quality, multi-
element stereo speaker with a resonance-free-enclosure,
fiberglass damping, a crossover with level controls, 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. o

Dept. PE-H 5500 35th N.E., Seattle, WA 98105

BUILD AND SAVE. TELEPHONES, TELEVISION. DETEC-
TIVE. BROADCAST Elecironics. We sel construction
plans with an Engineering Service. Speakerphones. An-
swering Machines, Carphones, Phonewvisior. 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 Circunts, Detective Electronics. PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year’s subscrip-
tion to Electronic News Letter, $1.00. Don Britton Enter-
prises, 6200 Wilshire Blvd.. Los Angeles. Calif. 90048.

NAME BRAND Test Equipment. Up to 50% discount. Free
catalog. Salen Electronics, Box 82, Skokie. lilinois 60076.

SOUND SYNTHESIZER KITS—Surf $12.95. Wind $12.95.
Wind Chimes $17.95. Musical Accessories. many more.
Catalog free. PAIA Electronics. Box J14359. Oklahoma
City. OK 73114.

HEAR POULICE / FIRE Dispatchers! Catalog shows ex-
clusive directories of “confidential” channels. scanners.
Send postage stamp. Communications, Box 56.-PE. Com-
mack, N.Y. 11725.

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
|usts to all scrambled frequencies. Only 4™ square $29.95,
fully 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 beginners and exper-
ienced computer enthusiast. Telelype machines, parts,
supplies. Catalogue $1.00 10: ATLANTIC SALES. 3730
Nautilus Ave., Brooklyn, NY 11224, Tel: (212) 372-0349.
WHOLESALE C.B., Scanners, Antennas, Catalog 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-
ruptcy Inventories, Deals. Thousands of items at Bargain
Surplus Prices, Rush $1. Elcoa Electronics, 521 5th Ave.,
NYC, NY 10017.

FREE CATALOG., Flash Tubes, Nicads, Kits, Calculators,
Digital Watch Modules, Ultrasonics, Strobes. LEDS. Trans-
istors, IC’s, Unique Components. Chaney's. Box 27038.
Denver, Colorado 80227.

SURPLUS COMPONENTS. Communication and test equip-
ment. Ittustrated catalog 25 cents. E. French, P.O. Box 249.
Aurora, Illinois 60505.

CB RADIOS. manitors, 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.

VICRO

WIR

ROPHQ
orld’s smallest; solid state, seif-contain-
-~ ed. Picks up and transmits most sounds ]
i, without wires up to 300 ft. through FM Ra- [l
dio. Use as mike, ampf., alarm & alert sys., ]
I | hot line, baby sitter, etc. Money back guar.
¢ | BIA, MIC cds, COD ok. $18.95 ptus $1.00
post. & hdlg. Calif. res. add tax. Mail orders [l
SIZE Qty. Disc. Avail. AMC SALES, iINC. ]
214" x % x v2'' Dept. 23, Box 928 - Downey, Calif. 90241
e o1 3 it 1 1 1}

AUDIQ 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
lo 9 prices. 25C710, 59 cents; 25C517. $3.95; 25C799,
$3.60: 2S5C1306. $4.40; 25C1678. $2.25; TA7205P, $3.90;
BA521, $3.70. BA511, $3.40. Fuji-Svea Enterprises. Depl. P,
Box 40325. Cincinnati, OH 45240.

NEW PERIODIC TABLE OF ELEMENTS. Atomic physics
breakthrough now reveals precise atomic models of each
elemen:. Striking wall chart, $3.00. Circlon, 29500 Green-
river Gorge. Enumclaw. WA 98022,

PC BOARDS from your art. Send SASE for information.
John Harvey, 3197 Chateau Court, Atlanta, GA 30305.
FANTASTIC WIRELESS TV COMMERCIAL KILLER. Never
listen 1o 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.I. Schools, 6501 NW 14
St.. Plantation. FL 33313.

Build The Artisan Electronic 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.

UNSCRAMBLERS FOR any scanner. Several models avai!
able. Free literature. Capri Electronics. 8753T Windom.
St. Louis. MO 63114.

UNSCRAMBLE CODED MESSAGES from Police,
Fire and Medical Channels. Same day service.
Satisfaction guaranteed. Don Nobles Electronics,
Inc., Rt. 7, Box 265B, Hot Springs, Arkansas

71901. (501) 623-6027.
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 yourself.
Send self-addressed stamped envelope to Kester
for a FREE Copy of "Soldering Simplified""

KESTER SOLDER / *201,wrightwood Ave.

Chicago, |lIl. 60639

ANYONE CAN SOLDER WITH—

PHOTO-METER: For the hobbiest, science buif. 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.

1/2 )

PRE-RECORDED VIDEOCASSETTES:
Betamax and VHS formats. Send for free list. 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. BankAmericard. 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

Wurlitzer r:pr’o‘ducﬂonl
i1 DEVTRONIX ORGAN PRODUCTS, Dept. C

W 5872 Amapola Dr. e San Jose, CA 95129

MARCH 1978

USED TEST EQUIPMENT — Tektronix, HP, GR. Write: PTI,
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.

AmaricanRadiaHictaory Com

HIGH FIDELITY COMPONENTS. All top brands, dis-
tributor’s prices. No-risk buying. No deposit. 48-hour de-
livery anywhere in Continental U,S, C.0.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, Balto.,
MD 21206.

AMAZINGLY Low component prices! Ask for free fiyer.
Write: EEP, 11 Revere Place, Tappan, NY 10983,
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UNSCRAMBLER KIT: Tunes all scramble frequencies, may
be built-in most scanners, 2-3/4 X 2-1/4 X 1/2. $19.95. Facto-
ry built Code-Breaker. $29.95. Free Catalog: KRYSTAL
KITS, Box 445, Bentonville, Ark. 72712, (501) 273-5340.
STATE OF THE ART test instruments, kits, and plans. Free
Brochure. Dealer inquiries invited. Pentec, Inc., P.O. Box
148, Whitehall, PA 18052.
IC's — 100 Assorted 7400 series — all marked — $12.50
ppd. Send stamp for bargain list. Gull Electronics, 12690
Rte. 30, N. Huntingdon, PA 15642.

QUALITY KITS, over 7,000 schematics. $1 (refundable) for
illustrated catalog. Tek-Devices, Box 19154¢, Honolulu, Hi
96817.

PLANS — light seeking robot, whistle controlled
robot, A/D 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.

PRINTED CIRCUIT SUPPLIES. Chemicals, tools, lami-
nates, kits, magazine copy film, reversal films, plating,
drills, punch, Dremel tools, etc. Send two stamps. CIR-
COLEX, Box 198, Marcy, N.Y. 13403.

COMPUTER TERMINALS, $450 — $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. 2SC799 — $3.00, 2SC1306 —
$2.95, 2SC1307 — $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
Gain Beams plus Quads, Verticals. Ground Planes using
common hardware. Easy assembly highes! performance —
Complete $4.00. Tenna-Farm, 1117 Dewitt Tr., Linden. N.J.
07036.

PLANS AND KITS

AMAZING ELECTRONIC
“a~ PRODUCTS s~

LAS[IS SUPER POWERED, RIFLE, PISTOL POCK(T SEEIN DAIK PVIO
TECHNICAL, DE-BUGGING - UNCRAMBLERS TESLA - STU

£-
DISRUPT[R ENERGY PRODUCING, SCI[NTIFIC DET[CTIDN [L[CTRIWING
CHEMI ULTRASONIC, CB, AERO, AUTO AND MECH DEWTES, HUNOREDS
IIOR[ ALL NEW PLUS INFO UNLTD PARTS SERVICE

INFORMAT |ON unfimifea

Box 626 Lord Jelfery PZ. © Amberst, #.H. 03031

CATALOG $1

FREE KIT Catalog contains Test and Experimen-
ter's Equipment. Dage Scientific Instruments, Box
1054P, Livermore, CA 94550.

TIGER SST
SIMPLI-KIT

THE DO-IT-YOURSELFER

W!a high quality CD Electronic
Ignition System in kit form.

Contains all components and solder to
build complete Solid-State Electronic
CD Ignition Systemm for your car. As-
sembly requires less than 3 hours,

® increases 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

e In Star Corporat'on ———
P.0. 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.

BUILD YOUR OWN
SYMPHONY
OF SOUND!

It's fun and easy —takes just minutes
a day! Complete kits for organs,
planos, strin rhythms,
amplifiers, synthesizers. Also
factory assembled. 104-page
catalog $2.00

OWERSI

Wers! Electronics, Inc.,
Dept. ZD, Box 5218,
Lancaster, PA 17602,

NEGATIVE ION Generator. Complete Plans. $10.00.
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, W1 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

WANTED

GOLD, Silver, Platinum, Mercury wanted. Highest prices
paid by refinery. Ores assayed. Free circular. Mercury Ter-
minal, Norwood, MA 02062.

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105.

TUBES receiving, factory boxed, low prices, free price list.
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
order. PRB Corp., Box 176, Whitewater, Wisconsin 53190.
(ﬁ(_)O) 558-9572 except WI.

TAPE HEAD CLEANER. 8 oz. — $2.30. Includes postage
and handling. Write: "*Cleaner™, Box 176. Whitewater, Wl
53190.

RECORDS — TAPES! Discounts to 73%; all labels; no pur-
chase obligations; newsletter; discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music
Club, 650 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. Wme Sonny. P.O. Box 3111, Muncie,
IN 47302.

GOVERNMENT SURPLUS

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: Sclar 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

= =~ SECRET NEW INVENTION <@on == =y

l PROTECTION FOR VEHICLES & HOMES 1

Are ‘ou afraid of being RAPED, ROBBED OR ASSAULTED? The BACK UP
M SYSTEM will let you know before you enter wv house if it is SAFE or l

NOT SAFE. If CAR 15 stolen, CAR can be LOCATED. LEARN HOW a 8IG

l FAULT can be cosrected in mosi existing silent alarm systems to-day. Send l
$15.00 Check or Money Order, 6% Tax Calif. PRINT name and address & we

l il send you a CONF DENTIAL BACK UP ALARM REPORT, Plans included l
on how to make your own FOOL PROOF Alarm System for your own, person-

l al, individual needs and protection.
FOWLER ALARMS, P.0. Box 64466, Los Angeles, Calif. 90064
Be o on = sm =w = = Crowler Alarms 1977 58 =m

QUALITY BURGLAR/FIRE ALARM equipment at discount
prices. Catalog 50 cents. Steffens, Box 624C, Cranford, N.J.
07016.

DON'T PURCHASE alarm 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

ROBOT PLANS That Work! $5.00. American Robots, Dept.
E., P.O. Box 1304, Tulsa, OK 74101.
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UP TO 60% DISCOUNT. Name brand instruments catalog.
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704.
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MANUALS for Gov! Surplus radios, test sets, scopes. List
50 cents (coin). Books, 7218 Roanne Drive. Washington,
D.C. 20021.

GOVERNMENT SURPLUS. Buy in your Area. How, where.
Send $2.00. Surplus, 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 WORLDOWIDE through international
correspondence. lllustrated brochure free. Hermes-Verlag,
Box 110660/, 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.|., 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




INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio
Engineering Inc., 61 N. Pineapple Ave., Sarasota, FL 33577
and 2402 Tidewater Trail, Fredericksburg, VA 22401.

1978 “TESTS - ANSWERS" for FCC First Class
License. Plus - * Self-Study Ability Test.” Proven!
$9.95. Moneyback Guarantee. Command Produc-
tions, Box 26348-P, San Francisco, CA 94126.

HIGHLY

PROFITABLE ONE'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta. DC, Box 248, Walnut Creek, CA 94587.

PASS FCC EXAMS. New tests by noted author and teacher.
500 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-lextbook, code
and theory General Class license course. Ron Reed
Electronics Institute, 12217 Santa Monica Bivd., Los
Angeles, Calif. 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 94596.
MATHEMATICS, Electronics, satisfaction guaranteed. In-

diana Home Study. Dept. PE, Box 1189, Panama City. FL
32401.

NEW LUXURY Car Without Cosl. Free Details! Codex-ZZ,
Box 6073, Toledo, Ohio 43614,

GET RICH!!! Secret 1aw erases debts. Free report exposes
millionaire'$$ secrets. Blueprints, No. EE3, 453 W. 256,
NYC 10471.

MECHANICALLY INCLINED Individuals desiring owner-
ship of Small Electronics Manufacturing Business — with-
oul invesiment. Write: BUSINESSES, 92-K2 Brighton 11th,
Brooklyn, New York 11235.

MILLIONS in Maii!l Free Secrets. Transworld-17, Box 6226,
Toledo, OH 43614.

ELECTRONIC SURPLUS BUSINESS. Excellent Reno-
Sparts location. Largest Northern Nevada oullet operating
four years. New equipment for amateur hobbyist and indus-
try. Established distributorships. $57,200 includes business
and inventory. Fernley Really, (702) 575-4444, P.O. 27,
Fernley, Nevada. 89408.

INVENTIONS WANTED

RD...OR CREDIT
ING IT FIRST" MAY BE YOURS!
If you have an idea for a new product, or a way
to make an old product better, contact us,“the
I idea people” We'll develop your idea, introduce it 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 tor your FREE “Inventor's Kit." It
has important Marketing Information, a special
“Invention Record Form" and a Directory of 1001
Corporations Seeking New Products.

RAYMOND LEE ORGANIZATION

230 Park Avenue North.New York.NY 10017 I

senus

H At no cost or obligation, please rush
A my FREE “Inventor's Kit No. A-112 "

Ly
s ATT

| Name

Address

City Slate p

Phone No. Area Code

FREE PAMPHLET: “Tips on Marketing Your Invention™,
from an experienced 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 Building, Pitts-
burgh, PA 15222.

BUSINESS OPPORTUNITIES

Z
| MADE $40,000.00 Year by Mailorder! Helped others make
money! Free Proof. Torrey, Box 318-NN, Ypsilanti,
Michigan 48197,
FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies. full instructions. Doolin, 2016 Canton.
Dallas, Texas 75201.

EARN $1,000 MONTHLY, sparetime at home “GUARAN-
TEED.” Write: UNICORN, ZE-3, 1140 Chelton-628, Col-
orado Sprinas. CO 80910.

$3.000.00 MONTHLY. Start immediately. Stuff envelopes at
home. Information, send self-addressed stamped envelope.
Viliage, Box 2285-HGC, Irwindale, CA 91706.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment 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-
log 50 cents. Bax 1147W, San Diego, Califarnia 92112.
TAPE-SLIDE SYNCHRONIZER, lap-dissolve, multiprojector
audiovisual plans $8.50. Free Catalog. Millers, 1896
Maywood. South Euclid, OH 44121,

REAL ESTATE

BIG...FREE...CATALOG! Over 2,500 top values coast to
coast! UNITED FARM AGENCY, 612-EP, West 47th, Kansas
City, MO 64112.

SERVICES

PRINTED CIRCUIT BOARD SERVICE. Design, Schematics,
Tape Ups. Photography, Protolypes, 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, Brownsville Rd., Mt. Ver-
non, lll. 62864.

MAGNETS

MAGNETS. All 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 stutfing envelopes for com-
fortable income! Free! Wayne, Box 644-ZDC, Ottawa, Kan-
sas 66067,
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BOOKS AND MAGAZINES

FREE book prophet Elijah coming before Christ. Wonderful
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

POPULAR ELECTRONICS INDEXES For 1976 now avail-
able. Prepared in cooperation with the Editors of “P/E,”
this index contains hundreds of references to product
tests, construction 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.

AmaricanRadiallictory Com

HOME ENTERTAINMENT FILMS

JUST OUT! 1976 World Series S-8/Snd 400" Eastman Color
$46.95 ea sale 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 aa PPD. "'Jesus Christ Superstar,” legendary rock,
400" ColorMag Snd, $44.95 ea sale price PPD. March
BUDGET Specials: 1969 & 1970 Indy **500" Race Films, ea
200 St B color, only $12.95 ea + $0.75 shipping. "Miracle at
Oakmont’* (U.S. Open) 200° St 8 color (Johnny Miller) only
$12.95 ea (save $7.00 per reel!) 54-page Columbia Piclures
catalog. $0.85; New Universal 64-pg 4-color catalog, $0.95;
Sportlite & Universal film lists, $0.35 ea. SPORTLITE
FILMS, Elec!-3/78, Box 24-500. Speedway, Indiana 46224.

ALTERNATE ENERGY

INDEPENDENT THINKER: You can become an Alternate
Energy Systems Designer. Prestigious New Field. Informa-
tion Package $2.00. Energy Division, Valmont Enterprises,
Box 186, Boone, North Carolina 28607.

SOLAR INTERMEDIATE AIR HEAT. Simple, Efficient — For
New or Existing Structures. Information Package $2.00.
Energy Division, Valmont Enterprises, Box 186, Boone,
North Carolina 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 iMformation. G.P.E., P.O. Box 216PE, Watertown, Wi
53094,

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective. Details
free. ASR Foundation, Box 23429EG, Fort Lauderdale,
Florida 33307.

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso, New Mexico 88345.

AMAZING self-hypnosis record releases fantastic mental
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 eliminate 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 fingertips. Amazing
eftect. Pro method merely $1.00. Manderson, B. 788, Dept.
B1, Sutton W., Ontario, Canada LOE 1RO. U.S. Inquiries.
Welcomed.

1978 Electronic Experimenter's Handbook

This latest 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,
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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ﬂ;ture-Thin TV Screen

You may be able to hanga 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 Y%-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 is 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 Studio, 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
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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 transcutaneous nerve
stimulation (TNS). Marketed by Agar Electronics, Ltd..
of Israel, the portable, battery-operated therapeutic in-
strument weighs just 7 oz (200 g). In using the device,
two vulcanized rubber electrodes are applied to affected
parts of the body so that moduiation pulses work on the
blood flow and provide therapy to the muscle levels.
The unit ($200 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, rtc. Something like *‘electronic acupuncture?”’

P

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
($55.40 in Hartford. for example).

Robot Guard

“Century 1I'" 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 radio 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 the 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.”’

POPULAR ELECTRONICS
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Wheraver youneed fast, sa‘e, accurete digitz| testing—
you need CSC's new LP-2.it's a compec:, enormously
versatile circuit-powered unitthat'sbeccme indispens-
| able. As-a level detector. Pulse detector And pulse

streicher. \

Easier o use. Set LP-2's swilchto :hepropariogic family,

connect iwo clip-leads to the circuit’s suaply, louch the

probe tcthe node under test—and youget an
instant o.cture of circuit condit.ons_Sedarate

LEC’sindicate logic “1”,logic*0D”, aad allpu'se

t-ansiticns. And a 300K-plus input impedance

insures minimum circuit loading
AtjLst$24.95* you don't haveto :hirktwice
gbout owning the LP-2. Especially when you
see hcw it simplifies testing, debugg ng ana
servic re all types of digital circuits.
Oidertoday. Call 203-624-31C3 (Sast

Coast)or415-421-8872 (West Coat):,

9 am.-5p.m. local time. Major credit  §

carcs accepted. Or see your CSC

cealer. Prices slightly higher
cutside USA.

Logic Family Switch—TTL/DTL
or CMOSsratches Logic “1” and
*J" levels¥or greater versatility.
CMOE pes tion also compatible
withHTL, HiNIL and MOS logic.

PULSE LED —Indicates positive
and negat.ve pulseand level
transiticns. Stretches pulses as
narrow as300 nanoseconds to
full Yo sec. (10Hz pulse rate).

HI/LO LED's —Display level
{Hi-Icgic 1", LO-logic “0") of
s gnal activity.

Interchengeable ground
lead conmection-— Provides
grourd-side input connectionVia
ootional cables.

AInterchangeabie probe
t:ps —Straighttip supplied; optional
ailigator clip andinsulated quick-
connectirjclip available.

Plug-in leads —24"supplied, with
alligazor clips. Virtually'any length lezds
may ke cannected.

i 1
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You bet! Meet CSC’s Multi-family Logic Probe 2.

Specificatians
Indut impedance bet-er than 300K

Thrasholds (switch se ectable) DTL/TTL HTLACMOS
legic 1 thresfolds (HHLED) 225V+ 10V 70%wxc* 10%
lcgicO thresholds (LOLED) 0.80vV+ .05V  30%WVzct10%

Min detectable pulse width 300nsec.

Pulse detector (PULSE LED) 0-3ec. pulse stretcFermakes
high-speedpulse train or single events{+ or — transitiors) vis ble
input protection ovetload, + 25V continuous; 117 VAC for less
than 10 sec..reverse-polarity, 50V

Power requirements 5-15 vcits Ve 30mA max:
Operating temperature 0-50°C

Physical size (I x w x d)

58x1.0x0.7" (147 x 25.4 x 17:8mm)

Weight 302. {.085Kg)

Power leads detachable 24" (610mm) with Zolor-
coded insula-ed clips; others available

—ILEDON
LOGIC =t 1
LOLED DN
LOGIC Q" = \
PULSE LED BLINKS

ONFDRt 10 SEC

-~
HILEDDN

LOGIC -1 e
LoGIC 0" I_,//._I

oo
]
a
- LILEDON
g I-—v 1 lossc——cl
.§ HI LED ON
=B WOGIC*11 PULE L4
o= e
- L
LOGIC "0 et

LO LEDON

DUFING PULSE TRRNSITIONS PuL SE LBD BUNKS
AV D RATE

, “ILED ON
L LO LEDDOES NOT RESPOND O NEFROW PULSES
LOGIC ¢
i LOGIC o U U U
- DURNG PULSE TRaNSITIONS PLLEELED BUINKS
AT oMz RATE

Rt

L LED
I UED DOES NOT ABSPOND TO NARIO PULSES

QONTINENTAL SPECIALTIES CORFORATIONI

70 Fulton Texrace, Box 1932, New Hawem, CT 063G9
203-624-3103 TW» 78)-465-1227

WEST COAST: 351 California St.. San Francisca, CA 94404
415-421-8872 TWX 98-372-73¢2
GREAT BRITAIN: C5C UK LT2.

Spur Road, North Feltham Tralling Estate,
Fel:ham, Midclasex, Englard
1-890-8782 Int’l Telex” 354-881-35€9
CANADA Len Finki2- Ltd.; Ontaro

B LOGIC 1

. LOGKC O

BRI connnentsi Sowciattes Cormtion

*Manufacturer's Racommendad Resal2
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Technlcs IﬂTI’OdUCeS three Woys
- foachieve the one ldeal
Wovefcrm fidelty.

-7
Ly r

Toachieve waveferm f'delif) is an achizvement in itse f.
But how Technics audio engineers occc‘lphshed itisan
even-greater achievement.

Like the unprecedented Use of two cutomatically

switchable IF bands in the ST-9030 FM -uner. A narow -

band for extra-sharp selectivity. And a-wjde band for
extra-high S/N and extra-low distorticn. Bt just as
incredible is a pilot-cancel circuit which Fecknics
invented for optimum high-end response. Even the
basic tuning function in the ST-2030.is unique. Like ar
8-ganged.tuning capacitor for outstanding r=ception.

The engineering in the SU-9070 DT pre-amp is
similarly unique. There's o built-in moving ccil pre-amg
with —157 dBV noise_voltage. A movirgz magnet

~ pre:amp with an extremely high'S/N cf 100 dB(1C.mV

input). Direct-cougled circuitry-to keep <i to-tion ata
minimum of 0.003% (rated THD ), Wha-'s more \he
SU-9070-has inputs for thyee tape dedks.
Finally there's Technics EJZ 9060 aro. It's DC |
our pre-gmp'; Has 3 frequensy responsz of G-100 kHz
’( + O, r—l dB . AngN ‘‘strapped'’ circui- for more than
1 multi-amp system

CIRCLE NO, @y FRE ©LLRMATION  CART

e

Compcre spectf'cohons ond prices. A'\d you'l rezlize
-here's no comparison fcr Technics waszform fide ity.

ST-9050. THD (stereo, 1 kHz): & de—0.08%.
Narrow—0.2%. S/N (s-ereo): 73 dB FREQUENCY
RESPONSE 20 Hz—18 kHz — 0.1, —C.< dB. SELECTIZIEY:
Narrow—20 dB. CAPTURE RATIO: Wid=—2D.8 dB. IF,
MAGE anc SPURIOUS RESPONSE REJETTIONS (98 M—z): -
125 dB. STEREC SEPARATION (1 kHz): Wide—50 dB.

SU-9207C. PHONO MAX. INPUT YGITAGE (1 kHz
IMS): MM —380 mV. MC—9 mV, $/N (iHF A): MM —100
dE (10 mV inou), MC—72dB (60 gVi. "REQUENLY
IESPONSE Pono 20 Hx —20 kHz *MaA + 0.2 dB)

SE-9060. POWER O JTFUT: 70;.otr";5ér'chor-nel
stereo), 130 watts (moro{mln RMS n-c 8 ohms frem
20Hz to 20 kHz with ne more thar 0092 % fofbl
~¢rmonic distortion. S/M: ~20 dB (IHF 4). -

Technics. A rare conkination’of audic techno ogs A
+ew standard o*‘audic excellence. ;

'IbChnlCS Prc Qfesama/ Series
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